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OC IMAGE PACKAGE COVERSHEET

Please IMAGE the attached package associated with an OC-lead document: (1)
30-Day Notice/135-Day Supplement or (2) Manufacturing Site Change
Supplement. If a bundled submission and review is involved, only one copy of the
IMAGE package is necessary.

Supplement Type:
30-Day Notice/135-Day Supplement
Manufacturing Site Change Supplement

Bundled Submission and Review?
Yes (bundled submissions are identical and one set of review memos is
involved)

LI No

IMAGE Package Checklist:I~ completed IMAGE coversheet
copy of signed, dated letter

[jj~ copy of OC or OIVD (compliance) lead review memo with reviewer and
appropriate management signatures for the given review round

LI if applicable, copy of ODE/OIVD consult review memo with reviewer
and appropriate management signatures for the given review round
if applicable, copies of any other supporting information for the given
review round (e.g., email from applicant, EIR report)

IMAGE this package for the following PMA supplement(s):
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices andJUL 1 7 2008 Radiological Health
9200 Corporate Blvd
Rockville, MD 20850

Stacey Paetschow Wessman, RAS, MS, MBA
Principal Regulatory Affairs Specialist
Medtronic, Inc.
8200 Coral Sea Street NE
Mounds View, MN 55112

Re: P890003/S 142 Leads Service Kit and Leads Wrench Kit
P900061/S076 Epicardial Transvene Lead and Related Accessories
P920015/S046 Subcutaneous Defibrillation Lead and Related Accessories
P950024/SO I I Capsure EPI Unipolar and Bipolar Leads
P980050/S034 SVC/CS Transvene Lead
P010015/S044 Lead Assembly
P030036/S007 Lead Assembly
Filed: June 17, 2008

Dear Ms. Wessman:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has evaluated your premarket approval application (PMA) 30-day
Notice. The 30-day Notice requested moving manufacturing locations within the same
facility. The continuous monitoring system is not covered by this notice and should be
submitted under a separate supplement.

Based on the information submitted, FDA has determined that submission of a 135-day
PMA supplement is not required. Therefore, you may distribute your device, incorporating
the change described above, upon receipt of this letter.

If you have questions concerning this letter, please contact Melissa Bums at (240) 276-
0268.

Sincerely yours,

Gladys Rodriguez
Director
Division of Enforcement B
Office of Compliance
Center for Devices and

Radiological Health



Memo to Record 

From: Laura J. Byrd 
PMA Staff 

Subject: Bundled Medtronic 30-Day Notice & Amendments -

July 28, 2008 

P890003/S 142, P900061/S76, P920015/S46, P950024/S 11, P980050/S34, 
PO 1001 S/S44, and P030036/S7 

Medtronic submitted a bundled 30-Day Notice on June 17,2008. The PMAs affected 
include: P890003/S142, P9000611S76, P92001S/S46, P950024/SII, P980050/S34, 
PO 100 I SIS44, and P030036/S7. The purpose of this bundled 30-Day Notice was to 
request moving the controlled environment areas within the same facility. Medtronic 
designated P9200 15/S46 as the "Master Submission" for this bundle, which means 
P9200 l5/S46 had the full submission in it whereas the other PMA supplements listed 
only had "Refer to File Letters" in them (Le., referring to the Master Submission where 
all the information could be found). 

On June 27,2008, FDA received Amendment 1 to P92001 5/S46 from Medtronic. 
Amendment 1 included the addition of extra models to be considered affected by the 
request for moving the controlled environment areas within the same facility. These 
additional models included the Model 6701 End Pin Cap Accessory and the Model 
6996T Tunneling Tool Accessory. Since P92001S/S46 was the designated Master 
Submission, Medtronic only submitted this change to P920015/S46 and did not include 
the other PMA Supplements which are a part of this bundled submission. PMA Staff did 
not pick up on this error when the document came through our office. 

On July II, 2008, Medtronic submitted Amendment 2 to P9200 15/S46 - FDA DMC 
received the Amendment on JuA'1?3"",2QP...s. A~~nt 2 was " ... to request the 
removal of the inclusion oftheL~~~~~~~,_-Imonitoring system included in 
origina130-day PMA-S (P920015/S046)." Since P92001 5/S46 was the designated 
Master Submission, Medtronic only submitted this change to P920015/S46 and did not 
include the other PMA Supplements which are a part of this bundled submission. 
However, this time PMA Staff did pick up on the fact that the other affected PMA 
Supplements were not addressed for this change. 

PMA Staff contacted Medtronic (Stacey Paetschow Wessman) via e-mail on July 15 and 
16,2008 (see attached) explaining the need that all Supplements be addressed for the 
change requested in P920015/S46 A2. In addition, I also mentioned the error in not 
requesting the additional models in all the PMA Supplements when P920015/S46 
Amendment 1 was submitted. In the July 16, 2008, e-mail I indicated that Medtronic 
should not only state removal oftherCDT(Lrj~--;);~';-'-~--~l monitoring system, but also 

&..," ........ ..."......,~~''''_''''''<,oO'''' .. _ .......... ,..''''' ............ ''''''' __ -",'''''''''_ 

include the additional models so that all PMA Supplements in the bundl~_ w'1re ::I(ici.!e~.(;!ed. 
In addition, I indicated that the receipt date of the request to remove theL lb) 14/b)(4) ~ 
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~_ .. _._~ .. --,monitoring system (and add the additional models) would be the date when 
FDA DMC received all Amendments in this bundle. The additional Amendments 
(P890003/S142 AI, P900061/S76 AI, P950024/Sli AI, P980050/S34 AI, POI 001 S/S44 
AI, and P030036/S7 AI) were received on July 17,2008. Note that these Amendment 
l' s only addressed the removal of the [~~~_ "Jmonitoring system and not 
the additional models. 

Since the Office of Compliance had no further issues, they issued a "submission of a 135-
day PMA supplement is not required" letter to Medtronic on July 17,2008. Since the 
bundled Amendment requesting the removal of the ~~c:::: ] monitoring 
system was already addressed in the Office of Compliance's letter, this bundled 
Amendment did not alter their decision or the letter. 

On July 24,2008, FDA received Amendment 2's to P890003/S142, P900061 IS76, 
P950024/S11, P980050/S34, POlOOI5/S44;- and P030036/S7. These Amendment 2's are 
the request for the additional models (Model 6701 End Pin Cap Accessory and Model 
6996T Tunneling Tool Accessory) that were absent from the initial request for adding the 
additional models under P920015/S46 Al back in June 2008. These Amendments have 
no impact on the Office of Compliance letter that was issued and faxed on July 17,2008. 

Note that Melissa Bum's review memo addresses the models that are included in this 30-
day notice change. 

~ 
~~\~% 
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- ~o~ - ......... -

Byrd, Laura 
.-.-"--. .. - .•...• -... --.......... ,~,., ..... --.~.-.-... ~-.. -.. ~ .... -.... ~., ... ~.--..... -.-"~ ...... , .......... ,--... "-.. - ... ~_~ __ ... "' ... ··'"'·. ___ ·· ______ ·~,.,.·.'". __ .. v._,. __ . ___ .. "_. __ .. · __ ...-........ _ •. ___ ... _ .... __ . __ ~~_ 

From: Byrd, Laura 

Sent: Wednesday, July 16, 20082:13 PM 

To: 'Wessman, Stacey P.' 

Subject: RE: Bundled 30-Day Notice Amendment 

Hi Stacey. 

The Supplement for P900061 is S76. 

However, in researching this matter, I discovered that when you added the additional models on June 26th 

(received June 27th) you also only did it to P920015fS46. So, in addition to the request to withdraw of the 
[T.l~) r:IT:~monitoring system from the 30-Day Notice for all PMAs in this bundled submission (dated 
7/11/2008, received 7/14/2008), you also need to state the additional models that are considered under this 30-
Day Notice for all these PMAs. 

We have deleted the Amendment for the withdrawal of the~~~~.J monitoring system from 
P920015/S46 as it should not have been logged in since it wasn't a complete submission to the entire bundle. 
When the other letters are received we will log them all in together on the date of receipt of the complete 
submission to the entire bundle. Note: Please use the same letter date of July 11, 2008 for the additional letters 
you are sending in. The remaining PMAs can be listed on one letter. We just need enough copies to cover all 
PMAs and at least one additional copy for our data archiving system. 

Thanks. 
Laura 

From: Wessman, Stacey P. [mailtor(}:rT~2~=~~"~'~,~, m;~~_=~-===~, '.=J 
Sent: Tuesday, July 15, 2008 5:09 PM 
To: Byrd, Laura 
Subject: RE: Bundled 30~Day Notice Amendment 

Hi Laura 
The original submission also included a supplement for P900061-can you please tell 
me what the number is? 
Thanks 
Stacey 

From: Byrd, Laura [mailto:[~:)2~]=:J:~~:--=~=:=] 
Sent: Tuesday, July 15, 2008 2:25 PM 
To: Wessman, Stacey P., 
Subject: Bundled 30-Day Notice Amendment 

Hi Stacey, ;).. 
We received P920015/S46 At on July 14, 2008. It is for removal ofthe[:I~~~~~~:~~~~) ~ __ ]monitoring system 
change from the current bundled 3D-Day Notice. 

However, there are 5 other PMAs associated with this change (P890003/S142, P950024/S11, P980050/S34, 
P010015/S44, and P030036/S7). All these should have amendments associated with them for withdrawal of this 
feature, but we didn't received anything for them. Please send them in, ' 

Thanks. 

PCLy·t 1- Pa0t 5 
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LcuwcvJ. Byr-~ 
Program Operation Staff/PMA 
FDAlCDRH/ODE f(1)TT6r------<--··--l 
I (b)(6) j 
!_ .•. _ ...... ______ • __ • _____ ._J 

- -~o- - ..... - -

[CONFIDENTIALITY AND PRIVACY NOTICE] Information transmitted by this email is proprietary 
to Medtronic and is intended for use only by the individual or entity to which it is addressed, and may 
contain information that is private, privileged, confidential or exempt from disclosure under applicable 
law. If you are not the intended recipient or it appears that this mail has been forwarded to you without 
proper authority, you are notified that any use or dissemination of this information in any manner is 
strictly prohibited. In such cases, please delete this mail from your records. To view this notice in other 
languages you can either select the following link or manually copy and paste the link into the address 
bar of a web browser: http://emaildisc1aimer.medtronic.com 

7/28/2008 



REVIEW MEMORANDUM

30-DAY NOTICE

DATE: 15 July 2008

TO: The Record

THRU: William MacFarland, Acting Branch Chief, CNDB, DOEB,
OC, CDRH

initials date

FROM: Melissa Bums, Biomedical Engineer, CNDB, DOEB, OC,
CDRH, HFZ-341

SUBJECT: 30-Day Notice
Received: 19 JUL 2008
OC Track: CTS

Applicant: Medtronic, Inc.
8200 Coral Sea Street, MS MVS 11
Mounds View, MN 55112
FEI: 2182208

Manufacturing Medtronic, Inc.
Facility: 7000 Central Ave N.E. Rd.

149, KM. 56.3
Minneapolis, MN 55432-3576
FEI: 2182208

DEVICES: P920015/S046 Subcutaneous Defibrillation Lead and Related
Accessories
P890003/S 142 Leads Service Kit and Leads Wrench Kit
P900061/S076 Epicardial Transvene Lead and Related
Accessories
P950024/SO 11 Capsure EPI Unipolar and Bipolar Leads
P980050/S034 SVC/CS Transvene Lead
P010015/S044 Lead Assembly
P030036/S007 Lead Assembly

OC 30 Day Approved, No 135 Day Supplement Needed
RECOMMENDATION:

1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~-



BACKGROUND:

This application from Medtronic, Inc is a request for a 30-Day Notice review in
accordance with 21 CFR 814.39. This application provides notification of moving of the
Controlled Environmental Area (CEA) used in manufacture of various lead models and
components. The first phase of the CEA move, involving only the model 6937 lead, was
reviewed and approved under prior submission P920015/S042 on April 30, 2008.

Medtronic leads are designed for use with a compatible IPG or an ICD as part of a
cardiac system. Leads are intended for delivering therapies and/or sensing in the atrium
and/or ventricle of the heart.

This change is being implemented due to an upgrade in the manufacturing facility. This
change applies to the following model numbers:

PMA Number Model Numbers Description
P890003 5873C Leads Service Kit

5 873W Leads Wrench Kit
P900061 6721 Epicardial Transvene Lead

5426 Cable Header
5460 Ace Header
6920 Upsizing Sleeve for HV Lead DF- 1
6925 Upsizing Sleeve

P9200 15 6996SQ Subcutaneous Defibrillation Lead
6996S Subcutaneous Defibrillation
6726 Y Adaptor
6707 Downsizing Adaptor
6725 IS- I Port Pin Plug
6944 Lead Assembly
6947 Lead Assembly
6701 End Pin Cap Accessor Kit
6996T Tunneling Tool Accessory

P950024 4965 Cap ure EPI Unipolar Lead
4968 CapSure EPI Bipolar Lead

P980050 6937A SVC/CS Transvene Lead
P010015 4194 Lead Assembly
P030036 3830 Lead Assembly

CORRESPONDENCE HISTORY:

Bums, Melissa. "Follow-up Questions P920015/S046, et. al." E-mail to Stacey
Paetschow Wessman. July 9, 2008.

Paetschow Wessman, Stacey. "RE: Follow-up Questions P920015/S042." E-mail with
Attachments to Melissa Bums. April 24, 2008.

Bums. Melissa and Stacey Paetschow Wessman. Telephone Conversation. July 10, 2008.

Paetschow Wessman, Stacey. "RE: Follow-up Questions P920015/S046, et. al.." E-mail

to Melissa Bums. July 10, 2008.
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Paetschow Wessman, Stacey. "RE: FolIow·up Questions P920015/S046, et. aI.." E-mail 
with Attachment to Melissa Burns. July 11, 2008. 

FIRM CONTACT: 

Stacey Paetschow Wessman, RAS, MS, MBA 
Principal Regulatory Affairs Specialist 
Medtronic, Inc. 
8200 Coral Sea Street, MS MVSl1 
Mounds View, MN 55112 
Phone: 763-526-2378 
Fax: 651-367-0603 
E-mail: stacey.p.wessman@medtronic.com 

COMPLIANCE REVIEW: 

The firm is transferring manufacturing for various leads from the existing Controlled 
Environment Area (CEA) to a newly constructed CEA within the Medtronic Rice Creek 
facility. In the original facility layout, there are four CEA areas. The revitalization 
product consolidated all CEAs into a single location (termed CEA #2). Products and 
related manufacturing equipment were moved in two phases. Prior 30-day notice 
P920015/S042 covered Phase I of the move, which impacted only the Model 6937 lead. 
This submission covers Phase II of the move, which involves all remaining equipment for 
the above listed products as well as a[(b) (r~4) ] monitoring system for the new CEA. 

The Heating, Ventilation and Air Conditioning (HV AC), room environmental conditions, 
and gas supplies are equivalent in the new CEA #2 to the existing requirements. Room 
and surface finishes in the new CEA are the same as the existing, with the exception of a 
different floor type, ESD tiling rather than seamless linoleum. A new de-ionized (DI) 
water system has also been installed to support the new CEA; however, the monitoring of 
the water system remains the same as for the previous system. 

The firm originall included qualification temperature, humidity, 
pressure, and monitoring system as part of this 30-day notice; however, during 
the review eye e It was etermined that qualification activities had not been completed 
for the system (see Questions to firm, below), and the firm sent Amendment 2 to remove 
this part of the submission from consideration. The finn will submit an additional 
supplement for monitoring system at a later time. Room monitoring will 
continue per the existing Medtronic procedures, as were submitted for Phase 1 under 
P920015/S042. 

All equipment used in the manufacturing of the above listed products will remain the 
same and has been relocated to the new CEA #2. No product or process changes will 
result from the move. The Ethylene Oxide (EO) sterilization equipment will not be 
moved and is not impacted by relocation to the new CEA. The firm provided 
documentation for: 
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• Facility Qualification (FQ)) which includes both: 

Design Qualification (DQ). Drawings and descriptions of how requirements and 
specification of CEA are to be met. Includes installation plan, and 

Installation Qualification (IQ). Ensures equipment is installed in accordance with 
design specifications and user and manufacturing requirements. Also verifies that 
system documentation is available to support operation and maintenance. 

The firm rovided the following FQ documents as part of the Submission. Note 
that L0018102, BL0017930 and BL0017931lwere completed for Phase 1, and 
included in this submission for completeness: 

- I (8) (Cf1 ZRice Creek Central G"EA #2 Facility . 
Qualification Report. All acceptance critena were met. Qualification 
activities included inspections and testing of electrical, plumbing, gas 
systems, HEP A, major equipment not covered in separate qualification 
plans, etc. 

. (C'i)l4)-. , Rice Creek Central CEA #2 Purified Water 
System Modifications Installation/Operational Qualification Plan. 
(C- ~ -C~)( 4) Rice Creek Central CEA #2 PurijiedWater .} 
System ModI lcatlOns nsta a lO perationa ua 1 lca IOn eport. 
acceptance criteria were met. Utilities to support the purified water 
system were verified and chemical and biological testing of the purified 
water system was performed to ensure that the water meets all 
requirements. . 
Various equipment installation qualifications. 

• Operational Qualification (OQ). Documented verification that facility or utility 
operate as intended through all anticipated ranges. 

The firm provided the following OQ documents as part of the Submission: . 

-[-~ - Cl:;) (y) . -'JRice Creek Central CEA #2 Phase 2 
Performance Qualijication Report. Room environmental conditions met 
all acceptance criteria. Microbial counts met acceptance criteria. 

• Performance Qualification (PQ). Documented verification that utility, 
environment, and support systems produce required output. 

The finn provided the following PQ documents as part of the Submission: 
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The firm also completed a Risk Assessment as part of the move process. The firm
provided --------------- ---------- ----- Rice Creek Central CEA #2 Risk Assesment: Phase 2.
All risks ------ ------- ------------- ---- ed on successful completion of qualification activities
as documented in the submission.

The following questions were forwarded to the firm by e-mail on 09 July 2008 and the
firm provided responses via e-mail on 10 July 2008 with follow-up clarifications by
e-mail and phone on 10 July 2008:

1) During the installation and operational qualification for the -------------- system
(Attachments 2 & 3 of the submission), test incidents were ---------- 
(reference pg. 57 of 60 in Attachment 2 and pg. 51 of 54 in Attachment 3). In
both instances, the problem was related to issues that required resolution by
------------- ---- The summary reports indicated that Medtronic needed to
resolve the issues and repeat testing as required. Please provide
documentation that these issues have been resolved and all required testing
completed.

Response Review. Upon reviewing the qualification data related to this
question, the firm determined that the required resolutions would take longer
than anticipated. As such, the firm sent an amendment removing the
-------------- -------------- --------  from the 30-day notice and indicating that the
firm will file an additional supplement for this change once all issues have
been resolved.

The firm was asked during a phone call on 10 July 2008 to indicate what
manual monitoring is used. The firm clarified that they will continue with the
same manual monitoring process that was in-use in the prior CEA and in
Phase 1 of the CEA #2 move. The firm's response is adequate.

2) In Attachment 2 to the Fac----- ------- ication Report (Attachment 6 of the
submission), sheets 2 and -- ---- ------ Air Sampler units that were past the
calibration due date (due date ------------ ---- ----- --------------- ). Please
provide evidence that these un--- ----- --- ------------ requirements..

Response Review. The firm clarified that the testing for Attachment 6 was
performed on --- ----------- ------- as dated on the data sheets. The firm further
indicated that the testing on the --- -------- ------ date was for a separate
qualification activity, and all c----------- --------- ents for that qualification were
within their due dates. These facts were confirmed in the submission. The
firm's response is adequate.

3) In the ----------- ------- Installation Qualification (Attachment 30 to the
submi-------- ---- ------ temperature profile failed to meet the acceptance
criteria --- ---- -- ----- --- The report indicates that the specifications required for
product- ------------ --- this oven do not exceed ---- --- ----- --- and therefore the
results are acceptable. Please indicate how ov--- ------------- e is monitored as
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part of regular production and how you will ensure that qualification of any
future processes that utilize this oven will consider the possible ---- -- ----- - 
temperature variation.

Response Review. The firm indicated that oven temperature is monitored via
-- ------ ---------- ----- --------------- is verified to be within acceptable limits by
---- ---------- --- ----- --- ---- ------- acturing process. ----- ----- -------- indicated
that all new activities that would require use of the ----------- ------- would be
subject to full process qualification activities speci--- --- ---- ---------  being
manufactured. The firm's response is adequate.

4) Several of the Installation Qualification Reports (e.g., Attachments 40 and 42)
indicate that equipment called out in the plan could not be located and was
replaced with functionally equivalent equipment. Was this equivalent
equipment relocated from the prior CEA location, or is it equipment new to
the production process? Also, please provide an explanation for why some
equipment could not be located.

Response Review. The firm clarified that some equipment could not be
located due to removal from service, etc. Any equipment called for by the
manufacturing process documentation was used as required. The firm was
further asked to clarify whether any new equipment was put into service in
CEA #2 as part of the move process. The firm provided clarification by e-
mail on 10 July 2008 that no new equipment was added and all equipment
required by the manufacturing process was located and installed per the
installation qualification requirements. The firm's response is adequate.

DECISION:

The Office of Compliance signed off on the letter to the manufacturer indicating that the
submission of a 135-day PMA supplement is not required and that they may distribute the
device incorporating the changes as requested in this supplement. The firm removed the
-------------- -------------- --------- from the submission and will submit this change under a
---------- -------------- -- -- ------ - ate.

SUMMARY:

A copy of the 30-Day Notice Checklist, e-mail information from the firm, and a copy of
the letter to the manufacturer are attached.

z"2,-&' /),~ 7/'_ _2_
Melissa B. Bums
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Prepared: MBums: 07/15/08
Reviewed: BMacFarland:
Final:

CC: HFZ-340 (c/f)
HFZ-341 (f/f)

OC Track: CTS
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FDA, Center for Devices and Radiological Health 00 Procedures for 30-Day Notices Drafted 12/01/98
Office of Compliance
2094 Gaither Road Dc o .- 3 e.o
Rockville, Maryland 20850 Implementation Date: Page 7 of 9

30-Day Notice Checklist
Name of Firm: Medtronic, Inc.

Address of 8200 Coral Sea Street, MS MVS1 1
Firm: Mounds View, NMN 55112

Submissions P920015/S042, P890003/S142, P900061/S076, P950024/SOI 1,-
Number: P980050/S034, P010015/S044, P030036/S007

Device: Medtronic Leads - Various Models

Type of Manufacturing
Change:

Section I By day 5, determine if 30-Day notice is appropriate, If not, why?

If any items below are checked, this submission does not qualify as 30-Day
Notice.
1. manufacturing/sterilization site change_______
2. design or performnance specification change____
3. material specification change______
4. device operating software change____
5. labeling changes______

Section II Does the notice contain the following: (Check appropriate answer)
1. Description of change YESI NO NA

2. Reason for change YESI NO NA

3. Rationale for implementation via 30-Day notice YES ~1 NO NA

4. Statement that completed design validation demonstrates that the YES NO NA '
manufacturing change can be made without significantly changing final
device operation. (Reconfirm that the 30-Day Notice is the appropriate
submission route.)

5. A summary or description of procedures for change control including YES ~I NO NA
identification, documentation, validation, review and approval of
manufacturing changes covered by the notice.

6. Describe documentation change controls necessary for modifying YES ~I NO NA
manufacturing or quality control instructions. (21 CFR 820.40)
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FDA, Center for Devices and Radiological Health OC Procedures for 30-Day Notices Drafted 12/01/98
Office of Compliance
2094 Gaither Road Doc. No. 4.9-330 Rev.No
Rockville, Maryland 20850 Implementation Date: Page 8 of 9

Continued on next page
30-Day Notice Checklist, continued

7. If verification is used instead of process validation, the rationale for YES NO NA
using verification in accordance with 21 CFR 820.1 (a)(3) should be
included.

8. If changed procedures are validated, summarize the procedures for YES NO NA
monitoring and controlling process parameters (21 CFR 820.75(b). For
new equipment, process validation should include installation
qualification, operator qualifications, and software validation of any
software driven equipment.

9. If changed procedures are to be routinely verified by sampling and YES NO NA
independent measurement, summarize statistical rational for the
sampling method. (21 CFR 820.250)

10. If manufacturing change involves changes in components or raw YES NO NA
material, a statement describing the evaluation of new suppliers, and a
description the type and extent of control to be exercised over the
component or raw material. (21 CFR 820.50)

11. If change involves use of a new contractor for manufacturing or quality YES NO NA
control testing, a statement describing procedures and criteria for
evaluation of that contractor. (21 CFR 820.50)

12. Statement of conformity YES NO NA

Note: On a case by case bases the engineering change order (ECO) record may be requested
from the firm if it will assist in bringing clarification to the 30-Day Notice.
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OC IMAGE PACKAGE COVERSHEET

Please IMAGE the attached package associated with an OC-lead document: (1)
30-Day Notice/135-Day Supplement or (2) Manufacturing Site Change
Supplement. If a bundled submission and review is involved, only one copy of the
IMAGE package is necessary.

Supplement Type:
30-Day Notice/135-Day Supplement
Manufacturing Site Change Supplement

Bundled Submission and Review?
[-] Yes (bundled submissions are identical and one set of review memos is

involved)
i Z[No

IMAGE Package Checklist:
completed IMAGE coversheet
copy of signed, dated letter
copy of OC or OIVD (compliance) lead review memo with reviewer and
appropriate management signatures for the given review round

[] if applicable, copy of ODE/OIVD consult review memo with reviewer
and appropriate management signatures for the given review round

LI1 if applicable, copies of any other supporting information for the given
review round (e.g., email from applicant, EIR report)

IMAGE this package for the following PMA supplement(s):

2.
3.
4.
5.
Etc.

drafted 4/30/07; 5/25/07; 5/31/07; 6/25/07; finalized 6/29/07



DEPARTMENf OF UEALTII & HUMAN SERVICES 

Ms. Stacey Paetschow Wessman 
Principal Regulatory Affairs Specialist 
Medtronic, Inc. 
8200 Coral Sea St., MS MV S 11 
Mounds View, MN 55112 

JUL 1 1 2008 

Re: P920015/S045 Sprint Quattro Secure Lead Model 6935 
Filed: June 13, 2008 
Amended: June 27,2008 

Dear Ms. Wessman: 

Public Health Service 

Food and Orug Administration 
Center for Oevlces and 

Radiological Health 
9200 Corporate Blvd 
Rockville. MD 20850 

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration 
(FDA) has completed its review of your premarket approval application (PMA) 30-day Notice. 
The submission requested a change in the plasma treatment process for the lead silicone tubing. 
We have determined a detailed review of the data supporting the change must be perfonned. 
Therefore, your 30-day Notice has been converted to a 135-Day PMA Supplement. 

The following deficiencies were identified during the review of the 30-day Notice. Because of 
the lack of this information, review of the PMA cannot continue and, accordingly, we have listed 
the following deficiencies which require the responses as indicated: 

I. Medtronic's rationale for this 30-day Notice is that the change to combined [1Jib)(~4 ~I 
improve manufacturability. The existing process 

utilizes both[IST}4'T"~:::J and ~4: (b)(4) =:J Please provide a more 
detailed explanation on how the combined [Q;] ! 4 !b)(41: ::::'." J improves manufacturability. 
Also, please verify that the~ 4) (b)(4) =:: ] treatment of the outer tubing is unchanged. 

2. Attachment 1 of your submission includes a sample size rationale in Table V of Process 
QualificationlValidation Plan~ (b)(4) ...J Although some statistical 
parameters are provided, in the column labeled, IJJ!~:4Z::==""(b)(4) :,:~:: ::::::J' it is 
not immediately clear how your firm utilized these statistical parameters to derive thc 
sample size used in testing. Please provide information that demonstrates how you 
calculated the sample sizes identified in Table V. Please show your calculations and 
identify all parameters. Please identify all assumptions associated with these statistical 
calculations. 
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3. Please provide test data and other documentation to show that the tensile strength, 
elongation, and other mechanical/electrical properties of the base tube material are not 
altered by the proposed ~-T4J€)(4) J process. 

4. Please provide a rationale for why the proposed0J?[f41b)(4) w::J process would not affect 
the base tube material differently than the current separate[!~~4 ~ (b)(4) :::: :::Jprocesses. 

5. In Attachment 3 of the submission, you have provided a very brief Risk Assessment 
regarding the change to the plasma treatment process for the lead silicone tubing. Please 
provide a more detailed Risk Assessment as the risks and benefits of this change are not 
clearly defined in the infonnation presented in the submission. Also, please provide a 
rationale for why the proposed [Ttl::! 41b)(4) : : :J process would not affect the base tube 
material differently than the current separate[~n~\ ~ (b)(~) ::J processes. 

6. Please provide documentation of any market approved device where the ~~)!~.) ] 
process is used to prime the same base tubing material. 

The deficiencies identified above represent the issues that we believe need to be resolved before 
our review of your PMA application can be completed. In developing the deficiencies, we 
carefully considered the statutory criteria as defined in Section 515 ofthe Federal Food, Drug, 
and Cosmetic Act for determining reasonable assurance of safety and effectiveness of your 
device. We also considered the burden that may be incurred in your attempt to respond to the 
deficiencies. We believe that we have considered the least burdensome approach to resolving 
these issues. If, however, you believe that information is being requested that is not relevant to 
the regulatory decision or that there is a less burdensome way to resolve the issues, you should 
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome 
Issues" document. It is available on our Center webpage at: 
http://www . faa. go v / cdrhlmodactlleastburdensome. html. 

This letter reflects the current progress of our review of your application. You may not begin 
commercial distribution of the device as modified by this PMA 135-day supplement until you 
have received an approval order. Further review of your application and/or any response to this 
letter may result in additional deficiencies. CDRH will issue an approval order for the 135-day 
PMA supplement after the requested information has been reviewed and determined to be 
acceptable. 

Because FDA considers the information submitted with the 3D-day Notice as meeting the content 
requirements for PMA supplements, the time spent reviewing the submission as a 3D-day Notice 
will be deducted from the 135 day period. 

You may amend the PMA 135-day supplement to provide the above requested information (3 
copies), voluntarily withdraw the PMA (3 copies) or request an extension. The required copies 
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of the amended PMA 135-day supplement should include the FDA reference number to facilitate
processing.

One copy should be sent to:

Food and Drug Administration
Office of Compliance
Field Programs Branch (HFZ-3 06)
2098 Gaither Road
Rockville, Maryland 20850

The remaining two copies should be sent to:

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have any questions concerning this letter, please contact Michelle Noonan-Smith, at (240)
276-0120.

Sincerely yours,

6*4AW#_-~
Gladys Rodriguez
Director
Division of Enforcement B
Office of Compliance
Center for Devices and Radiological Health



REVIEW MEMORANDUM

30-DAY NOTICE

DATE: July 11, 2008

TO: The Record

THRU: William MacFarland, Acting Branch Chief, CNDB, DOEB,
OC, CDRH d--e

I initial. date

FROM: Michelle Noonan-Smith, CNDB, DOEB, OC, CDRH, HFZ-
341

SUBJECT: 30-Day Notice
Received: June 13, 2008
Amended: June 27, 2008
OC Track: in CTS

Applicant: Medtronic, Inc.
8200 Coral Sea St., MS MV SI1
Mounds View, MN 55112
FEI: 2182208

DEVICES: P920015/S045 Sprint Quattro Secure Lead Model 6935

OC
RECOMMENDATION: Information Not Adequate - Send Deficiency Letter and

Convert to 135-day Supplement

BACKGROUND:

This application from Medtronic Vascular is a request for a 30-day Notice review in
accordance with 21 CFR 814.39. This application requests a change in the plasma
treatment process for the lead silicone tubing. The change is being made to improve
manufacturability and yields.

Medtronic's Sprint Quattro Secure Lead Model 6935 is intended for long-term use in the
right ventricle for patients indicated for implantable cardioverter defibrillators.
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FIRM CONTACT:

Ms. Stacey Paetschow Wessman
Principal Regulatory Affairs Specialist
Medtronic, Inc.
8200 Coral Sea St., MS MV SIlI
Mounds View, MN 55112
763-526-2378/910-538-3821
FAX 651-367-0603
Stacey.p.wessman(ibmedtronic.com

CORRESPONDENCE HISTORY:

COMPLIANCE REVIEW:

The Office of Compliance (OC) received this 30-Day Notice on June 18, 2008, and it was
forwarded to CNDB for review on June 18, 2008.

The applicant is requesting a minor change in the plasma treatment process for the lead
silicone multi-lumen tubing. Specifically, the applicant states that additional controls on
component features were implemented on the 6935 lead (as reported and approved in
P920015/S039), including the addition of a lubricity test for the multi-lumnen tubing. The
lubricity test is to be performed in each of the three small conductor lumens of the multi-
lumen tubing and the requirement is that the average of --- ---- ens, measure ------- each,
for a minimum of ----- samples of a lot shall be less than --- --- As a result of the addition
of this lubricity requirement, the applicant states that they will need to implement a minor
modification to the plasma treatment process for the multi-lumen tubing to improve
component manufacturability and yield.

The applicant states that, currently, the silicone multi-lu----- -------- ------ --- --- 
--------------- --- ------ ------ -- ------------ --  Medtronic's ---------------------- --------- ---- 
-------------- -------- ------------- ------- ------ for plasma treatment of the tubing outer
diameter using ------ ---- ---------- ----- --- ---- -----  largest inner lumen walls (conductor
lumens) using --------------------------- ------------  as outlined in the tables below:

Current Qualified Process Setting (Set Point A)

------------ ------
----- ---------- ---- ----- 
----- ---------- ---- ----- 
--- ----------- ------ -- ------ 
--- ----------- ------ -- ------ 
----- ----------- ------ ----- ------ 
----- ----------- ------ -- ------ 
----- ----------- ------ -- ------ 
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Current Qualified Process Setting (Set Point B)

--- ---------- -- ----- 
----- ---------- ------ ----- 
----- ---------- ---- ----- 
--- ----------- ------ -- ------ 
--- ----------- ------ -- ------ 
----- ----------- ------ ----- ------ 
----- ----------- ------ -- ------ 
----- ----------- ------ -- ------ 

The applicant states that Set Point A are the SATURATION conditions and that Set Point
B are the STABILIZATION and TREATMENT conditions.

The change will be to convert to -------------------- to saturate the tubin-- ---- ------- a
------------ of the four largest inner lumens of the tubing. The ration is ---- -------- to
------------ The processing will also include the following:

--------------------- Development Process Settings (Set Point A)

--- ---------- -- ----- 
----- ---------- ---- ----- 
----- ---------- ---- ----- 
--- ----------- ------ -- ------ 
--- ----------- ------ -- ------ 
----- ----------- ------ ----- ------ 
---- ----------- ------ -- ------ 
----- ----------- ------ -- ------ 

--------------------- Development Process Settings (Set Point B)

--- ---------- - ----- 
----- ---------- ------ ----- 
----- ---------- ---- ----- 
--- ----------- ------ -- ------ 
--- ----------- ------ -- ------ 
----- ----------- ------ ----- ------ 
----- ----------- ------ -- ------ 
----- ----------- ------ -- ------ 

The applicant provided a table on page 13 of the submission to summarize the testing
being performed in order to establish a minimum level of confidence to permit the
application of the ----------- Plasma Treatment process to build the Tubing - Multilumen,
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Plasma Treated, ------- ------ ---- Silicone. Attachment 1 of the submission contains the
test plan and Attachment 2 contains the test report. A review of these documents shows
that all testing was passed with no anomalies or issues. The tests performed are as
follows:

Charateritics Test Requirements Sm~sz' ' Rtoaeo apeTs

Method (mnium)uj Pianstroeg Result

Dimensional ------ --- Not being tested High and low extreme Pass
(outside -------------- --- c runs from 5
diameter) ------ ------- -- characterization DWRs

------- --- were tested and shown to
have no effect on OD
dimensions (see
------------- ation Report
---- -------- 

Length -------- Spec of 100% Attribute All sections will be Pass
------- -------------- --- c Data inspected for length. The
---------- ------ --- ----- final length will be noted

minimum on ET Form ----------- 
length for each section.

--------- Verified Line speed, OD --- Variables Data; ------- is acceptable to Pass
----------- by ----- --- ------- ; show variation of process
Treatment process ----- -- ------ variables. Nominal

----------- process data conditions in the
------- from each run Characterization runs
---------- will be showed little variability

compared to the and all key process
characterized variables had ------ --- - 
window (See or greater.
Table III)

Lubricity (ID) U-Test Spec of -  plasma treated ------ section will have Pass
------- -------------- ----- tubing samples ------- data points
---------- ------ ------- -- --- from each section, col-------- The mean of

-------- lumens 2,3 and 4 the ------- data points will
measured ------- for be compared to the
a total ------ results specification
per section (see
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Characteristics Test Requ1irebmens Samplei~ Rationale for saPmpl Test

spe-- ------------- 
sec ------ for lumen Tubing will be sampled
diagram) as follows: ------ samples

will be pulled from each
end of ---- -- ction for a
total of -----  The ----- 
sample will come from
the middle of the section.
Each tubing samp-- -- ust
--- -- --- nimum of --- 
-------- 

Tensile ASTM Spec of Not being tested. Combined ----- for Pass
Strength D412 -------------- ----- Characterizations runs

------ was --- 

------ ---- ----- 

Elongation ASTM ------ --- Not being tested. Combined ----- for Pass
D412 -------------- Characterization runs

----- ------ was --- 

------- ----- 

Visual Criteria Visual - Ref ------ of --- Attribute Data Per ------ ---------- -- ------ Pass
------- ------ ------ dence level and a
---------- -------------- ------ yield level with --- 

Color -------- - Ref ------ of --- Attribute Data Per ------ ---------- -- ------ Pass
------ ------ ------ dence level and a
----------- -------------- ------ yield level with --- 

Yield (%) Calculate Yield must be Not Applicable Not ----- licable Rationale Pass
d - based ------ er than for ------ yield target -
on ------  Yield will Process controls are in
acceptabl be calculated on place to ensure only
e product the number of acceptable product leaves
that finished the facility. Examples of
meets acceptable the controls are process
Length, quantity in feet ------------ ------------- 
lubricity, divided by the and the --- ---------- 
Visual starting testing. ----------- ---- acity
Criteria quantity. This at the ------ yield will be
and will be able to satisfy demand
Color calculated on for the tubing.

the total of all
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------ runs
Biocompatibility ISO As defined by As defined by ISO Although the surfaces Pass
Testing 10993 ISO 10993 10993 affected by the process

change are not tissue
contacting, when
implanted, MEM
cytotoxicity, hemolysis
test, endotoxin tests were

conducted. Testing met
requirements as defined
by ISO 10993. Testing
was performed to ensure
that the material
biocompatibility was not
altered.

The applicant, however, did not provide detailed information regarding their statistical
rationale for the sample sizes used in the testing. It is also not clear, from the information
provided in the submission, why dimensions, tensile strength, and elongation were not
tested as indicated in the above table.

The applicant provided in Attachment 3 a Risk Assessment. This is a one page document
with very little detail that states that, "The addition of ------- improves the process
efficiency making it easier to maintain a consistent plasma treatment process output. The
use of ------- in the carrier ---- is similar to the plasma process used to treat the exterior
surfac--- ---  he same multilumen tubing component." The Risk Assessment also states
that, "The addition of the ------- ---- does not change or create any new risks to the
process or finished produ-- --------- ance. Component qualification has demonstrated the
proce--- -- ----- --- ------------ ly produce product that meets specification (MECC plan and
report --- --------- --- ---------  Biocompatibility testing has been completed on tubing
create-- ------- ---- ------- ---- ma process as part of qualification. The results confirmed that
the resultant material continues to meet the biocompatibility requirements for
cytotoxicity, hemolysis, and endotoxins, as expected." It is unclear, from the information
presented in the submission, how these conclusions were drawn.

The Office of Compliance (OC) has the following questions/requests for additional
information:

1. Medtronic's rationale for this 30-day Notice is that the change to combined
--------- --------------------------- ------------- will improve manufacturability. The
existing process utilizes both -------- (Set Point A) and ----------- (Set Point B).
Please provide a more detailed explanation on how the combined ------------------- 
improves manufacturability.

6

(b)(4)

(b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4)

(b)(4)
(b)(4) (b)(4)

(b)(4)

(b)(4)



2. Attachment 1 of your submission includes a sample siz-- ----- nale in Table V of
Process Qualification/Validation Plan - Plasma Treated ------- ------------ ------ 
------------ ----- meters are provided, in the column labeled, ------------- ---- -------- 
------------------ it is not immediately clear how your firm utilized these statistical
parameters to derive the sample size used in testing. Please provide information
that demonstrates how you calculated the sample sizes identified in Table V.
Please show your calculations and identify all parameters. Please identify all
assumptions associated with these statistical calculations.

3. Please provide a more detailed explanation as to why dimensions, tensile strength
and elongation are not evaluated as part of this change as indicated in Table V.

4. In Attachment 3 of the submission, you have provided a very brief Risk
Assessment regarding the change to the plasma treatment process for the lead
silicone tubing. Please provide a more detailed Risk Assessment as the risks and
benefits of this change are not clearly defined in the information presented in the
submission. Also please provide your rationale regarding how this change does
not affect the design of the device.

On July 8, 2008, an e-mail was sent to ODE regarding this submission. On July 10,
2008, ODE (Mark Fellman) responded stating that they had some concerns with the
information presented in the submission. Their concerns are as follows:

1. Please verify that the -------- ---- plasma treatment of the outer tubing is
unchanged.

2. Please provide a rationale for why the proposed -------------------- process would
not affect the base tube material differently than the current separate -------- and
----------- processes.

3. -------- --------- - ocumentation of any market approved device where the
-------------------- process is used to prime the same base tubing material.

4. Please provide test data other documentation to show that the tensile strength,
elongation, and other mechanical/electrical properties of the base tube material
are not altered by the proposed -------------------- process.

Since some of ODE's concerns resemble OC's concerns, the following questions/requests
for information will be sent to the applicant in a conversion letter:

1. Medtronic's rationale for this 30-day Notice is that the change to combined
--------- --------------------------- ------------- will improve ---------- turability. The
existing process utilizes both -------  (Set Point A) and ----------  (---- ------- --- 
Please provide a more detailed explanation on how the combined ------------------- 
improves manufacturability. Also, please verify that the -------- ---- plasma
treatment of the outer tubing is unchanged.
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2. Attachment 1 of your submission includes a sample size rationale in Table V of
Process Qualification/Validation Plan - Plasma --------- ------- ------------ ------ 
------------ ----- meters are provided, in the column labeled, ------------- ---- -------- 
------------------ it is not immediately clear how your firm utilized these statistical
parameters to derive the sample size used in testing. Please provide information
that demonstrates how you calculated the sample sizes identified in Table V.
Please show your calculations and identify all parameters. Please identify all
assumptions associated with these statistical calculations.

3. Please provide test data other documentation to show that the tensile strength,
elongation, and other mechanical/electrical properties of the base tube material
are not altered by the proposed -------------------- process.

4. Please provide a rationale for why the proposed -------------------- process would
---- ------  the base tube material differently than the current separate -------- and
----------- processes.

5. In Attachment 3 of the submission, you have provided a very brief Risk
Assessment regarding the change to the plasma treatment process for the lead
silicone tubing. Please provide a more detailed Risk Assessment as the risks and
benefits of this change are not clearly defined in the information presented in the
submission. Also, please provide a rationale for why the proposed
-------------------- pro----- -------- ---- ------  the base tube material differently than
the current separate -------- ----- ----------- processes.

6. Please provide documentation of any market approved device where the
-------------------- process is used to prime the same base tubing material.

DECISION:

The Office of Compliance signed off on the letter to the manufacturer indicating that the
30-day Notice has been converted to a 135-day Supplement.

SUMMARY:

The 30-Day Notice Checklist, the e-mail from ODE dated July 10, 2008, and a copy of
the letter to the manufacturer are attached.

Michelle E. Woonan-Smith
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Prepared: MNoonan-Smith: July 10, 2008
Reviewed: WMacFarland:
Final:

CC: HFZ-340 (c/f)
HFZ-341 (f/f)
HFZ-341 (MNoonan-Smith)

OC Track: CTS
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30-Day Notice Checklist

Name of Firm: Medtronic Inc.

Address of 8200 Coral Sea St., MS MV S11
Firm: Mounds View, MN 55112

Submissions P920015/S045
Number:

Device: Sprint Quattro Secure Lead Model 6935

Type of
Change: Change in the plasma treatment process for the lead silicone tubing

Section I By day 5, determine if 30-Day notice is appropriate, If not, why?
yes, appropriate

If any items below are checked, this submission does not qualify as 30-Day
Notice.
1. manufacturing/sterilization site change

2. design or performance specification change
3. material specification change
4. device operating software change
5. labeling changes

Section 11 Does the notice contain the following: (Check appro riate answer)
1. Description of change YES

2. Reason for change YES

3. Rationale for implementation via 30-Day notice YES

4. Statement that completed design validation demonstrates that the YES
manufacturing change can be made without significantly changing final
device operation. (Reconfirm that the 30-Day Notice is the appropriate
submission route.)

5. A summary or description of procedures for change control including YES
identification, documentation, validation, review and approval of
manufacturing changes covered by the notice.

6. Describe documentation change controls necessary for modifying YES
manufacturing or quality control instructions. (21 CFR 820.40)

Continued on next page

30-Day Notice Checklist, continued



7. If verification is used instead of process validation, the rationale for N/A
using verification in accordance with 21 CFR 820.1(a)(3) should be
included.

8. If changed procedures are validated, summarize the procedures for YES
monitoring and controlling process parameters (21 CFR 820.75(b). For
new equipment, process validation should include installation
qualification, operator qualifications, and software validation of any
software driven equipment.

9. If changed procedures are to be routinely verified by sampling and YES
independent measurement, summarize statistical rational for the
sampling method. (21 CFR 820.250)

10. If manufacturing change involves changes in components or raw N/A
material, a statement describing the evaluation of new suppliers, and a
description the type and extent of control to be exercised over the
component or raw material. (21 CFR 820.50)

11. If change involves use of a new contractor for manufacturing or quality N/A
control testing, a statement describing procedures and criteria for
evaluation of that contractor. (21 CFR 820.50)

12. Statement of conformity YES

Note: On a case by case basis the engineering change order (ECO) record may be requested
from the firm if it will assist in bringing clarification to the 30-Day Notice.



Noonan-Smith, Michelle

From: Fellman, Mark
Sent: Thursday, July 10, 2008 10:46 AM
To: Noonan-Smith, Michelle
Cc: MacFarland, William C; Shein, Mitchell J.; Fellman, Mark
Subject: RE: Medtronic P920015/S045

Michelle,
I was able to find and review the submission in Image. Medtronic describes the change as follows:

---------- 
-------- ---- plasma treatment of tubing outer diameter
----------- - eatment of four largest inner lumens of tubing

------------ 
-------------------- ------------ for plasma treatment of four largest inner lumens of tubing with some altered settings for
------------- --------------- and treatment conditions.

I would generally agree that this is a manufacturing change since the modified method of plasma priming does not involve
new substances or affect new areas of the tubing. I suggest a few questions for the company:

1. Please verify that the -------- ----  plasma treatme--- --- ---- ------  ubing is unchanged.
2. Please provide a rati------- ---- -- h-- ---- ----------- -------------------- process would not affect the base tube material
differently than the current separate -------- ----- ----------- processes.
3. Please provide documentation o- ----- --------- --------- d device where the -------------------- process is used to prime the
same base tubing material.
4. Please provide test data other documentation to show that the tensile strength, elongat----- ----- ------ 
mechanical/electrical properties of the base tube material are not altered by the proposed -------------------- process.

Mark Fellman P.E.
Scientific Reviewer
Pacing, Defibrillator and Leads Branch
FDA/CDRH/ODE/DCD
9200 Corporate Blvd HFZ-450 Rm 140D
Rockville, Maryland 20850
Ph: (240) 276-4060
Fx: (240) 276-4002

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY CONTAIN INFORMATION THAT IS
PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM DISCLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver the
document to the addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action based on the content of this communication is
not authorized. If you have received this document in error, please notify the sender immediately by e-mail or phone.

From: Noonan-Smith, Michelle
Sent: Thursday, July 10, 2008 8:48 AM
To: Fellman, Mark
Cc: MacFarland, William C
Subject: RE: Medtronic P920015/S045

Hi Mark,
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Thank you for getting back to me on this. I just looked in Image and the file is in there, but if you are still unable to access,
please let me know and I will send it to you as an attachment. It's a pretty large file. Medtronic did provide their testing
plan and a testing report to support the change, but I don't believe that any of the tests they conducted show that the new
plasma priming process doesn't degrade the material over time.

I can go ahead and convert this notice to a 135-day. From OC's perspective, there were no issues with the file (except
perhaps for sample size rationale, but I'll need Bill's input on that), so if you could formulate some questions for me to ask
Medtronic, that would be great. That way I'll know exactly what you need for your review.

Thank you,
Michelle

From: Fellman, Mark
Sent: Wednesday, July 09, 2008 3:11 PM
To: Noonan-Smith, Michelle
Cc: Shein, Mitchell J.; Fellman, Mark; Moynahan, Megan
Subject: RE: Medtronic P920015/S045

Michelle,
My concern with this change is that a change in plasma priming could potentially affect the mechanical integrity and
biostability of the insulation material over time. Image2000 said the "submission number is valid but not scanned" so I
couldn't look into it further. We would want to understand the differences in the areas of the lead that are primed,
differences in the application methods, and a strong rationale or test results to demonstrate that the plasma priming
process does not degrade the material integrity in the sh---- --- ------ ------- -- ---- ----------- -- ---- ------ ----- ---- ---------  s
--------- ----- ------- --- ----- ---- - ------ --- ---- -- ------ ------- ---- -- ----- ------ ---------- ------- ----- -- --------- ---------- -------- 
-------- ------ ---- ------ ---- ------- ------ --- ----- --- -------- ----- --------- --- --- ------ -- --------- ---------- --- ---- ----- ------ --- - 
------------- -------------- --- -------- --- ---- ------- ------ - ------ --- ------- ----- ---- ----------- ---- ----- ---------- ------------- ---- -- 
-------------- --- ---- -------------- 

Mark

Mark Fellman P.E.
Scientific Reviewer
Pacing, Defibrillator and Leads Branch
FDA/CDRHI/ODE/DCD
9200 Corporate Blvd HFZ-450 Rm 140D
Rockville, Maryland 20850
Ph: (240) 276-4060
Fx: (240) 276-4002

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY CONTAIN INFORMATION THAT IS
PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM DISCLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver the
document to the addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action based on the content of this communication is
not authorized. If you have received this document in error, please notify the sender immediately by e-mail or phone.

From: Noonan-Smith, Michelle
Sent: Wednesday, July 09, 2008 7:31 AM
To: Shein, Mitchell J.; Fellman, Mark
Subject: FW: Medtronic P920015/S045

Hello Mitchell and Mark,

I wanted to let you know that I have a very short turnaround with this file. It is due on Friday. My workload has been very
heavy and I just started looking at this at the end of last week. Yesterday I realized that ODE might want to review this.
Sorry for the short notice!

Thanks!
Michelle

From: Moynahan, Megan
Sent: Tuesday, July 08, 2008 5:22 PM
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To: Noonan-Smith, Michelle
Cc: Shein, Mitchell J.; Fellman, Mark
Subject: RE: Medtronic P920015/S045

Hi Michelle,
Thanks for sending it along. Mitchell Shein is the current acting branch chief over the pacing branch while I am in my new
position as network leader. I've cc'd him on this, along with Mark Fellman who is the pacing leads "guru" over there. They
can help you with your request.

Regards,
Megan

From: Noonan-Smith, Michelle
Sent: Tuesday, July 08, 2008 4:08 PM
To: Moynahan, Megan
Subject: Medtronic P920015/S045

Hi Megan,

I am in the process of reviewing a 30-day Notice for Medtronic's Sprint Quattro Secure Lead Model 6935 and I wanted
to check with you to see if this is something that ODE would like to review. Medtronic states that they are
implementing a "minor" modification to the plasma treatment process for the multi-lumen tubing as a result of the
addition of a lubricity requirement (the subject of P920015/S039 approved on 4/29/08). Currently the silicone multi-
lume-- -------- ------ --- -- e manufacture of these leads is processed for plasma treatment of ---- -------- ------ -------- er
------- ------ ---- ---------- and of the four large-- ------ -------- -- alls (conductor lumens) using -------------------------- 
-------------- The change will be to convert to -------------------- to ---------- the tubing for plas---- ------------ --- ---- ----- 
-------- ----- r lumens of ---- --------- As a res--- --- ----- ---------- ----- ----- --- --------- g some of the qualified process
settings for Set Point A -------------- and Set Point B ---------------- ----- ------------- 

I may not be explaining this very well because I am having a hard time understanding exactly what the change is. The
file is in Image if you need to see it to make your determination. Is this something that your branch would like to
review? Please let me know and, if so, I can set up an eConsult.

Thank you,
Michelle

LCDR Michelle E. Noonan-Smith, USPHS
FbA/CbRH/OC/Division of Enforcement B

Cardiovascular and Neurological Devices Branch

2094 Gaither Road, HFZ-341

------------- ---- ------- 

------------------------------------------ 
Phone: (240) 276-0288
Fax: (240) 276-0129
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OC IMAGE PACKAGE COVERSHEET
Please IMAGE the attached package associated with an OC-lead document: (1)
30-Day Notice/135-Day Supplement or (2) Manufacturing Site Change
Supplement. If a bundled submission and review is involved, only one copy of the
IMAGE package is necessary.

Supplement Type:
30-Day Notice/135-Day Supplement
Manufacturing Site Change Supplement

Bundled Submission and Review?
LI1 Yes (bundled submissions are identical and one set of review memos is

involved)
[gl.No

IMAGE Package Checklist:
completed IMAGE coversheet
copy of signed, dated letter
copy of OC or OIVD (compliance) lead review memo with reviewer and
appropriate management signatures for the given review round

L-- if applicable, copy of ODE/OIVD consult review memo with reviewer
and appropriate management signatures for the given review round
if applicable, copies of any other supporting information for the given
review round (e.g., email from applicant, EIR report)

IMAGE this package for the following PMA supplement(s):

3 . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _2./
3 .
4.
5.
Etc.

drafted 4/30/07; 5/25/07; 5/31/07; 6/25/07; finalized 6/29/07



DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
MAY 1 2008 9200 Corporate Boulevard

Rockville, Maryland 20850

Margaret M. DePuydt, P.E., RAC
Medtronic, Inc.
Mounds View Facility South
8200 Coral Sea Street N.E.
Moundsview, Minnesota 55112

Re: P920015/S043
Sprint Leads Model No. 6932, 6942, 6943, and 6945
Sprint Quattro Lead Model No. 6944
Sprint Quattro Secure Lead Model No. 6947
Sprint Fidelis Lead Model No. 6930, 6931, 6948, and 6949
DF-1 Y-Adapter/Extender Kit Model No. 6726
Filed: April 1, 2008

Dear Ms. DePuydt:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has evaluated your premarket approval application (PMA) 30-day Notice. The 30-day
Notice requested a change to the cure process at a component supplier.

Based on the information submitted, FDA has determined that submission of a 135-day PMA
supplement is not required. Therefore, you may distribute your device, incorporating the change
described above, upon receipt of this letter.

If you have questions concerning this letter, please contact Bradley Quinn at (240) 276-0297.

Sincerely yours,

Gladys Rodriguez
Director
Division of Enforcement B
Office of Compliance
Center for Devices and Radiological Health



DATE: 

TO: 

THRU: 

FROM: 

SUBJECT: 

MEMORANDUM 

30-DAY NOTICE 

April 29, 2008 

The Record 

Christy L. Foreman, Deputy Director, DOEB, OC, CDRH 

i.nitials date 

Bradley Quinn, Engineer, CNDB, DOEB, OC, CDRH, 
HFZ-341 

30 Day Notice PMA Supplement 
Received: 04/01108 

Applicant: Medtronic, Inc. 
8200 Coral Sea Street NE 
Mounds View, Minnesota 55112 

DEVICES: P920015/S043 

OC 

Sprint Leads Model No. 6932, 6942, 6943, 6945 
Sprint Quattro Lead Model No. 6944 
Sprint Quattro Secure Lead Model No. 6947 
Sprint FideIis Lead Model No. 6930, 6931, 6948, 6949 
DF-I Y-Adapter/Extender Kit Model No. 6726 

RECOMMENDATION: 30Day Approved, No 135 Day Supplement Needed 

BACKGROUND: 

This application from Medtronic Inc. is a request for a 3D-Day Notice review in 
accordance with 21 CPR 814.39. This submission requests for a minor change to a 
supplier post-cure process for the DF-l connector insulation. The change is being made 
to improve supplier yield. The change has yet to be implemented. 

The DF-l connector insulation for the Sprint Fidelis models listed in the DEVICES 
section ofthis memo are produced and post-cured atL:'~ (~~=_: :: :~~~~ ~ ~= 
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rniTT4)---'~---"--'--;;4) "'''-'''--'-:==] The Sprint Fidelis models are 
L,,, ___ ,_"' ____ ,, ____ . _. ___ . • --,-

manutactured as finished devIces at Medtronic Puerto Rico Operations Co. (MPROC), 
Rd. 149, Km. 56.3, Call Box 6001, Villalba, Puerto Rico 00766. 

The DF-1 connector insulation is used as a strain relief, part no. 153447007, in S rint 
FideIis models. Part no. 153447007 is sin Ie-lumen and has a duro meter of ( \b1( ) 
The DF-l connector insulation uses (b)(4) raw material that is 
vulcanized after extrusion to complete e cunnglcross-linking process. A -c is 

~.JJotrequired for this type of material; however, a post-cure is utilized by \b (tl)~4i 
L:.:~--.-Jto stabilize the mechanical. properties of the material. The post-cure 

process is where a material is placed into a large oven and held at a specified temperature 
for a specified length of time. 

Routine monitoring through the acceptance activities of the incoming components have 
shown a downward drifting of the elongation specification ~ minimum. In order to 
prevenLa.!linventory shortage, Medtronic collaborated wit b 4 (b)(4) 

[~_Jin as~isting w,ith making minor improvements to the post-cure process. The 
~P-l¥.;E!J~.f~ng the tlIl)e and temperature.l0r t~) 534.~ 79.07 Eost;cure from ~ 
! (b) \ 4 i (b)(4) !minutes to! (b) (4) (b)(4) • This il_.,.~_ .. ~_...,.,. ___ ........ ______ "~ ~~_. __ ----I 

change matches a previous change in the post-cure process in 1997. At that time, a post
cure Design of Experiments (DoE) was completed and included crush testing. Testing at 
the time was perfonned on part no. 153435001. In contrast to part no. 153447007, part 
no. 153435001 is multi-lumen and has a durometer of~-.:] The firm states that 
this difference has no impact on the component performance, are of the same chemical 
family, and have the same requirements for tensile strength, elongation, toughness, and 
extractables. The single-lumen tubing is used in the connector portion of the lead, 
located in the device implantation pocket, whereas the multi-lumen tubing is subject to 
tortuous anatomy. The m,ore difficult load conditions on the tubing and history of 
acceptable performance of the multi-lumen tubing indicate that the change will have no 
impact on the function of the tubing. Additionally, tubing already subjected to the 
proposed post-cure have perfonned within expectations during the life of the product and 
the same post-cure is currently employed on the multi-lumen tubing used on the leads of 
all Sprint Fidelis models. 

In addition to the 1997 DoE, Differential Scanning Calorimetry testing was perfonned on 
the 153447007 to determine the amount of cure in the old and proposed post-cure 
conditions. The testing showed no significant difference in the amount of cure between 
the two post-cure settings. Further testing for the change included ensuring that all 
mechanical and design specifications were met, which included elongation, tensile, 
rW~Y~.~o~irm,ru:..dimll~t~L..OJJ~ diameter, and wall thickness. The post-cure ovens at 
Lb_.\~_, __ ~~~ ___ Jare calibrated every six months at~anc~ This 
calibration covers the proposed post-cure process. No anomalies were noted during 
testing and there were no new or increased risks or impact on existing device 
biocompatibilityassessments. 
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CORRESPONDENCE HISTORY: 

None. 

FIRM CONTACT: 

Margaret M. DePuydt, P .E., RAC 
Medtronic Inc. 
Mounds View Facility South 
8200 Coral Sea Street N .E. 
Mounds View, Minnesota 55112 
Phone: (763) 526-2382 / (612) 845-7771 
Fax: (651) 367-0603 
E-mail: margaret.m.depuydt@medtronic.com 

COMPLIANCE REVIEW: 

The Office of Compliance (OC) received this PMA submission, and was forwarded to 
CNDB for review, on March 1,2008. 

The application requests for a minor change to a supplier post-cure process for the DF-l 
connector insulation. The change is being made to improve supplier yield. The firm 
performed a DoE in 1997 on a similar part, Differential Scanning Calorimetry testing, 
elongation, tensile, toughness, inner diameter, out diameter, and wall thickness testing. 
All results met the respective acceptance criteria. Furthermore, the ovens used for the 
post-cure are calibrated every six months. No anomalies were noted during testing and 
there were no new or increased risks or impact on existing device biocompatibility 
assessments. 

Additionally, there have been no field reports or issues related to this change. 

The firm provided adequate responses to all of the items suggested by the 30-Day Notice 
Checklist. They provided a description of the changes, the reasons for the changes, and a 
summary of testing supporting the change. The finn also provided a statement that they 
conform to the requirements of the Quality System Regulation regarding change control, 
validation, and document controls found in 21 CFR 820. 

DECISION: 

The Office of Compliance signed off on the letter to the manufacturer indicating that the 
submission of a 135-day PMA supplement is not required and that they may distribute the 
device incorporating the changes as requested in this supplement. 
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SUMMARY:

A copy of the 30-Day Notice Checklist and a copy of the final letter to the manufacturer
are attached.

Bradley qOuirnn - -

4
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Prepared: Bquinn: 4/29/08
Reviewed:
Final:

CC: HFZ-340 (c/f)
HFZ-341 (f/f)
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FDA, Center for Devices and Radiological Health OC Procedures for 3D-Day Notices Drafted 12/01/98 
Office of Compliance 
2094 Gaither Road Doc. No. 4.9-330 Rev.No. 
Rockville. Maryland 20850 Implementation Date: Page 7 of9 

30-Day Notice Checklist 

Name of Firm: Medtronic, Inc. 
~~~~~~~~---------------------------------------Cardiac Rhythm Disease Management 

Address of 
Firm: 

Submissions 
Number: 

Device: 

Type of 
Change: 

Section I 

Section II 

8200 Coral Sea Street NE 
Mounds View, Minnesota 55112 

P9200 15/S04 3 

Sprint Leads Model No. 6932, 6942,6943,6945 
Sprint Quattro Lead Model No. 6944 
Sprint Quattro Secure Lead Model No. 6947 
Sprint Fidelis Lead Model No. 6930, 6931, 6948, 6949 
DF-I Y-Adapter/Extender Kit Model No. 6726 

Change to the supplier post-cure process 

By day 5, detennine if30-Day notice is appropriate, Ifnot, why? 

If any items below are checked, this submission does not qualify as 30-Day 
Notice. 
1. manufacturing/sterilization site change ______ _ 
2. design or performance specification change __ _ 
3. material specification change ___ _ 
4. device operating software change~ __ 
5. labeling changes __ _ 

Does the notice contain the followin 
1. Description of change 

2. Reason for change YES 

3. Rationale for implementation via 30-Day notice YES 

4. Statement that completed design validation demonstrates that the YES 
manufacturing change can be made without significantly changing final 
device operation. (Reconfirm that the 30-Day Notice is the appropriate 
submission route.) 
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FDA, Center for Devices and Radiological Health OC Procedures for 30-Day Notices Drafted 12/01/98
Office of Compliance
2094 Gaither Road Doc. No. 4.9-330 Rev.No.
Rockville, Maryland 20850 Implementation Date: Page 8 of 9

5. A summary or description of procedures for change control including YES Z No D NA D
identification, documentation, validation, review and approval of
manufacturing changes covered by the notice.

6. Describe documentation change controls necessary for modifying YES N NA
manufacturing or quality control instructions. (21 CFR 820.40)

Continued on next page
30-Day Notice Checklist, continued

7. If verification is used instead of process validation, the rationale for No R NA E
using verification in accordance with 21 CFR 820.1 (a)(3) should be
included.

8. If changed procedures are validated, summarize the procedures for NO NA Z
monitoring and controlling process parameters (21 CFR 820.75(b). For
new equipment, process validation should include installation
qualification, operator qualifications, and software validation of any
software driven equipment.

9. If changed procedures are to be routinely verified by sampling and F N N
independent measurement, summarize statistical rational for the
sampling method. (21 CFR 820.250)

10. If manufacturing change involves changes in components or raw NO
material, a statement describing the evaluation of new suppliers, and a
description the type and extent of control to be exercised over the
component or raw material. (21 CFR 820.50)

11. If change involves use of a new contractor for manufacturing or quality D NO i N
control testing, a statement describing procedures and criteria for
evaluation of that contractor. (21 CFR 820.50)

12. Statement of conformity YES NO [] NA

Note: On a case by case bases the engineering change order (ECO) record may be requested
from the firm if it will assist in bringing clarification to the 30-Day Notice.



OC IMAGE PACKAGE COVERSHEET

Please IMAGE the attached package associated with an OC-lead document: (1)
30-Day Notice/135-Day Supplement or (2) Manufacturing Site Change
Supplement. If a bundled submission and review is involved, only one copy of the
IMAGE package is necessary.

Supplement Type:
&I 30-Day Notice/1 35-Day Supplement
L] Manufacturing Site Change Supplement

Bundled Submission and Review?
[--] Yes (bundled submissions are identical and one set of review memos is

involved)
No

IMAGE Package Checklist:
completed IMAGE coversheet
copy of signed, dated letter
copy of OC or OIVD (compliance) lead review memo with reviewer and
appropriate management signatures for the given review round

I_ ] if applicable, copy of ODE/OIVD consult review memo with reviewer
and appropriate management signatures for the given review round
if applicable, copies of any other supporting information for the given
review round (e.g., email from applicant, EIR report)

IMAGE this package for the following PMA supplement(s):1 . _ _ _ _ _ _ _ _ _ _ _ _
2.
3.
4.
5.
Etc.

drafted 4/30/07; 5/25/07; 5/31/07; 6/25/07; finalized 6/29/07



DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and

Radiological Health
APR 3 0 2008 9200 Corporate Blvd

Rockville, MD 20850

Stacey Paetschow Wessman, RAS, MS, MBA
Principal Regulatory Affairs Specialist
Medtronic, Inc.
8200 Coral Sea Street NE
Mounds View, MN 55112

Re: P920015/S042
Model 6937 Lead (SVC Transvene Lead)
Filed: March 31, 2008

Dear Ms. Wessman:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has evaluated your premarket approval application (PMA) 30-day Notice. The 30-day
Notice requested moving manufacturing locations within the same facility.

Based on the information submitted, FDA has determined that submission of a 135-day PMA
supplement is not required. Therefore, you may distribute your device, incorporating the change
described above, upon receipt of this letter.

If you have questions concerning this letter, please contact Melissa Bums at (240) 276-0268.

Sincerely yours,

Gladys Rodriguez
Director
Division of Enforcement B
Office of Compliance
Center for Devices and Radiological Health
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REVIEW MEMORANDUM

30-DAY NOTICE

DATE: 28 April 2008

TO: The Record

THRU: Nicole Wolanski, Branch Chief, CNDB, DOEB, OC, CDRH

initials date

FROM: Melissa Bums, Biomedical Engineer, CNDB, DOEB, OC,
CDRH, HFZ-341

SUBJECT: 30-Day Notice
Received: 31 MAR 2008
OC Track: CTS

Applicant: Medtronic, Inc.
8200 Coral Sea Street, MS MVS 11
Mounds View, MN 55112
FEI:

Manufacturing Medtronic, Inc.
Facility: 7000 Central Ave N.E. Rd.

149, KM. 56.3
Minneapolis, MN 55432-3576
FEI: 2182208

DEVICES: P920015/S042 SVC Transvene Lead (Model 6937)

OC 30 Day Approved, No 135 Day Supplement Needed
RECOMMENDATION:

BACKGROUND:

This application from Medtronic, Inc is a request for a 30-Day Notice review in
accordance with 21 CFR 814.39. This application provides notification of moving of the
Controlled Environmental Area (CEA) used in manufacture of the model 6937 lead.
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Medtronic leads are designed for use with a compatible IPG or an ICD as part of a
cardiac system. Leads are intended for delivering therapies and/or sensing in the atrium
and/or ventricle of the heart.

This change is being implemented due to an upgrade in the manufacturing facility.

CORRESPONDENCE HISTORY:

Bums, Melissa. "Follow-up Questions P920015/S042." E-mail to Stacey Paetschow
Wessman. April 23, 2008.

Paetschow Wessman, Stacey. "RE: Follow-up Questions P920015/S042." E-mail with
Attachments to Melissa Bums. April 24, 2008.

Bums. Melissa and Stacey Paetschow Wessman. Telephone Conversations. April 28,
2008.

Paetschow Wessman, Stacey. "First email for operational qual." E-mail with
Attachments to Melissa Bums. April 28, 2008.

Paetschow Wessman, Stacey. "Email 2." E-mail with Attachments to Melissa Bums.
April 28, 2008.

Paetschow Wessman, Stacey. "Email 3." E-mail with Attachments to Melissa Bums.
April 28, 2008.

Paetschow Wessman, Stacey. "Email 4-thanks! Sorry about that." E-mail with
Attachments to Melissa Bums. April 28, 2008.

FIRM CONTACT:

Stacey Paetschow Wessman, RAS, MS, MBA
Principal Regulatory Affairs Specialist
Medtronic, Inc.
8200 Coral Sea Street, MS MVSI 1
Mounds View, MN 55112
Phone: 763-526-2378
Fax: 651-367-0603
E-mail: stacey.p.wessman~medtronic.com

COMPLIANCE REVIEW:

The firm is transferring manufacturing for the Model 6937 SVC Transvene Lead from the
existing Controlled Environment Area (CEA) to a newly constructed CEA within the
Medtronic Rice Creek facility. Products and related manufacturing equipment are being
moved in two phases. This 30-day notice covers Phase I of the move, which impacts the
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Model 6937 PMA product. In the existing facility layout, there are four CEA areas, the 
revitalization product will consolidate all CEAs into a single location (termed CEA #2). 

The Heating, Ventilation and Air Conditioning (RV AC), room environmental conditions, 
and ga!i supplies are equivalent in the new CEA #2 to the existing requirements. Room 
monitoring will continue per the existing Medtronic procedures. Room and surface 
finishes in the new CEA are the same as the existing, with the exception of a different 
floor type, ESD tiling rather than seamless linoleum. A new de-ionized (DI) water 
system has also been installed to support the new CEA; however, the monitoring of the 
water system remains the same as for the previous system. 

All equipment used in the manufacturing of the Mode16937 lead will remain the same 
and will be relocated to the new CEA #2. No product or process changes will result from 
the move. The Ethylene Oxide (EO) sterilization equipment will not be moved and is not 
impacted by relocation to the new CEA. The firm provided documentation for: 

• Facility Qualification (FQ), which includes both: 

Design Qualification (DQ). Drawings and descriptions of how requirements and 
specification of CEA are to be met. Includes installation plan, and 

Installation Qualification (IQ). Ensures equipment is installed in accordance with 
design specifications and user and manufacturing requirements. Also verifies that 
system documentation is available to support operation and maintenance. 

The firm provided the following FQ documents as part of the Submission: 

BL0018102, Version 2.0, Rice Creek Central CEA #2 Facility 
Qualification Report. All acceptance criteria were met. Qualification 
activities inc1udedftispections and testing of electrical, plumbing, gas 
systems, HEP A, major equipmen!p0t covered in 3eparate qualification 
plans, etc. 
BL0017930, Revision 2.0, Rice Creek Central CEA #2 Purified Water 
System Modifications Installation/Operational Qualification Plan. 
BL0017931, Revision 2.0, Rice Creek Central CEA #2 Purified Water 
System ModificatiOns Installation/Operational Qualification Report. All 
acceptance criteria were met. Utilities to support the purified water 
system were verified and chemical and biological testing of the purified 
water system was performed to ensure that the water meets all 
requirements. 
Various equipment installation qualifications included in BLOO 181 03, 
BL0018105, BL0018079, BL0018080, JET080303.AOl, JET080313.A04, 
BL0018081, BL0018082, JET080212.AOl, JET080312.A02, 
JET080211.AOl, JET080313.A03, JET080218.AOl, JET080313.AOl, 
BL0018139, and BL0018232. Equipment met all process and 
manufacturing requirements. 
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• Operational Qualification (OQ). Documented verification that facility or utility 
operate as intended through all anticipated ranges. 

The finn provided the following OQ documents as part of the Submission: 

t-;.,;;;,~~---\I Revision 2.0, Rice Creek Central CEA #2 Performance 
Qualification Report. Room environmental conditions met all acceptance 
criteria. Microbial counts met acceptance criteria. 

• Performance Qualification (PQ). Documented verification that utility, 
environment, and support systems produce required output. 

The finn provided the following PQ documents as part of the Submission: 

b.-.~~_-J Revision 2.0, Rice Creek Central CEA #2 Performance 
ualification Plan. 

(b) ~Oi)(iI) Revision 2.0, Rice Creek Central CEA #2 Performance 
Qualification Report. Room environmental conditions met all acceptance 
criteria. Two lots of product were built in CEA #2 with 100% yield 
(acceptance criteria was 95% yield minimum). 

The only equipment used in manufacture of the 6937 and not moved as part of Phase 1 is 
a laser. 

The following questions were forwarded to the firm bye-mail on 23 April 2008 and the 
finn provided responses via e-mail on 24 Apri12008: 

1) Page 1-9 of your submission indicates that all equipment for the Model 6937 
lead manufacturing process is to be moved to the new CEA#2 with the 
exception of one laser. Please clarify, is this laser used in the 6937 
manufacturing process and, if so, how have you modified your process to 
account for the moving of material between the existing and new CEA? 

Response Review. The firm clarified that the laser is used for the 6937 and 
other models of leads and was therefore not relocated as part of the Phase 1. 
The firm updated their process to allow transport of the 6937 sub-assemblies 
from CEA #1 to CEA #2, as documented in Issue 15, Transfer 
Piece Parts, which was provided with the firm's response. The firm also 
included reference toO?! (11)(4) I from the related subassembly 
manufacturing document [(b) (11)\(4) I Issue 13, which was also provided. 
The firm's response is adequate. 

2) Attachment 1, pg. 1-105, indicates that! (b(bci41 ) !filters were not yet installed 
at the time of the qualification. Please provide qualification results for these 
filters, or justify why qualification is not required. 
Response Review. The firm clarified that the~ filters in question are 
part of the Parts Cleaning area that has not yet been remodeled. These filters 
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will be qualified during commissioning of the Parts Cleaning room. The 
finn's response is adequate. 

3) Please indicate how you have ensured that the rooms not yet qualified 
(Development, Silicone Molding, Milling, Parts Cleaning, & Material 
Expeditor) are appropriately isolated/controlled such that they will not impact 
the operation of the CEA rooms qualified in Phase 1. 

Response Review. The firm indicated that the rooms have been qualified for 
"as-built" and are isolated from the CEA Leads manufacturing area No 
personnel or equipment are in these rooms. These areas will be re-qualified 
during Phase 2. The firm's response is adequate. 

4) Several of the attachments are not completely signed-off (Attachment 1, 
Attachment 3, Attachment 8). Please confirm that the information submitted 
is approved and released. 

Response Review. The firm clarified that the documents at issue were 
approved via both electronic and hand signature. In these cases, the electronic 
document control system manages the electronic signatures (and the first page 
ofthe documents shows who approved electronically), and the hand 
signatures are part of the controlled document such that there is a record of all 
approvals. The firm's response is adequate. 

The firm was also contacted by telephone on 28 April 2008 because Table 4 of the 
submission indicated that the Operational Qualification (OQ) was contained as 
"---.....;..;~,-di (Attachment 2) to the submission, but the document provided was not an 
Operational Qualification. The firm sent the correct attachment bye-mail on 28 April 
2008. The OQ was reviewed (see above) and found adequate. 

DECISION: 

The Office of Compliance signed off on the letter to the manufacturer indicating that the 
submission of a 135-day PMA supplement is not required and that they may distribute the 
device incorporating the changes as requested in this supplement. 

SUMMARY: 

A copy of the 30-Day Notice Checklist, e-mail information from the firm, and a copy of 
the letter to the manufacturer are attached. 
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Prepared: MBurns: 04/28/08 
Reviewed: NWolanski: 
Final: 

cc: HFZ-340 (elf) 
HFZ-341 (fit) 

OC Track: CTS 
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1. 

2. 

3. 

4. 

5. 

6. 

FDA, Center for Devices and Radiological Health OC Procedures for 30-Day Notices Drafted 12/01/98 

Office of Compliance 
2094 Gaither Road Doc. No. 4.9-330 Rev.No. 

Rockville, Maryland 20850 Implementation Date: Page 7 of9 

30-Day Notice Checklist 

Name of Firm: Medtronic, Inc. 
--------~---------------------------------------------

Address of 8200 Coral Sea Street, MS MVS 11 
Firm: Mounds View, MN 55112 

Submissions P920015/S042 
--~~~~---------------------------------------------Number: 

Device: Medtronic Model 6937 Lead 

Type of Manufacturing 
----------~-------------------------------------------Change: 

Section I By day 5, determine if30-Day notice is appropriate, If not, why? 

If any items below are checked, this submission does not qualify as 30-Day 
Notice. 
1. manufacturing/sterilization site change _____ _ 
2. design or performance specification change ___ _ 
3. material specification change ___ _ 
4. device operating software change ___ _ 
5. labeling changes ___ _ 

Section II Does the notice contain the following: (Check appropriate answer) 
Description of change YES ...; NO NA 

Reason for change YES ~ NO NA 

Rationale for implementation via 30-Day notice YES ~ NO NA 

Statement that completed design validation demonstrates that the YES NO NA " 
manufacturing change can be made without significantly changing final 
device operation. (Reconfirm that the 3D-Day Notice is the appropriate 
submission route.) 

A summary or description of procedures for change control including YES " NO NA 
identification, documentation, validation, review and approval of 
manufacturing changes covered by the notice. 

Describe documentation change controls necessary for modifying YES ..J NO NA 
manufacturing or quality control instructions. (21 CFR 820.40) 

7 



7. 

8. 

9. 

10. 

11. 

12. 

FDA, Center for Devices and Radiological Health OC Procedures for 30-Day Notices Drafted 12/01/98 
Office of Compliance 

2094 Gaither Road Doc. No. 4.9-330 Rev. No. 

Rockville, Maryland 20850 Implementation Date: Page 8 of9 

Continued on next page 

30-Day Notice Checklist, continued 

Ifverification is used instead of process validation, the rationale for YES NO NA " 
using verification in accordance with 21 CFR 820.1 (a)(3) should be 
included. 

If changed procedures are validated, summarize the procedures for YES ~ NO NA 
monitoring and controlling process parameters (21 CFR 820.75(b). For 
new equipment, process validation should include installation 
qualification, operator qualifications, and software validation of any 
software driven equipment. 

If changed procedures are to be routinely verified by sampling and YES NO NA ~ 
independent measurement, summarize statistical rational for the 
sampling method. (21 CFR 820.250) 

If manufacturing change involves changes in components or raw YES NO NA ~ 
material, a statement describing the evaluation of new suppliers, and a 
description the type and extent of control to be exercised over the 
component or raw material. (21 CFR 820.50) 

If change involves use of a new contractor for manufacturing or quality YES NO NA ~ 
control testing, a statement describing procedures and criteria for 
evaluation of that contractor. (21 CFR 820.50) 

Statement of conformity YES ~ NO NA 

Note: On a case by case bases the engineering change order (ECO) record may be requested 
from the firm if it will assist in bringing clarification to the 30-Day Notice. 

fLtri- 1 ~ Pase 53 8 



Burns, Melissa 
._-------_ ... _-_ .. _._-_._---_ .. _------_. __ ._._. __ ._ .. -.. -

From: 

Sent: 

Wessman, Stacey P. [stacey.p.wessman@medtronic.com] 

Thursday, April 24, 2008 12:46 PM 

To: Burns, Melissa 

Cc: Wessman, Stacey P. 

Subject: RE: Follow-up Questions P920015/S042 

Attachments: 091231-001.doc; 501919-XX>Ctransfer piece part.doc; Visio-CEA 2.pdf 

Hi Melissa 

Thank you for your questions. Please see the answers below: 

1. Page 1-9 of your submission indicates that all equipment for the Model 6937 lead manufacturing process is to be 
moved to the new CEA#2 with the exception of one laser. Please clarify, is this laser used in the 6937 manufacturing 
process and, if so, how have you modified your process to account for the moving of material between the existing and 
new CEA? 

This laser is used for the 6937 process as well as for manufacturing other leads. The process was updated to include the 
transport of the 6937 sub-assemblies from CEA #1 to CEA #2 per reference documentD:!21 (Ji/(4) I The process ~~~ 

is included and the applicable excerpts from Db) tl>!(jI) I 

2. Attachment 1, pg. 1-105, indicates that~filters were not yet installed at the time of the qualification. Please 
provide qualification results for these filters, or justify why qualification is not required. 

These filters were designated for the Parts Cleaning area which has not been remodeled yet. This area will be remodeled 
at a later date and qualified at that time. 

3. Please indicate how you have ensured that the rooms not yet qualified (Development, Silicone Molding, Milling, Parts 
Cleaning, & Material Expeditor) are appropriately isolated/controlled such that they will not impact the operation of the 
CEA rooms qualified in Phase 1. 

The other rooms have been qualified for "as-built". This information is included in Attachment 1 of the original submission. 
No equipment has been moved into these rooms and there is no personnel working in these areas. In addition, the layout 
of the rooms shows that these rooms are isolated from the main CEA Leads area. Lastly, we are not currently building the 
6937 lead in CEA 2 as there is duplicate qualified equipment in CEA 1 to build the 6937. 

4. Several of the attachments are not completely signed-off (Attachment 1, Attachment 3, Attachment 8). Please confirm 
that the information submitted is approved and released. 

All documents are approved per Medtronic requirements. The documents you are referring to were approved via hand 
signature and electronic signature. Therapy Delivery uses an electronic filing system for document approvals. This system 
is a validated system. However, in order to approve documents, you must be a Medtronic employee- typically in the 
Cardiac Rhythm Disease Management (CRDM) group. These documents used both hand signature for the non-Medtronic 
and non-CRDM personnel on the approval list. The first page of the pdf document reflects the electronic signature (name, 
date and time signed). The second page is the first page of the document (title page) and the third page shows what 
approvals are needed. This is the page where the hand signatures are located. 

Please let us know if you have any additional questions. 
Thanks 
Stacey 

From: Burns, Melissa [mailto:Melissa.Burns@fda.hhs.gov] 
Sent: Wednesday, April 23, 2008 3:53 PM 
To: Wessman, Stacey P. 
Subject: Follow-up Questions P920015/S042 

Hello Stacey, 

---_. __ ._--_. __ ..... _._--_._. -_ .. ----- -...... --- -_._ .. _ .... _ .. -... _-.-._ .. -. 
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Area (CEA) at the Rice Creek facility to be used for manufacturing of the Model 6937 lead. Please respond to the 
following: 

1. Page 1-9 of your submission indicates that aU eqUipment for the Model 6937 lead manufacturing process is to be 
moved to the new CEA#2 with the exception of one laser. Please clarify, is this laser used in the 6937 manufacturing 
process and, if so, how have you modified your process to account for the moving of material between the existing and 
new CEA? 

2. Attachment 1, pg. 1-105, indicates that [Z]l]EWfilters were not yet installed at the time of the qualification. Please 
provide qualification results for these filters, or justify why qualification is not required. 

3. Please indicate how you have ensured that the rooms not yet qualified (Development, Silicone Molding, Milling, Parts 
Cleaning, & Material Expeditor) are appropriately isolated/controlled such that they will not impact the operation of the 
CEA rooms qualified in Phase 1. 

4. Several of the attachments are not completely signed-off (Attachment 1, Attachment 3, Attachment 8). Please confirm 
that the information submitted is approved and released. 

Please provide responses to the above items by 28Apr2008. If you will have difficulty providing information in this 
timeframe, please let me know. Failure to receive adequate responses to the above items may result in conversion to a 
135-day supplement. Please contact me if you have any questions. 

Regards, 

Melissa Burns, MS 
LCDR, US Public Health Service 
Regulatory Operations Officer 
FDA/Center for Devices and Radiological Health 
Office of Compliance, Division of Enforcement B 
melissa.burns@fda.hhs.gov 
Phone: (240) 276-0268 
Fax: (240) 276-0129 

[CONFIDENTIALITY AND PRIVACY NOTICE] Information transmitted by this email is proprietary to 
Medtronic and is intended for use only by the individual or entity to which it is addressed, and may contain 
infonnation that is private, privileged, confidential or exempt from disclosure under applicable law. If you are 
not the intended recipient or it appears that this mail has been forwarded to you without proper authority, you 
are notified that any use or dissemination of this infonnation in any manner is strictly prohibited. In such cases, 
please delete this mail from your records. To view this notice in other languages you can either select the 
following link or manually copy and paste the link into the address bar of a web browser: 
http://emaildisclaimer.medtronic.com 
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Medtro·IU·C Medtronic Document Number 
Confidenffa/ BL0018104 

Title: Rice Creek Central CEA #2 Operational Qualification Report 

1. Revision History 
Revision Description of Change 
2.0 Initial Release 

2. Objective 

Page 
4 of 8 

The purpose of this Operational Qualification report is to confirm that the Operational Qualification 
(00) requirements and acceptance criteria for the remodeled CEA #2 at Medtronic Rice Creek 
Central in Fridley, MN, USA have been successfully met. Successful completion of these 
validation requirements provides assurance that the system is operating in conformance with 
design and owner specifications, and meets current Good Manufacturing Practices (cGMP), 
regulatory, and quality obligations. 

All acceptance criteria established in the OQ Plan ~~ !~!): ] have been met, and the CEA #2 is 
considered qualified "at rest". 

3. Scope 
This OQ report confirms the qualification requirements and acceptance criteria for the remodeled 
CEA #2 and associated areas located at the Rice Creek Central Building, 7000 Central Avenue 
Northeast, Fridley, MN, USA. This plan includes the following rooms and systems: 

CEA #2 ISO 7 CEA Leads Build Area (or Leads Manufacturing), Gowning Room, and Material 
Out 

This 00 report confirms the successful completion of the CEA #2 00 plan requirements and 
acceptance criteria. The CEA #2 00 has been executed and results compiled in accordance with 
the 00 plan. 

All validation work has been performed as defined in the approved plan. All documentation 
required for the plans is contained in this report, or the storage location identified. Any deviation 
or variation obselVed during the execution of the plan has been documented with resolution and 
approval. 

4. Background 

I 
I 

rg)t1~ 
I 

) 
\v )~l 

J L 
\ .... / I 
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Title: Rice Creek Central CEA #2 Operational Qualification Report 

5. Systems Description 
[(0-'ti) Jand associated rooms are approximatelyO::~(yillsquare feet of Controlled Environment 

Area (CEA). Existing air handling equipment provides conditioned air to a terminal~) (~!) ] 

~ 

The rooms included in this report are the CEA Leads Build Area (or Leads Manufacturing), 
Gowning Room, and Material Out. All other rooms will be qualified at a later date. 

6. Acronyms. and Definitions 
Pertinent terms and acronyms are defined in the 00 PlanQ'b!J~~4):: ] 

7. References 
References are defined in the OQ Plan ~~)~) .. J In addition, the Facility Qualification Report 
has been completed. Please referenceD})) :~(~)l4) ] Rice Creek Central CEA #2 Facility 
Qualification Report. Version 2.0. 

8. Acceptance Criteria 
The acceptance criteria for the OQ report are listed in each attachment of Section 11 of the 00 
Plan, [J!1:Ir§~4):::J 

The results have been recorded per the 00 Plan and any additional information is attached. One 
deviation was noted during 00 execution and is listed in Section 10.3. 

This OQ report includes the OQ phase of qualification for main CEA #2 Leads Build Area, 
Gowning Room and Material Out. Any additional CEA #2 area to be qualified in the future will 
have a separate OQlPO plan and report. 

9. Schedule 
Operational Qualification of the CEA #2 was completed in ~rc~ ~Oq8. = 
10. OQ Test Plan Attachments 

10.1 Signature Verification Form (Attachment #1) 
All persons involved with the execution of this Operational Qualification Plan have 
completed a line of the Signature Verification Form Attachment #1. 

10.2 Test Instrument Data Form (Attachment #2) . 
All test instruments used during plan execution are listed on the Test Instrument Data 
Sheet, Attachment #2 of the Installation Qualification document, including the 

Medtronic Confidential 
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manufacturer, model number, serial number, date of calibration and calibration due date. 
Copies of NIST traceable calibration certificates for each test instrument are included in 
Attachment #2. 

10.3 Protocol (Plan) Deviation Report Form (Attachment #3) 
One deviation was noted during OQ execution. DRF #1 notes that the humidity readings 
taken on March 10,2008 were below the required minimum of['TI?'F@:]at some loca~ions. 
The lowest reading was This discrepancy was resolved by resetting the room 
humidity setpoint in the building automation system back to~ from~where it had 
been mistakenly set. Readings were retaken on March 13, 2008 after the setpoint was 
returned to r~~and all readings were in tolerance. 

No other deviations were observed during 00 plan execution. 

10.4 Room Pressure Differentials-At Rest (Attachment #4) 
Room Pressure Differentials and Airflows were measured one (~)( 4) 
in the 00 Plan. Test results are included in Attachment #4. 

'llas specified 
~ 

All airflows a_~..eressure differentials met the acceptance criteria contained in the 00 plan 
of at leastL~(~CJto any adjacent less clean area. 

10.5 Room ISO 14644 Particle Counts .. !\~!~ (Attachment #5) 
Room particle counts were taken in !he[ .«?)( if .. Jas specified in the 
00 Plan and met the acceptance cntena as speclfled·l CBI q ) J 
with three consecutive readings taken at each sample location. """ 

All rooms met the acceptance criteria. A summary of the results is found on the nixt page. 

0.5 Micron I ft3 Summar I 

ROOM 

J 

REQUIRED MEASURED 
HIGHEST HIGHEST ! 

AVERAGE AT AVERAGE AT : 
A LOCATION: A LOCATION: 1 

["~Xll) -] tjJ~ ")_ 
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REQUIRED MEASURED 

ROOM 
HIGHEST HIGHEST 

AVERAGE AT AVERAGE AT 
A LOCATION: A LOCATION: 

(rf!>lLfD 
r··~ 

(br q) -1 3368 ! 
'--. --- .--I 

10.6 Room Temperature and Humidit~t ReSJ)Attachment #6) 
r
I 

L 
R oom T t d R I f H "dOt At R t empera ure an . ea Ive urn. I ty es 

ROOM 
AVERAGE LOWEST HIGHEST AVERAGE LOWEST HIGHEST 
TEMP of: TEMP OF: TEMP of: RH%: RH%: RH%: 

(b) (4) 

(b)(4) 

.-----~-- ." - --

10.7 Room Microbial Testing-At Rest (Attachment #7) 
Room air and surface microbial counts were taken in r (~\Cl.() - . l 
as specified in the 00 Plan and met the acceptance Cmeria as specified: Each room was -' 
sampled one time, with one reading taken at each sample location for air and selected 
work surfaces for contact. 

Attachment #7 documents the results of this testing. Biotest RCS Plus microbial air 
samplers were used to sample volumes of[ (b) (4 5b)(4) ~of air on a grid pattern 
established in conformance with ISO 14644-1 Class 7 cleanliness levels. Contact plates 
were used to sample work surfaces present at the time of testing. Data sheets and 
drawings indicating the location of each sample are included in Attachment #7. 

All rooms met the acceptance criteria. Below is a summary of the results. 

Medtronic Confidential 
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oam la e aun ummary 
REQUIRED MEASURED 

ROOM HIGHEST HIGHEST 
AVERAGE AT AVERAGE AT 
A LOCATION: A LOCATION: 

~~X4)]Air r (~yq) l QS'Xq)J 
_. ,-,J '" --QI?JJ4)J r/ tf~)( Lf) . J Q~Xt{] Surface '-- ~,:.- - , J 

Material Out I' <, • fBt4-) ] ~XW 
Gown r reftfJ J [{Btl(] 

11. Attachments 

Please note some attachments are completed portions of the 00 Plan,~l (&)(4) ]. Thus, these 
documents list the plan information in the header portion. 

Attachment 1: Signature Verification Fonn 
Attachment 2: Test Data Instrument Form 
Attachment 3: Protocol Deviation Report . 
Attachment 4: Room Pressure Differentials~1:\..\):J 
Attachment 5: Room ISO 14644 Particle c.ountiAt.Resu 
Attachment 6: Room Temperature and Humidi~::(4).J 
Attachment 7: Room Microbial Testin~'i'ill 
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ATTACHMENT #1 

SIGNATURE VERIFICATION FORM 

Page 
16 of 25 

Designated personnel assigned the responsibility of executing or verifying execution of 
this protocol will sign, initial and date the corresponding sections in the table below. 

Comments: 

Medtronic Confidential 
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ATTACHMENT #2 

Page 
17 of 25 

TEST INSTRUMENT DATA FORM 
- ----

Date of Test Instrument Manufacturer Model Number Serial Number 
Calibration 

.-----------.----------.--~-----------~"---~ 

C' 

~ 

L . ~- ::_~ !'~""!:t:"!:.l:.~"""~~.!.1_.:\!"'~n_'!il""'''''''''''''f''''-

Comments: I ~ ~ 

Reviewed by - I 
r c _ -

Date:j r 
Date:.) l 

""U. 

(GY~) \. 
.\ . 

Medtronic Confidential 
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Calibration 
Certificate ! 

Attached 
Due Date 
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(b)(4) 

L-_~ ____ .. _ 
Certificate of Calibration 

Manufacturer 
Model Number 
Serial Number 

fm 14 ), 11:;)(6) 

Instrument Id 
Instrument Type 
Company Name 
Customer Name 

. Cal Dale 

Next Cal Date 
~Proc~dure 
CertNumber 

I 
L_ J 

L «-9{c.t) 
(_ (S)('fj J 
L_~)-' (b)~ 

Reel' In °Tolerance Y 
Returned In Tolerance Y 

(b)(4). (b)(6) 

CIIi.~certifies that at the time of calibration the above listed equipment meets or 
exceeds all published specifications. 

At planned intervals,iJ:§E)(41 !lmeasurement standards are calibrated to standards traceable 
to the National Institute of Standards (NIST) or derived from accepted values of physical constants; 

Supporting documentation relative to tra~eabilitr Is on file and is available upOn request. 
The calibration system conforms to ISOIIEC 17025 & ANSIINCSLZS40-1 

CIDiStd IModelttumber ! 

r
"!"l':~ ._- 1 
\OJ \4/ 

I (b)(4) j 

L_.~_o -~_._J 

Lab Temperature: 
Lab Humidity: 

M.troIIJ,uI: (bj (6) 

(0) (4) 

(b)(4) 

8D. 

(b)(6) 

r 
L 

Instrument Type 
6/29/2007 61l91l008 

11/2812006 11/2~D01 
IlIl!Il006 12/812007 





Certificate of Calibration ,--- I 

I ill) '(,1) 

i 

I 
I (b)(4) J 
L ___ .. ~, .... 

C~.r1ifi~1!.tw...calibration 

;[_~JL+iJ iJm1]Number Date Calibrated 

Model (b)(4) 

Serial Number : ~ Sensor Number : ~ 
This calibration performed byrrzrrrr~: :: _. - (§1({I : :~. : :: ] Calibration has 
been accomplished by size calibl3tion as dcfLtled by ASTM F328-972000 JIS B 9921;1997, and perronned in compliance with 
ANSIINCSL ZS40-1. TOlal uncertainty orlhis calibradon is le3s than 3;5%, providini an accuncy ratio of 6 to one for channel I 
(500/. CE), and 3 to one for other channels (100% CE). The accuracy of the standards and eQuillment used are traceable to NIST. A 
record of all work performed is maintained by ~ and pcrfol11lcd in accordance withmiJjQuality Manual£:Ei1l 
Reproduction orlilis Cenificate except in full is strictly forbidden.~ (Q Ib)t~) I 

[ CPJX'1) 

c 
[ 

J 

Calibration Procedure 

Oscilloscope [0 

MCAlD 

FlowMeter ro 

D~rMID 

Channell E 
Channel> I 

(814) 
(~:tlf) 

Calibration Performed By [IfiIIiN ::::l 

Calibration was under tile following controlled conditions: 

(b)(4) 

C C~'B) J 
Threshold Voltam 

CB)fI) 

(6{4) J 
Calibration Spheres 

Medtronic Confidential 
Page 13 of48 
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Data: ' 

Medtronic Calibration Certificate 
EN ISO 13485:2003 Certified 
Cert No. Q1 N 05 03 39709 339 

Certificate #: 125169 

Calibration Performed By: . For (cost center number and location): . 

MEDTRONIC INC 
7000 CENTRAL AVE NE 

MINNEAPOLIS. MN 55432-3576 

Property#: 
Description: 
Manufacturer. _ ] 

150046 

RICE CREEK CENTRAL 
FLR1 

E ui ment Information 

;::;Se=::.n='a=..;,1 N..:.:;u::,:m.::::b;::::er:-=-, - -4CIB'i tf) ] 

Model Number: C U!>1 ') __ 
Temperature: r (18))(4) - --;J----
CaLlnterval: ( (Ht4-) J ______ _ 

Date Performed: GfIj'ilf ~ ~ 
.=C=al:...:.P...;.ro:::..:c:.:ed:.:.u;::;r.=;e::....-_,@D5~}!~L ], __ ~R;;:::EMSI;;.:·:::;·:.:::;on:.:...=;lev=eI:.:.: ...:0=-__ 

Umiting CondltJon: 

Cal. Due Date: C. (8 t'+) ]-:1- - --__ _ Calibration Result: PASS 

Calibration Notes 

Tolerance is ±r ~fj'i! ) J ..-. ' ., 

ASL!:m 

~ f~~ 
.J r1~V 'X4 l. IjB _ ~tt j 

\..- ... -- " 

Test Points (If NONE. all test points are in tolerance) 

Standards Used To Calibrate Equipment 

TRACEABIUTY INFORMATION: 

Traceability Is to NatJonallnstltute of Standards and Technology (NIST) or an equivalent organization outside of the United States, 

Some measurements are traceabla and derived from accepted values of natural phenomena or having been derived by the ratio type of 
self-calibration techniques or accepted industry practice. 

-··END OF REPORp·· 

Medtronic Confidential 
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, -- ---- .. -----. ---. _ .. - ---- ,- --

: 
I 

Date: 1/25/2008 

Medtronic Calibration Certificate 
EN ISO 13485:2003 Certified 
Cart No. Q1N 05 0339709339 

Certlncata 1#: 128847 

Calibration Perfonned By: For (cost center number and location): 

MEDTRONIC INC 

7000 CENTRAL AVE NE 

MINNEAPOLIS, MN 55432-3576 

Descri~tion: 

Manufacturer: 
Model Number 
Temperature: 
Cal. Interval: :; 
Cal. Due Date: 

alibration Notes 
Unit tested and found to be within tolerance. 

f'inal 

~[J 

d 
l _ 

.--. 

150046 
RICE CREEK CENTRAL 

8268 

U@iB) -] Date Performed: 
Performed By: [ {brTrbI(6) ::==i 

Cal Procedure: rb )(b)(Ii,r J 
Limiting Condition: 
Calibration Result: PASS 

Revlsion Level: D 

·User needs to be made aware that 1J1e unit requires B battery that has a full charge in order to operate properly. Using a battery at half life 
or less will effect their readings and not 
be correcl 

Test Points (If NONE, all test pOints are in tolerance) 

eq. Description Standard olerance· Tolerance + As Found As left Unit' 

Medtronic Confidential 
Page 15 of 48 
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Medtronic Calibration Certificate 
Data: 1/25/2008 

Standards Used To Calibrate Equipment 

EN ISO 13485:2003 Certified 
Cert No. Q1N 05 0339709339 

Certificate #: 128847 

Property Number Model Number Description Cal. Datc C\ll. Due Date 

L (~'1~1 
[ (1?X'1) 

TRACEABILITY INFORMATION: 

J 
J 

Traceablllty is to National Institute of Standards and Technology (NIST) or an equivalent organization outside of the United States. 

Some measurements are traceable and derived from accepted values of natural phenomena or having been derived by the ratio type of 
self-calibration techniques or accepted Industry practice. 

"""END OF REPORT·" 

• • ... • ~ • • • • 1 

r~m"'''11) "1J\lI,,'" 0·, JU ~ \ I " \lllII;~ • • '. Page 2 of 2 (;,,1(11 ".I:tj\:Il"I~tJ V .. ·lh ItnJ~'So1t «.,; .. u~ tll).I" 

. feer·t i - Pa.~ 
Medtronic Confidential 
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Date: 1/25/2008 

Medtronic Calibration Certificate 
EN ISO 13485:2003 Certified 
Cart No. Q1N 05 03 39709 339 

Certificate #: 128863 

Calibration Performed By: . For (cost center number and location): 

MEDTRONIC INC 

7000 CENTRAL AVE NE 

MINNEAPOLIS, MN 55432-3576 

ProQerty #: Lib l b!(~) j I ... 
Descri~tion: 

Manufacrurer: 
Model Number: 

-] 

.) 

Calibration Notes . 
Condition Received: Unit out of tolerance. 
CoodlUan Returned: Unit adjusted and placed within tolerance. 

J 
J 

150046 

RICE CREEK CENTRAL 

9268· STERILIZATION SERVICES 

E ui ment Information . 
Serial Number: ((Bx Lf)J .--- -

£m4 !I Date Performed: 
Performed By: 
Cal Procedure: ((e:(il) J Revision Level: D 
Limiting Condition: 
Calibration Result: PASS 

'User needs to be aware that unit needs to be used with fully charged balterles. Using batteries that are at half life or less will give the user 
Incorrect readings. 

Test Points (If NONE, all test points are In tolerance) 

eq. Description ndard Tolerance· Tolerance + As Found As Left Unit 

Medtronic Confidential 
Page 17 of48 



Medtronic Calibration Certificate 
Date: 

Standards Used To Calibrate Equipment 

TRACEABILITY INFORMATION: 

EN ISO 13485:2003 Certlfied 
Cert No. Q1N 050339709339 

J 
J-------

Certificate ##: 128863 

Traceability is 10 Nalionallnstitule of Standards and Technology (NIST) or an equivalent organization outside of the United States. 

Some measurements are traceable and derived from accepted \lalues of natural phenomena or having been derived by Ihe ratio type of 

selt-calibrallon techniques or accepted Industry practice. 

'·'END OF REPORT·" 

. - .. .. 
Tl;mpt"luAQv~!.,=dO,,)O Ju'~2tlo~ Page 2 of 2 C"".".,.I~· C~rJIC'''' V;ch: l~l'S.i."I\.,dqlolrJ~ to;; 
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Medtronic Calibration Certificate 
Date: 2/5/2008 EN ISO 13485:2003 Certlned 

Cart No. Q1N 050339709339 
Certificate #: 129873 

Calibration Performed By: . For (cost center number and location): 

MEDTRONIC INC 
7000 CENTRAL AVE NE 

MINNEAPOLIS, MN 55432-3576 

150040 

RICE CREEK CENTRAL 

8268 

E ui ment Information . 
~Se~ri=al~N~um~b~e~r: __ ~~~~w~5l-. ________________ _ 

J.I---- ~Da=te~p~e=~~~==d:--~C~(!~B1~~~)~J~-~-------------
Performed By: I (b) ~~i(6 ) I 

Temperature: .. -:-,;,~~L..Cj-'-. .L....) ------""'JI---
Car. rnterval: f,.. \A~ Y --J 
Cal. Due Date: [QJii) J-

.=.:Ca:::..I.:....;Pr=oC8=du:::..:rs::.:..: __ [fB}:J) J Revision Level: 0 
limifing Condition: '-
Calibration Result: r C~1t) J 

Calibration Notes 

Unit tested and found to be within tolerance. 

r---
( 

I 

L 
• Ensure that when using this unit that a fully charged battery in installed. A battery at half lifa or lower will through off readings. 

Test Points (If NONE, aU test pOints are in tolerance) 

'L 

Standards Used To Calibrate Equipment . . 

TRACEABlll1Y INFORMATlON: 

Traceability Is 10 Natlonallnstilute of Standards and Technology (NISn or an equlvalen~ organization outside of the United Stales. 

Some measurements are traceable and derived from accepted values of natural phenomena or having been derived by the ratio type of 

self-calibration techniques or accepted industry practice. 

···END OF REPOR~·· 
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~ Med:t • Medtronic Document Number Revision 
~ .. rome Confidential BL0018073 2.0 
Title: Rice Creek Central CEA #2 Operational Qualification Plan 

ATTACHMENT #3 

PROTOCOL DEVIATION REPORT FORM 

(b)(4), (b)(6) 

Page 
18 of 25 

Sheet_\_of_\ 



~ Medt • Medtronlc Document Number Revision 
~ roNe Confidential BL0018073 2.0 
Title: Rice Creek Central CEA #2 Operational Qualification Plan 

ATTACHMENT #4 

Page 
19 of 25 

Sheec..-.of_' 
ROOM PRESSURE DIFFERENTIALS AND AIR FLOWS AT REST 

PRESSURE VS. REQUIRED 
MEASURED MEETS 

ROOM 
ROOM 

PRESSURE: 
PRESSURE: 

ACCEPTANCE DATEJINITIAL 
CRITERIA? 

'f""<0"-~-' I (b) (4) 
"""''''''.''''''''''''''''''~ ~ . ". - - -< -

! , 
1 

1 
I 
I 
; 

! 
l 
I 
I 
I 

I 
i 
i 

! 
i 
I 

! 
i 
1 
! 
I 

I 
! 
1,-.. --

(b)(4) 

--""""'-- .... --
COMPLETED TEST REPORTS ATTACHED TO THIS SECTION? 0 

ROOMS MEET REQUIREMENTS? 0 

Date: [ fB y! ) 
oate:C: $)&) 

Medtronic Confidential 
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PRESSURE DIFFERENTIALS AND AIRFLOW DIRECTIONS 
- AT REST-

'-'I.,.--.. ----"'-,,~---.--".--.-,.,.--,.,-----.. - ... -.-,,-.-.--."-.--,-.---________ ~ I \b\ (4) 

i 

I 
! 
I 
~ 
! 

(b)(4) 

i" .~ 



~ MedI • Medtronic Document Number Revision 
~ rome Conndentlal BL0018073 2.0 

Page 
20 of 25 

Title: Rice Creek Central CEA #2 Operational Qualification Plan 

ATTACHMENT #5 
SheetJ.-of_\_ 

ROOM PARTICLE COUNTS - AT REST 

PARTICLE COUNT SUMMARY 0.5 MICRONS/CUBIC FOOT 

DATEOFTESr.\ (biLt!7 ] 
j,...o"" 

REQUIRED MEASURED 

ISO 
HIGHEST HIGHEST MEETS 

ROOM 
CLASS 

AVERAGE AVERAGE ACCEPTANCE DATE/INITIAL 
ATA ATA CRITERIA? 

~_.J::Q~ATION: LOCATION: 
(b) (4) 

(b)(4) 

COMPLETED TEST REPORTS ATIACHED TO THIS SECTION? G) N 

DRAWING SHOWING PARTICLE COUNT LOCATIONS /:':\ N 
ATTACHED TO THIS SECTION? 'f.J 

ROOMS MEET REQUIREMENTS? (j) N 

Comments: 

nIiil6'r----------, 

Compiled b~ '"'''' 1_ 
Reviewed b~ 1_ 

L_ .... _ .. ~ __ .--.---~----.. J 

Medtronic Confidential 
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PARTlaE k0!IT & TEMP, RH LOC(A TlONS 
- AT RE5T -

(b)(4) 



(b! (4) 

MEDTRONIC RICE CREEK CENTRAL 
7000 CENTRAL AVE. NE 

FRIDLEY. MN 

ISO 14644·1 CALCULATION FOR CLEANLINESS LEVEL 

CLEAN ZONE TESTED: ,(f!;it) 
\.. ... -

(b)(4) 

Clean Zone CEA#2 MAIN Meets 
ISO 14644·1 CLASS 7 

At 0.5 Micron For Data Collected on March 10,200& 

Statistical Classification Criteria 

{ b i (4,)--------

(b) (4) 

(b) (4) 

(b)(4) 

(b)(4) 

Acceptance Criteria 

(b)(4) 

Optional Information 

Medtronic Confidential 
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Clean Zone Tested: 

Test Mode: 

i 

I 
! 
! 
! 

MEDTRONIC RICE CREEK CAMPUS 
7000 CENTRAL AVE. NE 

FRIDLEY, MN 

RAW DATA AND AVERAGES FOR ISO 14644~1 

Sample Locations: C1f(t.fD 
Particle Size: I75Yf] 

(b)(4) 

Average per 

m3 RawRH 

I 
~,.----.--~--------~-----.-----.--------------' 

Medtronic Confidential 
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,b, (4) 

il (b) (4 

" . 

():;) (4) 

(b) (4) 

MEDTRONIC RICE CREEK CAMPUS 
7000 CENTRAL AVE. NE 

FRIDLEY, MN 

[SO 14644·1 CALCULA nON FOR CLEANLINESS LEVEL 

CLEAN ZONE TESTED: [fJ3)Cr..f:) '] 

(b)(4) 

Clean Zone r C1,3 X I.f) ~ 
ISO 1~1 CLASS 7 

At 0.5 Micron For Data Collected on March 10, 2008 

Statistical Classification Criteria 

(b)(4) 

Acceptance Criteria 

(b)(4) 

Optional Information 

(b)(4) 

(b)(4) 

,.u 



MEDTRONIC RICE CREEK CAMPUS 
7000 CENTRAL AVE. NE 

FRIDLEY, MN 

RAW DATA AND AVERAGES FOR ISO 14644-1 

-' , - -

(b)(4) 

Medtronic Confidential 
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Average Temperature (F)~X ~ 

Average Humidity (RH): E'oi.~ 
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(u) (4) 

Tb) (4) 

MEDTRONIC RICE CREEK CENTRAL 
7000 CENTRAL AVE. NE 

FRIDLEY, MN 

ISO 14644-1 CALCULATION FOR CLEANLINESS LEVEL 

(b)(4) 

CLEAN ZONE TESTEOl (~):n J 

(b)(4) 

Clean Zone ~ (j? )( I() J 
ISO 14644:.rCLASS 7 

At 0.5 Micron For Data Collected on [ ~ )Cl-!) J 
Statistical Classification Criteria 

(b)(4) 

Acceptance Criteria 

(b)(4) 

Optional Information 

(b)(4) 

Medtronic Confidential 
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MEDTRONIC RICE CREEK CENTRAL 
7000 CENTRAL AVE. NE 

FRIDLEY, MN 

RAW DATA AND AVERAGES FOR ISO 14644-1 

Clean Zone Tested: 

Test Mode: At Rest 

P/fn7' / ,.. PA~ C;C; ., 

Sample Locations: 

Particle Size: 

(b )(4) 

Medtronic Confidential 
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~ Med.trol\ic Medtronic Document Number Revision 
~ Confidential BL0018073 2.0 
Title: Rice Creek Central CEA #2 Operational Qualification Plan 

ATTACHMENT #6 

Page 
21 of 25 

ROOM TEMPERATURE AND RELATIVE HUMIDITY EVALUATION AT REST 

~ 
~ 
~ 
8 

--------------------------------------

Sheet \ of -z. --



~ 
r' <::; 

+ 

~ Medt ...... m·c Medtronic Document Number Revision 
~ .... Confidential BL0018073 2.0 
Title: Rice Creek Central CEA #2 Operational Qualification Plan 

ATT ACHMFNT #6 

Page 
22 of 25 

~ ROOM TEMPERATURE AND RELATIVE HUMIDITY EVALUATION AT REST 

-c:, 
~ 

5:l 
o 

o 

l 
()l 

.oJ' 

-_____ "_'-"_"'-"_"""""~_"""" ____ ~~"",.._"""~_,~"'~.,..."', .. ______ """'_~''',.,,..._m.w.>W,o.~'''~~"'""""'...,.""""~.""_. """ .. ,,'-,-""""=,...., ........ ·_"'.= __ """"'.--'100_.-......· ............. ......-_ 

~ 
~ 
~ 
:§ 

Sheet 2.... of'L 



--_. __ ...... 



Clean Zone Tested: 

Test Mode: 

M EOTRONIC RICE CREEK CAMPUS 
7000 CENTRAL AVE. NE 

FRIDLEY, MN 

RAW DATA AND AVERAGES FOR ISO 14644·1 

c ~~XL{) ... "] 
L(14)J 

Sample Locations: [1814) J 
Particle Size: aX L.fJ 

(b)(4) 

Average per 

m3 

Average Temperature (F):~V?lLf'D 
Average Humidity (RH): [ffi)flD 

Medtronic Confidential 
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I Clean 7.ono Tested: 

Test Mode: 

MEDTRONIC RICE CREEK CAMPUS 
7000 CENTRAL AVE. NE 

FRIDLEY, MN 

RAW DATA AND AVERAGES FOR ISO 14644-1 

C(0):~)") 

C d?>Ytlll 

Sample Locations: CD3XQ)] 

Particle Size: ~ ~JJ 

Particle Counts Sam led On~arch 10. 2008 

(b)(4) 

Average per 

m3 RawRH 

,----_._------= .. " --~,------~------
Average Temperature (F):[(~I1) J 

Medtronic Confidential 
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Average Humidity (RH):Ce~D 
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I Clean Zone rested: 

Test Mode: 

MEDTRONIC RICE CREEK CENTRAL 
7000 CENTRAL AVE. NE 

FRIDLEY,MN 

RAW DATA AND AVERAGES FOR ISO 14644-1 

[t8)(q)] 

U~){~D 

Sample Locations: @XLilJ 
Particle Size: IT'3ttIl 

(b)(4) 

Average per 

m3 

Average Temperature (F):[fBX4-)J 
Average Humidity (RH): Clfsltf)J 

Medtronic Confidential 
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MEDTRONIC RICE CREEK CAMPUS 
7000 CENTRAL AVE, NE 

FRIOLEY,MN 

TEMPERATURE AND HUMIDITY RAW DATA AND AVERAGES 

Clean Zone Tested: C(B X '1 )J Sample Locations: flt> X i.()] 
Test MOde:Ci0jj) J 

Temperature and r (-gllf) J Humid!!) Sampled On .. -

Raw I 
Location Temp RawRH 
I.b) ,4) 

, -

I 
I 
I (b)(4) I 

I I 

I I 

I 

I 
! 

Average Temperature (OF): ((g1!)) 
Average Humidity (RH): [" rnvl{.\l L 1j}A-- . J-J 

Medtronic Confidential 
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MEDTRONIC RICE CREEK CAMPUS 
7000 CENTRAL AVE. NE 

FRIDLEY, MN 

TEMPERATURE AND HUMIDITY RAW DATA AND AVERAGES 

[

Clean Zone TeSled:, []or .. \) ~ 
Test Mode: ... XI{D . 

(b)(4) 

Sample Locations: [tB;{l'Q] 

Average Temperature (OF): C@O-I)) 
Average Humidity (RH): rrax lfD 

Medtronic Confidential 
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MEDTRONIC RICE CREEK CAMPUS 
7000 CENTRAL AVE. NE 

FRIDLEY, MN 

TEMPERATURE AND HUMIDITY RAW DATA AND AVERAGES 

[

Clean Zone Tested: ( .. ~ .. ')~) 
L.... ,-VI"-" 

Test Mode: ~11{) 

(b)(4) 

Average Temperature (OF): 

Average Humidity {RH}: 

Medtronic Confidential 
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~ MedI • Medtronic Document Number Revision 
~ rolUC: Confidential BL0018073 2.0 
Title: Rice Creek Central CEA #2 Operational Qualification Plan 

ATTACHMENT #7 

Page 
23 of 25 

SUMMARY OF ROOM VIABLE COUNTS -L.Cf> ItflJ 
VIABLE COUNT DATA SHEET CFU/CUBIC FOOT 

DATE OF TES~ ~( ~;( \f)J Sheet_'_of2.. c: REQUIRED 
MEASURED MEETS 

ROOM HIGHEST AT 
HIGHEST AT 

ACCEPTANCE DATE/INITIAL 
A LOCATION: A CRITERIA? 

LOCATION: I ~"'"----~. \DJ {~j 

I 
I 
I 

1 

, 

I 
I 
I 
L 

(b)(4) 

. ::::::;t'·""", .. ,.- ~ .. ~""'~;;:o;:o:;~- ~.~~,,-.. ~., ---=o;;;;;;."'~"'- "~-.. = =t::::=o=--~'IIO 

COMPLETED TEST REPORTS ATTACHED TO THIS SECTION? 

DRAWING SHOWING VIABLE SAMPLE LOCATIONS 
ATIAGHED TO THIS SECTION? 

ROOMS MEET REQUIREMENTS? 

Compiled 
(b)(6) 

Reviewed 

Medtronic Confidential 
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~ __ ..1& • Medtronic Document Number Revision 
~ Aa:::u.&rolUc Confidential BL0018073 2.0 

Title: Rice Creek Central CEA #2 Operational Qualification Plan 

ATTACHMENT #7 
ROOM VIABLE COUNTS -AT REST 

Page 
24 of 25 

VIABLE COUNT DATA SHEET CFU/CUBIC FOOT 

DATEOFTEST(~)CLt) 1-
'--- . ./ 

Sheet L of 't.. 

ROOM 
LOCATION AEROBIC CONTACT COMMENT 

10: CFU/FT3 CFU/PLATE ", ... 

(\3 '{ V') ( { . - . 

~ ~ 

'" ~ 
"'" '" ~ 

'" ~ 
~ 

"'" ~ 
~ 
~ 

_ ... _- ---

Comments: C-. 
C 

Compiled 
(b)(6) 

Date:L. ((j XL() -:1-
Date:C.L~Yv) . ] Reviewed 

Medtronic Confidential 
Page 41 of 48 



Par'~ 1 

Rjce;Creek C~,~ 

,------'-------

i (b)(4) 

i 
! 
1 , 

, I 

~ . 

, .. ~ , 

~. 
~ 

',,~ 
, 

L __ ., ___ . _____ , ___ , ___ ,, _______ . ___ .. _. _____ J '@' 

'.' 

II. , .. {, ~" 
@ 

fb)(L{) 
LbrTl)'··-·-·"---(b-)(4-) -----·'~ ' : '. ' ' 

----.--~ 

Requestor. L1rr---- 0"" =] 
._,.-.-......." '. =-=-=. ==-=-========~ 

rn;')i'G'" ~ 

Monitoring Personnel: L _______ . ___ ,, __ , ____ (b):._) _...,......_ _ __ J 

Medtronic Confideritial 
. " P'me.42 .ot4.8 . ' 
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Viable Surface Results 

Result Status: C$)~] Date out of 
Cc'b'X~) Incubation: 

Test Type: (~V~l L\" A '/ 
Time out of @~f)J 

Unit of Measure for Limits: C$'i~'D Incubation: 

Comments: NA;; Alert Limit not Required I 0ll1l<4~!][@~5J 

Site 
(hi (4) 

EMS No: 

Alert Limit Action Limit 

(b)(4) 

Page 1 of 1 

Medtronic Confidential 
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Count (CFU) 

J 

CFU/Sq.dm 

CSS,0901.0001-OOO1,149 
VefSion 2.0 



~ Medt • Medtronic Document Number Revision 
~ rome Confidential BL0018073 2.0 . 
Title: Rice Creek Central CEA #2 Operational Qualification Plan 

ATIACHMENT #7 

Page 
2.3 of 25 

SUMMARY OF ROOM VIABLE COUNTS -AT REST 

VIABLE COUNT DATA SHEET CFU/CUBIC FOOT 

DATE OF TEST ~. c.()~ . Sheet~of (.. 

ROOM 
REQUIRED MEASURED MEETS 

HIGHEST AT HIGHEST AT ACCEPTANCE DATE/INITIAL 
A 

A LO~IO~-1-0CATION: CRITERIA? 
M(~b»)~(4~i--"--~-- ------.--~------.--~ 

(b)(4) 

COMPLETED TEST REPORTS ATIACHED TO THIS SECTION? 

DRAWING SHOWING VIABLE SAMPLE LOCATIONS 
ATTACHED TO THIS SECTION? 

ROOMS MEET REQUIREMENTS? 

Compiled 
(b)(6) 

Reviewed 

Medtronic Confidential 
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.&t\ Medt • Medtronic Document Number Revision 
~ roNe Confidential BL0018073 2.0 
Title: Rice Creek Central CEA #2 Operational Qualification Plan 

ATTACHMENT #7 
ROOM VIABLE COUNTS -AT REST 

Page 
24 of 25 

VIABLE COUNT DATA SHEET CFU/CUBIC FOOT 

DATE OF TESL \..i?'f.-tf) J Sheet!... of"-

ROOM LOCATION AEROBIC CONTACT COMMENT 10: CFU/FT3 CFU/PLATE 

'" L (~)(L{) ) 
~ 

- , 

r....... 

~ 
"'" ~ 
~ 

" ~ 
~ 

""'-
~ 

~ 
~ 

Comments: r- - f6'X <-() \ --
rCbT~-'-------'! 

Compiled by:! I" I (b)(6) 

Reviewed byi J , 
L.....-.".~._. _____ ,_.~ _____ ._ 

Date' C -,BtL[) :J 
Date:C (f2'fr) -:J 
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\ " i r 4., r,---r 
."J , \ _. 

i 

1 
• I 

! 
I 

I 
f 

Rice Creek CEA·2 

(b)(4) 

L ____ ._ .. ____________ . _________ -----,--' 

Colred one surface sample fo-r-each grid squar:e .. ~ntainih~{aci"expos~dW'O.rk . surfaCe [1bT:((il ) 14) I . .'. , .. ~D4) (b)(4) • ~ "":",;,:::;:Y" -' '.' "., , --,_. , 

-Requestor: ~[:-,---_~=-___ :-) ------------] 
j (bl(6! J 

Monitoring Personnel: I (b)(6) 

L 

Medtronic Confidential 
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Stacey Paetshow Wessman, RAC, MS, MBA
Principal Regulatory Affairs Specialist ' ER 6 202?
Medtronic, Inc.
1015 Gramsie Rd
Shoreview, MN 55126-3082

Re: P920015/S38, SprintTM and Sprint FidelisTm Leads
Filed: September 12, 2007
Amended: October 24, 2007

Dear Ms. Wessman:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its evaluation of your premarket approval application (PMA) 135-day
supplement, which requested approval for changing the molding vendor and molding process
parameters for the IS-I connector sleeve component for Sprint Lead Models 6930, 6931, 6945,
6947, 6948, 6949, and 6944. Based upon the information submitted, the PMA 135-day
supplement is approved subject to the conditions described within the "Conditions of Approval"
(enclosed). You may begin commercial distribution of the device as modified by your PMA 135-
day supplement upon receipt of this letter.

Failure to comply with the conditions of approval as attached invalidates this approval order.
Commercial distribution of a device that is not in compliance with these conditions is a violation
of the Federal Food, Drug, and Cosmetic Act.

Amendments should be submitted in triplicate, unless otherwise specified, to the address below
and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850
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If you have questions concerning this approval order, please contact Charles Cathlin at (240)
276-0281.

Sincerely yours,

Gladys Rodriguez
Director
Division of Enforcement B
Office of Compliance
Center for Devices and

Radiological Health

OFFICE SURNAME DATE OFFICE SURNAME DATE

Ft
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cc: HEZ-306 (LComella)
HEZ-340 (c/f)
HFZ-341 (CCathlin)
HEZ-40 1 (Document Mail Center)
HEZ-402 (L~isher)
I-IFZ-100 (RWalchle)
UFR-CE8~O (MIN-DO) -

A POVA ORDER FOR PMA SUPPLEMENT (SA)
Last Modified 12-28-98
NOTE. ENCLOSURE - INCLUDE THE CONDITIONS OF APPROVAL.
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Stacey Paetshow Wessman, RAC, MS, MBA
Principal Regulatory Affairs Specialist
Medtronic, Inc.
1015 Gramsie Rd
Shoreview, MN 55126-3082

Re: P920015/S38, SprintTM and Sprint Fidelis TM Leads
Filed: September 12, 2007
Amended: October 24, 2007

Dear Ms. Wessman:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its evaluation of your premarket approval application (PMA) 135-day
supplement, which requested approval for changing the molding vendor and molding process
parameters for the IS-1 connector sleeve component for Sprint Lead Models 6930, 6931, 6945,
6947, 6948, 6949, and 6944. Based upon the information submitted, the PMA 135-day
supplement is approved subject to the conditions described within the "Conditions of Approval"
(enclosed). You may begin commercial distribution of the device as modified by your PMA 135-
day supplement upon receipt of this letter.

Failure to comply with the conditions of approval as attached invalidates this approval order.
Commercial distribution of a device that is not in compliance with these conditions is a violation
of the Federal Food, Drug, and Cosmetic Act.

Amendments should be submitted in triplicate, unless otherwise specified, to the address below
and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850
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If you have questions concerning this approval order, please contact Charles Cathlin at (240)
276-0281.

Sincerely yours,

Gladys Rodriguez
Director
Division of Enforcement B
Office of Compliance
Center for Devices and

Radiological Health
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Stacey Paetshow Wessman, RAC, MS, MBA 
Principal Regulatory Affairs Specialist 
Medtronic, Inc. 
1015 Gramsie Rd 
Shoreview, MN 55126-3082 

Re: P920015/S38, Sprint™ and Sprint Fidelis™ Leads 
Filed: September 12,2007 

Dear Ms. Wessman: 

n .... T 1 ') '",'1~ l fl.. • I-

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration 
(FDA) has completed its review of your premarket approval application (PMA) 30-day Notice. 
The submission requested changes in the molding vendor and molding process parameters for the 
IS-1 connector sleeve component for Sprint Lead Models 6930,6931,6945,6947,6948,6949, 
and 6944. We have detennined a detailed review of the data supporting the change must be 
performed. Therefore, your 30-day Notice has been converted to a .u5-Day PMA Supplement. 

The following deficiencies were identified during the review of the 30-day Notice. Because of 
the lack of this information, review of the PMA cannot continue and, accordingly, we have listed 
the following deficiencies which require the responses as indicated: 

1. Your firm did not adequately address the receiving and acceptance activities that you will 
implement as a result of the outsourcing of the component in your submission. Please 
provide procedure(s) addressing the receiving and acceptance activities for the IS-1 connector 
sleeve components, which are now manufactur~d by[~~)"l The procedure(s) should include 
the inspection, testing, and verification of the specifications for received product and the 
documentation of accepted or rejected product in accordance with 21 CFR 820.80. Your firm 
should also include the predetermined acceptance levels for the components. 

2. Your firm states in the submission that ~J1 has been a Medtronic certified supplier fonBj) 
years and molds many other lead components, but did not submit purchasing control 
procedures. Please submit the purchasing control procedure(s) documenting your controls 
established for The procedures should address the requirements for evaluating and 
selecting potential suppliers based on their ability to meet specified requirements as required 
by 21 CFR 820.50. 

3. Although your firm provided data verifying that the changes to the molding process produced 
components within specification, they did not provide information addressing the validation 
of the changed molding process parameters. Please provide a summary of the validation 

Pc1v-t J - Pcte) c i;)) 
v' 
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of the changed molding process parameters. Please provide a summary of the validation
activities for the new molding process parameters to include installation, operation, and
performance qualification. Your firm should provide a summary of the procedure(s) for
monitoring and controlling the new process parameters as well.

The deficiencies identified above represent the issues that we believe need to be resolved beforeour review of your PMA application can be completed. In developing the deficiencies, wecarefully considered the statutory criteria as defined in Section 515 of the Federal Food, Drug,and Cosmetic Act for determining reasonable assurance of safety and effectiveness of your
device. We also considered the burden that may be incurred in your attempt to respond to thedeficiencies. We believe that we have considered the least burdensome approach to resolvingthese issues. If, however, you believe that information is being requested that is not relevant tothe regulatory decision or that there is a less burdensome way to resolve the issues, you should
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome
Issues" document. It is available on our Center webpage at:
http://wwwJlda. gov/cdrh/modact/leastbujrdcnsome~ html

This letter reflects the current progress of our review of your application. You may not begincommercial distribution of the device as modified by this PMA 135-day supplement until youhave received an approval order. Further review of your application and/or any response to thisletter may result in additional deficiencies. CDRH will issue an approval order for the 135-dayPMA supplement after the requested information has been reviewed and determined to be
acceptable.

Because FDA considers the information submitted with the 30-day Notice as meeting the contentrequirements for PMA supplements, the time spent reviewing the submission as a 30-day Notice
will be deducted from the 135 day period.

You may amend the PMA 135-day supplement to provide the above requested information (3copies), voluntarily withdraw the PMA (3 copies) or request an extension. The required copiesof the amended PMA 135-day supplement should include the FDA reference number to facilitate
processing.

One copy should be sent to:

Food and Drug Administration

Office of Compliance
Field Programs Branch (HFZ-306)
2098 Gaither Road
Rockville, Maryland 20850
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The remaining two copies should be sent to:

PMA Document Mail Center (HFZ-40 I)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have any questions concerning this letter, please contact Charles Cathlin at (240) 276-
0281.

Sincerely yours,

Gladys Rodriguez
Director
Division of Enforcement B
Office of Compliance
Center for Devices and

Radiological Health

OFFICE SURNAME DATE OFFICE SURNAME DATE
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[DO NOT SHOW ON ORIGINAL]

cc: HFZ-306 (LComella)
HFZ-340 (c/f)
HFZ-341 (f/f; CCathlin)
HFZ-402 (LFisher)
HFZ-450 (DCD)
HFR-PA100 (SAN-DO)

N30 30-DAY NOTICE NOT ADEQUATE - SUPPORTING DATA SUBMITTED WITHNOTICE NOW 135-DAY SUPPLEMENT REVIEW NEEDED SIGNIFICANT
DEFICIENCIES IDENTIFIED

Last Modified 10-18-01

M
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Stacey Paetshow Wessman, RAC, MS, MBA 
Principal Regulatory Affairs Specialist 
Medtronic, Inc. 
1015 Gramsie Rd 
Shoreview, MN 55126-3082 

OCT 1 L 2007 

Re: P920015/S38, Sprint™ and Sprint Fidelis™ Leads 
Filed: September 12,2007 

Dear Ms. Wessman: 

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration 
(FDA) has completed its review of your premarket approval application (PMA) 30-day Notice. 
The submission requested changes in the molding vendor and molding process parameters for the 
1S-1 connector sleeve component for Sprint Lead Models 6930, 6931, 6945, 6947, 6948, 6949, 
and 6944. We have determined a detailed review of the data supporting the change must be 
performed. Therefore, your 30-day Notice has been converted to a 13S-Day PMA Supplement. 

The following deficiencies were identified during the review of the 30-day Notice. Because of 
the lack of this information, review of the PMA cannot continue and, accordingly, we have listed 
the following deficiencies which require the responses as indicated: 

1. Your firm did not adequately address the receiving and acceptance activities that you will 
implement as a result of the outsourcing of the component in your submission. Please 
provide procedure(s) addressing the receiving and acceptance activities for the IS-1 connector 
sleeve components, which are now manufactured byl]i§J. The procedure(s) should include 
the inspection, testing, and verification of the specifications for received product and the 
documentation of accepted or rejected product in accordance with 21 CFR 820.80. Your firm 
should also include the predetermined acceptance levels for the components. 

2. Your finn states in the submission that ~ has been a Medtronic certified supplier fo~ 
years and molds many other lead components, but did not submit purchasing control 
procedures. Please submit the purchasing control procedure(s) documenting your controls 
established for[@EIJ The procedures should address the requirements for evaluating and 
selecting potential suppliers based on their ability to meet specified requirements as required 
by 21 CFR 820.50. 

3. Although your firm provided data verifying that the changes to the molding process produced 
components within specification, they did not provide infonnation addressing the validation 
of the changed molding process parameters. Please provide a summary of the validation 
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of the changed molding process parameters. Please provide a summary of the validation
activities for the new molding process parameters to include installation, operation, and
performance qualification. Your firm should provide a summary of the procedure(s) for
monitoring and controlling the new process parameters as well.

The deficiencies identified above represent the issues that we believe need to be resolved before
our review of your PMA application can be completed. In developing the deficiencies, wecarefully considered the statutory criteria as defined in Section 515 of the Federal Food, Drug,
and Cosmetic Act for determining reasonable assurance of safety and effectiveness of your
device. We also considered the burden that may be incurred in your attempt to respond to thedeficiencies. We believe that we have considered the least burdensome approach to resolving
these issues. Jf, however, you believe that information is being requested that is not relevant tothe regulatory decision or that there is a less burdensome way to resolve the issues, you should
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome
Issues" document. It is available on our Center webpage at:
http://www.l'da gov/cdrh/modact/least bu rdensome. html

This letter reflects the current progress of our review of your application. You may not begincommercial distribution of the device as modified by this PMA 135-day supplement until you
have received an approval order. Further review of your application and/or any response to this
letter may result in additional deficiencies. CDRH will issue an approval order for the 135-day
PMA supplement after the requested information has been reviewed and determined to be
acceptable.

Because FDA considers the information submitted with the 30-day Notice as meeting the contentrequirements for PMA supplements, the time spent reviewing the submission as a 30-day Notice
will be deducted from the 135 day period.

You may amend the PMA 135-day supplement to provide the above requested information (3copies), voluntarily withdraw the PMA (3 copies) or request an extension. The required copies
of the amended PMA 135-day supplement should include the FDA reference number to facilitate
processing.

One copy should be sent to:

Food and Drug Administration

Office of Compliance
Field Programs Branch (HFZ-306)
2098 Gaither Road
Rockville, Maryland 20850

go
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The remaining two copies should be sent to:

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have any questions concerning this letter, please contact Charles Cathlin at (240) 276-
0281.

Sincerely yours,

Gladys Rodriguez
Director
Division of Enforcement B
Office of Compliance
Center for Devices and

Radiological Health



Ms. Mary Plante
Medtronic, Inc. JUL 0 3 2007
Cardiac Rhythm Disease Management
1015 Gramsie Road
Shoreview, MN 55126-3082

Re: P920015/S037
Sprint Fidelis Lead Models 6949, 6948, 6931, and 6930
Filed: May 15, 2007
Amended: June 26, 2007

Dear Ms. Plante:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement which qualified for review under the Real-Time Review
Program. We have reviewed your application at a teleconference on June 6, 2007.

Your supplement requested approval for design and manufacturing changes to improve
the DF-l leg strength and handling characteristics of Sprint Fidelis leads. Based upon the
information submitted, the PMA supplement is approved. You may begin commercial
distribution of the device as modified by your PMA supplement in accordance with the
conditions described below and in the "Conditions of Approval for Implantable
Defibrillators and Programmers" (enclosed).

The sale, distribution, and use of this device are restricted to prescription use in
accordance with 21 CFR 801.109 within the meaning of section 520(e) of the Federal
Food, Drug, and Cosmetic Act (the act) under the authority of section 515(d)(1)(B)(ii) of
the act. FDA has also determined that to ensure the safe and effective use of the device
that the device is further restricted within the meaning of section 520(e) under the
authority of section 515(d)(1)(B)(ii) insofar as the sale, distribution, and use must not
violate sections 502(q) and (r) of the act.

/
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CDRH does not evaluate information related to contract liability warranties, however you
should be aware that any such warranty statements must be truthful, accurate, and not
misleading, and must be consistent with applicable Federal and State laws.

Failure to comply with any postapproval requirement constitutes a ground for withdrawal
of approval of a PMA. Commercial distribution of a device that is not in compliance
with these conditions is a violation of the act.

If you have questions concerning this approval order, please contact Mark Fellman at
(240) 276-4060.

Sincerely yours,

Bram D. Zuckerman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure:
Conditions of Approval for Implantable Defibrillators and Programmers

Z-
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Department of Health & Human Services

cc: HFZ-401 (D M C)
HFZ-402 (PMA Staff)
HFZ-306 (Field Programs Branch)
HFZ-450 (D C D)
D.O.

APPROVAL ORDER FOR A PMA SUPPLEMENT (SA)
Last Modified 10-28-04

Prepared by MFellman:ryh:7/2/07

FILE COPY
OFFICE SURNAME DATE OFFICE SURNAME DATE
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

JUL 0 3 2007

Ms. Mary Plante
Medtronic, Inc.
Cardiac Rhythm Disease Management
1015 Gramsie Road
Shoreview, MN 55126-3082

Re: P920015/S037
Sprint Fidelis Lead Models 6949, 6948, 6931, and 6930
Filed: May 15, 2007
Amended: June 26, 2007

Dear Ms. Plante:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement which qualified for review under the Real-Time Review
Program. We have reviewed your application at a teleconference on June 6, 2007.

Your supplement requested approval for design and manufacturing changes to improve
the DF- 1 leg strength and handling characteristics of Sprint Fidelis leads. Based upon the
information submitted, the PMA supplement is approved. You may begin commercial
distribution of the device as modified by your PMA supplement in accordance with the
conditions described below and in the "Conditions of Approval for Implantable
Defibrillators and Programmers" (enclosed).

The sale, distribution, and use of this device are restricted to prescription use in
accordance with 21 CFR 801.109 within the meaning of section 520(e) of the Federal
Food, Drug, and Cosmetic Act (the act) under the authority of section 515(d)(1 )(B)(ii) of
the act. FDA has also determined that to ensure the safe and effective use of the device
that the device is further restricted within the meaning of section 520(e) under the
authority of section 515(d)(1)(B)(ii) insofar as the sale, distribution, and use must not
violate sections 502(q) and (r) of the act.

¥i
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CDRH does not evaluate information related to contract liability warranties, however you
should be aware that any such warranty statements must be truthful, accurate, and not
misleading, and must be consistent with applicable Federal and State laws.

Failure to comply with any postapproval requirement constitutes a ground for withdrawal
of approval of a PMA. Commercial distribution of a device that is not in compliance
with these conditions is a violation of the act.

If you have questions concerning this approval order, please contact Mark Feilman at
(240) 276-4060.

Sincerely yours,

Brain D uckman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure:
Conditions of Approval for Implantable Defibrillators and Programmers



MAY 4 2007

Margaret dePuydt, P.E., R.A.C.
Sr. Regulatory Affairs Specialist
Medtronic, Inc.
1015 Gramsie Road
Shoreview, MN 55126-3082

Re: P920015/R013

Model 6963, 6966, and 6999 leads for the initial Transvene® lead system
Model 6933, 6936, and 6939 leads for Transvene DF-I system Model 6934 leads for
Transvene® Right Ventricular system
Model 6937 Transvene® SVC lead
Model 6707 Lead adaptor
Model 6932, 6942, 6943 and 6945 Sprint TM leads
Model 6944 Sprint TM QuattroTM lead

TM ~ ~~TModel 6947 Sprint TM Quattro SecureTM lead
Model 6996 SQ lead system and 6996T tunneling tool
Model 6725 Pin-Plug Kit
Model 6726 DF-l Y-Adaptor/Extender Kit
Model 6948, 6949, 6930, and 6931 Sprint Fidelis TM leads

Received: February 15, 2007

Dear Ms. dePuydt:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its review of your premarket approval application (PMA) Annual Report
for the Model 6963, 6966, and 6999 leads for the initial Transvene® lead system; Model 6933,
6936, and 6939 leads for Transvene DF-1 system; Model 6934 leads for Transvene® Right
Ventricular system; Model 6937 Transvene® SVC lead; Model 6707 Lead adaptor; Model 6932,
6942, 6943 and 6945 SprintTM leads; Model 6944 Sprint TM Quattro TM lead; Model 6947 Sprint TM

Quattro Secure TM lead; Model 6996 SQ lead system and 6996T tunneling tool; Model 6725 Pin-Plug Kit; Model 6726 DF-1 Y-Adaptor/Extender Kit; and the Model 6948, 6949, 6930, and 6931
Sprint FidelisTM leads. We have determined that you have met the requirements of21 CFR
814.82(a)(7). No further information is required at this time.

l
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If you have any questions, please contact Vivianne Holt at (240) 276-4000.

Sincerely yours,

B~ramn D. Zuckerman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health
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[DO NOT SHOW ON ORIGINAL]

cc:
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ- [ODE Division]
D.O.
[ANNUAL REPORT NO RESPONSE NECESSARY ACKNOWLEDGEMENT LETTER]

FILE COPY
OFFICE SURNAME DATE OFFICE SURNAME DATE
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard

MAY 4. A 200/ Rockville MD 20850

Margaret dePuydt, P.E., R.A.C.
Sr. Regulatory Affairs Specialist
Medtronic, Inc.
1015 Gramsie Road
Shoreview, MN 55126-3082

Re: P920015/R013

Model 6963, 6966, and 6999 leads for the initial Transvene® lead system
Model 6933, 6936, and 6939 leads for Transvene DF-1 system Model 6934 leads for
Transvene® Right Ventricular system
Model 6937 Transvene® SVC lead
Model 6707 Lead adaptor
Model 6932, 6942, 6943 and 6945 SprintTM leads
Model 6944 Sprint TM QuattroTM Iead
Model 6947 Sprint TM Quattro SecureTMlead
Model 6996 SQ lead system and 6996T tunneling tool
Model 6725 Pin-Plug Kit
Model 6726 DF-l Y-Adaptor/Extender Kit
Model 6948, 6949, 6930, and 6931 Sprint FidelisTM leads

Received: February 15, 2007

Dear Ms. dePuydt:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its review of your premarket approval application (PMA) Annual Report
for the Model 6963, 6966, and 6999 leads for the initial Transvene® lead system; Model 6933,
6936, and 6939 leads for Transvene DF-l system; Model 6934 leads for Transvene® Right
Ventricular system; Model 6937 Transvene® SVC lead; Model 6707 Lead adaptor; Model 6932,
6942, 6943 and 6945 Sprint TM leads; Model 6944 Sprint TM QuattroTM lead; Model 6947 Sprint TM

Quattro SecureTM lead; Model 6996 SQ lead system and 6996T tunneling tool; Model 6725 Pin-
Plug Kit; Model 6726 DF-I Y-Adaptor/Extender Kit; and the Model 6948, 6949, 6930, and 6931
Sprint Fidelis TM leads. We have determined that you have met the requirements of 21 CFR
814.82(a)(7). No further information is required at this time,

It
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If you have any questions, please contact Vivianne Holt at (240) 276-4000.

Sincerely yours,

D -~VtLAwJA

~>Brain D. Zuckermnan, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health



AUG 16 2005

Ms. Michelle Nivala
Regulatory Affairs Specialist
Medtronic, Inc.
Cardiac Rhythm Management
1015 Gramsie Road
Shoreview, MN 55126-3082

Re: P920015/R12
Model 6963, 6966 and 6999 leads for the initial Transvene® lead system, Model 6933,6936, and 6939 leads for Transvene® DF-l system; Model 6937 Transvene® SVC lead,Model 6707 lead adaptor; Model 6932 SprintTM lead, Model 6942 SprintTM, Model 6943and 6945 SprintTM, Model 6944 SprintTM QuattroTM lead, Model 6947 SprintTM QuattroSecureTM lead, Model 6996 SQ lead system and 6996T tunneling tool, Model 6726 DFR-IYAdaptor/Extender Kit, Model 6949 and 6931 Sprint FidelisTM leads and Model 6948 and
6930 Sprint FidelisTM leads
Received: March 6, 2006

Dear Ms. Nivala:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration(FDA) has completed its review of your premarket approval application (PMA) Annual Reportfor the Model 6963, 6966 and 6999 leads for the initial Transvene® lead system, Model 6933,6936, and 6939 leads for Transvene® DF-1 system; Model 6937 Transvene® SVC lead. Model6707 lead adaptor; Model 6932 SprintTM lead, Model 6942 SprintTM, Model 6943 and 6945SprintTM, Model 6944 SprintTM QuattroTM lead, Model 6947 SprintTM Quattro SecureTM lead,Model 6996 SQ lead system and 6996T tunneling tool, Model 6726 DFR-I YAdaptor/ExtenderKit, Model 6949 and 6931 Sprint FidelisTM leads and Model 6948 and 6930 Sprint FidelisTMleads. We have determined that you have met the requirements of 21 CFR 8 14 .82(a)(7). Nofurther information is required at this time.
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If you have any questions, please contact Vivianne Holt at 301-443-8243 x 170.

Sincerely yours,

Brain D. Zuckennan, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

7Z
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cc: HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCD)
D.O.

[ANiNUAL REPORT NO RESPONSE NECESSARY ACKNOWLEDGEMENT LETTER]

Prepared by: VHolt:att/8/14/06
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DEPARTMENT OF HEAlTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

AUG 1 62006

Ms. Michelle Nivala
Regulatory Affairs Specialist
Medtronic, hic.
Cardiac Rhythm Management
10 15 Granmsic Road
Shoreview, MN 55126-3082

Rec: 11920015/R1I2
Model1 6963.) 6966 andc 6 999 l eads for the inLii tial Tr an sveneUR Ilead sys temIII M odel1 69336936, and 6939 leads for Transvene'®~ DF-I system: Model 6937 Transvenc®~k S\VC lead.M odel1 67 07 lecad adaptor: M odel1 69 32 S pri ntT lemI ad, M odel1 6 942 S prinritTINIM Nod el 6943and 6945 SprintiNI. Model 6944 Sprin~tT-i Quatiroim lead. Model 6947 SplintiN QuanttaSeCurerC'M lead. Mode! 6996 SQ lead system and 6996T' tunneling tool. NModcl 6726 DEk WIYAdaptor/Ftxtender K it. Model 6949 and 6931 Sprinit Fidelis" leads and NIodel 6948 aind6930 S print Fidelijs5 m leads
Received: Match 6. 2006

Dear Ms. NIi valIa:

Hihe Center hi r D ex'ices and Radiological II eal th (C-Dl) R ) oft he Food awdlD irg "Adtnt i Li1st rat o n(FDA) has cam pleted its reviewx at vow pi remarket appi o val appli cation ( P MA ) AII)Mlu i Re poltfor the Model 6963, 6966 and 6999 leads for the initial lransverie®1 lead svstemii NMdel 6933.69316. and 693)9 leads far Transvcnc®k DF-l system: Model 6937 Transvcne®z SWC lead. ModLC6707 lead adaptor: Model 6932 SprintTMI lead. Model 6942 SprintT~l. Model 6943 and 6945Sp ri ntlm, Moadel 6944 S p inti1i QLMI~tt o'M I cad. Moadel 6947 SPrint lt' Q nattia See a rer, I adNIodel 6996 SQ lead system and 6996F 1-1tunneling" tool -MNodel 67-26 1)FR-I YAdapto iv x tender1K it. INI ode! 6949 and 6931 Sprint Fi delis51M leads and Model 6948 and 6930 Sprint IFidelIi s'"I cads. We have determined that yIou haveC Met the rCI11euirements of 2 (FR Xl14.8 2( a)( 7). Nfurlther inlformyation is requireCd at this time1.
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If you have any questions, please contact Vivianne Holt at 301-443-8243 x 170.

Sincessely yours, /

Bran D ucernnn, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

9



JAN 2 4 2006

Ms. Dianna L. Geck
Sr. Regulatory Affairs Specialist
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432

Re: P920015/S034
Model 2091 WB Wireless PC Card for use with Model 9986 Desktop/BOSS and Model

2090 CareLink Programmer
Dated: December 6, 2005
Received: December 9, 2005
Amended: December 19, 2005

Dear Ms. Geck:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) acknowledges your December 19, 2005, letter withdrawing the above referenced
premarket approval application (PMA) supplement. As requested, this file is now considered
closed.

Pursuant to 21 CFR 20.29, a copy of each submission will remain on file with the CDRH.
Confidentiality of your PMA application will be maintained in accordance with the provision
outlined in 21 CFR sections 814.9, 20.61 and 20.81.

If you decide to resubmit a PMA supplement for this product, a new number will be assigned and
the review period will begin again. Please be advised that if there were issues of safety and
effectiveness raised by FDA which were not addressed in the submission you withdrew, you
should address them in your resubmission.
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Questions concerning this withdrawal action should be directed to:

Food and Drug Administration
Center for Devices and Radiological Health
Premarket Approval Section (HFZ-402)
9200 Corporate Blvd.
Rockville, Maryland 20850
(301) 594-2186

Sincerely yours,

Bram D. Zuckerman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

*7
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cc: HFZ-306 (Field Programs Branch - QSR)
HFZ-40 1 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 [ODE DIVISION]
D.O.

PMA VOLUNTARY WITHDRAWAL ACKNOWLEDGMENT LETTER. (WACKVOL)
Modified 02-13-02

Prepared by:JXLee:myb:O01/18/06
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service4
Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

JAN 2 4 2006

Ms. Dianna L. Geck
Sr. Regulatory Affairs Specialist
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432

Re: P920015/S034
Model 2091WB Wireless PC Card for use with Model 9986 Desktop/BOSS and Model

2090 CareLink Programmer
Dated: December 6, 2005
Received: December 9, 2005
Amended: December 19, 2005

Dear Ms. Geck:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) acknowledges your December 19, 2005, letter withdrawing the above referenced
premarket approval application (PMA) supplement. As requested, this file is now considered
closed.

Pursuant to 21 CFR 20.29, a copy of each submission will remain on file with the CDRH.
Confidentiality of your PMA application will be maintained in accordance with the provision
outlined in 21 CFR sections 814.9, 20.61 and 20.81.

If you decide to resubmit a PMA supplement for this product, a new number will be assigned and
the review period will begin again. Please be advised that if there were issues of safety and
effectiveness raised by FDA which were not addressed in the submission you withdrew, you
should address them in your resubmission.
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Questions concerning this withdrawal action should be directed to:

Food and Drug Administration
Center for Devices and Radiological Health
Premarket Approval Section (HFZ-402)
9200 Corporate Blvd.
Rockville, Maryland 20850
(301) 594-2186

Sincerely yours,

Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health



Lyons, Linda 

From: Budabin, Steve E. 
Sent: . 
To: 

Tuesday, October 11, 2005 11 :08 AM 
Lyons, Linda 

Subject: 

cc: 

HFZ-306 
HFZ-401 
HFZ-402 
HFZ-4S0 
HFZ-340 
HFZ-341 
HFR-CESOO 

RE: P920015/S032 

(Field Programs Branch - GMP) 
(Document Mail Center) 
(Lisa Fisher) 
(Megan Moynahan) 
(r/f) 
(SBudabin, clf) 
(MIN-DO) 

Steven E. Budabin, M.S. 
Cardiovascular & Neurological 

Devices Branch (HFZ-341) 
Office of Compliance 
Center for Devices and 

Radiological Health 
240-276-0291 

-----Original Message----
From: Lyons, Linda 
Sent: Tuesday, October 11, 2005 11:03 AM 
To: Budabin, Steve E. 
Subject: P920015jS032 

Hi Steve, 

I need the cc list for this PMA. 

Thanks. 

Linda 

1 



Mary Ellen Best . 
Principal Regulatory Affairs Specialist 
Medtronic, Inc. 
7000 Central A venue NE 
Minneapolis, Minnesota 55432-3576 

Re: P92001S/S032 
Filed: September 2, 2005 

Dear Ms. Best: 

SEP 3 0 T~~ 

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration 
(FDA) has completed its review of your premarket approval application (PMA) 30-day Notice. 
The submission requested approval to change the aeration time following sterilization ofthe 
Sprint Fidelis Leads. We have determined a detailed review of the data supporting the change 
must be performed. Therefore, your 30-day Notice has been converted to a 135-Day PMA 
Supplement. 

The following deficiencies were identified during the review of the 30-day Notice. Because of 
the lack of this information, review of the PMA cannot continue and, accordingly, we have listed 
the following deficiencies, which require the responses as indicated: 

1. Your submission indicates that the qualification study for the sterilization and aeration 
activities for the Fidelis Leads was performed at your Rice Creek facility; however, the 
aeration activities are conducted at the Medtronic Puerto Rico, Inc. (MPRI) facility. 

• Please provide additional information to demonstrate that these two facilities are 
equivalent. 

• Please explain how environmental contamination controls are equivalent at the 
MPRI and Rice Creek facility. 

2. Your submission indicates that samples are analyzed for sterilant residuals bY[.ELillli 
.,....;.~.; ••.•. ~,,;...;.:.. .. '-'-.N_ .. ,,_-'utilizing theUb) (4~~_. __ =:~Jmethod for the implantable 
portions of the device. If Medtronic conducts sterilant residual testing in-house, please 
provide a summary of how the MPRI and Rice Creek facility procedures are equivalent. 
lfthe samples are shipped to a contract laboratory for sterilant residual testing, please 
explain how the samples are shipped. 
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Page 2 - Mary Ellen Best 

3. Your E-mail of September 28, 2005, appears to contradict the location at which FideJis 
Leads are sterilized. You state, "The majority ofFidelis Leads are currently 
manufactured and sterilized at the Puerto Rico facility" (emphasis added). . .. "Since the 

sterilizers and aeration vessels used at RC and MPRI are equivalent, sterilization and 
aeration activities representing the MPRI facility are performed at the Rice Creek facility" 
(emphasis added). Please clarify this discrepancy. 

4. Your submission indicates Medtronic screens for residual [bT~~~-==-~--=J 
"'--__ ~.;...c_c.;...".._. _ _' Please provide information on any other 

residual substances tested. 

The deficiencies identified above represent the issues that we believe need to be resolved before 
our review of your PMA application can be completed. In developing the deficiencies, we 
carefully considered the statutory criteria as defined in Section 515 of the Federal Food, Drug, 
and Cosmetic Act for determining reasonable assurance of safety and effectiveness of your 
device. We also considered the burden that may be incurred in your attempt to respond to the 
deficiencies. We believe that we have considered the least burdensome approach to resolving 
these issues. If, however, you believe that information is being requested that is not relevant to 
the regulatory decision or that there is a less burdensome way to resolve the issues, you should 
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome 
Issues" document. It is available on our Center webpage at: 
http://www.fda.gov/cdrh/modactlleastburdensome.html 

This letter reflects the current progress of our review of your application. You may not begin 
commercial distribution of the device as modified by this PMA 135-day supplement until you 
have received an approval order. Further review of your application andlor any response to this 
letter may result in additional deficiencies. CDRH will issue all approval order for the 135-day 
PMA supplement after the requested information has been reviewed and determined to be 
acceptable. 

Because FDA considers the information submitted with the 30-day Notice as meeting the content 
requirements for PMA supplements, the time spent reviewing the submission as a 30-day Notice 
will be deducted from the l35 day period. 

You may amend the PMA 135-day supplement to provide the above requested information (3 
copies), voluntarily withdraw the PMA (3 copies) or request an extension. The required copies 
of the amended PMA 135-day supplement should include the FDA reference number to facilitate 
processing. 

One copy should be sent to: 

FILE COpy 
Food and Drug Administration 
Office of Compliance 

6) 
OFFICE SURNAME DATE 
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One copy should be sent to:

Food and Drug Administration
Office of Compliance
Field Programs Branch (HFZ-306)
2098 Gaither Road
Rockville, Maryland 20850

The remaining two copies should be sent to:

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have any questions concerning this letter, please contact Steven E. Budabin, M.S.,
Consumer Safety Officer at 240-276-0120 or via E-mail at steve.budabin2iifda.hhs.igov.

Sincerely yours,

Gladys Rodriguez
Director
Division of Enforcement B
Office of Compliance
Center for Devices and

Radiological Health

FILE COPY3
OFFICE SURNAME - DAlE OFFICE SURNAME DATE



DEPARTMENT OF HEALTH &. HUMAN SERVICES 

Mary Ellen Best 
Principal Regulatory Affairs Specialist 
Medtronic, Inc. 
7000 Central Avenue NE 
Minneapolis, Minnesota 55432-3576 

Re: P920015/S032 
Filed: September 2, 2005 

Dear Ms. Best: 

SEP 3 0 2C05 

Public Health Service 

Food and Drug Administration 
2098 Gaither Road 
Rockville MD 20850 

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration 
(FDA) has completed its review of your premarket approval application (PMA) 30-day Notice. 
The submission requested approval to change the aeration time following sterilization of the 
Sprint Fidelis Leads. We have detennined a detailed review of the data supporting the change 
mus~ be performed. Therefore, your 30-day Notice has been converted to a 135-Day PMA 
Supplement. 

The following deficiencies were identified during the review of the 30-dayNotice. Because of 
the lack of this information, review of the PMA cannot continue and, accordingly, we have listed 
the following deficiencies, which require the responses as indicated: 

1. Your submission indicates that the qualification study for the sterilization and aeration 
activities for the Fidelis Leads was perfonned at your Rice Creek facility; however, the 
aeration activities are conducted at the Medtronic Puerto Rico, Inc. (MPRI) facility. 

• Please provide additional information to demonstrate that these two facilities are 
equivalent. 

• Please explain how environmental contamination controls are equivalent at the 
MPRI and Rice Creek facility. 

2. Your submission indicates that samples are analyzed for sterilant residuals by[~ 
'-,~,-'.';"-":;:;':;';':'~., __ ,_l utilizing the~!J,!J_~ __ ~}(4):~:-::--:::::J method for the implantable 

portions of the device. If Medtronic conducts sterilant residual testing in-house, please 
provide a summary of how the MPRI and Rice Creek facility procedures are equivalent. 
If the samples are shipped to a contract laboratory for sterilant residual testing, please 
explain how the samples are shipped. S 
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3. Your E-mail of September 28,2005, appears to contradict the location at which Fidelis 
Leads are sterilized. You state, "The majority of Fidelis Leads are currently 
manufactured and sterilized at the Puerto Rico facility" (emphasis added) .... "Since the 

E9ED sterilizers and aeration vessels used at RC and MPRI are equivalent, sterilization and 
aeration activities representing the MPRI facility are perfonned at the Rice Creek facility" 
(emphasis added). Please clarify this discrepancy. 

4. Your submission indicates Medtronic screens for residual E2".:n·-----;;~--=___-1 
f ___ ".w __ ,.~";~,';"~~~,, __ ~", and Please provide information on any other 
residual substances tested. 

The deficiencies identified above represent the issues that we believe need to be resolved before 
our review of your PMA application can be completed. In developing the deficiencies, we 
carefully considered the statutory criteria as defined in Section 515 of the Federal Food, Drug, 
and Cosmetic Act for determining reasonable assurance of safety and effectiveness of your 
device. We also considered the burden that may be incurred in your attempt to respond to the 
deficiencies. We believe that we have considered the least burdensome approach to resolving 
these issues. If, however, you believe that information is being requested that is not relevant to 
the regulatory decision or that there is a less burdensome way to resolve the issues, you should 
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome 
Issues" document. It is available on our Center webpage at: 
http://www.fda.gov/cdrhlmodactlleastburdensome.html 

This 'letter reflects the current progress of our review of your application. You may not begin 
commercial distribution of the device as modified by this PMA 135-day supplement until you 
have received an approval order. Further review of your application and/or any response to this 
letter may result in additional deficiencies. CDRH will issue an approval order for the 135-day 
PMA supplement after the requested information has been reviewed and determined to be 
acceptable. 

Because FDA considers the information submitted with the 30-day Notice as meeting the content 
. requirements for PMA supplements, the time spent reviewing the submission as a 30-day Notice 

will be deducted from the 135 day period. 

You may amend the PMA 135-day supplement to provide the above requested information (3 
copies), voluntarily withdraw the PMA (3 copies) or request an extension. The required copies 
of the amended PMA 135-day supplement should include the FDA reference number to facilitate 
processmg. 

One copy should be sent to: 

Food and Drug Administration 
Office of Compliance 
Field Programs Branch (HFZ-306) 
2098 Gaither Road 
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One copy should be sent to: 

Food and Drug Administration 
Office of Compliance 
Field Programs Branch (HFZ-306) 
2098 Gaither Road 
Rockville, Maryland 20850 

The remaining two copies should be sent to: 

PMA Document Mail Center (HFZ-40 1) 
Center for Devices and Radiological Health 
Food and Drug Administration 
9200 Corporate Blvd. 
Rockville, Maryland 20850 

If you have any questions concerning this letter, please contact Steven E. Budabin, M.S., 
Consumer Safety Officer at 240-276-0120 or via E-mail at steve.budabin@fda.hhs.gov. 

15tp 

Sincerely yours, 

\;!J~~~ 
Gladys Rodriguez 
Director 
Division of Enforcement B 
Office of Compliance 
Center for Devices and 

Radiological Health 



JUL - 5 2005

Ms. Mary Ellen Best
Principal Regulatory Affairs Specialist
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432

Re: P920015/S31
SprintTM/Sprint QuattroT M Leads
Received: June 17, 2005

Dear Ms. Best:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration

(FDA) acknowledges your letter of June 16, 2005 regarding this premarket approval application

(PMA) Supplement and requesting an extension until August 31, 2005 to respond to our January

7, 2005 letter. We agree to your request.

Please be advised that the PMA procedural regulation under 21 CFR 814.44(g) provides that

FDA may consider a PMA submission to have been withdrawn voluntarily, that is, by default, if

the applicant fails to respond in writing to a written request for an amendment within 180 days

after the date FDA issues such a request. However, the current policy within CDRH has

allowed the applicant up to a maximum of 360 days to respond to our letter.

Any correspondence in response to this letter should be submitted in triplicate in the form of an

amendment to the above PMA Supplement submission. If the response includes the information

requested in the CDRH deficiency letter, the number of copies specified in that letter should be

submitted. All correspondence must include the above PMA Supplement reference number and

should be addressed to:

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850
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If you have any questions regarding this letter, you may contact Doris Terry at (301) 443-8609
x 160.

Sincerely yours,

Bram D. Zuckerman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health
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'Page 3 - Ms. Mary Ellen Best

cc: HFZ-306 (Field Programs Branch - QSR)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCD)
D.O.

EXTENSION REQUEST GRANTED FOR ORIGINAL/ SUPPLEMENT

Issued: 6-20-05

Prepared by:DTerry:att/6/23/05

FILE COPY

OFFICE SURNAME DATE OFFICE SURNAME DAT E SURNAME DATE

CILCAS
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

JUL - 5 2005

Ms. Mary Ellen Best
Principal Regulatory Affairs Specialist

Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432

Re: P920015/S31
SprintTm/Sprint QuattroTM Leads

Received: June 17, 2005

Dear Ms. Best:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration

(FDA) acknowledges your letter of June 16, 2005 regarding this premarket approval application

(PMA) Supplement and requesting an extension until August 31, 2005 to respond to our January

7, 2005 letter. We agree to your request.

Please be advised that the PMA procedural regulation under 21 CFR 814.44(g) provides that

FDA may consider a PMA submission to have been withdrawn voluntarily, that is, by default, if

the applicant fails to respond in writing to a written request for an amendment within 180 days

after the date FDA issues such a request. However, the current policy within CDRH has

allowed the applicant up to a maximum of 360 days to respond to our letter.

Any correspondence in response to this letter should be submitted in triplicate in the form of an

amendment to the above PMA Supplement submission. If the response includes the information

requested in the CDRH deficiency letter, the number of copies specified in that letter should be

submitted. All correspondence must include the above PMA Supplement reference number and

should be addressed to:

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health

Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

Li
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If you have any questions regarding this letter, you may contact Doris Terry at (301) 443-8609

x 160.

Sincerely yours,

DLtV9V0 1Q

Cr>Brain D. Zuckerman, M.D.
kDirector

Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health



Ms. Mary Ellen Best
Principal Regulatory Affairs Specialist
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432

Re: P920015/S030
Model 6948 and 6930 Leads
Filed: December 22, 2003
Amended: April 1, 2004

Dear Ms. Best:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement, which requested approval for addition of a polyurethane
overlay. Based upon the information submitted, the PMA supplement is approved. You
may begin commercial distribution of the device as modified by your PMA supplement in
accordance with the conditions described below and in the "Conditions of Approval"
(enclosed).

The sale, distribution, and use of this device are restricted to prescription use in
accordance with 21 CFR 801.109 within the meaning of section 520(e) of the Federal
Food, Drug, and Cosmetic Act (the act) under the authority of section 515(d)(1)(B)(ii) of
the act. FDA has also determined that, to ensure the safe and effective use of the device,
the device is further restricted within the meaning of section 520(e) under the authority of
section 515(d)(1)(B)(ii), insofar as the sale, distribution, and use must not violate sections
502(q) and (r) of the act.

Expiration dating for this device has been established and approved at 2 years. This is to
advise you that the protocol used to establish this expiration dating is considered an
approved protocol for the purpose of extending the expiration dating as provided by 21
CFR 814.39(a)(7).
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CDRH does not evaluate information related to contract liability warranties, however you
should be aware that any such warranty statements must be truthful, accurate, and not
misleading, and must be consistent with applicable Federal and State laws.

Failure to comply with the conditions of approval as attached invalidates this approval
order. Commercial distribution of a device that is not in compliance with these
conditions is a violation of the act.

You are reminded that as soon as possible and before commercial distribution of your
device you must submit an amendment to this PMA with copies of all approved labeling
in final form. The labeling will not routinely be reviewed by FDA staff when PMA
supplement applicants include with their submission of the final printed labeling a cover
letter stating that the final printed labeling is identical to the labeling approved in draft
form. If the final printed labeling is not identical, any changes from the final draft
labeling should be highlighted and explained in the amendment.

All required documents should be submitted in triplicate, unless otherwise specified, to
the address below and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have questions concerning this approval order, please contact Kwame Ulmer at
(301) 443-8517.

Sincerely yours,

Brain D. Zuckerman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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[DO NOT SHOW ON ORIGINAL]

cc: HFZ-306 (Field Programs Branch - QSR)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 [ODE Division]
HFZ- 100 (OST Reviewer - if appropriate .)

y D.O.
~fia AI-PPRovL LETTER FOR A PMA SUPPLEMENT (SAD)

Last Modified 01-31-02

Fina;: Linda Bessacque:05/21/04

FILE COPY
OFFICE SURNAME DATE ~OFFICE SURNAME DATE

:',~~~~~~~~~~~~~~~~~~~~~A E~l,



DEPARTMENT OF HEA.. H & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

JUN -8

Ms. Mary Ellen Best
Principal Regulatory Affairs Specialist
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432

Re: P920015/S030
Model 6948 and 69310 Leads
Filed: December 22, 2003
Amended: April 1, 2004

Decar Ms. Best:

The Center for Devices and Radiological Health (CDRHI) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement, which requested approval for addition of a polyurethane
overlay. Based upon the information submitted, the PMA supplement is approved. You
may begin commercial distribution of the device as modified by your PMA supplement in
accordance with the conditions described below and in the "Conditions of Approval"
(enclosed).

The sale, distribution, and use of this device are restricted to prescription use in
accordance with 21 CFR 801.109 within the meaning of section 520(e) of the Federal
Food, Drug, and Cosmetic Act (the act) under the authority of section 51 5(d)(1I)(B3)(ii) of
the act. FDA has also determined that, to ensure the safe and effective use of the device,
the device is further restricted within the meaning of section 520(e) uinder the authority of
section 5 15(d)( 1)(B3)(ii), insofar as the sale, distribution, and use must not violate sections5 02 (q) and (r) of the act.

Expiration dating for this device has been established and approved at 2 years. This is to
advise you that the protocol used to establish this expiration dating is considered anl
approved protocol for the purpose of extending the expiration dating as provided by 21
CFR 8 14.39(a)(7).
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CDRH does not evaluate information related to contract liability warranties, however you
should be aware that any such warranty statements must be truthful, accurate, and not
misleading, and must be consistent with applicable Federal and State laws.

Failure to comply with the conditions of approval as attached invalidates this approval
order. Commercial distribution of a device that is not in compliance with these
conditions is a violation of the act.

You are reminded that as soon as possible and before commercial distribution of your
device you must submit an amendment to this PMA with copies of all approved labeling
in final form. The labeling will not routinely be reviewed by FDA staff when PMA
supplement applicants include with their submission of the final printed labeling a cover
letter stating that the final printed labeling is identical to the labeling approved in draft
form. If the final printed labeling is not identical, any changes from the final draft
labeling should be highlighted and explained in the amendment.

All required documents should be submitted in triplicate, unless otherwise specified, to
the address below and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have questions concerning this approval order, please contact Kwame Ulmer at
(301) 443-8517.

Sincerely yours,

Brain D. Zuckerman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure



Ms. Mary Ellen Best
Principal Regulatory Affairs Specialist
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432

Re: P920015/S029
Model 6949 and 6931 Leads
Filed: November 6, 2003
Amended: April 1, 2004

Dear Ms. Best:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement, which requested approval for addition of a polyurethane
overlay. Based upon the information submitted, the PMA supplement is approved. You
may begin commercial distribution of the device as modified by your PMA supplement in
accordance with the conditions described below and in the "Conditions of Approval"
(enclosed).

The sale, distribution, and use of this device are restricted to prescription use in
accordance with 21 CFR 801.109 within the meaning of section 520(e) of the Federal
Food, Drug, and Cosmetic Act (the act) under the authority of section 515(d)(1)(B)(ii) of
the act. FDA has also determined that, to ensure the safe and effective use of the device,
the device is further restricted within the meaning of section 520(e) under the authority of
section 515(d)(1)(B)(ii), insofar as the sale, distribution, and use must not violate sections
502(q) and (r) of the act.

Expiration dating for this device has been established and approved at 2 years. This is to
advise you that the protocol used to establish this expiration dating is considered an
approved protocol for the purpose of extending the expiration dating as provided by 21
CFR 814.39(a)(7).
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CDRH does not evaluate information related to contract liability warranties, however you
should be aware that any such warranty statements must be truthful, accurate, and not
misleading, and must be consistent with applicable Federal and State laws.

Failure to comply with the conditions of approval as attached invalidates this approval
order. Commercial distribution of a device that is not in compliance with these
conditions is a violation of the act.

You are reminded that as soon as possible and before commercial distribution of your
device you must submit an amendment to this PMA with copies of all approved labeling
in final form. The labeling will not routinely be reviewed by FDA staff when PMA
supplement applicants include with their submission of the final printed labeling a cover
letter stating that the final printed labeling is identical to the labeling approved in draft
form. If the final printed labeling is not identical, any changes from the final draft
labeling should be highlighted and explained in the amendment.

All required documents should be submitted in triplicate, unless otherwise specified, to
the address below and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have questions concerning this approval order, please contact Kwame Ulmer at
(301) 443-8517.

Sincerely yours,

Brain D. Zuckerman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Ms. Mary Ellen Best JUN -~23

Principal Regulatory Affairs Specialist
Cardiac Rhythm Management
Medtronic, Inc.-
7000 Central Avenue NE
Minneapolis, MN 55432

Re: P920015/S029
Model 6949 and 6931 Leads
Filed: November 6, 2003
Amended: April 1, 2004

Dear Ms. Best:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement, which requested approval for addition of a polyurethanle
overlay- Based upon the information submitted, the PMA supplement is approved. You
may begin commercial distfibution of the device as modified by your PMA supplement in
accordance with the conditions described below and in the 'Conditions of Approval"
(enclosed).

The sale, distribution, and use of this device are restricted to prescription use in
accordance with 21 CFR 80 1.109 within the meaning of section 520(e) of the Federal
Food, Drug, and Cosmetic Act (the act) under the authority of section 5 15(d)( 1)(B)(ii) of
the act. FDA has also determined that, to ensure the safe and effective use of the device,
the device is further restricted within the meaning of section 520(e) under the authority of
section 515(d)(1)(B3)(ii), insofar as the sale, distribution, and use must not violate sections
502(q) and (r) of the act.

Expiration dating for this device has been established and approved at 2 years. This is to
advise you that the protocol used to establish this expiration dating is considered anl
approved protocol for the purpose of extending the expiration dating as provided by 21
CFR 814.39(a)(71).
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CDRH does not evaluate information related to contract liability warranties, however you
should be aware that any such warranty statements must be truthful, accurate, and not
misleading, and must be consistent with applicable Federal and State laws.

Failure to comply with the conditions of approval as attached invalidates this approval
order. Commercial distribution of a device that is not in compliance with these
conditions is a violation of the act.

You are reminded that as soon as possible and before commercial distribution of your
device you must submit an amendment to this PMA with copies of all approved labeling
in final form. The labeling will not routinely be reviewed by FDA staff when PMA
supplement applicants include with their submission of the final printed labeling a cover
letter stating that the final printed labeling is identical to the labeling approved in draft
form. If the final printed labeling is not identical, any changes from the final draft
labeling should be highlighted and explained in the amendment.

All required documents should be submitted in triplicate, unless otherwise specified, to
the address below and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-40 1)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have questions concerning this approval order, please contact Kwame Ulmer at
(301) 443-8517.

Sincerely yours,

/

•ABram D. Zuckerman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure



Ms. Mary Ellen Best 
Principal Regulatory Affairs Specialist 
Cardiac Rhythm Management 
Medtronic, Inc. 
7000 Central A venue NE 
Minneapolis, MN 55432 

Re: P92001S/S029 
Model 6949 and 6931 Leads 
Filed: November 6, 2003 

Dear Ms. Best: 

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration 
(FDA) has completed its evaluation of your premarket approval application (PMA) supplement 
which requested approval for design changes to current lCD leads and the addition of a 
polyurethane gOA overlay. We regret to inform you that CDRH has determined that your PMA 
supplement is not approvable based on the requirements of 21 CFR 814.44(f), which also 
requires FDA, where practical, to identify measures required to place the PMA supplement in 
approvable form. Accordingly, to place your PMA supplement in approvable form, you must 
address the following: 

This' application was the subject of several pre-IDE discussions and a determination meeting. 
You have not fully complied with the determination meeting letter dated May 12,2003. Please 
address the following: 

1. The determination letter dated May 12, 2003, states that 12-weekanimal data would be 
provided for the polyurethane lead models; however, you have provided 12-week data on 
the surface modified endgroup (SME) version of the lead. Please provide the results of 
animal testing out to 12-weeks on the polyurethane[dflilliead models. 

2. On page 10 of the Pre-IDE dated February 10,2003, it states that g canines would be 
implanted with lead Models 6944 and that Model 6947 would serve as the control. 
However, on page 58 of the Animal Test report, it states that "The electrical data from 
lead Model 6949 was compared to that collected in the Model 6947 chronic canine study, 
Reference (P920015/S24)." Please clarify whether the results of the electrical data at 12 
weeks were compared to the results of the experiments mentioned in the pre-IDE or if 
they were compared to an historical control referenced in P92001S/S24. If the test results 
are compared to an historical control please explain in detail the rationale of this decision. 

I/~ [ { 
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3. On page 86 of Testing Results it states that for pacing thresholds, pacing impedance and
R-wave amplitudes, multiple data points were taken for each monitor and that all data
points for a particular monitor were averaged. Please clarify if the same number of data
points were taken for each electrical parameter. Please indicate if all of them were used
for the analysis and if so, the number of points used in the analysis. Because the figures
in this report are difficult to read, please also provide the raw data for these figures and
the statistical analysis.

Labeling

4. You have omitted the entire section pertaining to clinical study of the submitted lead.
However, informing the user that clinical data was not utilized in thle approval process
constitutes important advice. Therefore please include a statement advising the user that
clinical data was not collected in the approval process for this lead.

The deficiencies identified above represent the issues that we believe need to be resolved before
our review of your PMA application can be completed. In developing the deficiencies, we
carefully considered the statutory criteria as defined in Section 515 of the Federal Food, Drug,
and Cosmetic Act for determining reasonable assurance of safety and effectiveness of your
device. We also considered the burden that may be incurred in your attempt to respond to the
deficiencies. We believe that we have considered the least burdensome approach to resolving
these issues. If, however, you believe that information is being requested that is not relevant to
the regulatory decision or that there is a less burdensome way to resolve the issues, you should
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome
Issues" document. It is available on our Center webpage at:
http://www.fda.gzov/cdrh/modact/leastburdensome html

This is to advise you that an amendment including the above requested information will be
considered a ma~jor amendment and may extend the FDA review period up to 180 days. As
provided by 21 CFR 8 14.37(c) you may decline to submit a major amendment requested by FDA
in which case the review period may be extended for the number of days that elapse between the
date of such request and the date that FDA receives the written response declining to submit the
requested amendment.

As provided by 21 CFR 814.44(f), you may amend your PMA supplement as requested above,
withdraw the PMA supplement, or consider this letter to be a denial of approval of the PMA
supplement under 21 CFR 814.45 and request administrative review. Any request for
administrative review either through a hearing or review by an independent advisory committee,
under section 51 5(d)(4) and 515S(g) of the Federal Food, Drug, and Cosmetic Act must be
submitted in the form of a petition for reconsideration (21 CER 10.33) and in accordance with
the general administrative procedures for submission of documents to the Dockets Management
Branch (21 CFR 10.20). Any petition for reconsideration must be submitted to the Food and
Drug Administration, Dockets Management Branch (HFA-305), Room 1-23, 12420 Parklawn
Drive, Rockville, Maryland 20857, within 30 days of the date you receive this letter. After
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reviewing the petition, FDA will decide whether to grant or deny the petition and will publish a
notice of its decision in the FEDERAL REGISTER. If FDA grants the petition, the notice will
state the issues to be reviewed, the form of the review to be used, the persons who may
participate in the review, the time and place where the review will occur, and other details.

As provided under 21 CFR 81 4 .44(g), FDA will consider this PMA supplement to have been
voluntarily withdrawn if you fail to respond in writing within 180 days of the date of this request
for a PMA supplement amendment. You may, however, amend the PMA supplement within the
180-day period to request an extension of time to respond. Any such request is subject to FDA
approval and should justify the need for the extension and provide a reasonable estimate of when
the requested information will be submitted. If you do not amend the PMA supplement within
the 180-day period to (1) correct the above deficiencies, or (2) request an extension of time to
respond and have the request approved, any amendment submitted after the I 80-day period will
be considered a resubmission of the PMA supplement and will be assigned a new number.
Under these circumstances, any resubmission will be given a new PMA supplement number and
will be subject to the requirements of 21 CFR 814.20.

Information correcting the above deficiencies should be submitted in the form of an amendment.
All amendments to the PMA supplement should be submitted in triplicate to the address below
and reference the above PMA supplement number to facilitate processing.

PMA Document Mail Center (HFZ-40 1)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have any questions concerning this not-approvable letter, please contact Kwame Ulmer at
(301) 443-8517, ext. 166.

Sincerely yours,

Brain D. Zuckerman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health
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DEPARTMENT OF HEALm &. HUMAN SERVICES 

Ms. Mary Ellen Best 
Principal Regulatory Affairs Specialist 
Cardiac Rhythm Management 
Medtronic, Inc. 
7000 Central Avenue NE 
Minneapolis, MN 55432 

Re: P92001SIS029 
Model 6949 and 6931 Leads 
Filed: November 6, 2003 

Dear Ms. Best: 

MAR I 9 (.'I,~ 

Public Health Service 

Food and Drug Administration 
9200 Corporate Boulevard 
Rockville MD 20850 

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration 
(FDA) has completed its evaluation of your premarket approval application (PMA) supplement 
which requested approval for design changes to current ICD leads and the addition of a 
polyurethane 80A overlay. We regret to inform you that CDR II has determined that your PMA 
supplement is not approvable based on the requirements of21 erR 814.44(0, which also 
requires FDA, where practical, to identify measures required to place the PMA supplement in 
approvable form. Accordingly, to place your PMA supplement in approvable form, you must 
address the following: 

This application was the subject of several pre-IDE discussions and a determination meeting. 
You have not fully complied with the determination meeting letter dated May 12,2003. Please 
address the following: 

I. The determination letter dated May 12, 2003, states that 12-week animal data would be 
provided for the polyurethane lead models; however, you have provided 12-weck data on 
the surface modified endgroup (SME) version of the lead. Please provide the results of 
animal testing out to 12-weeks on the polyurethaneE~ lead models. 

2. On page 10 of the Pre-IDE dated February 10, 2003, it states that 8 canines would be 
implanted with lead Models 6944 and that Model 6947 would serve as the control. 
However, on page 58 of the Animal Test report, it states that "The electrical data from 
lead Model 6949 was compared to that collected in the Model 6947 chronic canine study, 
Reference (P9200 ISIS24)." Please clarify whether the results of the electrical data at 12 
weeks were compared to the results of the experiments mentioned in the pre-IDE or if 
they were compared to an historical control referenced in P920015/S24. I.fthe test results 
arc compared to an historical contr01 please explain in detail the rationale of this decision. 
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3. On page 86 of Testing Results it states that for pacing thresholds, pacing impedance and
R-wave amplitudes, multiple data points were taken for each monitor and that all data
points for a particular monitor were averaged. Please clarify if the same number of data
points were taken for each electrical parameter. Please indicate if all of them were used
for the analysis and if so, the number of points used in the analysis. Because the figures
in this report are difficult to read, please also provide the raw data for these figures and
the statistical analysis.

Labeling

4. You have omitted the entire section pertaining to clinical study of the submitted lead.
However, informing the user that clinical data was not utilized in the approval process
constitutes important advice. Therefore please include a statement advising the user that
clinical data was not collected in the approval process for this lead.

The deficiencies identified above represent the issues that we believe need to be resolved before
our review of your PMA application can be completed. In developing the deficiencies, we
carefully considered ihe statutory criteria as defined in Section 515 of the Federal Food, Drug,
and Cosmetic Act for determining reasonable assurance of safety and effectiveness of your
device. We also considered the burden that may be incurred in your attempt to respond to the
deficiencies. We believe that we have considered the least burdensome approach to resolving
these issues. If, however, you believe that information is being requested that is not relevant to
the regulatory decision or that there is a less burdensome way to resolve the issues, you should
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome
Issues" document. It is available on our Center webpage at:
http://www.fda. gov/cdrh/modact/leastburdensome.html

This is to advise you that an amendment including the above requested information will be
considered a major amendment and may extend the FDA review period up to 180 days. As
provided by 21 CFR 8 14.37(c) you may decline to submit a major amendment requested by FDA
in which case the review period may be extended for the number of days that elapse between the
date of such request and the date that FDA receives the written response declining to submit the
requested amendment.

As provided by 21 CFR 814.44(f), you may amend your PMA supplement as requested above,
withdraw the PMA supplement, or consider this letter to be a denial of approval of the PMA
supplement under 21 CFR 814.45 and request administrative review. Any request for
administrative review either through a hearing or review by an independent advisory committee,
under section 515(d)(4) and 515(g) of the Federal Food, Drug, and Cosmetic Act must be
submitted in the form of a petition for reconsideration (21 CFR 10.33) and in accordance with
the general administrative procedures for submission of documents to the Dockets Management
Branch (21 CFR 10.20). Any petition for reconsideration must be submitted to the Food and
Drug Administration, Dockets Management Branch (HFA-305), Room 1-23, 12420 Parklawn
Drive, Rockville, Maryland 20857, within 30 days of the date you receive this letter. After
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reviewing the petition, FDA will decide whether to grant or deny the petition and will publish a
notice of its decision in the FEDERAL REGJSTER. If FDA grants the petition, the notice will
state the issues to be reviewed, the form of the review to be used, the persons who may
participate in the review, the time and place where the review will occur, and other details.

As provided under 21 CFR 81 4 .4 4 (g), FDA will consider this PMIA supplement to have been
voluntarily withdrawn if you fail to respond in writing within 180 days of the date of this request
for a PMA supplement amendment. You may, however, amend the PMA supplement within the
180-day period to request an extension of time to respond. Any such request is subject to FDA
approval and should justify the need for the extension and provide a reasonable estimate of when
the requested information will be submitted. If you do not amend the PMA supplement within
the 180-day period to (1) correct the above deficiencies, or (2) request an extension of time to
respond and have the request approved, any amendment submitted after the 180-day period will
be considered a resubmission of the PMA supplement and will be assigned a new number.
Under these circumstances, any resubmission will be given a new PMA supplement number and
will be subject to the requirements of 2l CER 814.20.

Information correcting the above deficiencies should be submitted in the form of an amendment.
All amendments to the PMA supplement should be submitted in triplicate to the address below
and reference the above PMA supplement number to facilitate processing.

PMA Document Mail Center (HFZ-40 1)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have any questions concerning this not-approvable letter, please contact Kwamne Ulmer at
(301) 443-8517, ext. 166.

Sincerely yours,

b iWs
H\ranm D. Zuckerman, M.D.

Dkirector
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health



Ms. Mary Ellen Best 
Principal Regulatory Affairs Specialist 
Cardiac Rhythm Management 
Medtronic, Inc. 
7000 Central Avenue NE 
Minneapolis, MN 55432 

Re: P920015/S030 
Model 6948 and 6930 Leads 
Filed: December 22, 2003 

Dear Ms. Best: 

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration 
(FDA) has completed its evaluation of your premarket approval application (PMA) supplement 
which requested approval for design changes to current ICD leads and the addition of a 
polyurethane 80A overlay. We regret to inform you that CDRH has determined that your PMA 
supplement is not approvable based on the requirements of21 CFR 814.44(t), which also 
requires FDA, where practical, to identify measures required to place the PMA supplement in 
approvable form. Accordingly, to place your PMA supplement in approvable form, you must 
address the following: 

This application was the subject of several pre-IDE discussions and a determination meeting. 
You have not fully complied with the determination meeting letter dated May 12,2003. Please 
address the following: 

1. The determination letter dated May 12, 2003, states that 12-week animal data would be 
provided for the polyurethane lead models; however, you have provided 12-week data on 
the surface modified endgroup (SME) version of the lead. Please provide the results of 
animal testing out to 12-weeks on the polyurethane DH§Dlead models. 

2. On page 10 of the Pre-IDE dated February 10,2003, it states that 8 canines would be 
implanted with lead Models 6944 and that Model 6947 would serve as the control. 
However, on page 58 of the Animal Test report, it states that "The electrical data from 
lead Model 6949 was compared to that collected in the Model 6947 chronic canine study, 
Reference (P920015/S24)." Please clarify whether the results of the electrical data at 12 
weeks were compared to the results ofthe experiments mentioned in the pre-IDE or if 
they were compared to an historical control referenced in P92001SIS24. If the test results 
are compared to an historical control please explain in detail the rationale of this decision. 
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3. On page 86 of Testing Results it states that for pacing thresholds, pacing impedance and
R-wave amplitudes, multiple data points were taken for each monitor and that all data
points for a particular monitor were averaged. Please clarify if the same number of data
points were taken for each electrical parameter. Please indicate if all of them were used
for the analysis and if so, the number of points used in the analysis. Because the figures
in this report are difficult to read, please also provide the raw data for these figures and
the statistical analysis.

Labeling

4. You have omitted the entire section pertaining to clinical study of the submitted lead.
However, informing the user that clinical data was not utilized in the approval process
constitutes important advice. Therefore please include a statement advising the user that
clinical data was not collected in the approval process for this lead.

The deficiencies identified above represent the issues that we believe need to be resolved before
our review of your PMA application can be completed. In developing the deficiencies, we
carefully considered the statutory criteria as defined in Section 515 of the Federal Food, Drug,
and Cosmetic Act for determining reasonable assurance of safety and effectiveness of your
device. We also considered the burden that may be incurred in your attempt to respond to the
deficiencies. We believe that we have considered the least burdensome approach to resolving
these issues. If, however, you believe that information is being requested that is not relevant to
the regulatory decision or that there is a less burdensome way to resolve the issues, you should
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome
Issues" document. It is available on our Center webpage at:
http://www.fda.gov/cdrh/modact/leastburdensome.html

This is to advise you that an amendment including the above requested information will be
considered a major amendment and may extend the FDA review period up to 180 days. As
provided by 21 CFR 814.37(c) you may decline to submit a major amendment requested by FDA
in which case the review period may be extended for the number of days that elapse between the
date of such request and the date that FDA receives the written response declining to submit the
requested amendment.

As provided by 21 CFR 814.44(f), you may amend your PMA supplement as requested above,
withdraw the PMA supplement, or consider this letter to be a denial of approval of the PMA
supplement under 21 CFR 814.45 and request administrative review. Any request for
administrative review either through a hearing or review by an independent advisory committee,
under section 515(d)(4) and 515(g) of the Federal Food, Drug, and Cosmetic Act must be
submitted in the form of a petition for reconsideration (21 CFR 10.33) and in accordance with
the general administrative procedures for submission of documents to the Dockets Management
Branch (21 CFR 10.20). Any petition for reconsideration must be submitted to the Food and
Drug Administration, Dockets Management Branch (HFA-305), Room 1-23, 12420 Parklawn
Drive, Rockville, Maryland 20857, within 30 days of the date you receive this letter. After
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reviewing the petition, FDA will decide whether to grant or deny the petition and will publish a
notice of its decision in the FEDERAL REGISTER. If FDA grants the petition, the notice will
state the issues to be reviewed, the form of the review to be used, the persons who may
participate in the review, the time and place where the review will occur, and other details.

As provided under 21 CFR 81 4 .44 (g), FDA will consider this PMA supplement to have been
voluntarily withdrawn if you fail to respond in writing within 180 days of the date of this request
for a PMA supplement amendment. You may, however, amend the PMA supplement within the
180-day period to request an extension of time to respond. Any such request is subject to FDA
approval and should justify' the need for the extension and provide a reasonable estimate of when
the requested information will be submitted. If you do not amend the PMA supplement within
the 180-day period to (1) correct the above deficiencies, or (2) request an extension of time to
respond and have the request approved, any amendment submitted after the 180-day period will
be considered a resubmission of the PMA supplement and will be assigned a new number.
Under these circumstances, any resubmission will be given a new PMA supplement number and
will be subject to the requirements of 2l CFR 814.20.

Information correcting the above deficiencies should be submitted in the form of an amnendmient.
All amendments to the PMA supplement should be submitted in triplicate to the address below
and reference the above PMA supplement number to facilitate processing.

PMA Document Mail Center (HFZ-40 1)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have any questions concerning this not-approvable letter, please contact Kwamne Ulmer at
(301) 443-8517, ext. 166.

Sincerely yours,

Brain D. Zuckerman, M.D.
1)irector
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health
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DEPARTMENT OF HEALTH &. HUMAN SERVICES 

Ms. Mary Ellen Best 
Principal Regulatory Affairs Specialist 
Cardiac Rhythm Management 
Medtronic, Inc. 
7000 Central Avenue NE 
Minneapolis, MN 55432 

Re: P920015/S030 
Model 6948 and 6930 Leads 
Filed: December 22, 2003 

Dear Ms. Best: 

Pu blic Health Service 

Food and Drug Administration 
9200 Corporate Boulevard 
Rockville MD 20850 

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration 
(FDA) has completed its evaluation of your premarket approval application (PMA) supplement 
which requested approval for design changes to current rCD leads and the addition of a 
polyurethane 80A overlay. We regret to inform you that CDRH has det.ermined that your PMA 
supplement is not approvable based on the requirements 01'21 CFR 814.44(0. which also 
requires FDA, where practical, to identify measures required to place the PMA supplement in 
approvable form. Accordingly, to place your PMA supplement in approvable form, you must 
address the following: 

This application was the subject of several pre-IDE discussions and a determination meeting. 
You have not fully complied with the determination meeting letter dated May 12. 2003. Please 
address the following: 

1. The determination letter dated May 12.2003, states that 12-week animal data would be 
provided for the polyurethane lead models; however, you have provided 12-week data on 
the surface modified endgroup (SME) version of the lead. Please provide the results of 
animal testing out to 12-weeks on the polyurethane[J~l..~lead models. 

2. On page 10 of the Pre-IDE dated February 10,2003, it states that 8 canines would be 
implanted with lead Models 6944 and that Model 6947 would serve as the control. 
However, on page 58 of the Animal Test report, it states that "The electrical data from 
lead Model 6949 was compared to that collected in the Model 6947 chronic canine study, 
Reference (P9200 15/S24 )." Please clarify whether the results of the electrical data at 12 
weeks were compared to the results of the experiments mentioned in the pre-IDE or if 
they were compared to an historical control referenced in P920015/S24. If the test results 
are compared to an historical control please explain in detail the rationale of this decision. 
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3. On page 86 of Testing Results it states that for pacing thresholds, pacing impedance and
R-wave amplitudes, multiple data points were taken for each monitor and that all data
points for a particular monitor were averaged. Please clarify if the same number of data
points were taken for each electrical parameter. Please indicate if all of them were used
for the analysis and if so, the number of points used in the analysis. Because the figures
in this report are difficult to read, please also provide the raw data for these figures and
the statistical analysis.

Labeling

4. You have omitted the entire section pertaining to clinical study of the submitted lead.
However, informing the user that clinical data was not utilized in the approval process
constitutes important advice. Therefore please include a statement advising the user that
clinical data was not collected in the approval process for this lead.

The deficiencies identified above represent the issues that we believe need to be resolved before
our review of your PMA application can be completed. In developing the deficiencies, we
carefully considered the statutory criteria as defined in Section 515 of the Federal Food, Drug.
and Cosmetic Act for determining reasonable assurance of safety and effectiveness of your
device. We also considered the burden that may be incurred in your attempt to respond to the
deficiencies. We believe that we have considered the least burdensome approach to resolving
these issues. If, however, you believe that information is being requested that is not relevant to
the regulatory decision or that there is a less burdensome way to resolve the issues, you should
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome
Issues" document. It is available on our Center webpage at:
http:/ww~d~gvcdljmdctlasbrdnomhm

This is to advise you that an amendment including the above requested information will be
considered a major amendment and may extend the FDA review period up to 180 days. As
provided by 21 CFR 8 14.37(c) you may decline to submit a major amendment requested by FDA
in which case the review period may be extended for the number of days that elapse between the
date of such request and the date that FDA receives the written response declining to submit the
requested amendment.

As provided by 21 CFR 814.44(f0, you may amend your PMA supplement as requested above,
withdraw the PMA supplement, or consider this letter to be a denial of approval of the PMIA
supplement under 21 CFR 814.45 and request administrative review. Any request for
administrative review either through a hearing or review by an independent advisory committee,
under section 515(d)(4) and 5 15(g) of the Federal Food, Drug, and Cosmetic Act must be
submitted in the form of a petition for reconsideration (21 CFR 10.33) and in accordance with
the general administrative procedures for submission of documents to the Dockets Management
Branch (21 CFR 10.20). Any petition for reconsideration must be submitted to the Food and
Drug Administration. Dockets Management Branch (HFA-305), Room 1-23, 12420 Parklawn
Drive, Rockville, Maryland 20857, within 30 days of the date you receive this letter. After
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reviewing the petition, FDA will decide whether to grant or deny the petition and will publish a
notice of its decision in the FEDERAL REGISTER. If FDA grants the petition, the notice will
state the issues to be reviewed, the form of the review to be used, the persons who may
participate in the review, the time and place where the review will occur, and other details.

As provided under 21 CFR 8 14 .4 4(g), FDA will consider this PMA supplement to have been
voluntarily withdrawn if you fail to respond in writing within 180 days of the date of this request
for a PMA supplement amendment. You may, however, amend the PMA supplement within the
180-day period to request an extension of time to respond. Any such request is subject to FDA
approval and should justify the need for the extension and provide a reasonable estimate of when
the requested information will be submitted. If you do not amend the PMA supplement within
the 180-day period to (1) correct the above deficiencies, or (2) request an extension of time to
respond and have the request approved, any amendment submitted after the 180-day period will
be considered a resubmission of the PMA supplement and will be assigned a new number.
Under these circumstances, any resubmission will be given a new PMA supplement number and
will be subject to the requirements of 21 CFR 814.20.

Information correcting the above deficiencies should be submitted in the form of an amendment.
All amendments to the PMA supplement should be submitted in triplicate to the address below
and reference the above PMA supplement number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have any questions concerning this not-approvable letter, please contact Kwame Ulmer at
(301) 443-8517, ext. 166.

Sincerely yours,

Brain D. Zuckerman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

ti-I



Ms. Mary Ellen Best
Principal Regulatory Affairs Specialist
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432

Re: P920015/S28
SprintTm Quattro Tm Steroid-Eluting Lead Model 6944
Filed: April 28, 2003

Dear Ms. Best:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its evaluation of your premarket approval application (PMA) supplement
which qualified for review under the Real-Time Review Program. We have reviewed your
application at a teleconference on June 26, 2003.

Your supplement requested approval for addition of the dexamethasone sodium phosphate (DSP)
steroid to the lead tip. Based upon the information submitted, the PMA supplement is approved.
You may begin commercial distribution of the device as modified by your PMA supplement in
accordance with the conditions described below and in the "Conditions of Approval for
Implantable Defibrillators and Programmers" (enclosed).

The sale, distribution, and use of this device are restricted to prescription use in accordance with
21 CFR 801.109 within the meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 515(d)(1)(B)(ii) of the act. FDA has also determined
that to ensure the safe and effective use of the device that the device is further restricted within
the meaning of section 520(e) under the authority of section 515(d)(1)(B)(ii), (1) insofar as the
labeling specify the requirements that apply to the training of practitioners who may use the
device as approved in this order and (2) insofar as the sale, distribution, and use must not violate
sections 502(q) and (r) of the act.

Expiration dating for this device has been established and approved at two years.
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CDRH does not evaluate information related to contract liability warranties, however you should
be aware that any such warranty statements must be truthful, accurate, and not misleading, and
must be consistent with applicable Federal and State laws.

Failure to comply with the conditions of approval as attached invalidates this approval order.
Commercial distribution of a device that is not in compliance with these conditions is a violation
of the act.

You are reminded that, as soon as possible and before commercial distribution of your device,
you must submit an amendment to this PMA supplement submission with copies of all approved
labeling in final printed form. The labeling will not routinely be reviewed by FDA staff when
PMA applicants include with their submission of the final printed labeling a cover letter stating
that the final printed labeling is identical to the labeling approved in draft form. If the final
printed labeling is not identical, any changes from the final draft labeling should be highlighted
and explained in the amendment.

All required documents should be submitted in triplicate, unless otherwise specified, to the
address below and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have questions concerning this approval order, please contact Kwame Ulmer at
(301) 443-8517 ext. 166.

Sincerely yours,

Brain D. Zuckerman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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[DO NOT SHOW ON ORIGINAL]

cc: HFZ-401 (Document Mail Center) Depament of Health & Human Services
HFZ-402 (PMA Staff)
HFZ-450 [ODE DCD]
HFZ- 100 (OST Reviewer - if appropriate
D.O.

Final: MDiallo :mzd4:07/09/03
APPROVAL ORDER FOR A PMA SUPPLEMENT (SA)
Last Modified 02-13-02
NOTE. ENCLOSURE - INCLUDE THE CONDITIONS OF APPROVAL.

FILE COPY
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DEPARTMENT OPHEALTH &HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

JUlL 2 200

Ms. Mary Ellen Best
Principal Regulatory Affairs Specialist
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432

Re: P920015/S28
SprintTm QuattroTM Steroid-Eluting Lead Model 6944
Filed: April 28, 2003

Dear Ms. Best:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its evaluation of your premarket approval application (PMA) supplement
which qualified for review under the Real-Time Review Program. We have reviewed your
application at a teleconference on June 26, 2003.

Your supplement requested approval for addition of the dexamethasone sodium phosphate (DSP)
steroid to the lead tip. Based upon the information submitted, the PMA supplement is approved.
You may begin commercial distribution of the device as modified by your PMA4 supplement in
accordance with the conditions described below and in the "Conditions of Approval for
Implantable Defibrillators and Programmers " (enclosed).

The sale, distribution, and use of this device are restricted to prescription use in accordance with
21 CFR 80 1.109 within the meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 515(d)(1)(B)(ii) of the act. FDA has also determined
that to ensure the safe and effective use of the device that the device is further restricted within
the meaning of section 520(e) under the authority of section 515(d)(1)(B3)(ii), (1) insofar as the
labeling specify' the requirements that apply to the training of practitioners who may use the
device as approved in this order and (2) insofar as the sale, distribution, and use must not violate
sections 502(q) and (r) of the act.

Expiration dating for this device has been established and approved at two years.
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CDRH does not evaluate information related to contract liability warranties, however you should
be aware that any such warranty statements must be truthful, accurate, and not misleading, and
must be consistent with applicable Federal and State laws.

Failure to comply with the conditions of approval as attached invalidates this approval order.
Commercial distribution of a device that is not in compliance with these conditions is a violation
of the act.

You are reminded that, as soon as possible and before commercial distribution of your device,
you must submit an amendment to this PMA supplement submission with copies of all approved
labeling in final printed form. The labeling will not routinely be reviewed by FDA staff when
PMA applicants include with their submission of the final printed labeling a cover letter stating
that the final printed labeling is identical to the labeling approved in draft form. If the final
printed labeling is not identical, any changes from the final draft labeling should be highlighted
and explained in the amendment.

All required documents should be submitted in triplicate, unless otherwise specified, to the
address below and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have questions concerning this approval order, please contact Kwame Ulmer at
(301) 443-8517 ext. 166.

Sincerely yours,

ram D. ZuckeranM.D.
Director

Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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Ms. Mary Ellen Best
Senior Product Regulation Manager
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue N.E.
Minneapolis, MN 55432

Re: P920015/S24
Medtronic® SprintTM QuattroTM SecureTM Model 6947 Lead
Filed: October 1, 2001

Dear Ms. Best:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its evaluation of your premarket approval application (PMA) supplement
which qualified for review under the Real-Time Review Program. We have reviewed your
application at a teleconference on October 24, 2001. A meeting was not necessary to make a
decision regarding this supplement.

Your supplement requested approval for the Medtronic® SprintTM QuattroTM SecureTM Model
6947 Lead. The device, as modified, will be marketed under the trade name Medtronic Sprint
Quattro Secure Model 6947 Lead and is indicated for single long-term use in the right ventricle.
This lead has application for patients in which arrhythmia management systems are indicated.
Based upon the information submitted, the PMA supplement is approved subject to the
conditions described below and in the "Conditions of Approval for Implantable Defibrillators
and Programmers" (enclosed). You may begin commercial distribution of the device as modified
by your PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to prescription use in accordance with
21 CFR 801.109 within the meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 515(d)(1)(B)(ii) of the act. FDA has also determined
that to ensure the safe and effective use of the device that the device is further restricted within
the meaning of section 520(e) under the authority of section 515(d)(1)(B)(ii), (1) insofar as the
labeling specify the requirements that apply to the training of practitioners who may use the
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device as approved in this order and (2) insofar as the sale, distribution, and use must not violate
sections 502(q) and (r) of the act.

Expiration dating for this device has been established and approved at two years. This is to
advise you that the protocol used to establish this expiration dating is considered an approved
protocol for the purpose of extending the expiration dating as provided by 21 CFR 814.39(a)(7).

Failure to comply with the conditions of approval as attached invalidates this approval order.
Commercial distribution of a device that is not in compliance with these conditions is a violation
of the Federal Food, Drug, and Cosmetic Act.

You are reminded that, as soon as possible and before commercial distribution of your device,
you must submit an amendment to this PMA supplement submission with copies of all approved
labeling in final printed form. The labeling will not routinely be reviewed by FDA staff when
PMA applicants include with their submission of the final printed labeling a cover letter stating
that the final printed labeling is identical to the labeling approved in draft form. If the final
printed labeling is not identical, any changes from the final draft labeling should be highlighted
and explained in the amendment.

All required documents should be submitted in triplicate, unless otherwise specified, to the
address below and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

If you have questions concerning this approval order, please contact James Lee at
(301) 443-8609 ext-168.

Sincerely yours,

James E. Dillard III
Director
Division of Cardiovascular

and Respiratory Devices
Office of Device Evaluation
Center for Devices and

Radiological Health
Enclosure
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cc: HFZ-544 (Postmarket Surveillance Branch if appropriate)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCRD)
HFZ- 100 (OST Reviewer - if appropriate )
D.O.

APPROVAL ORDER FOR A PMA SUPPLEMENT (SA)
NOTE. ENCLOSURE - INCLUDE THE CONDITIONS OF APPROVAL.

Prepared by:JLee:att/10/26/01
Revised:JLee:att/l 1/1/01
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MEMORANDUM

DATE: SEPI 102001

TO: The Record

FROM: Kent A. Berthold, Consumer Safety Officer
Cardiovascular and Neurological Devices Branch, DOE
III, OC, CDRH-
Thru: Christy Foreman, Acting Deputy Director, DOE

RE: P830061/S032, P850089/S047, P890003/S064,
P900061/SO45,Q,.920O15/SQA3~e P930039/Solo,
P950024/S004, P9§t0l6/S'019, and P980050/S007
Medtronic Pacing Leads
Received: July 17, 2001

FIRM: Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, Minnesota 55432

On July 17, 2001, we received a 30-Day Notice from Cardiac Rhythm
Management, Medtronic, Inc. regarding a change in the supplier of
polyetherurethane.

COMPLIANCE REVIEW

Our review determined that the applicant had submitted adequate
data to demonstrate that the change in the manufacturing process
was conducted in accordance with the Quality System Regulation.

ODE REVIEW

The ODE review determined that the firm submitted sufficient
information to address safety and effectiveness issues for the
change in the manufacturing process. A copy of ODE's review is
attached.-

CONCLUSION

As a result of the review of the 30-Day Notice by OC/ODE, it was
decided that a 135-Day Supplement is not required. A copy of the

1



letter sent to the sponsor is attached.

Kent A. Berthold

Attachments:
ODE's review
Letter sent to sponsor

2

26



Prep:KABerthold:8-30-01
Reviewed:CForeman:
Final:kab:

Original:
30-Day Notice File

bcc:
HFZ-306 (Comella)
HFZ-340 (Foreman, 3)
HFZ-341 (Berthold, Firm File)
HFZ-402 (Nguyen, Wolanski)
HFZ-450 (Donelson)

Tracking
C:\MY DOCUMENTS\LETTER\30-DAY NOTICE, REVIEW MEMORANDUM,
MEDTRONIC

3
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Berthold. Kent A. 
---...;..---,---------'-'~----'-----

Donelson, Jan From: 
~ent: 

0: 
..,ubject: 

Tuesday, August 07,2001 5:14 PM 
Foreman, Christy; Berthold, Kent A. 
P830061/S032, P850089/S047, P890003/S064, P900061/S045, P920015/S023, 
P930039/S010, P950024/S004, P980016/S019, and P980050/S007 

Christy and Kent-

Re: P830061/S032, P850089/S047, P890003/S064, P900061/S045, P920015/S023, P930039/S010, 
P950024/S004, P980016/S019, and P980050/S007 
Medtronic Pacing Leads 
Received: July 17, 2001 

DCRD has reviewed the above document, as well as your draft letter to the applicant regarding this 30~ 
Day Notice requested an 'evaluation of the change in the supplier of polyetherurethane. We have no 
unresolved concerns regarding safety and effectiveness issues. 

In addition, we find your letter acceptable for issuance with modification as tracked in the letter on the 
L drive. 

If you have any questions, please contact me at 443-8320 (x158). 

J~n <t>on~lson 
Assistant Director for Program Operations 
Division of Cardiovascular and Respiratory Devices 
Office of Device Evaluation 
Center for Devices and Radiological Health 
Food and Drug Administration 
j!d@cdrh.fda.gov 
(301) 443-8320 Ext. 158 

1 



Berthold, Kent A. _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

From: Donelson, Jan
Sent: Tuesday, August 07, 2001 5:14 PM

0: Foreman, Christy; Berthold, Kent A.
.,ubject: P8300611S032, P850089/3047, P890003/3064, P900061 /S045, P92001 5/S023,

P930039/SOlO, P950024/3004, P980016/3019, and P980050/3007

Christy and Kent -

Re: P8300611S032, P8500891S047, P8900031S064, P9000611S045, P920015IS023, P9300391S010,
P9500241S004, P9800161S019, and P980050/S007
Medtronic Pacing Leads
Received: July 17, 2001

DCRD has reviewed the above document, as well as your draft letter to the applicant regarding this 30-
Day Notice requested an evaluation of the change in the supplier of polyetherurethane. We have no
unresolved concerns regarding safety and effectiveness issues.

--- ----------- , we find your letter acceptable far issuance with modification as tracked in the letter on the
-- -------- 

If you have any questions, please contact me at 443-8320 --------- 

Jan ¶Vonizlson
Assistant Director for Program Operations
Division of Cardiovascular and Respiratory Devices
Office of Device Evaluation
Center for Devices and Radiological Health
------- ----- ------- ------ nistration
--------------------- 
------- ------------- ------ 158
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DEPARTMENT OF HEALTH & HUMe t SERVICES Put .Health Service

Food and Drug Administration
9200 Corporate BoulevardAUG 8 2001 Rockville MD 20850

Kristy K. Mollner, RAC
Product Regulation Manager
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432

Re: P830061/S032, P850089/S047, P890003/S064, P900061/S045, P920015/S023,
P930039/S010, P950024/S004, P980016/S019, and P980050/S007
Medtronic Pacing Leads
Received: July 17, 2001

Dear Ms. Mollner:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has evaluated your premarket approval application (PMA) 30-day
Notice. The 30-day Notice requested an evaluation of the change in the supplier of
polyetherurethane.

Based on the information submitted, FDA has determined that submission of a 135-day
PMA supplement is not required.

If you have questions concerning the letter, please contact the Field Programs Branch at
(301) 594-4695 or the PMA Staff at (301) 594-2186.

SinuretyI ./fS

Director, Premarket Approval
Application Program

Program Operations Staff
Office of Device Evaluation
Center for Devices and

Radiological Health



Ms. Jacque L. Keller ½fl i
Product Regulation Manager
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue N.E.
Minneapolis, MN 55432

Re: P920015/S22
Model 6726 DF-l Y-Adaptor/Extender Kit
Filed: May 30, 2001

Dear Ms. Keller:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its evaluation of your premarket approval application (PMA) supplement
which qualified for review under the Real-Time Review Program. We have reviewed your
application at a teleconference on June 14, 200 1. A meeting was not necessary to make a
decision regarding this supplement.

Your supplement requested approval for Model 6726 DF-1 Y-Adaptor/Extender Kit. The device
is indicated to adapt two DF-lI lead connectors to a single DF-lI compatible connector port and/or
will extend the length of a DF-lI lead connector. The Model 6726 has application for patients in
which ICD systems are indicated. Based upon the information submitted, the PMA supplement
is approved subject to the conditions described below and in the "Conditions of Approval For
Implantable Defibrillators and Programmers" (enclosed). You may begin commercial
distribution of the device as modified by your PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to prescription use in accordance with
21 CER 801.109 within the meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 515(d)(l)(B)(ii) of the act. FDA has also determined
that to ensure the safe and effective use of the device that the device is further restricted within
the meaning of section 520(e) under the authority of section 515(d)(1)(B3)(ii), (1) insofar as the
labeling specify the requirements that apply to the training of practitioners who may use the
device as approved in this order and (2) insofar as the sale, distribution, and use must not violate
sections 502(q) and (r) of the act.
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Failure to comply with the conditions of approval as attached invalidates this approval order.
Commercial distribution of a device that is not in compliance with these conditions is a violation
of the Federal Food, Drug, and Cosmetic Act.

You are reminded that, as soon as possible and before commercial distribution of your device,
you must submit an amendment to this PMA supplement submission with copies of all approved
labeling in final printed form. As part of our reengineering effort, the Office of Device
Evaluation is piloting a new process for review of final printed labeling. The labeling will not
routinely be reviewed by FDA staff when PMA applicants include with their submission of the
final printed labeling a cover letter stating that the final printed labeling is identical to the
labeling approved in draft form. If the final printed labeling is not identical, any changes from
the final draft labeling should be highlighted and explained in the amendment. Please see the
CDRH Pilot for Review of Final Printed Labeling document at
http://www.fda.gov/cdrh/pmat/pilotpmat.html for further details.

All required documents should be submitted in triplicate, unless otherwise specified, to the
address below and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

We are interested in continuing to improve the Real-Time PMA Program. If you have any
suggestions for how we can modify it, please send a facsimile to Bonnie Markovitz at (301) 827-
2930 or an electronic message to her at BAM@CDRH.FDA.GOV at CDRH.

If you have questions concerning this approval order, please contact James Lee at
(301) 443-8609 ext-168.

Sincerely yours,

James E. Dillard III
Director
Division of Cardiovascular
and Respiratory Devices

Office of Device Evaluation
Center for Devices and

Radiological Health
Enclosure
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cc: HFZ-544 (Postmarket Surveillance Branch if appropriate)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ- [ODE Division]
HFZ-100 (OST Reviewer - if appropriate )
D.O.

APPROVAL ORDER FOR A PMA SUPPLEMENT (SA) Modified 9-24-99
NOTE. ENCLOSURE - INCLUDE THE CONDITIONS

Prepared by:JLee:att/6/14/01
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Ms. Jacque L. Keller
Product Regulation Manager
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Avenue N.E.
Minneapolis, MIN 55432

Re: P920015/S021
Model 6996 SQ Lead system and 6996T tunneling tool
Filed: February 5, 2001
Amended: April 11, 2001

Dear Ms. Keller:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its evaluation of your premnarket approval application (PMA) supplement,
which requested approval for the Model 6996 SQ Lead system and the 6996T tunneling tool. The
Model 6996 SQ Lead system is for single, long-term subcutaneous use and is intended for use in
patients in which implantable cardioverter defibrillators (LCD) are indicated. The lead is
intended for use if a standard ICD system with one or two transvenous leads has not been
efficacious in providing acceptable DFT measurements. The Model 6996 SQ lead is intended for
use only with the following systems: a Medtronic ICD featuring a connector block with at least
two DF-1I connector ports; and a Medtronic right ventricular lead for
defibrillating/pacing/sensing. In addition, a third defibrillation lead, such as any Medtronic SVC
lead, may be used with a lead adaptor. Based upon the information submitted, the PMA
supplement is approved subject to the conditions described below and in the "Conditions of
Approval For Implantable Defibrillators and Programmers" (enclosed). You may begin
commercial distribution of the device as modified by your PMA supplement upon receipt of this
letter.

The sale, distribution, and use of this device are restricted to prescription use in accordance with
21 CFR 801.109 within the meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 51 5(d)( 1)(B)(ii) of the act. FDA has also determined
that, to ensure the safe and effective use of the device, the device is further restricted within the
meaning of section 520(e) under the authority of section 515(d)(1)(B3)(ii), (1) insofar as the
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labeling specify the requirements that apply to the training of practitioners who may use the
device as approved in this order and (2) insofar as the sale, distribution, and use must not violate
sections 502(q) and (r) of the act.

Failure to comply with the conditions of approval as attached invalidates this approval order.
Commercial distribution of a device that is not in compliance with these conditions is a violation
of the act. You are reminded that as soon as possible and before commercial distribution of your
device you must submit an amendment to this PMA with copies of all approved labeling in final
form. As part of our reengineering effort, the Office of Device Evaluation is piloting a new
process for review of final printed labeling. The labeling will not routinely be reviewed by FDA
staff when PMA supplement applicants include with their submission of the final printed labeling
a cover letter stating that the final printed labeling is identical to the labeling approved in draft
form. If the final printed labeling is not identical, any changes from the final draft labeling
should be highlighted and explained in the amendment. Please see the CDRH Pilot for Review
of Final Printed Labeling document at http://www.fda.gov/cdrh/pmat/pilotpmat.html for further
details.

All required documents should be submitted in triplicate, unless otherwise specified, to the
address below and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

If you have questions concerning this approval order, please contact James Lee at
(301) 443-8609 ext-168.

Sincerely yours,

James E. Dillard III
Director
Division of Cardiovascular

and Respiratory Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure

5q
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cc: HFZ-300 (Field Programs Branch - QSR)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCRD)
HFZ-1I00 (OST Reviewer - if appropriate
D.O.

APPROVAL ORDER FOR A PMA SUPPLEMENT (SA) Modified 9-24-99
NOTE. ENCLOSURE - INCLUDE THE CONDITIONS OF APPROVAL.

Prepared by:JLee:att/5/1 5/01

FILE Copy

OFICE SRNAM DAT OFIE SRNAM DAT OFICE SRNAME D T

I~~~~~~~~~~8



Ms. Jacque L. Keller
Product Regulation Manager FEB - 5 200!
Cardiac Rhythm Management
Medtronic, Inc.
4000 Lexington Avenue North
Shoreview, NM 55 126-2983

Re: P920015/S20
Medtronic Model 6725 Pin-plug Kit
Filed: November 13, 2000

Dear Ms. Keller:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its evaluation of your premarket approval application (PMA) supplement
which qualified for review under the Real-Time Review Program. A meeting was not necessary
to make a decision regarding this supplement.

Your supplement requested approval for the Medtronic Model 6725 Pin-plug Kit. Based upon
the information submitted, the PMA supplement is approved subject to the conditions described
below and in the "Conditions of Approval for Implantable Defibrillators and Programmers"
(enclosed). You may begin commercial distribution of the device as modified by your PMA
supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to prescription use in accordance with
21 CFR 801.109 within the meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 515(d)(1)(B)(ii) of the act. FDA has also determined
that to ensure the safe and effective use of the device that the device is further restricted within
the meaning of section 520(e) under the authority of section 515(d)(1)(B3)(ii), (1) insofar as the
labeling specify the requirements that apply to the training of practitioners who may use the
device as approved in this order and (2) insofar as the sale, distribution, and use must not violate
sections 502(q) and (r) of the act.

Failure to comply with the conditions of approval as attached invalidates this approval order.
Commercial distribution of a device that is not in compliance with these conditions is a violation
of the Federal Food, Drug, and Cosmetic Act.



Page 2 - Ms. Jacque L. Keller

You are reminded that, as soon as possible and before commercial distribution of your device,

you must submit an amendment to this PMA supplement submission with copies of all approved

labeling in final printed form. As part of our reengineering effort, the Office of Device

Evaluation is piloting a new process for review of final printed labeling. The labeling will not

routinely be reviewed by FDA staff when PMA applicants include with their submission of the

final printed labeling a cover letter stating that the final printed labeling is identical to the

labeling approved in draft form. If the final printed labeling is not identical, any changes from

the final draft labeling should be highlighted and explained in the amendment. Please see the

CDRH Pilot for Review of Final Printed Labeling document at

http://www.fda.gov/cdrh/pmat/pilotpmat.html for further details.

All required documents should be submitted in triplicate, unless otherwise specified, to the

address below and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration

9200 Corporate Boulevard
Rockville, Maryland 20850

We are interested in continuing to improve the Real-Time PMA Program. If you have any

suggestions for how we can modify it, please send a facsimile to Bonnie Markovitz at (301) 827-

2930 or an electronic message to her at BAM@CDRH.FDA.GOV at CDRH.

If you have questions concerning this approval order, please contact Doris Terry at

(301) 443-8609 ext-160.

Sincerely yours,

James E. Dillard III
Director
Division of Cardiovascular and

Respiratory Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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Page 3 - Ms. Jacque L. Keller

cc: HFZ-544 (Postmarket Surveillance Branch if appropriate)
HFZ-401 (Document Mail Center)
L-IFZ-402 (PMA Staff)
HFZ-450 (DCRD)
HFZ-100 (OST Reviewer - if appropriate )
D.O.

APPROVAL ORDER FOR A PMA SUPPLEMENT (SA) Modified 9-24-99
NOTE. ENCLOSURE - INCLUDE THE CONDITIONS OF APPROVAL.

Prepared by:DTerry:att/1/25/01
Final:att/1/25/01

FILE COPY
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DEPARTMENT OF i.,ALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Ms. Jacque L. Keller
Product Regulation Manager FEB- 5 2nQ
Cardiac Rhythm Management
Medtronic, Inc.
4000 Lexington Avenue North
Shoreview, MN 55126-2983

Re: P920015/S20
Medtronic Model 6725 Pin-plug Kit
Filed: November 13, 2000

Dear Ms. Keller:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration

(FDA) has completed its evaluation of your premarket approval application (PMA) supplement

which qualified for review under the Real-Time Review Program. A meeting was not necessary

to make a decision regarding this supplement.

Your supplement requested approval for the Medtronic Model 6725 Pin-plug Kit. Based upon

the information submitted, the PMA supplement is approved subject to the conditions described

below and in the "Conditions of Approval for Implantable Defibrillators and Programmers"

(enclosed). You may begin commercial distribution of the device as modified by your PMA

supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to prescription use in accordance with

21 CFR 801.109 within the meaning of section 520(e) of the Federal Food, Drug, and Cosmetic

Act (the act) under the authority of section 515(d)(1)(B)(ii) of the act. FDA has also determined

that to ensure the safe and effective use of the device that the device is further restricted within

the meaning of section 520(e) under the authority of section 515(d)(1)(B)(ii), (1) insofar as the

labeling specify the requirements that apply to the training of practitioners who may use the

device as approved in this order and (2) insofar as the sale, distribution, and use must not violate

sections 502(q) and (r) of the act.

Failure to comply with the conditions of approval as attached invalidates this approval order.

Commercial distribution of a device that is not in compliance with these conditions is a violation

of the Federal Food, Drug, and Cosmetic Act.
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You are reminded that, as soon as possible and before commercial distribution of your device,
you must submit an amendment to this PMA supplement submission with copies of all approved
labeling in final printed form. As part of our reengineering effort, the Office of Device
Evaluation is piloting a new process for review of final printed labeling. The labeling will not
routinely be reviewed by FDA staff when PMA applicants include with their submission of the
final printed labeling a cover letter stating that the final printed labeling is identical to the
labeling approved in draft form. If the final printed labeling is not identical, any changes from
the final draft labeling should be highlighted and explained in the amendment. Please see the
CDRH Pilot for Review of Final Printed Labeling document at
http://www.fda.gov/cdrh/pmat/pilotpmat.html for further details.

All required documents should be submitted in triplicate, unless otherwise specified, to the
address below and reference the above PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

We are interested in continuing to improve the Real-Time PMA Program. If you have any
suggestions for how we can modify it, please send a facsimile to Bonnie Markovitz at (301) 827-
2930 or an electronic message to her at BAM@CDRH.FDA.GOV at CDRH.

If you have questions concerning this approval order, please contact Doris Terry at
(301) 443-8609 ext-160.

Sincerely yours,

~Director
~ Ja. l eernc~o~ r lII

Division of Cardiovascular and
Respiratory Devices

Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure





DEC

Ms. Mary Ellen Best
Regulatory Affairs Manager
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Ave. N.E.
Minneapolis, MN 55432

Re: P920015/S17
Medtronic® Sprint" QuattroT M Model 6944 Lead
Filed: June 20, 2000
Amended: July 24, October 26, and November 2, 2000

Dear Ms. Best:

The Center for Devices and Radiological Health (CDRH) of the Food and
Drug Administration (FDA) has completed its evaluation of your
premarket approval application (PMA) supplement, which requested
approval for the Medtronic® SprintTN QuattroTM Model 6944 Lead. The
device, as modified, will be marketed under the trade name Medtronic®
SprintTM Quattro TM Model 6944 Lead and is intended for single long-term
use in the right ventricle. This lead has application for patients in
which implantable cardioverter defibrillators are indicated. Based
upon the information submitted, the PMA supplement is approved subject
to the conditions described below and in the "Conditions of Approval
for Implantable Defibrillators and Programmers" (enclosed). You may
begin commercial distribution of the device as modified by your PMA
supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the meaning
of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the
act) under the authority of section 515(d) (1) (B) (ii) of the act. FDA
has also determined that, to ensure the safe and effective use of the
device, the device is further restricted within the meaning of section
520(e) under the authority of section 515(d) (1) (B) (ii), (1) insofar as
the labeling specify the requirements that apply to the training of
practitioners who may use the device as approved in this order and (2)
insofar as the sale, distribution, and use must not violate sections
502(q) and (r) of the act.
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Expiration dating for this device has been established and approved at
two years.

Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a device
that is not in compliance with these conditions is a violation of the
act.

You are reminded that as soon as possible and before commercial
distribution of your device you must submit an amendment to this PMA
with copies of all approved labeling in final form. As part of our
reengineering effort, the Office of Device Evaluation is piloting a
new process for review of final printed labeling. The labeling will
not routinely be reviewed by FDA staff when PMA supplement applicants
include with their submission of the final printed labeling a cover
letter stating that the final printed labeling is identical to the
labeling approved in draft form. If the final printed labeling is not
identical, any changes from the final draft labeling should be
highlighted and explained in the amendment. Please see the CDRH Pilot
for Review of Final Printed Labeling document at
http://www.fda.gov/cdrh/pmat/pilotpmat.html for further details.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above PMA
number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

If you have questions concerning this approval order, please contact
Charles S.C. Ho, Ph.D., at (301) 443-8609 X 144.

Sincerely yours,

James E. Dillard III
Director
Division of Cardiovascular and

Respiratory Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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cc: HFZ-300 (Field Programs Branch - QSR)
EFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCRD)
D.O.

APPROVAL ORDER FOR A PMA SUPPLEMENT (SA) Modified 9-24-99
NOTE. ENCLOSURE - INCLUDE the Conditions of Approval for Implantable
Defibrillators and Programmers.

Prepared by:CHo:att/12/15/00

FILE COPY matP
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DEPARTMENT OF HrALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

DEC 15 2000

Ms. Mary Ellen Best
Regulatory Affairs Manager
Cardiac Rhythm Management
Medtronic, Inc.
7000 Central Ave. N.E.
Minneapolis, MN 55432

Re: P920015/S17
Medtronic® SprintTM Quattro TM Model 6944 Lead
Filed: June 20, 2000
Amended: July 24, October 26, and November 2, 2000

Dear Ms. Best:

The Center for Devices and Radiological Health (CDRH) of the Food and
Drug Administration (FDA) has completed its evaluation of your
premarket approval application (PMA) supplement, which requested
approval for the Medtronic® SprintTM Quattro=m Model 6944 Lead. The
device, as modified, will be marketed under the trade name Medtronic®
SprintTM QuattroTM Model 6944 Lead and is intended for single long-term
use in the right ventricle. This lead has application for patients in
which implantable cardioverter defibrillators are indicated. Based
upon the information submitted, the PMA supplement is approved subject
to the conditions described below and in the "Conditions of Approval
for Implantable Defibrillators and Programmers" (enclosed). You may
begin commercial distribution of the device as modified by your PMA
supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the meaning
of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the
act) under the authority of section 515(d) (1) (B) (ii) of the act. FDA
has also determined that, to ensure the safe and effective use of the
device, the device is further restricted within the meaning of section
520(e) under the authority of section 515(d) (1) (B) (ii), (1) insofar as
the labeling specify the requirements that apply to the training of
practitioners who may use the device as approved in this order and (2)
insofar as the sale, distribution, and use must not violate sections
502(q) and (r) of the act.

§31
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Expiration dating for this device has been established and approved at
two years.

Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a device
that is not in compliance with these conditions is a violation of the
act.

You are reminded that as soon as possible and before commercial
distribution of your device you must submit an amendment to this PMA
with copies of all approved labeling in final form. As part of our
reengineering effort, the office of Device Evaluation is piloting a
new process for review of final printed labeling. The labeling will
not routinely be reviewed by FDA staff when PMA supplement applicants
include with their submission of the final printed labeling a cover
letter stating that the final printed labeling is identical to the
labeling approved in draft form. If the final printed labeling is not
identical, any changes from the final draft labeling should be
highlighted and explained in the amendment. Please see the CDRH Pilot
for Review of Final Printed Labeling document at
http://www.fda.gov/cdrh/pa/iotmthm for further details.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above PMA
number to facilitate processing.

PMA Document Mail Center (H-FZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

If you have questions concerning this approval order, please contact
Charles S.C. Ho, Ph.D., at (301) 443-8609 X 144.

Sincre yus,

JaeF ilr III

Division of Cardiovascular and
Respiratory Devices

Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure



Dennis H. Connolly, M.D.
Senior Product Regulation Manager
Tachyarrhythmia Management Business 7 20
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432-3576

Re: P920015/S19
Medtronic Model 6937A SVC/CS Transvene® Lead
Filed: August 29, 2000

Dear Dr. Connolly:

The Center for Devices and Radiological Health (CDRH) of the Food and
Drug Administration (FDA) acknowledges your August 28, 2000, letter
withdrawing the referenced premarket approval application (PMA)
SUPPLEMENT. As requested, this file is now considered closed.

Pursuant to 21 CFR 20.29, a copy of each submission will remain on
file with the Center for Devices and Radiological Health.
Confidentiality of your PMA application will be maintained in
accordance with the provision outlined in 21 CFR sections 814.9, 20.61
and 20.81.

If you decide to resubmit a PMA SUPPLEMENT for this product, a new
number will be assigned and the 180-day period will begin again.
Please be advised that if there were issues of safety and
effectiveness raised by FDA which were not addressed in the submission
you withdrew, you should address them in your resubmission.



Page 2 - Dennis H. Connolly, M.D.

Questions concerning this withdrawal action should be directed to:

Food and Drug Administration
Center for Devices and Radiological Health
Premarket Approval Section (HFZ-402)
9200 Corporate Boulevard
Rockville, Maryland 20850
(301) 594-2186

Sincerely yours,

Ja~es E. Dillard III
Director
Division of Cardiovascular and

Respiratory Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

1)5



DEPARTMENT OF HEAL THAND HUMAN SER VICES

Page 3 - Dennis H. Connolly, M.D.

cc: HFZ-300 (Potential Export Issue)
HFZ-300 (Field Programs Branch - QSR)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCRD)
D.O.

PMA VOLUNTARY WITHDRAWAL ACKNOWLEDGMENT LETTER (WACKVOL)
Modified 1-5-97

Prepared by:39m~~.-*att/9/1/00
Final:att/9/1/00

FILE COPY
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0'DEPARTMENT OFMEAITH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

SEP 7y 2000
Dennis H-. Connally, M.D.
Senior Product Regulation Manager
Tachyarrhythmia Management Business
Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432-3576

Re: P920015/Sl9
Medtronic Model 6937A SVC/CS Transvene®D Lead
Filed: August 29, 2000

Dear Dr. Connally:

The Center for Devices and Radiological Health (CDRH-) of the Food and
Drug Administration (FDA) acknowledges your August 28, 2000, letter
withdrawing the referenced premarket approval application (PMA)
SUPPLEMENT. As requested, this file is now considered closed.

Pursuant to 21 CER 20.29, a copy of each submission will remain on
file with the Center for Devices and Radiological Health.
Confidentiality of your PMA application will be maintained in
accordance with the provision outlined in 21 CFR sections 814.9, 20.61
and 20.81.

If you decide to resubmit a PMA SUPPLEMENT for this product, a new
number will be assigned and the 180-day period will begin again.
Please be advised that if there were issues of safety and
effectiveness raised by FDA which were not addressed in the submission
you withdrew, you should address them in your resubmission.
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Questions concerning this withdrawal action should be directed to:

Food and Drug Administration
Center for Devices and Radiological Health
Premarket Approval Section (HFZ-402)
9200 Corporate Boulevard
Rockville, Maryland 20850
(301) 594-2186

Sincerely yours,

James E. Dillard III
Director
Division of Cardiovascular and

Respiratory Devices
Office of Device Evaluation
Center for Devices and

Radiological Health
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Public Health Service
DEPARTMENT OF HEALTH & HUMAN SERVICES Food and Drug Administration

Memorandum

DATE:

FROM: PMA Postmarket Coordinator, FPB,
DPO, OC, CDRH, (HFZ-306)

SUBJECT: POSTMARKET INSPECTION REQUEST

TO: District Director, SJN-DO, HFR-SE50O

PMA NOs.: P920015/S15

DEVICE NAME: Medtronic Sprint Model 6943 and 6945 Leads ~

APPLICANT: Medtronic, Inc. ~
7000 Central Avenue, NE
Minneapolis, MN 55432

MANUFACTURER(s) : Medtronic Puerto Rico, Inc. - CFN# 2182208
Call. Box 6001, Villalba West Industrial Area
State Road 149, Km. 56.3
Villalba, Puerto Rico 00766
(7/28/98 Previous EI)

A Premarket Approval application was approved on November 23, 1998, for
the above referenced product. in accordance with C.P. 7383.001 Medical
Device Premarket Approval and Postmarket Inspections, the postmarket PMA
inspection of the manufacturer(s) and/or sterilizer(s) must be scheduled
within eight to twelve months following the application approval date
which would be between July and November 1999.

During the postmarket inspection, emphasis should be placed upon
examining any changes the firm may have made in the design,
manufacturing process, and/or quality assurance systems relative to the
PMA device or the manufacturing process. The postmarket inspection
should also confirm that commitments made by the firm at the time the
application was approved have been completed or are underway in
accordance with those commitments. Attachment B of the Compliance
Program provides detailed guidance for conducting the inspection.

Attached is a Notification of Postmarket Inspection Form which should be
returned by facsimile to me byk jtV& 9lrj , with the planned
inspection date. Upon receipt of th½~ form, and approximately 30 days
before the expected start date of the inspection, T will send copies of
all the cover letters for any PMA Supplements submitted by the firm
since this PMA Supplement was approved. Remember, in accordance with
C.P. 7383.001 Part II, Page 3, the District must query the CDRH MDR
system before initiating a postmarket inspection to determine if MDR
reports have been submitted for the PMA approved device.
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I have attached a PMA Supplement Report although no new supplements have
been submitted since S15. Query of the Maude MDR Database resulted in
no MDRs for the product code LWS since the last inspection.

Please report the inspectional time to PAC 83001A - Medical Device
Premarket Approval and Postmarket Inspections - C.P. 7383.001. If the
District Decision results in an OAI classification, please forward the
EIR to HFZ-306 as stated in the C.P. and mark the coversheet "PMA
POSTMARKET INSPECTION". In addition, if your District issues a Warning
Letter to the firm as a result of the OAI classification, please addHFZ-306 A. Sheapp to the distribution list and forward a copy to this
office.

Following the inspection for data tracking purposes, please fill out the
requested postmarket inspection data listed on the Notification of
Postmarket Inspection Form. Please FAX the completed form to me with a
copy of the EIR coversheets with endorsement and FDA 483, if issued.

The following reporting data is provided for your information. If youneed any further information, please do not hesitate to contact me.

Product Code: 74 LWS
PAC: 83001A
Priority: Routine
Est. Comp. Time: 30 Hours

Contact: Ann Sheapp
2098 Gaither Road
Rockville, Maryland 20850
Phone: 301-594-4695
FAX: 301-594-4715

Ann L. Sheapp

Attachments
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Public Health Setvice
DEPARTMENT OF HEALTH & HUMAN SERVICES Food and Drug Administration

Memorandum

MAR 3 0 1999
DATE:

FROM: PMA Postmarket Coordinator, FPB,

DPO, OC, CDRH, (HFZ-306)

SUBJECT: POSTMARKET INSPECTION REQUEST

TO: Director Director, SJN-DO, HFR-SE500

PMA NUMBERS: P830061/S28
P850089/S39
P890003/S55

P920015/S14
P930039/S6
P950024/Sl

DEVICE NAME: CardiVentus Defibrillators and Pacing Leads

APPLICANT: Medtronic, Inc.

7000 Central Avenue NE

Minneapolis, MN 55432

MANUFACTURER(S) : Medtronic Puerto Rico, Inc. -CFN# 2649622 /
Villalba West Industrial Area

Road 149, Km. 56.3, Call Box 6001

Villalba, PR 00766

(7/23/98 Previous El)

A Premarket Approval application was approved on August 1 2th, 1998, for

the above referenced products. In accordance with C.P. 7383.001 Medical

Device Premarket Approval and Postmarket Inspections, the postmarket PMA

inspection of the manufacturer(s) and/or sterilizer(s) must be scheduled

within eight to twelve months following the application approval date

which would be between April and August 1999.

During the postmarket inspection, emphasis should be placed upon

examining any changes the firm may have made in the design,

manufacturing process, and/or quality assurance systems relative to the

PMA devices or the manufacturing process. The postmarket inspection

should also confirm that commitments made by the firm at the time these

applications were approved have been completed or are underway in

accordance with those commitments. Attachment B of the Compliance

Program provides detailed guidance for conducting the inspection.

Attached is a Notification of Postmarket Inspection Form which should be

returned by facsimile to me by i , with the planned

inspection date. Upon receipt of t is fTorm, and approximately 30 days

before the expected start date of the inspection, I will send copies of

all the cover letters for any PMA Supplements submitted by the firm

since these PMA Supplements were approved. Remember, in accordance with

C.P. 7383.001 Part II, Page 3, the District must query the CDRH MDR

system before initiating a postmarket inspection to determine if MDR

reports have been submitted for the PMA approved devices.
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I have attached six PMA Supplement Summary Reports. Query of the CDRH
database resulted in no MDR Summary Reports at this time.

Please report the inspectional time to PAC 83001A - Medical Device
Premarket Approval and Postmarket Inspections - C.P. 7383.001. If the
District Decision results in an OAI classification, please forward the
EIR to HFZ-306 as stated in the C.P. and mark the coversheet "PMA
POSTHARKET INSPECTION". In addition, if your District issues a Warning
Letter to the firm as a result of the OAI classification, please add
HFZ-306 A. Sheapp to the distribution list and forward a copy to this
office.

Following the inspection for data tracking purposes, please fill out the
requested postmarket inspection data listed on the Notification of
Postmarket Inspection Form. Please FAX the completed form to me with a
copy of the EIR coversheets with endorsement and FDA 483, if issued.

The following reporting data is provided for your information. If you
need any further information, please do not hesitate to contact me.

Product Codes: DTB; LWS; DXY 74 Cardiovascular
PAC: 83001A
Priority: Routine
Est. Comp. Time: 30 Hours

Contact: Ann Sheapp
2098 Gaither Road
Rockville, Maryland 20850
Phone: 301-594-4695
FAX: 301-594-4715

Ann L.S

Attachments



Mr. Robert McNamer
Senior Product Regulation Manager
Cardiac Rhythm Management, MS T276
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, MN 55432

Re: P920015/S16
Medtronic® SprintTM Lead Models 6932, 6937, 6942, 6943 and 6945
Filed: August 12, 1999

Dear Mr. McNamer:

The Center for Devices and Radiological Health (CDRH) of the Food and
Drug Administration (FDA) has completed its evaluation of your
premarket approval application (PMA) supplement, which requested
approval for adding a caution label to the Medtronic® SprintTM Lead
Models 6932, 6937, 6942, 6943 and 6945. Based upon the information
submitted, the PMA supplement is approved subject to the conditions
described below and in the "Conditions of Approval for Implantable
Defibrillators and Programmers" (enclosed). You may continue
production and commercial distribution of the device as modified by
your PMA supplement.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the meaning
of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the
act) under the authority of section 515(d) (1) (B) (ii) of the act. FDA
has also determined that, to ensure the safe and effective use of the
device, the device is further restricted within the meaning of section
520(e) under the authority of section 515(d) (1) (B) (ii), (1) insofar as
the labeling specify the requirements that apply to the training of
practitioners who may use the device as approved in this order and (2)
insofar as the sale, distribution, and use must not violate sections
502(q) and (r) of the act.

Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a device
that is not in compliance with these conditions is a violation of the
Federal Food, Drug, and Cosmetic Act.

You are reminded that as soon as possible and before commercial
distribution of your device you must submit an amendment to this PMA
with copies of all approved labeling in final form. As part of our
reengineering effort, the Office of Device Evaluation is piloting a
new process for review of final printed labeling. The labeling will
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not routinely be reviewed by FDA staff when PMA supplement applicants
include with their submission of the final printed labeling a cover
letter stating that the final printed labeling is identical to the
labeling approved in draft form. If the final printed labeling is not
identical, any changes from the final draft labeling should be
highlighted and explained in the amendment. Please see the CDRH Pilot
for Review of Final Printed Labeling document at
http://www.fda.gov/cdrh/pmat/pilotpmat.html for further details.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above PMA
number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can be
located quickly if serious problems are occurring with the products.
The tracking requirements apply to (1) permanent implants the failure
of which would be reasonably likely to have serious adverse health
consequences; (2) life sustaining or life supporting devices that are
used outside of device user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and
(3) other devices that FDA has designated as requiring tracking. FDA
believes that your device is a device that is subject to tracking
because it is a permanent implant whose failure would be reasonably
likely to have serious adverse consequences.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations set out
what you must do to track a device. In addition, the regulations list
example permanent implant and life sustaining or life supporting
devices that FDA believes must be tracked at 21 CFR § 821.20(b) and
the devices that FDA has designated for tracking at 21 CFR §
821.20(c). FDA's rationale for identifying these devices is set out
in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR
22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993)).



Page 3 - Mr. Robert McNamer

If you have questions concerning this approval order, please contact
Doris Terry at (301) 443-8609 ext. 160.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Director
Division of Cardiovascular,
Respiratory and Neurological Devices

Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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cc: HFZ-300 (Field Programs Branch - GMP)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 [ODE Division]
HFZ-100 (OST Reviewer - if appropriate
D.O.

APPROVAL ORDER FOR A PMA SUPPLEMENT (SA) Modified 11-19-98
NOTE. ENCLOSURE - INCLUDE THE CONDITIONS OF APPROVAL.

Preparedby:dTerry:myb: 09/23/99

OFFI E MURNM E AOFC

OFFICE SURNAME DATE OFFICE SURNAME DATE OFFICE SURNAME DATE

~~~~~~~~~~~~~~~~~~~DATE

U.S. GPO l9 86-1sgqD89



DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard

SEP 2 4 H~~~~~~ockville MD 20850

Mr. Robert McNamer
Senior Product Regulation Manager
Cardiac Rhythm Management, MS 1276
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, MN 55432

Re: P920015/S16
Medtronic® Sprintt mM Lead Models 6932, 6937, 6942, 6943 and 6945
Filed: August 12, 1999

Dear Mr. McNamer:

The Center for Devices and Radiological Health (CDRH-) of the Food and
Drug Administration (FDA) has completed its evaluation of your
premarket approval application (PMA) supplement, which requested
approval for adding a caution label to the Medtronic® SprintTmM Lead
Models 6932, 6937, 6942, 6943 and 6945. Based upon the information
submitted, the PMA supplement is approved subject to the conditions
described below and in the "Conditions of Approval for Implantable
Defibriliators and Programmers" (enclosed) . You may continue
production and commercial distribution of the device as modified by
your PMA supplement.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the meaning
of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the
act) u~nder the authority of section 515(d) (1)(B) (ii) of the act. FDA
has alro determined that, to ensure the safe and effective use of the
device, the device is further restricted within the meaning of section
520(e) under the authority of section 515(d) (1) (B)(ii), (1) insofar as
the labeling specify the requirements that apply to the training of
practitioners who may use the device as approved in this order and (2)
insofar as the sale, distribution, and use must not violate sections
502(q) and (r) of the act.

Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a device
that is not in compliance with these conditions is a violation of the
Federal Food, Drug, and Cosmetic Act.

You are reminded that as soon as possible and before commercial
distribution of your device you must submit an amendment to this DMA
with copies of all approved labeling in final form. As part of our
reengineering effort, the Office of Device Evaluation is oiioting a
new process for review of final printed labelinQ. The laheiiriq Jill
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not routinely be reviewed by FDA staff when PMA supplement applicants
include with their submission of the final printed labeling a cover
letter stating that the final printed labeling is identical to the
labeling approved in draft form. If the final printed labeling is not
identical, any changes from the final draft labeling should be
highlighted and explained in the amendment. Please see the CDRH Pilot
for Review of Final Printed Labeling document at
http://www.fda.gov/cdrh/pmat/pilotpmat html for further details.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above PMA
number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can be
located quickly if serious problems are occurring with the products.
The tracking requirements apply to (1) permanent implants the failure
of which would be reasonably likely to have serious adverse health
consequences; (2) life sustaining or life supporting devices that are
used outside of device user facilities the failure of which would bereasonably likely to have serious adverse health consequences; and
(3) other devices that FDA has designated as requiring tracking. FDA
believes that your device is a device that is subject to tracking
because it is a permanent implant whose failure would be reasonably
likely to have serious adverse consequences.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations set outwhat you must do to track a device. In addition, the regulations list
example permanent implant and life sustaining or life supporting
devices that FDA believes must be tracked at 21 CFR § 821.20(b) and
the devices that FDA has designated for tracking at 21 CFR §8 2 1.20(c). FDA's rationale for identifying these devices is set out
in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR
22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993)).

¥ H
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If you have questions concerning this approval order, please contact
Doris Terry at (301) 443-8609 ext. 160.

Sincerely yours,

.-- thomas J.C ylahan, Ph.D.
Director 4

Division of Cardiovascular,
Respiratory and Neurological Devices

office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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'DEPARTMENT OF HEALJTH & HUJMAN SERVICES Public Health Service

Food and Drug Administration

Rockville, MD 20850

M EMO0R AN D UM

DATE: November 19, 1998

FROM: Field Programs Branch, CDRH, HFZ-306 '7 >9
SUBJECT: CLEARANCE and FINAL APPROVAL Mfr.: Medtronic Puerto Rico Inc.

PMA P920015/S15 ~-~Villalba West Industrial Area

44'/ ,~~- "U Villalba, PR 00766

TO: Premarket Approval Coordinator k. 1 1 . V~
HFZ-402 Applicant: Medtronic Inc.

7000 Central Avenue, NE '>>

Minneapolis, MN 55432

Product: Sprint Leads Models 6943

------ ------------- - - 
-- ----- 6945

An inspection of the above referenced manufacturer was accomplished on

7/23/98.

On the basis of the information reviewed, the firm has an acceptable

GMP program.

Also, The San Juan District office and OC concurs with the final approval of this

PMA Supplement.

This should complete all of the sites awaiting inspection that are currently

outstanding concerning this PMA.

Vertleen Covington

HFA-224 ~j' I54r-C e$ PAZ~W

DOE III /i i

HFR-SE500f fl ~ Q Ic;L fKu L.
#99-3

(b)(5)



NOU-10 98 20:11 FROM:SJNCOMPLIANCE 
S0-729-6658 TO:3015944715PGE0

CEPAaTflENT OF HEALTH i U, A S~RVTCES 
Publlic EeaJlck Service
Food and Drug Admin±i~rratji"U

I ~~~~~~~Rovkvjtle, MD 20850

DATE, flovember 10, ~9
FROM! Vertleen Pivi$id Program, Bra.-I, DF

SUBJXCT, 'aqIXnT FOR 4A 1u4.vwovAL Mft. it, fdtrccnic PeroRc, njX0nopGloa CBi C 
Villalba Vogt tndu~trila A'rea

YL11bPR 006TO: Pd-strijtDt~u 
CtVN#* 2649622Sin-o, FR-S*3oo A~pIL~ant. kledtronic, Inc.

7Oci Centr 4 l Avenure SEI Nihr~~~~M"CaPo±±e MN# 53440
Ptoduc-, SPrint Leads Model, 6943

& 945Ot'k 7(25/gu. Your off.lveicomps~ted a Olipirpciz!t the "&flufactUrer .zte ai
found this EaC±1±ty to Aave azj *Ccetbe 

andg-. GS.Nl ndPPtrL4)Vered dUrtng that in&cetsskctsr.ay.GU 
TL adp~rwee

Based on the 73g inp~tion, cCull areewndton ftpc al'~
sub~mitted for tb atjv I rof eace pl 

J&

[~'i L4Cua f J OQNCuR
2. If not, plas et Atef th.e~ao (uiM an additign0 j nhawt it necessary).

I. If It Is rnot pprtovab~e, wJil1 it be tlfl-Mlperqtsd7 I Yes No4. If yes, whet, in the *05sptc~on Plazuied? Date-

5* rf no, please state the 6~on (use an addiicimnaI sheet if necnssary;,

T"~ RESPOND PLUSEf PFAZ (d~ NOT senid via the FDA electronic, mail qyst~iwj
TIS FORM BlY CLOUg OF SUS NESS on lz/2zsIa IO VUEUMinCfn uA

4Thie u n bQ ms~tn odb b hj I or w.thorflzdoesg~

Dat~ ~ ~ ~ ~ ~~~~inrcr:~



PMA REVIEW

DATE: October 21, 1998

FROM: CSO, Cardiovascular and Neurological Devices Branch, BFZ-341,
DOE III, OC

THROUGH: Chief, Cardiovascular Branch and Neurological Devices Branch,
BFZ-341, DOE III, OC 10tc4 , o/ /e

TO: Vertleen J. Covington, PMA Coordinator, Field Programs Branch,
BFZ-306, OC

SUBJECT: Review of PMA P920015/S 1 5, dated September 25, 1998

Applicant: Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, MN 55440

Mfr. Site: Medtronic Puerto Rico, Inc.
Villalba West Industrial Area
Villalba, Puerto Rico 00766

CEN: 2649622

DEVICE: Sprint Leads Models 6943 and 6945

CVDNB
RECOMMEN-
DATION: Clearance

The purpose of this PMA supplement P920016/SiS is to change the current
manufacturing site from Medtronic's Minneapolis location to the Medtronic facility in

Puerto Rico. The Sprint leads models 6943 and 6945 will be manufactured at the new

facility. These are active fixation leads (screw-in), endocardial, steroid-eluting, pacing,
sensing, and cardioversion/defibrillation leads which are intended to be used as part of an

implantable tachyarrhythmia cardioversionldefibrillation (ICD) system. The models 6943
and 6945 leads consist of silicone multi-lumen tubing that separates two PTFE-coated
conductor cables and a tip-conductor coil.
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The CVNDB review of the PMA submission indicates from the data provided that it
appears that no changes will be made to the existing manufacturing procedures other than
the relocation to the new site.

The Puerto Rico facility was last inspected on July 30, 1998, and no FDA 483 was issued.
The purpose of this investigation was in response to the firm's PMA supplement to move

the Sprint leads models 6932 and 6942 and the CapSureFix, model 6940 active fixation
leads from the Minneapolis facility to this same Puerto Rico facility. These devices are
also very similar in nature. No deficiencies were found at the facility and it appeared that

the installation qualifications and necessary process verifications and validations were
adequate. The inspection, therefore, was classified NA. Since the last inspection was
less than three months ago, and the change to another site is similar, plus the devices are
very similar, it is the recommendation of the CVNDB that this site be cleared.

Mary Ainn Fitzgerald

Reviewed/final:MAFitzgerald: 10-21-98

cc:
HFZ-340
HFZ-341

OC Track: 76620

f-



Nledtronic. Inc.

Ntinneapo~is. %1 55432-~5(h USA

Medmmoc

August II. 1999

Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
1390 Piccard Dr. C
Rockville MD 20850 \c;

R( Special PMIA pplement - Changes Being EffectedUP9201
Dear Sir/Madam:

Enclosed is a Special PMA Supplement for the Medtronic Sprint family of transvenous
defibrillation leads (P9200 15). The purpose of this special PMA Supplement is to add a
caution to the package labels of the following lead models:

6932 6943
6937 6945
6942

In recent in-house bench testing, it was found that by withdrawing the above listed lead
models through a SafeSheath introducer, that damage may occur to the shock coil of the
defibrillation lead. Although the SafeSheath brand was the only introducer specifically
tested, Medtronic feels the results of the testing are applicable to any introducer that includes
a hemnostasis valve in its construction. It should be noted that Medtronic has not received any
information from the field that any defibrillation leads have been pulled back through a
hemostasis valve and been damaged. In good clinical practice, this may never occur, but
Medtronic feels responsible to add a caution to our labeling based upon the results of in-
house testing.'

Furthermore, Medtronic wants to advise users to use a larger introducer size than what is
currently recommended on the lead labeling when using an introducer that features a
hemostasis valve. This is due to the tight fit of the lead passing through the hemostasis valve.
It is not necessary to advise a specifically larger introducer size as even a half size larger
introducer size than what the labeling recommends will be sufficient.

The text of the added caution would read:

CAUTION: Inserting the lead using a lead introducer that features a hemnostasis valve
may require a larger introducer than the size recommended on the labeling. Do not
withdraw the lead through a hemostasis valve to avoid distortion of the coil electrode.

When Life Depends on Medical Technology



Specific details of each affected lead's name, description, and intended use are provided in
ATTACHMENT A. Samples of the package labels are provided in ATTACHMENT B.

Medtronic intends to implement this revision to the package labeling 30 days after this PMA
Supplement has been filed.

This submission is provided in triplicate in accordance with 21 CFR Part 814. This
submission contains confidential commercial or trade secret information and Medtronic
requests that it be given maximum protection provided by the law. If additional information
is required, please contact the undersigned.

Sincerely,
MEDTRONIC, INC.

Robert McNamer
Sr. Product Regulation Manager
Cardiac Rhythm Management, MS T276
7000 Central Ave. N.E.
Minneapolis MN 55432

phone: (612) 514-4458
fax: (612) 514-6424

7



MODEL 6932

Device Name: Medtronic Model 6932 Steroid Eluting. Tripolar, Endocardial, Tined,
Ventricular Lead for Pacing,. Sensing, Cardioversion, and Defibrillation.

Intended Use: This lead is intended for single, long-term use in the fight ventricle.

Device Description: The model 6932 is a steroid eluting, tripolar, endocardial, tined, ventricular
lead designed for pacing, sensing, and delivering cardioversion and
defibrillation therapies. The distal tip contains a maximum of 1 mg of
dexamethasone sodium phosphate. The lead also features tines near the
distal tip. The three electrodes of the lead are: tip, ring, and coil.
· The tip electrode connects electrically to the connector pin of the IS- I

bipolar leg of the bifurcation. The IS-1 bipolar leg is the only one that
will accept a stylet.

* The ring electrode connects electrically to the connector ring of one IS-
1 bipoar leg of the bifurcation.

* The defibrillation coil electrode connects electrically to the connector
pin of the DF-i unipolar leg of the bifurcation. The DF-1 Unipolar leg
will not accept a stylet.

Manufacturer: Medtronic. Inc.
Rice Creek Facility
7000 Central Ave. N.E.
Minneapolis MN 55432

- and -

Medtronic, Inc.
Medtronic Puerto Rico, Inc. (MPRI)
Villalba West Industrial Area
Villalba PR, Puerto Rico 00766

* Medfrdc Confidential



MODEL 6937

Device Name: Medtronic Model 6937 Unipolar, Endocardial, Superior Vena Cava Lead

Intended Use: This lead is intended for single, long-term use in the superior vena cava.

Device Description: The model 6937 is a unipolar, endocardial superior vena cava lead is
designed for the delivery of cardioversion and defibrillation therapies.
Silicone insulation surrounds the low resistance conductor coil and the coil
electrode is a platinum alloy. The lead also has a DF-1 connector.

Manufacturer: Medtronic, Inc.
Rice Creek Facility
7000 Central Ave. N.E.
Minneapolis MN 55432

#f IMedirani Confidential 2



MODEL 6942

Device Name: Medtronic Model 6942 Steroid Eluting, Tined, Ventricular Lead with
CapSure® SP Tip. and RV/SVC Electrode Coils

Intended Use: This lead is intended for single, long-term use in the right ventricle.

Device Description: The model 6942 is a steroid eluting, fined, ventricular lead designed for
pacing, sensing, and delivering cardioversion and defibrillation therapies.
The distal tip contains a maximum of I mg of dexamethasone sodium
phosphate. The lead features tines near the electrode tip. The three
electrodes of the lead are: tip, RV coil and SVC coil.
· The tip electrode connects electrically to the connector pin of the IS-I

bipolar leg of the trifurcation. The IS-I bipolar leg is the only one that
will accept a stylet.

* The RV electrode coil connects electrically to the connector pin of one
DF-1 unipolar leg of the trifurcation. The RV electrode coil also
connects electrically to the connector ring of the IS-1 bipolar leg of the
trifurcation.

• The SVC electrode coil connects electrically to the connector pin of
the other DF- 1 unipolar leg of the trifurcation.

Manufacturer: Medtronic, Inc.
Rice Creek Facility
7000 Central Ave. N.E.
Minneapolis MN 55432

- and -

Medtronic, Inc.
Medtronic Puerto Rico, Inc. (MPRI)
Villalba West Industrial Area
Villalba PR, Puerto Rico 00766

,'MedroankJ Confidential 3



MODEL 6943

Device Name: Medtronic Model 6943 Steroid Eluting, Screw-in, Ventricular Lead with
CapSure® SP Tip, Ring Electrode, and RV Electrode Coil.

Intended Use: This lead is intended for single, long-term use in the right ventricle.

Device Description: The model 6943 is a steroid eluting, screw-in, ventricular lead designed for
pacing, sensing, and delivering cardioversion and defibrillation therapies.
The distal tip contains a maximum of I mg of dexamethasone sodium
phosphate. The lead has a helical tip electrode made of platinum alloy that
can be actively fixed in the endocardium. The helix can be extended
or retracted by rotating the lead connector pin using a fixation tool. The
three electrodes of the lead are: helix, ring, and coil.
* The helix electrode connects electrically to the connector pin of the IS-

1 bipolar leg of the bifurcation. The IS-I bipolar leg is the only one
that will accept a stylet.

* The ring electrode coil connects electrically to the connector ring of
one IS-I bipolar leg of the bifurcation.

* The defibrillation coil electrode connects electrically to the connector
pin of the DF-1 unipolar leg of the bifurcation. The DF-l unipolar leg
will not accept a stylet.

Manufacturer: Medtronic, Inc.
Rice Creek Facility
7000 Central Ave. N.E.
Minneapolis MN 55432

- and -

Medtronic Puerto Rico, Inc. (MPRI)
Villalba West Industrial Area
Villalba PR, Puerto Rico 00766

+Medb'vUic Confidential 4
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MODEL 6945

Device Name: Medtronic Model 6945 Steroid Eluting. Screw-in, Ventricular Lead with
CapSure®9 SP Tip, and RV/SVC Electrode Coils.

Intended Use: This lead is intended for single, long-term use in the right ventricle.

Device Description: The model 6945 is a steroid eluting, screw-in, ventricular lead designed for
pacing, sensing, and delivering cardioversion and defibrilation therapies.
The distal tip contains a maximum of I mg of dexamethasone sodium
phosphate. The lead has a helical tip electrode made of platinum alloy that
can be actively fixed in the endocardium. The helix can be extended or
retracted by rotating the lead connector pin using a fixation tool. The three
electrodes of the lead are: helix, RV coil, and SVC coil.
* The helix electrode connects electrically to the connector pin of the IS-

1 bipolar leg of the trifurcation. The IS- I bipolar leg is the only one
that will accept a stylet.

* The RV electrode coil connects electrically to the connector pin of one
DF- I unipolar leg, of the trifurcation. The RV electrode coil also
connects electrically to the connector ring of the IS-I bipolar leg of the
triifurcation. The DF-lI unipolar leg will not accept a stylet.

* The SVC electrode coil connects electrically to the connector pin of
the other DE-1 unipolar leg of the trifurcation.

Manufacturer: Medtronic, Inc.
Rice Creek Facility
7000 Central Ave. N.E.
Minneaivolis MN 55432

-and -

Medtronic Puerto Rico, Inc. (MPRI)
Villalba West Industrial Area
Villalba PR, Puerto Rico 00766

+~Medboncfc Confidential 5



PREMARKET

INSPECTION

/



ik PO '> xŽILW ' .&&t %& ~XytAitttCKJL 'tc&2

A~c~~-# Of-y9 n~jzccrj tcZ ca &tz~

let;~~~~~~~~

1 ~ (FYLs~( 2•¾ fn 1t3c5~t~r

CLU rt e> ,%t*& $a"k

-2-C



EXPEDITE -

-q 9/~ ~ ~~~~~9

&4h-ra ~~~/~Ye C~e c{ I

c~~d0> 4-&~~~ CJ-ks2 rvc~~~t-ztc.e

Yke~ ictccc V&C tau

Ji~it~A Acuwj Ac 7



,.5 DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

01 ~~~~~~~~~~~~~~~~~~~~~~~Food and. Drug Administration

2098 Gaither Road
Rockville MD 20850

MAY I 3 1998

Ms. Vickie Pearson, RAC
Sr. Product Regulation Manager
Cardiac Pacing Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, MN 554332-4000

Dear Ms. Pearson:

Your pre-PMA submission to request approval of a manufacturing site relocation at
Medtronic Puerto Rico, Inc. in Villalba, PR, dated April 17, 1998, has been forwarded
to our office for response.

We have reviewed your pre-PMA submission. You are correct that all of the equipment
must receive installation qualification and your plan appears adequate.

You are incorrect, however, that your manufacturing processes do not need to be re-
validated. If it was a process that initially required validation, a re-validation must be
performed before distribution of products can occur. Your PMA supplement will need
to include an evaluation of which processes will require validation, per 21 CFR 820.75.
Your PMA supplement should also include either the plan or the actual procedures for
the re-validation.

The San Juan district office will determine the adequacy of the re-validation effort at an
establishment inspection at the new facility.

Sincerely yours,

Mary Ann Fitzgerald
Consumer Safety Officer
Cardiovascular and Neurological Devices Branch
Division of Enforcement III
Office of Compliance

Center for Devices and Radiological Health



Final:MAFitzgerald:5-12-98
Init:KABerthold:5-13-98
Review/comment:KATrautman: 5-13 -98
Final: MAFitzgerald:5-13-98 ·

cc:
HFZ-306
HFR-SE550 (JBeckwith)
HFZ-340 (3)
HFZ-341 (3)

Track: 74341





Since U.S. market release of the Mode140921IMK49B, Medtronic has received comments from 
several key opinion leaders that they prefer the tine design of the original CapSure SP leads. 
This group of physicians report that the tines of the Model 4092IIMK 49B often catch on the 
vasculature and heart tissue making the lead more difficult to implant as compared to the 
CapSure SP Models 4023 and 4024. [In contrast, these same physicians prefer the atrial Model 
4592 with the current stiffer tines to the original CapSure SP Models 4523 and 4524.] It is for 
this reason that Medtronic is requesting approval to change the tine design to that" on the Models 
4023 and 4024. 

Manufacturing Site: 
Medtronic Puerto Rico, Inc. (MPRI) 
Villalbla 
Puerto Rico, 22066 
Establishment Registration Number: 2182208 

Previous Similar Design Changes: 
Reference P8300611SlO and S12, approved 8/07/91 and 8/19/91, respectively, for the Models 
4023 and 4024. The Models 4023 and 4024 designs incorporate an identical tine design as that 
requested for the Model 4092IIMK 49B. The PMA supplements for the Model 4~~_ and 4024 
were supported by canine data and cli~ca1 data on the silicone CapSure SP Mod~ls ~023/5523. 

Since market release of the Model 4023, more than~e~dS ~ave been sold with an actuarial 
survival probability of 99.5% (± l.1) at 30 months. Ovet_~WJ Model 4024 leads have been 
sold with an actuarial survival probability of 99.9% (± 0.3) at 69 months. 

Qualification Testing: 
The proposed Model 4092 design change would result in a ventricular lead with the distal 
CapSure SP tip electrode and tine design identical to the Model 4023. The tip pressure and 
composite pull strength are unaffected by the tine design change. Therefore, no bench testing 
andlor clinical testing is required to support this design change. Furthermore, there is no labeling 
change required as a result of the tine design change. 

Sincerely, 

c1e=on,RA 
Product Regula n Manager 
Cardiac Pacing Business 

(612) 514-3099 
(612) 514-6424 FAX 
victoria. pearson @medtronic.com 

7 



c~~~~~~~~~~~tN ~~~~~~~~~~~~~~Med~ronic, Inc.

7000 Cenitral Avenue N F
+ ~~~~~~~~~~~~~~~~~~~~~~Minneapolis, MN 55432-3576 USAMe~ironicwwmdrnco

June 22, 1999 tl612.514 4000

Office of Device Evaluation
EDE Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

Re: Amendment to the PMA Supplement for the Medtronic Mode] 4092
FINAL PRINTED LABELING
PMA Number P830061/S30

The Model 4092 design change which was the subject of the above referenced PMA
supplement did not result in any changes to the previously approved labeling. Therefore,
we are requesting an exemption from the requirement to submit approved labeling in final
formn.

Sincerely,

MEDTRONIC, INC.

icki Pearso~ R -¶

Sr. Product Regulation Manager
Cardiac Rhythm Management
(612) 514-3099
(612) 514-6424 FAX
victoria.pearson @medtronic.com



Medironic. Inc.
7ccc Cerral A.enue 12E
NMinneapolis, NIN 55432-3526 USA

~~~~~dtmnic ~~~~~~~~~~~~~~~~~~~~~~~~,,' uctM. c ;

August 11, 1999

Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration , -,
1390 Piccard Dr.
Rockville MD 20850 '

Re: Special PMA Supplement - Changes Being Effected
P920015 m

Dear Sir/Madam:

Enclosed is a Special PMA Supplement for the Medtronic Sprint family of transvenous
defibrillation leads (P920015). The purpose of this special PMA Supplement is to add a
caution to the package labels of the following lead models:

6932 6943
6937 6945
6942

In recent in-house bench testing, it was found that by withdrawing the above listed lead
models through a SafeSheath introducer. that damage may occur to the shock coil of the
defibrillation lead. Although the SafeSheath brand was the only introducer specifically
tested. Medtronic feels the results of the testing are applicable to any introducer that includes
a hemostasis valve in its construction. It should be noted that Medtronic has not received any
information from the field that any defibrillation leads have been pulled back through a
hemostasis valve and been damaged. In good clinical practice, this may never occur, but
Medtronic feels responsible to add a caution to our labeling based upon the results of in-
house testing.

Furthermore, Medtronic wants to advise users to use a larger introducer size than what is
currently recommended on the lead labeling when using an introducer that features a
hemostasis valve. This is due to the tight fit of the lead passing through the hemostasis valve.
It is not necessary to advise a specifically larger introducer size as even a half size larger
introducer size than what the labeling recommends will be sufficient.

The text of the added caution would read:

CAUTION: Inserting the lead using a lead introducer that features a hemostasis valve
may require a larger introducer than the size recommended on the labeling. Do not
withdraw the lead through a hemostasis valve to avoid distortion of the coil electrode.

When Lif Depends on Medical Technology



Specific details of each affected lead's name, description, and intended use are provided in

ATTACHMENT A. Samples of the package labels are provided in ATTACHMENT B.

Medtronic intends to implement this revision to the package labeling 30 days after this PMA

Supplement has been filed.

This submission is provided in triplicate in accordance with 21 CFR Part 814. This

submission contains confidential commercial or trade secret information and Medtronic

requests that it be given maximum protection provided by the law. If additional information
is required, please contact the undersigned.

Sincerely,
MEDTRONIC, INC.

Robert McNamer
Sr. Product Regulation Manager
Cardiac Rhythm Management, MS T276
7000 Central Ave. N.E.
Minneapolis MN 55432

phone: (612) 514-4458
fax: (612) 514-6424





Ms. Jeanmarie Sales
Senior Product Regulation Manager
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S15
Medtronic® Models 6943 and 6945 Leads
Filed: September 28, 1998

Dear Ms. Sales:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement, which requested approval for a manufacturing
and sterilization site located at Medtronic Puerto Rico, Inc., Villalba West
Industrial Area, Villalba, Puerto Rico 00766. This supplement qualified for review
under the PMA supplement pilot described in the March 20, 1996,
Dear President or CEO letter regarding changes in manufacturing sites. This
approval order applies to the specific request for a new manufacturing site only.
Based upon the information submitted, the PMA supplement is approved subject
to the conditions described below and in the "Conditions of Approval" (enclosed).
You may begin commercial distribution of the device as modified by your PMA
supplement upon receipt of this letter.

Failure to comply with the conditions of approval as attached invalidates this
approval order. Commercial distribution of a device that is not in compliance with
these conditions is a violation of the Federal Food, Drug, and Cosmetic Act.

If you have questions concerning this approval order, please contact
Mervin 0. Parker, Jr. at (301) 594-2186.

Sincerely yours,

Philip J. Phillips
Deputy Director
Science and Regulatory Policy
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Ms. Jeanmarie Sales Food and Drug Administration
Senior Product Regulation Manager 92Rorporate Boulevard
Medtronic, Inc. NOV 2 3 198Rckil M 05
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S15
Medtronic® Models 6943 and 6945 Leads
Filed: September 28, 1998

Dear Ms. Sales:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement, which requested approval for a manufacturing
and sterilization site located at Medtronic Puerto Rico, Inc., Villalba West
Industrial Area, Villalba, Puerto Rico 00766. This supplement qualified for review
under the PMA supplement pilot described in the March 20, 1996,
Dear President or CEO letter regarding changes in manufacturing sites. This
approval order applies to the specific request for a new manufacturing site only.Based upon the information submitted, the PMA supplement is approved subject
to the conditions described below and in the "Conditions of Approval" (enclosed).
You may begin commercial distribution of the device as modified by your PMA
supplement upon receipt of this letter.

Failure to comply with the conditions of approval as attached invalidates this
approval order. Commercial distribution of a device that is not in compliance with
these conditions is a violation of the Federal Food, Drug, and Cosmetic Act.

If you have questions concerning this approval order, please contact
Mervin 0. Parker, Jr. at (301) 594-2186.

Sincerely yours,

Philip J. Phillips
Deputy Director
Science and Regulatory P c
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure



Ms. Jeanmarie Sales
Senior Product Regulation Manager
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S15
Medtronic® Models 6943 and 6945 Leads
Filed: September 28, 1998

Dear Ms. Sales:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug

Administration (FDA) has completed its review of your premarket approval application

(PMA) supplement which requests approval for the manufacturing and sterilization

facility located at Medtronic Puerto Rico, Inc., Villalba West Industrial Area,
Villalba, Puerto Rico 00766.

Your PMA supplement is approvable and will be placed on hold until CDRH's Office of

Compliance determines the manufacturing and sterilization facility identified above is in

compliance with the Good Manufacturing Practice (GMP) regulation (21 CFR 820). An
approval order will promptly issue once this determination is made.

Where appropriate, amend the PMA to include any relevant information regarding the

manufacturing facilities, methods or controls not previously submitted. If you have a
manufacturing facility which is not prepared for production of the device, amend the

PMA supplement as soon as possible and notify your District Office to indicate when the

facility will be prepared to produce the device so that the FDA inspection can be

scheduled. If you have any questions regarding the status of your GMP inspection, please

contact your District Office or the Office of Compliance at (301) 594-4695.

You may not begin marketing of the device manufactured at your facility until your
receipt of the approval order.
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Page 2 - Ms. Jeanmarie Sales

All amendments to the PMA supplement should be submitted in triplicate to the address
below and reference the above PMA supplement number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

If you have any questions concerning this approvable letter, please contact
Mervin 0. Parker, Jr. at (301) 594-2186.

Sincerely yours,

Philip J. Phillips
Deputy Director, Science and

Regulatory Policy
Office of Device Evaluation
Center for Devices and

Radiological Health

cc:
HFZ-300 (Field Programs - GMP)
HFZ-401 (DMC)
HFZ-402 (PMA Staff)
HFZ-450
D.O.
APPROVABLE LETTER FOR A PMA SUPPLEMENT WHEN THE REQUEST IS
FOR A SITE CHANGE ONLY - POS WILL DO FOR THE DIVISION'S AND WILL
ALSO ISSUE THE APPROVAL ORDER WHEN CLEARANCE IS RECEIVED FROM
OC Modified 3-1-97
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Ms. Jeanmarie Sales
Senior Product Regulation Manager XT 2 lcuj
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/Si5
Medtronic® Models 6943 and 6945 Leads
Filed: September 28, 1998

Dear Ms. Sales:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its review of your premarket approval application
(PMA) supplement which requests approval for the manufacturing and sterilization
facility located at Medtronic Puerto Rico, Inc., Villalba West Industrial Area,
Villalba, Puerto Rico 00766.

Your PMA supplement is approvable and will be placed on hold until CDRH's Office of
Compliance determines the manufacturing and sterilization facility identified above is in
compliance with the Good Manufacturing Practice (GMP) regulation (21 CFR 820). An
approval order will promptly issue once this determination is made.

Where appropriate, amend the PMA to include any relevant information regarding the
manufacturing facilities, methods or controls not previously submitted. If you have a
manufacturing facility which is not prepared for production of the device, amend the
PMA supplement as soon as possible and notify your District Office to indicate when the
facility will be prepared to produce the device so that the FDA inspection can be
scheduled. If you have any questions regarding the status of your GMP inspection, please
contact your District Office or the Office of Compliance at (301) 594-4695.

You may not begin marketing of the device manufactured at your facility until your
receipt of the approval order.



Page 2 - Ms. Jeanmarie Sales

All amendments to the PMA supplement should be submitted in triplicate to the address
below and reference the above PMA supplement number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

If you have any questions concerning this approvable letter, please contact
Mervin 0. Parker, Jr. at (301) 594-2186.

Sincerely yours,

Phi J. Phillips
Deputy Director, Science and

Regulatory Policy
Office of Device Evaluation
Center for Devices and

Radiological Health



)

Ms. Vicki Pearson, RAC
Sr. Product Regulation Manager
Cardiac Pacing Business
Medtronic, Inc.
7000 Central Avenue, NE
Minneapolis, Minnesota 55432-3576

Re: P830061/S028
P850089/S039
P890003/SO55
P920015/S014
P930039/S006
P950024/S001

Cardioventus Defibrillators and Pacing Leads
Filed: April 20, 1998

Dear Ms. Pearson:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplements, which requested approval for a manufacturing site
located at Medtronic Puerto Rico, Inc. (MPRI), Road 149, Rm. 56.3, Villalba,
Puerto Rico 00755. These supplements qualified for review under the PMA supplement
pilot described in the March 20, 1996, Dear President or CEO letter regarding changes in
manufacturing sites. This approval order applies to the specific requcst for a new
manufacturing site only. Based upon the information submitted, the PMA supplements
are approved subject to the conditions described below and in the "Conditions of
Approval" (enclosed). You may begin commercial distribution of the devices as
modified by your PMA supplements upon receipt of this letter.

Failure to comply with the conditions of approval as attached invalidates this approval
order. Commercial distribution of a device that is not in compliance with these
conditions is a violation of the Federal Food, Drug, and Cosmetic Act.

)

L3
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If you have questions concerning this approval order, please contact Mervin 0. Parker, Jr.
at (301) 594-2186.

Sincerely yours,

Philip J. Phillips
Deputy Director for
Science and Regulatory Policy

Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure

cc:
HFZ-306 (Field Programs Branch - GMP)
HFZ-401 (DMC)

) ~~HFZ-402 (PMA Staff)
HFZ-450
D.O
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard

Rockville MD 20850

Ms. Vicki Pearson, RAC AG1219
Sr. Product Regulation Manager AGI219
Cardiac Pacing Business
Medtronic, Inc.
7000 Central Avenue, NE
Minneapolis, Minnesota 55432-3576

Re: P830061/S028
P850089/S03 9
P890003/SO55
P920015/SO 14
P930039/S006
P950024/S001

) ~~Cardioventus Defibrillators and Pacing Leads
Filed: April 20, 1998

Dear Ms. Pearson:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplements, which requested approval for a manufacturing site
located at Medtronic Puerto Rico, Inc. (MPRI), Road 149, Rm. 56.3, Villalba,
Puerto Rico 00755. These supplements qualified for review under the PMA supplement
pilot described in the March 20, 1996, Dear President or CEO letter regarding changes in
manufacturing sites. This approval order applies to the specific request for a new
manufacturing site only. Based upon the information submitted, the PMA supplements
are approved subject to the conditions described below and in the "Conditions of
Approval" (enclosed). You may begin commercial distribution of the devices as
modified by your PMA supplements upon receipt of this letter.

Failure to comply with the conditions of approval as attached invalidates this approval
order. Commercial distribution of a device that is not in compliance with these
conditions is a violation of the Federal Food, Drug, and Cosmetic Act.
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If you have questions concerning this approval order, please contact Mervin 0. Parker, Jr.
at (301) 594-2186.

Sincerely yours,
/'

Philip J. Phillips
Deputy Director for
Science and Regulatory Policy

Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure

) ~~ ~ ~ ~ ~ ~ V
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7/1 Supplement was assigned for review. Due date: 7/17/96

Review did not reveal any GMP deviations BUT the component
acceptance procedures were not in English. I drafted a memo
recommending review by DOE III for issuance of deficiency
letter for not submitting all procedures in English.

Marje signed off on my memo, but asked me to confirm the
letter was in order for not submitting the procedures in
English. Marje also said she did not object --- ----------
the deficiency letter or contacting the firm ------------ ---
---- --- ---- ----- -------- -------------------- -------- -------

Allen said he thought a deficiency was in order, but since
our regulatory environment has evolved in the last year I
may want to confirm with Wes.

7/5 Wes agreed with Allen and I that the letter was in order,
but since it was such a small part of the submission, he
agreed that a call to the firm to request submission of the
procedures in English was probably the best way to resolve
the issue.

I left a voice mail for the submitter, Rachel Libi,
Medtronic, Inc.

7/8 I talked with Rachel Libi (Medtronic was closed 7/5) . She
said that she would request an English translation from the
San Juan site, but that it may take several days for her to
receive it.

Rachel asked the best way to send me the information to
review. I suggested that she FAX the information to me and
send a hard copy to ODE as an amendment to the PMA
supplement.

I will review the procedures once they are recieved.

(b)(5)
(b)(5)



DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Rockville, MD 20850

MEMORANDUM

DATE: July 24, 1996

FROM: Field Programs Branch, CDRH, HFZ-306

SUBJECT: CLEARANCE and FINAL APPROVAL Mfr.: Med~ronic Puerto Ric6, Inc.
PMA P920015/Sll Villalba West Industrial Area

Villalba, PR 00766

TO: Premarket Approval Coordinator
HFZ-402 Applicant: Same as Above

Product: Medtronic Sprint (TM)
CZi~x~ ~ __ Model 6932 Jead

An inspection of the above referenced manufacturer was accomplished on
10-26-95.

On the basis of the information reviewed, the firm has an acceptable
GMP program.

Attached, please find a copy of the district office's concurrence with final
approval of this PMA Supplement.

This should complete all of the sites awaiting inspection that are currently
outstanding concerning this PMA.

Cc:

HFZ-306
H-FA-224
//96-72

(b)(5)
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DATE: July 15, 1996

FROM: Joy B. Lazaroff, Consumer Safety Officer

Field Programs Branch, DPO, OC

SUBJECT: PMA P9200 15 Supplement 01 1

APPLICANT: Medtronic, Inc.
7000 Central Avenue NE
Minneapolis, MN 55432

DEVICE(S): Medtronic ®)Model 6932 Lead

TO: Vertie Covington, Field Programs Branch, HFZ-306

THROUGH: Marje Hoban, Chief, FPB _ ___________

FPB
RECOMMENDATION: Approval

I have reviewed the PMA supplement from Medtronic, Inc. requesting approval of Medtronic Puerto Rico, Inc.,
as an alternate manufacturing facility for the subject device. ----- ---- -------- ------- ------------- --- ---- ----------- 
site was a GMP inspection conducted 10/26/95, covering ----- --------------- ----- -------- --------- ----- -------- 
Fabrication; the firm was found acceptable for device GMI'- ----- --- ----- ----- -------- 

Review of the PMA supplement and additional information submitted July 1 1, 1996, did not reveal any deviations
with the requirements of the device UMP regulations.

FPB
RECOMMENDATION: Approval

~~~6:aroff5~ ~ ~ L

(b)(4)



) Ms. Vicki Pearson, RAC
Sr. Product Regulation Manager
Cardiac Pacing Business
Medtronic, Inc.
7000 Centeral Ave., NE ~ R22 Q

Minneapolis, MN 55432-3576

Re: P830061/S028
P850089/S039
P890003/SO55
P920015/S014
P930039/S006
P950024/sO0t
Cardioventus Defibrilators, and Pacing Leads
Filed: April 20, 1998

Dear Ms. Pearson:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has received your premarket approval application (PMA) supplement which requests
approval for the manufacturing facility located at Medtronic Puerto Rico, Inc., Road PR- 149,) km 56.3, Villalba, PR. The supplement will be processed in accordance with the PMA
supplement pilot program for manufacturing and/or sterilization site changes described in the
March 20, 1996 "Dear President or CEO" letter.

Your PMA supplement is approvable and will be placed on hold until CDRLH's Office of
Compliance finds the manufacturing facilities, methods and controls in compliance with the
applicable requirements of the Quality System Regulation (21 CFR Part 820). The document,
Guidance For Preparation of PMA Manufacturing Information, that you received earlier, is based
on the original Good Manufacturing Practice (GMP) Regulation. That regulation was
superseded by the Quality System Regulation, which became effective on June 1, 1997.

The guidance document is currently under revision to conform with the additional requirements
for design control established by the Quality System Regulation. Until the new guidance is
available, you are not required to describe the design controls used for the PMA device. During
the PMA inspection, however, you may be asked to demonstrate that any design operations for
the PMA device, conducted after June 1, 1997, are in compliance with the design control
requirements of 21 CFR 820.30.



Page 2 - Ms. Vicki Pearson, RAC

If you have not already done so, please notify CDRH as soon as possible in the form of an
amendment to the PMA if there will be a delay in setting up your manufacturing facility for
production of the device, and provide the expected date that the facility will be prepared for an
FDA inspection. If you have any questions regarding the status of your Quality System
inspection please contact the Office of Compliance at (301)-594-4695, or your District Office.

If necessary, amend the PMA supplement to include any relevant information not previously
submitted.

Any amendment to this PMA supplement number above and should be submitted in duplicate to
to the address below and reference the above PMA supplement number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

At the same time, please submit an identical copy to:

CDRH Office of Compliance
Field Programs Branch
2098 Gaither Road
Rockville, MD 20850

If you have any questions concerning this approvable letter, please contact Mr. Mervin Parker, Jr.
at (301) 594-2186.

Sincerely yours,

Philip J. Phillips
Deputy Director
Office of Device Evaluation
Center for Devices and

Radiological Health

/1
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41 ~DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Ms. Vicki Pearson, RAC APR 2 2 1998
Sr. Product Regulation Manager
Cardiac Pacing Business
Medtronic, Inc.
7000 Centeral Ave., NE
Minneapolis, MIN 55432-3576

Re: P83006I/S028
P850089/S039
P890003/S055
P920015/S014
P930039/S006
P950024/sO0l
Cardioventus Defibrilators, and Pacing Leads
Filed: April 20, 1998

Dear Ms. Pearson:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has received your premarket approval application (PMA) supplement which requests
approval for the manufacturing facility located at Medtronic Puqrto Rico, Inc., Road PR-149,) km 56.3, Villalba, PR. The supplement will be processed in accordance with the PMA
supplement pilot program for manufacturing and/or sterilization site changes described in the
March 20, 1996 "Dear President or CEO" letter.

Your PMA supplement is approvable and will be placed on hold until CDRH's Office of
Compliance finds the manufacturing facilities, methods and controls in compliance with the
applicable requirements of the Quality System Regulation (21 CFR Part 820). The document,
Guidance For Preparation of PMA Manufacturing Information, that you received earlier, is based
on the original Good Manufacturing Practice (GMP) Regulation. That regulation was
superseded by the Quality System Regulation, which became effective on June 1, 1997.

The guidance document is currently under revision to conform with the additional requirements
for design control established by the Quality System Regulation. Until the new guidance is
available, you are not required to describe the design controls used for the PMA device. During
the PMA inspection, however, you may be asked to demonstrate that any design operations for
the PMA device, conducted after June 1, 1997, are in compliance with the design control
requirements of 21 CER 820.30.
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If you have not already done so, please notify CDRH as soon as possible in the form of an
amendment to the PMA if there will be a delay in setting up your manufacturing facility for
production of the device, and provide the expected date that the facility will be prepared for an
FDA inspection. If you have any questions regarding the status of your Quality System
inspection please contact the Office of Compliance at (301)-594-4695, or your District Office.

If necessary, amend ihe PMA. supplement. to include any relevant information not previously
submitted.

Any amendment to this PMA supplement number above and should be submitted in duplicate to
to the address below and reference the above PMA supplement number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

At the same time, please submit an identical copy to:

CDRH Office of Compliance
Field Programs Branch
2098 Gaither Road
Rockville, MD 20850

If you have any questions concerning this approvable letter, please contact Mr. Mervin Parker, Jr.
at (301) 594-2186.

Sincerely yours,

Philip ips
Deputy rctor
Office of Device Evaluation
Center for Devices and
Radiological Health
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Ms. Jeanmarie Sales
Product Regulation Manager
Tachyarrhythmia Management Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S13
Medtronic® Sprint TM Models 6943 and 6945 Leads

Filed: July 21, 1997
Amended: August 21, 1997

Dear Ms. Sales:

The Center for Devices and Radiological Health (CDRH) of the Food and
Drug Administration (FDA) has completed its evaluation of your
premarket approval application (PMA) supplement, which requested
approval for Medtronic® Sprint TM Models 6943 and 6945 Leads. Based
upon the information submitted, the PMA supplement is approved subject
to the conditions described below and in the "Conditions of Approval
for Implantable Defibrillators and Programmers" (enclosed). You may
begin commercial distribution of the device as modified by your PMA
supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the meaning
of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the
act) under the authority of section 515(d) (1) (B)(ii) of the act. FDA
has also determined that to ensure the safe and effective use of the
device that the device is further restricted within the meaning of
section 520(e) under the authority of section 515(d)(1)(B)(ii), (1)
insofar as the labeling specify the requirements that apply to the
training of practitioners who may use the device as approved in this
order and (2) insofar as the sale, distribution, and use must not
violate sections 502(q) and (r) of the act.
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Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a device
that is not in compliance with these conditions is a violation of the
act.

You are reminded that as soon as possible, and before commercial
distribution of your device, that you must submit an amendment to this
PMA submission with copies of all approved labeling in final printed
form.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above PMA
number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the act, manufacturers of certain
types of devices identified by the act or designated by FDA are
required to conduct postmarket surveillance studies. FDA has
identified under section 522(a) (1) (A) the above noted device as
requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or
delivery for introduction of this device into interstate commerce you
will be required to submit to FDA certification of the date of
introduction into interstate commerce, a detailed protocol which
describes the postmarket surveillance study, and a detailed profile of
the study's principal investigator that clearly establishes the
qualifications and experience of the individual to conduct the
proposed study. For your information, general guidance on preparing a
protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will either
approve or disapprove it and notify you of the Agency's action in
writing. Do not undertake a postmarket surveillance study without an
FDA approved protocol.

/7
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Failure to certify accurately the date of initial introduction of your
device into interstate commerce, to submit timely an acceptable
protocol, or to undertake and complete an FDA approved postmarket
surveillance study consistent with the protocol, will be considered
violations of section 522.

In accordance with the Medical Device Amendments of 1992, failure of a
manufacturer to meet its obligations under section 522 is a prohibited

act under section 301(q) (1) (C) of the act (21 U.S.C. 331(q) (1) (C)).
Further, under section 502(t) (3) of the act (21 U.S.C. 352(t) (3), a
device is misbranded if there is a failure or refusal to comply with
any requirement under section 522 of the act. Violations of sections
301 or 502 may lead to regulatory actions including seizure of your
product, injunction, prosecution, or civil money penalties or other
FDA enforcement actions including (but not limited to) withdrawal of
your PMA.

If you have any questions concerning postmarket surveillance study
requirements, contact the Postmarket Surveillance Studies Branch, at
(301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990) , manufacturers of certain devices must track
their products to the final user or patient so that devices can be
located quickly if serious problems are occurring with the products.
The tracking requirements apply to (1) permanent implants the failure
of which would be reasonably likely to have serious adverse health

consequences; (2) life sustaining or life supporting devices that are
used outside of device user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3)
other devices that FDA has designated as requiring tracking. Under
section 519(e), FDA believes that your device is a device that is
subject to tracking because it is a permanent implant whose failure
would be reasonably likely to have serious adverse consequences.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations set out
what you must do to track a device. In addition, the regulations list
example permanent implant and life sustaining or life supporting
devices that FDA believes must be tracked at 21 CFR § 821.20(b) and
the devices that FDA has designated for tracking at 21 CFR §
821.20(c). FDA's rationale for identifying these devices is set out
in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991) , 57 FR
22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993) )
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If you have questions concerning this approval order, please contact
Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Director
Division of Cardiovascular,

Respiratory, and Neurological Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosures
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cc: HFZ-544 (Postmarket Surveillance Branch if appropriate)
HFZ-300 (Field Programs Branch - GMP)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCNRD)
HFZ-100 (OST Reviewer - if appropriate

D.C.
APPROVAL ORDER FOR A PMA SUPPLEMENT (SA) Modified 6-9-95
NOTE. ENCLOSURE - INCLUDE THE CONDITIONS OF APPROVAL

Prepared by:DTerry:att/9/4/97
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DEPARTMENT OF HEAL17H & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20856

SEP I 0 1997

Ms. Jeanmarie Sales
Product Regulation Manager
Tachyarrhythinia Management Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S13
Medtronic®D SprintTM Models 6943 and 6945 Leads
Filed: July 21, 1997
Amended: August 21, 1997

Dear Ms. Sales:

The Center for Devices and Radiological Health (CDRH) of the Food and
Drug Administration (FDA) has completed its evaluation of your
premarket approval application (PMA) supplement, which requested
approval for Medtronic® SprintTM Models 6943 and 6945 Leads. Based
upon the information submitted, the PNA supplement is approved subject
to the conditions described below and in the "Conditions of Approval
for Implantable Defibrillators and Programmers" (enclosed) . You may
begin commercial distribution of the device as modified by your PMA
supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the meaning
of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the
act) under the authority of section 515(d) (1) (B) (ii) of the act. FDA
has also determined that to ensure the safe and effective use of the
device that the device is further restricted within the meaning of
section 520(e) under the authority of section 515(d) (l)(B) (ii), (1)
insofar as the labeling specify the requirements that apply to the
training of practitioners who may use the device as approved in this
order and (2) insofar as the sale, distribution, and use must not
violate sections 502(q) and (r) of the act.
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Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a device
that is not in compliance with these conditions is a violation of the
act.

You are reminded that as soon as possible, and before commercial
distribution of your device, that you must submit an amendment to this
PMA submission with copies of all approved labeling in final printed
form.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above PMA
number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the act, manufacturers of certain
types of devices identified by the act or designated by FDA are
required to conduct postmarket surveillance studies. FDA has
identified under section 522(a) (1) (A) the above noted device as
requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or
delivery for introduction of this device into interstate commerce you
will be required to submit to FDA certification of the date of
introduction into interstate commerce, a detailed protocol which
describes the postmarket surveillance study, and a detailed profile of
the study's principal investigator that clearly establishes the
qualifications and experience of the individual to conduct the
proposed study. For your information, general guidance on preparing a
protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will either
approve or disapprove it and notify you of the Agency's action in
writing. Do not undertake a postmarket surveillance study without an
FDA approved protocol.
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Failure to certify accurately the date of initial introduction of your
device into interstate commerce, to submit timely an acceptable
protocol, or to undertake and complete an FDA approved postmarket
surveillance study consistent with the protocol, will be considered
violations of section 522.

In accordance with the Medical Device Amendments of 1992, failure of a
manufacturer to meet its obligations under section 522 is a prohibited
act under section 301(q) (1) (C) of the act (21 U.S.C. 331(q) (1) (C)).
Further, under section 502(t) (3) of the act (21 U.S.C. 352(t) (3), a
device is misbranded if there is a failure or refusal to comply with
any requirement under section 522 of the act. Violations of sections
301 or 502 may lead to regulatory actions including seizure of your
product, injunction, prosecution, or civil money penalties or other
FDA enforcement actions including (but not limited to) withdrawal of
your PMA.

If you have any questions concerning postmarket surveillance study
requirements, contact the Postmarket Surveillance Studies Branch, at
(301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can be
located quickly if serious problems are occurring with the products.
The tracking requirements apply to (1) permanent implants the failure
of which would be reasonably likely to have serious adverse health
consequences; (2) life sustaining or life supporting devices that are
used outside of device user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3)
other devices that FDA has designated as requiring tracking. Under
section 519(e), FDA believes that your device is a device that is
subject to tracking because it is a permanent implant whose failure
would be reasonably likely to have serious adverse consequences.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations set out
what you must do to track a device. In addition, the regulations list
example permanent implant and life sustaining or life supporting
devices that FDA believes must be tracked at 21 CFR § 821.20(b) and
the devices that FDA has designated for tracking at 21 CFR §
821.20(c). FDA's rationale for identifying these devices is set out
in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR
22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please contact
Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Director
Division of Cardiovascular,

Respiratory, and Neurological Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosures



DEPARTMENT OF HEA. H & HUMAN SERVICE> 6Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20856

SEP I 1997

Ms. Jeanmarie Sales
Product Regulation Manager
Tachyarrhythmia Management Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S13

Medtronic® Sprint TM Models 6943 and 6945 Leads

Filed: July 21, 1997
Amended: August 21, 1997

Dear Ms. Sales:

The Center for Devices and Radiological Health (CDRH) of the Food and
Drug Administration (FDA) has completed its evaluation of your
premarket approval application (PMA) supplement, which requested
approval for Medtronic® Sprint TM Models 6943 and 6945 Leads. Based
upon the information submitted, the PMA supplement is approved subject
to the conditions described below and in the "Conditions of Approval
for Implantable Defibrillators and Programmers" (enclosed). You may
begin commercial distribution of the device as modified by your PMA
supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the meaning
of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the
act) under the authority of section 515(d) (1) (B) (ii) of the act. FDA
has also determined that to ensure the safe and effective use of the
device that the device is further restricted within the meaning of
section 520(e) under the authority of section 515(d) (1) (B) (ii), (1)
insofar as the labeling specify the requirements that apply to the
training of practitioners who may use the device as approved in this
order and (2) insofar as the sale, distribution, and use must not
violate sections 502(q) and (r) of the act.
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Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a device
that is not in compliance with these conditions is a violation of the
act.

You are reminded that as soon as possible, and before commercial
distribution of your device, that you must submit an amendment to this
PMA submission with copies of all approved labeling in final printed
form.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above PMA
number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the act, manufacturers of certain
types of devices identified by the act or designated by FDA are
required to conduct postmarket surveillance studies. FDA has
identified under section 522(a) (1) (A) the above noted device as
requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or
delivery for introduction of this device into interstate commerce you
will be required to submit to FDA certification of the date of
introduction into interstate commerce, a detailed protocol which
describes the postmarket surveillance study, and a detailed profile of
the study's principal investigator that clearly establishes the
qualifications and experience of the individual to conduct the
proposed study. For your information, general guidance on preparing a
protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will either
approve or disapprove it and notify you of the Agency's action in
writing. Do not undertake a postmarket surveillance study without an
FDA approved protocol.
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Failure to certify accurately the date of initial introduction of your
device into interstate commerce, to submit timely an acceptable
protocol, or to undertake and complete an FDA approved postmarket
surveillance study consistent with the protocol, will be considered
violations of section 522.

In accordance with the Medical Device Amendments of 1992, failure of a
manufacturer to meet its obligations under section 522 is a prohibited
act under section 301(q) (1) (C) of the act (21 U.S.C. 331(q) (1) (C)).
Further, under section 502(t)(3) of the act (21 U.S.C. 352(t) (3), a
device is misbranded if there is a failure or refusal to comply with
any requirement under section 522 of the act. Violations of sections
301 or 502 may lead to regulatory actions including seizure of your
product, injunction, prosecution, or civil money penalties or other
FDA enforcement actions including (but not limited to) withdrawal of
your PMA.

If you have any questions concerning postmarket surveillance study
requirements, contact the Postmarket Surveillance Studies Branch, at
(301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can be
located quickly if serious problems are occurring with the products.
The tracking requirements apply to (1) permanent implants the failure
of which would be reasonably likely to have serious adverse health
consequences; (2) life sustaining or life supporting devices that are
used outside of device user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3)
other devices that FDA has designated as requiring tracking. Under
section 519(e), FDA believes that your device is a device that is
subject to tracking because it is a permanent implant whose failure
would be reasonably likely to have serious adverse consequences.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations set out
what you must do to track a device. In addition, the regulations list
example permanent implant and life sustaining or life supporting
devices that FDA believes must be tracked at 21 CFR § 821.20(b) and
the devices that FDA has designated for tracking at 21 CFR §
821.20(c). FDA's rationale for identifying these devices is set out
in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR
22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please contact
Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Director
Division of Cardiovascular,
Respiratory, and Neurological Devices

Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosures



Ms. Jeanmarie Sales

Product Regulation Manager

Tachyarrhythmia Management Business

Medtronic, Inc.

7000 Central Avenue, N.E.

Minneapolis, Minnesota 55432-3576

Re: P920015/S12

Medtronic® Sprint"1 Model 6942 Lead

Filed: March 18, 1997

Amended: June 12, and July 9, 1997

Dear Ms. Sales:

The Center for Devices and Radiological Health (CDRH) of the Food and

Drug Administration (FDA) has completed its evaluation of your
premarket approval application (PMA) supplement, which requested

approval for the Medtronic® SprintTM Model 6942 Lead System. Based
upon the information submitted, the PMA supplement is approved subject

to the conditions described below and in the "Conditions of Approval
for Implantable Defibrillators and Programmers" (enclosed). You may
begin commercial distribution of the device as modified by your PMA
supplement upon receipt of this letter.

Expiration dating for this device has been established and approved at

two (2) years from the sterilization date. The storage temperature

should be below 400 C (1040 F).

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the meaning
of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the
act) under the authority of section 515(d) (1) (B) (ii) of the act. FDA
has also determined that to ensure the safe and effective use of the
device that the device is further restricted within the meaning of
section 520(e) under the authority of section 515(d) (1) (B) (ii), (1)
insofar as the labeling specify the requirements that apply to the
training of practitioners who may use the device as approved in this
order and (2) insofar as the sale, distribution, and use must not
violate sections 502(q) and (r) of the act.
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Failure to comply with the conditions of approval as attached

invalidates this approval order. Commercial distribution of a device

that is not in compliance with these conditions is a violation of the

act.

You are reminded that as soon as possible, and before commercial
distribution of your device, that you must submit an amendment to this

PMA submission with copies of all approved labeling in final printed

form.

All required documents should be submitted in triplicate, unless

otherwise specified, to the address below and reference the above PMA

number to facilitate processing.

PMA Document Mail Center (HFZ-401)

Center for Devices and Radiological Health

Food and Drug Administration

9200 Corporate Boulevard

Rockville, Maryland 20850

In addition under section 522(a) of the act, manufacturers of certain

types of devices identified by the act or designated by FDA are

required to conduct postmarket surveillance studies. FDA has

identified under section 522(a) (1) (A) the above noted device as

requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or

delivery for introduction of this device into interstate commerce you

will be required to submit to FDA certification of the date of

introduction into interstate commerce, a detailed protocol which

describes the postmarket surveillance study, and a detailed profile of

the study's principal investigator that clearly establishes the

qualifications and experience of the individual to conduct the

proposed study. For your information, general guidance on preparing a

protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center

1350 Piccard Drive (HFZ-544)

Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will either

approve or disapprove it and notify you of the Agency's action in

writing. Do not undertake a postmarket surveillance study without an
FDA approved protocol.
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Failure to certify accurately the date of initial introduction of your

device into interstate commerce, to submit timely an acceptable

protocol, or to undertake and complete an FDA approved postmarket

surveillance study consistent with the protocol, will be considered

violations of section 522.

In accordance with the Medical Device Amendments of 1992, failure of a

manufacturer to meet its obligations under section 522 is a prohibited

act under section 301(q) (1) (C) of the act (21 U.S.C. 331(q) (1) (C)).

Further, under section 502(t) (3) of the act (21 U.S.C. 352(t) (3), a

device is misbranded if there is a failure or refusal to comply with

any requirement under section 522 of the act. Violations of sections

301 or 502 may lead to regulatory actions including seizure of your

product, injunction, prosecution, or civil money penalties or other
FDA enforcement actions including (but not limited to) withdrawal of

your PMA.

If you have any questions concerning postmarket surveillance study

requirements, contact the Postmarket Surveillance Studies Branch, at

(301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical

Devices Act in 1990), manufacturers of certain devices must track

their products to the final user or patient so that devices can be

located quickly if serious problems are occurring with the products.

The tracking requirements apply to (1) permanent implants the failure

of which would be reasonably likely to have serious adverse health

consequences; (2) life sustaining or life supporting devices that are

used outside of device user facilities the failure of which would be

reasonably likely to have serious adverse health consequences; and (3)

other devices that FDA has designated as requiring tracking. Under

section 519(e), FDA believes that your device is a device that is

subject to tracking because it is a permanent implant whose failure

would be reasonably likely to have serious adverse consequences. FDA

has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on

August 16, 1993, appear at 21 CFR Part 821. These regulations set out

what you must do to track a device. In addition, the regulations list

example permanent implant and life sustaining or life supporting

devices that FDA believes must be tracked at 21 CFR § 821.20(b) and

the devices that FDA has designated for tracking at 21 CFR §
821.20(c). FDA's rationale for identifying these devices is set out
in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR

22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please contact

James Lee at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.

Director

Division of Cardiovascular,

Respiratory, and Neurological Devices_

Office of Device Evaluation

Center for Devices and

Radiological Health

Enclosure



DEPARTMENT OF HEALTH & HUMAN SERVICES
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CC: HFZ-544 (Postmarket Surveillance Branch if appropriate)
HFZ-300 (Field Programs Branch - GMP)

HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCRND)

HFZ-100 (OST Reviewer - if appropriate

D.O.
APPROVAL ORDER FOR A PMA SUPPLEMENT (SA) Modified 6-9-95
NOTE. ENCLOSURE - INCLUDE THE CONDITIONS OF APPROVAL.

Prepared by:JLee:att/7/16/97

OFFICE SURNAME DATE OFFICE SURNAME DATE OFFICE SURNAME DATE
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DEPARTMENT OF HEALiH &t HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

JUL 1 8 1997

Ms. Jeanmarie Sales
Product Regulation Manager
Tachyarrhythmia Management Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S12
Medtronic® Sprint"4 Model 6942 Lead
Filed: March 18, 1997
Amended: June 12, and July 9, 1997

Dear Ms. Sales:

The Center for Devices and Radiological Health (CDRH) of the Food and
Drug Administration (FDA) has completed its evaluation of your
premarket approval application (PMA) supplement, which requested
approval for the Medtronic® Sprint"m Model 6942 Lead System. Based
upon the information submitted, the PMA supplement is approved subject
to the conditions described below and in the "Conditions of Approval
for Implantable Defibrillators and Programmers" (enclosed) . You may
begin commercial distribution of the device as modified by your PMA
supplement upon receipt of this letter.

Expiration dating for this device has been established and approved at
two (2) years from the sterilization date. The storage temperature
should be below 400 C (1040 F)

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the meaning
of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the
act) under the authority of section 515(d) (1) (B) (ii) of the act. FDA
has also determined that to ensure the safe and effective use of the
device that the device is further restricted within the meaning of
section 520(e) under the authority of section 515(d) (1) (B)(ii) , (1)
insofar as the labeling specify the requirements that apply to the
training of practitioners who may use the device as approved in this
order and (2) insofar as the sale, distribution, and use must not
violate sections 502(q) and (r) of the act.
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Failure to comply with the conditions of approval as attached

invalidates this approval order. Commercial distribution of a device

that is not in compliance with these conditions is a violation of the

act.

You are reminded that as soon as possible, and before commercial

distribution of your device, that you must submit an amendment to this

PMA submission with copies of all approved labeling in final printed

form.

All required documents should be submitted in triplicate, unless

otherwise specified, to the address below and reference the above PMA

number to facilitate processing.

PMA Document Mail Center (HFZ-401)

Center for Devices and Radiological Health

Food and Drug Administration
9200 Corporate Boulevard

Rockville, Maryland 20850

In addition under section 522(a) of the act, manufacturers of certain

types of devices identified by the act or designated by FDA are

required to conduct postmarket surveillance studies. FDA has

identified under section 522(a) (1) (A) the above noted device as

requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or

delivery for introduction of this device into interstate commerce you

will be required to submit to FDA certification of the date of

introduction into interstate commerce, a detailed protocol which

describes the postmarket surveillance study, and a detailed profile of

the study's principal investigator that clearly establishes the

qualifications and experience of the individual to conduct the

proposed study. For your information, general guidance on preparing a

protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center

1350 Piccard Drive (HFZ-544)

Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will either

approve or disapprove it and notify you of the Agency's action in

writing. Do not undertake a postmarket surveillance study without an

FDA approved protocol.
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Failure to certify accurately the date of initial introduction of your
device into interstate commerce, to submit timely an acceptable
protocol, or to undertake and complete an FDA approved postmarket
surveillance study consistent with the protocol, will be considered
violations of section 522.

In accordance with the Medical Device Amendments of 1992, failure of a
manufacturer to meet its obligations under section 522 is a prohibited
act under section 301(q) (1) (C) of the act (21 U.S.C. 331(q) (1) (C)).
Further, under section 502(t) (3) of the act (21 U.S.C. 352(t) (3), a
device is misbranded if there is a failure or refusal to comply with
any requirement under section 522 of the act. Violations of sections
301 or 502 may lead to regulatory actions including seizure of your
product, injunction, prosecution, or civil money penalties or other
FDA enforcement actions including (but not limited to) withdrawal of
your PMA.

If you have any questions concerning postmarket surveillance study
requirements, contact the Postmarket Surveillance Studies Branch, at
(301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can be
located quickly if serious problems are occurring with the products.
The tracking requirements apply to (1) permanent implants the failure
of which would be reasonably likely to have serious adverse health
consequences; (2) life sustaining or life supporting devices that are
used outside of device user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3)
other devices that FDA has designated as requiring tracking. Under
section 519(e), FDA believes that your device is a device that is
subject to tracking because it is a permanent implant whose failure
would be reasonably likely to have serious adverse consequences. FDA
has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations set out
what you must do to track a device. In addition, the regulations list
example permanent implant and life sustaining or life supporting
devices that FDA believes must be tracked at 21 CFR § 821.20(b) and
the devices that FDA has designated for tracking at 21 CFR §
821.20(c). FDA's rationale for identifying these devices is set out
in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR
22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please contact
James Lee at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.

Director

Division of Cardiovascular,
Respiratory, and Neurological Devices_

Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration, Center for Devices and Radiological Health

Memorandum

JM423 tO
DATE:

FROM: PMA Postmarket Coordinator, FPB,
DPO, OC, CDRH, (HFZ-306)

SUBJECT: POSTMARKET INSPECTION REQUEST

TO: District Director, MIN-DO, HFR-MW300

TO: International & Technical Operations Branch,
HFC-135

THRU: Foreign Program Coordinator, HFZ-306

PMA NO.: P920015

DEVICE: Medtronic® Transvene® Lead System

APPLICANT: Medtronic, Inc., Rice Creek Facility,
7000 Central Avenue,.N.E.
Minneapolis, MN 55432

MANUFACTURER: Same as Above Applicant
(May be Fridley, MN 55432)
(10/22/93 Previous EI)

Medtronic B.V. - CFN# UN 20065
Wenckeback Straat 10, 6466 NC Kerkrade West

4L•~-~3~ Netherlands
'-_ ~ (12/18/92 Previous EI)

A Premarket Approval application was approved on December 9,
1993, for the above referenced product. In accordance with c/q
C.P. 7383.001 - Medical Device Premarket Approval and Nq
Postmarket Inspections, the postmarket PMA inspection of the
manufacturer is targeted to be scheduled within eight to
twelve months following the application approval date which
would be between August and December 1994.

Your district may have already scheduled the necessary
postmarket inspection, or could be currently conducting an
on-going inspection of this firm.

During the postmarket inspection, emphasis should be placed
upon examining any changes the firm may have made in the
design, manufacturing process and/or quality assurance systems
relative to the PMA device or the manufacturing process.
Attachment B of the Compliance Program provides detailed
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guidance for conducting the inspection. Further, the attached
guidance specific to the device and manufacturing process(es)
from the Division of Enforcement III, Cardiovascular and
Neurological Devices Branch, HFZ-341 is provided for use
during the inspection.

Attached is a Notification of Postmarket Inspection form which
should be returned by facsimile to me with the expected start
date of the inspection. Upon receipt of this form, and
approximately 30 days before the planned inspection date, I
will send copies of all the cover letters for any PMA
Supplements submitted by the firm since this Original PMA was
approved.

I have also attached a PMA Supplement Report. Query of the
OSCAR database resulted in no MDR reports at this time.

If this postmarket inspection has already taken place, the
Field Programs Branch would also like to be notified of the
District's decision for this inspection.

Please report the inspectional time to PAC 83001 - Medical
Device Premarket Approval and Postmarket Inspections - C.P.
7383.001. If the District Decision results in an OAI
classification, please forward the EIR to HFZ-306 as stated in
the C.P. and mark the coversheet "PMA POSTMARKET INSPECTION".

In addition, for postmarket data tracking purposes, please
fill out the requested postmarket inspection data listed on
the Notification of Postmarket Inspection form. Please FAX
the completed form to me with a copy of the EIR coversheets
with endorsement.

The following reporting data is provided for your information.
If you need any further information, please do not hesitate to
contact me.

Product Code: 74
PAC: 83001
Priority: Routine
Est. Comp. Time: 30 Hours

Contact: Ann Sheapp
2098 Gaither Road
Rockville, Maryland 20850
Phone: 301-594-4695
FAX: 301-594-4715

Ann L. Sheal~
Attachments

5



rE ASSGND' 3/95 CS#: PRIORITY: DATE INSPD: 4/3-6/95 CR1':

ENTRAL FILE NO. 1)610980 JD/TA: CNTY: PHONE, 0 4 5 -4 38 5 8 5

EMPL NO: 600

NAME: Medtronic B.V. STT: STREET: Wenckebaehstraat 10 DSRC:

CITY: Kerkrade, The Netherlands STT:ZIP: 6466NV DSRC:
…-- - - - - - - - - - - - - - - - - - - - - - -

I ~~~~~~~ENDORSEMENT

page 2

Management stated they will correct 4 of the items and part of an

additional item pending review and approval by Medtronics Corporate

1 ~~office.

Its recommended that because the firm is a large manufacturer of

I ~~sterile devices and time is limited the next inspection should a~

team inspection ie Microbiologist and CSO.

RECOMMENDATIONt Issue Warning Letter for serious packaging,
sealing and sterilization deviations. NoI po0lQ-

KM bwrtu"Va frmi- 4t4wt~ reopwd%) 4W 64
CLASSIFIED: OAT 15t -fluwnK.

F/U: Re-inspect per CDRH/ITOB guidelines

VOLUNTARY CORRECTION DATA

PROBLEM CORRECTIVE EST .COST DATE ACTION CORRECTING REPORTING

PAC TYPE ACTION OF ACTION VERIFIED UNIT DISTRICT

SIGNATURE jU *, jJ tt 56cDATE: Z

DISTRIBUTION:

FORM FDA 481(E)-CG (09/83)



ED 3/95 CS#: PRIORITY: DATE INSPD: 4/3-6/95 GRP:
EILENO. :9610980 JD/TA: CNTY: PHONE:045-438585<

EMPL NO:6 00

NAME:NMedtronic B.V. STREET:Wenckebachstraat

'ITY:Kerkrade, The Netherlands STATE: ZIP:6466 NV DISTRICT: %

ENDORSEMENT

This inspection was conducted per ITOB and HFZ-306 request to I
conduct a PMA Post Market inspection of Medtronic Transvene Lead
System (TLS) PMA No P920015 including supplement NOS. S1,S2 and S3.
This inspection was conducted per CP7383.001, 7382.830 and
7382.830A. Attachment B, Sterilization Checklist, was completed.

The last inspection of 12/92 was conducted as a follow-up to a !
previous 1/92 inspection which resulted in Automatic Detention of
the firm's devices on 6-16-92. The 12/92 inspection was initially
Classified OAI but was downgraded by CDRH resulting in removal of
the Automatic-Detention.

The PMA lists this location as an alternate manufacturing site.
The firm has not shipped any devices to the US. The primary !
manufacturing site for this device for the U.S. is Medtronic in I
Minneapolis, MN.

The current inspection did not find any major problems with the
Post Market PMA requirements. However, a 6 item FDA-483 was issued
for serious GMP problems including the following sterilization and
packaging validation observations:

(1) No validation of TLS packages sealed on the Kerkrade
sealing machine.

(2) The most current validation of the Kerkrade sealing
machine dated 6/92 did not prove reproductability.

(3) The 9/94 re-validation of the ETO sterilizer was I
conducted using empty packages although the report
states the study included "fully load packaging".
The firm has not conducted studies correlating full
packages VS empty packages on packages sealed at

VOLUNTARY CORRECTION DATA

PROBLEM CORRECTIVE EST.COST DATE ACTION CORRECTING REPORT:1iC
PAC TYPE ACTION OF ACTION VERIFIED UNIT DISTR CT

SIGNATUREFp fl DATE:

HFC-135; HFA-224; HFZ-306 w/exhibits; HFZ-306 FOI; LOS-DO-DIB; HFC-170;
DISTRIBUTION:

1HFC--135 Alertfile; Marvin Appleton, investigator, Canoga Park PP



INSPECTIONAL GUIDANCE (MIN-DO) 

December 1, 1992 

SUBJECT: PMA P920015A 

FIRM: Medtronic, Inc. 
Rice Creek Facility 
7000 Central Avenue NE 
Minneapolis, Minnesota 55432 

DEVICE: PCD Transvene Lead System; 
Model 6963 and 6999 

CDRH/OCS 
REVIEWER: 

3+J 
David Kunin, MQAB, HFZ-~, (301) 427-1128 

This PMA amendment, P920015A, is for the production of the Model 6963 
and 6999 leads manufactured at the Medtronic Rice Creek Facility. The 
last inspection was conducted January 21 through February 8, 1992, and 
the firm was found to be an acceptable manufacturer. . .-
During the postmarket inspection of Medtronic, Rice Creek Facility, 
please pay particular attention to the following areas: (820.81(a)] 

Model 6963 Lead 

For the following operations, verify that the approved and appropria-te 
method sheets are being used: 

Electrode Sub-Assembly: 

1. 
2. 
3. 
4 . 
5. 
6 • 

Crimp distal sleeve to coil; ~b~~)~ 
Cut coil to length; . 
String tubing and bond distal tubing; UbX4):J 
Crimp proximal sleeve tO,coil and bond proximal sleeve;(ZbX~) ~ 
Laser weld; and, ~X.4) :=J 
Silicone backfill:DbXL.·t'~ :J Are specifications and 
inspection characterlstics established for this operation? Is the" 
minimum insulation thickness measured? Is the measurement 
recorded? 

Final Assembly: 

7 . 
8. 
9. 
10. 
ll. 
12. 
13. 

Crimp coil i Q-o"iv.)-=:J 
String tUbi~; 
C rim p tip; C ;)(4) :=/) 
Cut to leng ; 
Crimp connector pin;~~~) 
Assemble connector P}4i V"~) -=:J 
Install molded tip; ~) ~) and, 



14. Bond tip/connector sleeve; ~4)~ 
15. Are all crimped and bonded inter~~ tested for integrity? 

[820.1.60] 
16. Veri the final functional inspection is performed according to 

[820.160] 
17. Verify that the leads deliver pacing, cardioversion, and 

defibrillation pulses that correspond with the range of 
programmable detection rhythms. (A specification should be 
available which establishes the pulse to be delivered at the 
detection of a specific cardiac electrical rhythm. verify the 
delivery of the appropriate pulse with the corresponding rhythm.) 
[820.100(b)(2)] 

18. Verify that the tests for electrical resistance, continuity, and 
leakage are performed in accordance with the appropriate 
procedure. [820.160] 

MODEL 6999 

For the following operations, verify: 

19. 
20. 
21. 

22. 

23. 

24. 

25. 
26. 

27. 

28. 

29. 

Defibrillator coil assembly; 
Manifold patch; 
Manifold assembly: 
a. Crimp manifold; E (~)l4)~ .w 

b. Stake defibrilla tor COl l~,!-Lt):=J 
c Cut tubing/coil to length. 
Bond manifold assembly: 
a. Bond defibrillator coil assembly t l'O)(.yj-=:J) 
Connector assembly: . 
a. Crimp connector pin; t(b~.J) ) 
b. Backfill voids. L:L~X~) 
Manifold patch: 
a. Attach patch; 
b. Attach connector sleeve; 
c. Serial number label. 
Backfill connector sleeve and backfill air bubbles U\.))t'-l) :J 
Are all crimped and bonded interfaces tested for integrity? 
[820.160] 
verify the final functional inspection is performed according to 
the appropriate procedure. [820.160] 
Verify that the leads deliver pacing, cardioversion, and 
programmable detection rhythms. (A specification should be 
available which establishes the pulse to be delivered at the 
detection of a specific cardiac electrical rhythm. Verify the 
delivery of the appropriate pulse with the corresponding rhythm.) 
[820.100(b) (2)] 
Verify that the tests for electrical resistance, continuity, and 
leakage are performed in accordance with the appropriate 
procedure. [820.160] 

Concerning both model leads: 

30. Verify that biological indicators are placed in the locations 
specified in the sterilization procedure. [820.100(b)(2)] 

1 



31. Verify that the sterile package is tested according to a written 
procedure. (820.160] 

32. verify that quality system audits are conducted according to a 
written procedure and schedule. [820.20(b») 

33. Are complaints of device failure, injury, and death being 
investigated and the results documented? [820.198] 

34. Verify that the leads are tested in accordance with all labeled 
device voltage ratings. [820.160] 

THIS DOCUMENT MAY NOT BE SHOWN OR PROVIDED TO THE FIRM 

-." 



DATE: December 1, 1992

TO: Mary Ann Fitzgerald, PDAB, HFZ-331

THRU: Acting Chief, MQAB, HFZ-332 SA/ izh//t-

FROM: David Kunin, MQAB, HFZ-332

SUBJECT: PMA Amendment P920015A, dated October 26, 1992

APPLICANT: Medtronic, Inc.
7000 Central Ave. N.E.
Minneapolis, Minnesota 55432-3576

MANUFACTURER: Medtronic, Inc.
Rice Creek Facility
7000 Central Ave. N.E.

Minneapolis, Minnesota 55432-3576

DEVICE: Pacer-Cardioversion-Defibrillation Lead System; for

use with Medtronic PCD Model 5355 external
tachyarrhythmia control device (ECTCD),

and Model 9788 MemoryMod Software Module.
(critical device)

Model 6963 CS Lead (critical device)
Model 6999 SQ Patch Lead (critical device)

SITUATION: 2 (In accordance with Part V of Compliance
Program 7382.830, dated 9/1/91)

MQAB RECOMMENDATION: 1. PMA AMENDMENT APPROVAL
2. POSTMARKET INSPECTION

This PMA amendment, P920015A, dated October 26, 1992, is for the

manufacture of Medtronic's Model 6963 and 6999 Leads for use with the

PCD Model 5355 external tachyarrhythmia control device (ECTD). The

manufacturing site for this amendment is the Rice Creek facility. The

last inspection of this location was January 21 through

February 8, 1992. The firm was classified NAI for sterilization and

VAI-2 for GMP compliance. MIN-DO concurred with PMA approval. The

firm's response to an OCS deficiency letter, dated August 26, 1992,

adequately addressed the eleven concerns indicated.

A review of the amendment indicates the firm has met its PMA

commitments concerning the Manufacturing Control Section requirements.
There is a minimal probability that unsafe and ineffective devices

will be produced and distributed. MQAB recommends a postmarket

inspection be scheduled at the Rice Creek facility.

Guidance is included for use during the postmarket inspection.



Ms. Rachel Libi
Product Regulation Manager

Tacharrhythmia Management Business

Medtronic, Inc.

7000 Central Avenue, N.E.

Minneapolis, Minnesota 55432-3576

Re: P920015/S10
Medtronic® SprintTM Model 6932 Lead

Filed: May 17, 1995
Amended: July 15, 1996

Dear Ms. Libi:

The Center for Devices and Radiological Health (CDRH) of the Food and

Drug Administration (FDA) has completed its evaluation of your

premarket approval application (PMA) supplement, which requested

approval for the Medtronic® Sprint" Model 6932 Lead. Based upon the

information submitted, the PMA supplement is approved subject to the

conditions described below and in the "Conditions of Approval for

Implantable Defibrillators and Programmers" (enclosed). You may begin

commercial distribution of the device as modified by your PMA

supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to

prescription use in accordance with 21 CFR 801.109 within the meaning

of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the

act) under the authority of section 515(d) (1) (B) (ii) of the act. FDA

has also determined that to ensure the safe and effective use of the

device that the device is further restricted within the meaning of

section 520(e) under the authority of section 515(d) (1) (B) (ii), (1)

insofar as the labeling specify the requirements that apply to the

training of practitioners who may use the device as approved in this

order and (2) insofar as the sale, distribution, and use must not

violate sections 502(q) and (r) of the act.
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Failure to comply with the conditions of approval as attached

invalidates this approval order. Commercial distribution of a device

that is not in compliance with these conditions is a violation of the

Federal Food, Drug, and Cosmetic Act.

You are reminded that as soon as possible, and before commercial

distribution of your device, that you must submit an amendment to this

PMA submission with copies of all approved labeling in final printed

form.

All required documents should be submitted in triplicate, unless

otherwise specified, to the address below and reference the above PMA

number to facilitate processing.

PMA Document Mail Center (HFZ-401)

Center for Devices and Radiological Health

Food and Drug Administration

9200 Corporate Boulevard

Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and

Cosmetic Act, (the act) manufacturers of certain types of devices

identified by the act or designated by FDA are required to conduct

postmarket surveillance studies. FDA has identified under section

522(a) (1) (A) the above noted device as requiring postmarket

surveillance.

Upon approval and within thirty (30) days of first introduction or

delivery for introduction of this device into interstate commerce you

will be required to submit to FDA certification of the date of

introduction into interstate commerce, a detailed protocol which

describes the postmarket surveillance study, and a detailed profile of

the study's principal investigator that clearly establishes the

qualifications and experience of the individual to conduct the

proposed study. For your information, general guidance on preparing a

protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center

1350 Piccard Drive (HFZ-544)

Rockville, Maryland 20850
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Within sixty (60) days of receipt of your protocol, FDA will either

approve or disapprove it and notify you of the Agency's action in

writing. Do not undertake a postmarket surveillance study without an

FDA approved protocol.

Failure to certify accurately the date of initial introduction of your

device into interstate commerce, to submit timely an acceptable

protocol, or to undertake and complete an FDA approved postmarket

surveillance study consistent with the protocol, will be considered

violations of section 522.

In accordance with the Medical Device Amendments of 1992, failure of a

manufacturer to meet its obligations under section 522 is a prohibited

act under section 301(q) (1) (C) of the Federal Food, Drug and Cosmetic

Act (the act) 921 U.S.C. 331(q) (1) (C). Further, under section

502(t) (3) of the act (21 U.S.C. 352(t) (3), a device is misbranded if

there is a failure or refusal to comply with any requirement under

section 522 of the act. Violations of sections 301 or 502 may lead to

regulatory actions including seizure of your product, injunction,

prosecution, or civil money penalties or other FDA enforcement actions

including (but not limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillance study

requirements, contact the Postmarket Surveillance Studies Branch, at

(301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical

Devices Act in 1990), manufacturers of certain devices must track

their products to the final user or patient so that devices can be

located quickly if serious problems are occurring with the products.

The tracking requirements apply to (1) permanent implants the failure

of which would be reasonably likely to have serious adverse health

consequences; (2) life sustaining or life supporting devices that are

used outside of device user facilities the failure of which would be

reasonably likely to have serious adverse health consequences; and (3)

other devices that FDA has designated as requiring tracking. Under

section 519(e), FDA believes that your device is a device that is

subject to tracking because it is a permanent implant whose failure

would be reasonably likely to have serious adverse consequences. FDA

has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on

August 16, 1993, appear at 21 CFR Part 821. These regulations set out

what you must do to track a device. In addition, the regulations list

example permanent implant and life sustaining or life supporting

devices that FDA believes must be tracked at 21 CFR § 821.20(b) and
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the devices that FDA has designated for tracking at 21 CFR §

821.20(c). FDA's rationale for identifying these devices is set out

in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR

22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact

Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.

Director

Division of Cardiovascular,.

Respiratory, and Neurological Devices

Office of Device Evaluation

Center for Devices and

Radiological Health

Enclosure

cc:- HFZ-544 (Postmarket Surveillance Branch if appropriate)

HFZ-300 (Field Programs Branch - GMP)

HFZ-401 (Document Mail Center)

HFZ-402 (PMA Staff)

HFZ-450 (DCRND)

HFZ-100 (OST Reviewer - if appropriate

D.O.

APPROVAL ORDER FOR A 9MA SUPPLEMENT (SA) Modified 6-9-95

NOTE. ENCLOSURE - INCLUDE THE CONDITIONS OF APPROVAL.

Prepared by:DTerry:att/7/23/96

602n04 d,",atae >otn tL- - A6 -A /~

. ......... ... .
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service4 ~~~~~~~~~~~~~~~~~~~~~~~~Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

AUG -, C 99S

Ms. Rachel Libi

Product- Regulation manager

Tacharrhythmia Management Business

Medtronic, Inc.

7000 Central Avenue, N.E.

Minneapolis, Minnesota 55432-3576

Re: P920015/S1b
Medtronic® Sprintm Model 6932 Lead

Filed: May 17, 1995

Amended: July 15, 1996

Dear Ms. Libi:

The Center for Devices and Radiological Health (CDRH) of the Food and

Drug Administration (FDA) has completed its evaluation of your

premarket approval application (PMA) supplement, which requested

approval for the Medtronic® Sprint¶U Model 6932 Lead. Based upon the

information submitted, the PMA supplement is approved subject to the

conditions described below and in the "Conditions of Approval for

Implantable Defibrillators and Programmers" (enclosed) . You may begin

commercial distribution of the de-vice as modified by your PMA

supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to

prescription use in accordance with 21 CER 801.109 within the meaning

of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the

act) under the authority of section 515(d) (1) (B) (ii) of the act. FDA

has also determined that to ensure the safe and effective use of the

device that the device is further restricted within the meaning of

section 520(e) under the authority of section 515(d) (1) (B) (ii) , (1)

insofar as the labeling specify the requirements that apply to the
training of practitioners who may use the device as approved in this

order and (2) insofar as the sale, distribution, and use must not
violate sections 502(q) and (r) of the act.
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Failure to comply with the conditions of approval as attached

invalidates this approval order. Commercial distribution of a device

that is not in compliance with these conditions is a violation of the

Federal Food, Drug, and Cosmetic Act.

You are reminded that as soon as possible, and before commercial

distribution of your device, that you must submit an amendment to this

PMA submission with copies of all approved labeling in final printed

form.

All required documents should be submitted in triplicate, unless

otherwise specified, to the address below and reference the above PMA

number to facilitate processing.

PMA Document Mail Center (HFZ-401)

Center for Devices and Radiological Health

Food and Drug Administration
9200 Corporate Boulevard

Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and

Cosmetic Act, (the act) manufacturers of certain types of devices

identified by the act or designated by FDA are required to conduct

postmarket surveillance studies. FDA has identified under section

522(a) (1) (A) the above noted device as requiring postmarket

surveillance.

Upon approval and within thirty (30) days of first introduction or

delivery for introduction of this device into interstate commerce you

will be required to submit to FDA certification of the date of

introduction into interstate commerce, a detailed protocol which

describes the postmarket surveillance study, and a detailed profile of

the study's principal investigator that clearly establishes the

qualifications and experience of the individual to conduct the

proposed study. For your information, general guidance on preparing a

protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center

1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850
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Within sixty (60) days of receipt of your protocol, FDA will either

approve or disapprove it and notify you of the Agency's action in

writing. Do not undertake a postmarket surveillance study without an

FDA approved protocol.

Failure to certify accurately the date of initial introduction of your

device into interstate commerce, to submit timely an acceptable

protocol, or to undertake and complete an FDA approved postmarket

surveillance study consistent with the protocol, will be considered

violations of section 522.

In accordance with the Medical Device Amendments of 1992, failure of a

manufacturer to meet its obligations under section 522 is a prohibited

act under section 301(q) (1) (C) of the Federal Food, Drug and Cosmetic

Act (the act) 921 U.S.C. 331(q) (1) (C). Further, under section

502(t) (3) of the act (21 U.S.C. 352(t) (3), a device is misbranded if

there is a failure or refusal to comply with any requirement under

section 522 of the act. Violations of sections 301 or 502 may lead to

regulatory actions including seizure of your product, injunction,

prosecution, or civil money penalties or other FDA enforcement actions

including (but not limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillance study

requirements, contact the Postmarket Surveillance Studies Branch, at

(301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical

Devices Act in 1990), manufacturers of certain devices must track

their products to the final user or patient so that devices can be

located quickly if serious problems are occurring with the products.

The tracking requirements apply to (1) permanent implants the failure

of which would be reasonably likely to have serious adverse health

consequences; (2) life sustaining or life supporting devices that are

used outside of device user facilities the failure of which would be

reasonably likely to have serious adverse health consequences; and (3)

other devices that FDA has designated as requiring tracking. Under

section 519(e), FDA believes that your device is a device that is

subject to tracking because it is a permanent implant whose failure

would be reasonably likely to have serious adverse consequences. FDA

has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on

August 16, 1993, appear at 21 CFR Part 821. These regulations set out

what you must do to track a device. In addition, the regulations list

example permanent implant and life sustaining or life supporting

devices that FDA believes must be tracked at 21 CFR § 821.20(b) and
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the devices that FDA has designated for tracking at 21 CFR §

821.20(c). FDA's rationale for identifying these devices is set out

in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR

22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact

Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.

Director

Division of Cardiovascular,

Respiratory, and Neurological Devices

Office of Device Evaluation

Center for Devices and

Radiological Health

Enclosure



Ms. Rachel Libi

Product Regulation Manager
Tachyarrhythmia Management Business
Medtronic, Inc. JUL 6
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/Sl1

Medtronic® Model 6932 Lead

Filed: May 20, 1996
Amended: July 12, 1996

Dear Ms. Rachel:

The Center for Devices and Radiological Health (CDRH) of the Food and
Drug Administration (FDA) has completed its evaluation of your
premarket approval application (PMA) supplement, which requested
approval for the Medtronic Puerto Rico, Inc., Villalba West Industrial
Area, Villalba, Puerto Rico to manufacture the Medtronic® Model 6932
Lead. Based upon the information submitted, the PMA supplement is
approved subject to the conditions described below and in the
"Conditions of Approval for Implantable Defibrillators and
Programmers" (enclosed). You may begin commercial distribution of the
device as modified by your PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the meaning
of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the
act) under the authority of section 515(d) (1) (B) (ii) of the act. FDA
has also determined that to ensure the safe and effective use of the
device that the device is further restricted within the meaning of
section 520(e) under the authority of section 515(d) (1) (B) (ii), (1)
insofar as the labeling specify the requirements that apply to the
training of practitioners who may use the device as approved in this
order and (2) insofar as the sale, distribution, and use must not
violate sections 502(q) and (r) of the act.

Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a device
that is not in compliance with these conditions is a violation of the
act.
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All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above PMA
number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health

Food and Drug Administration
9200 Corporate Blvd.

Rockville, Maryland 20850

In addition under section 522(a) of the act manufacturers of certain
types of devices identified by the act or designated by FDA are
required to conduct postmarket surveillance studies. FDA has
identified under section 522(a) (1) (A) the above noted device as
requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or
delivery for introduction of this device into interstate commerce you
will be required to submit to FDA certification of the date of
introduction into interstate commerce, a detailed protocol which
describes the postmarket surveillance study, and a detailed profile of
the study's principal investigator that clearly establishes the
qualifications and experience of the individual to conduct the
proposed study. For your information, general guidance on preparing a
protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will either
approve or disapprove it and notify you of the Agency's action in
writing. Do not undertake a postmarket surveillance study without an
FDA approved protocol.

Failure to certify accurately the date of initial introduction of your
device into interstate commerce, to submit timely an acceptable
protocol, or to undertake and complete an FDA approved postmarket
surveillance study consistent with the protocol, will be considered
violations of section 522.

In accordance with the Medical Device Amendments of 1992, failure of a
manufacturer to meet its obligations under section 522 is a prohibited
act under section 301(q) (1) (C) of the act (21 U.S.C. 331(q) (1) (C)).
Further, under section 502(t) (3) of the act (21 U.S.C. 352(t) (3), a
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device is misbranded if there is a failure or refusal to comply with
any requirement under section 522 of the act. Violations of sections
301 or 502 may lead to regulatory actions including seizure of your
product, injunction, prosecution, or civil money penalties or other
FDA enforcement actions including (but not limited to) withdrawal of
your PMA.

If you have any questions concerning postmarket surveillance study
requirements, contact the Postmarket Surveillance Studies Branch, at
(301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can be
located quickly if serious problems are occurring with the products.
The tracking requirements apply to (1) permanent implants the failure
of which would be reasonably likely to have serious adverse health
consequences; (2) life sustaining or life supporting devices that are
used outside of device user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3)
other devices that FDA has designated as requiring tracking. Under
section 519(e), FDA believes that your device is a device that is
subject to tracking because it is a permanent implant whose failure
would be reasonably likely to have serious adverse consequences.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations set out
what you must do to track a device. In addition, the regulations list
example permanent implant and life sustaining or life supporting
devices that FDA believes must be tracked at 21 CFR § 821.20(b) and
the devices that FDA has designated for tracking at 21 CFR §
821.20(c). FDA's rationale for identifying these devices is set out
in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR
22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please contact
Ms. Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Director

Division of Cardiovascular, Respiratory,
and Neurological Devices

Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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[DO NOT SHOW ON ORIGINAL]

cc: HFZ-544 (Postmarket Surveillance Branch if appropriate)

HFZ-300 (Field Programs Branch - GMP)

HFZ-401 (Document Mail Center)

HFZ-402 (PMA Staff)

HFZ-450 [ODE Division]

HFZ-100 (OST Reviewer - if appropriate

D.O.

--- ----------- 0-A -J-
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DEPARTMENT OF I- i'H & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Ms. Rachel Libi

Product Regulation Manager

Tachyarrhythmia Management Business JUL 2 6 1996
Medtronic, Inc.
7000 Central Avenue, N.E.

Minneapolis, Minnesota 55432-3576

Re: P920015/Sll

Medtronic®O Model 6932 Lead

Filed: May 20, 199G

Amended: July 12, 1996

Dear Ms. Rachel:

The Center for Devices and Radiological Health (CDRH) of the Food and

Drug Administration (FDA) has completed its evaluation of your

premarket approval application (PMA) supplement, which requested

approval for the Medtronic Puerto Rico, Inc., Villalba West Industrial

Area, Villalba, Puerto Rico to manufacture the Medtronic®~ Model 6932

Lead. Based upon the information submitted, the PMA supplement is

approved subject to the conditions described below and in the

*rConditions of Approval for Implantable Defibrillators and
Programmers" (enclosed) . You may begin commercial distribution of the

device as modified by your PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the meaning

of section 520(e) of the Federal Food, Drug, and Cosmetic Act (the

act) under the authority of section 515(d) (1) (B) (ii) of the act. FDA

has also determined that to ensure the safe and effective use of the

device that the device is further restricted within the meaning of

section 520(e) under the authority of section 515(d) (1) (B) (ii), (1)
insofar as the labeling specify the requirements that apply to the

training of practitioners who may use the device as approved in this

order and (2) insofar as the sale, distribution, and use must not

violate sections 502(q) and (r) of the act.

Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a device

that is not in compliance with these conditions is a violation of the
act.

LC17
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All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above PMA
number to facilitate processing.

PMA Document Mail Center (1-IFZ-40l)
Center for Devices and Radiological Health

Food and Drug Administration

9200 Corporate Blvd.
Rockville, Maryland 20850

In addition under section 522(a) of the act manufacturers of certain
types of devices identified by the act or designated by FDA are
required to conduct postmarket surveillance studies. FDA has
identified under section 522(a) (1) (A) the above noted device as
requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or
delivery for introduction of this device into interstate commerce you
will be required to submit to FDA certification of the date of
introduction into interstate commerce, a detailed protocol which

describes the postmarket surveillance study, and a detailed profile of
the study's principal investigator that clearly establishes the

qualifications and experience of the individual to conduct the
proposed study. For your information, general guidance on preparing a
protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will either
approve or disapprove it and notify you of the Agency's action in
writing. Do not undertake a postmarket surveillance study without an
FDA approved protocol.

Failure to certify accurately the date of initial introduction of your
device into interstate commerce, to submit timely an acceptable
protocol, or to undertake and complete an FDA approved postmarket
surveillance study consistent with the protocol, will be considered
violations of section 522.

In accordance with the Medical Device Amendments of 1992, failure of a
manufacturer to meet its obligations under section 522 is a prohibited
act under section 301(q) (1) (C) of the act (21 U.S.C. 331(q) (1) (C)).
Further, under section 502(t) (3) of the act (21 U.S.C. 352(t) (3), a
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device is misbranded if there is a failure or refusal to comply with

any requirement under section 522 of the act. Violations of sections

301 or 502 may lead to regulatory actions including seizure of your

product, injunction, prosecution, or civil money penalties or other
FDA enforcement actions including (but not limited to) withdrawal of

your PMA.

If you have any questions concerning postmarket surveillance study

requirements, contact the Postmarket Surveillance Studies Branch, at

(301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical

Devices Act in 1990), manufacturers of certain devices must track

their products to the final user or patient so that devices can be
located quickly if serious problems are occurring with the products.

The tracking requirements apply to (1) permanent implants the failure

of which would be reasonably likely to have serious adverse health

consequences; (2) life sustaining or life supporting devices that are

used outside of device user facilities the failure of which would be

reasonably likely to have serious adverse health consequences; and (3)

other devices that FDA has designated as requiring tracking. Under

section 519(e), FDA believes that your device is a device that is

subject to tracking because it is a permanent implant whose failure

would be reasonably likely to have serious adverse consequences.

FDA's tracking regulations, published in the FEDERAL REGISTER on

August 16, 1993, appear at 21 CFR Part 821. These regulations set out

what you must do to track a device. In addition, the regulations list

example permanent implant and life sustaining or life supporting

devices that FDA believes must be tracked at 21 CFR § 821.20(b) and

the devices that FDA has designated for tracking at 21 CPR §

821.20(c). FDA's rationale for identifying these devices is set out

in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR

22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please contact
Ms. Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Director /
Division of Cardiovascular, Respiratory,
and Neurological Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure

(2-o



Ms. Rachel Libi
Product Regulation Manager
Tachyarrhythmia Management Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S9
MedtronicO Model 6707 Adapter
Filed: February 5, 1996

Dear Ms. Libi:

The Center for Devices and Radiological Health (CDRH) of the Food
and Drug Administration (FDA) has completed its evaluation of
your premarket approval application (PMA) supplement, which
requested approval for the Model 6707 Adapter. Based upon the
information submitted, the PMA supplement is approved subject to
the conditions described below and in the "Conditions of Approval
for Implantable Defibrillators and Programmers" (enclosed). You
may begin commercial distribution of the device as modified by
your PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the
meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 515(d) (1) (B) (ii) of
the act. FDA has also determined that to ensure the safe and
effective use of the device that the device is further restricted
within the meaning of section 520(e) under the authority of
section 515(d)(l)(B)(ii), (1) insofar as the labeling specify the
requirements that apply to the training of practitioners who may
use the device as approved in this order and (2) insofar as the
sale, distribution, and use must not violate sections 502(q) and
(r) of the act.

Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a
device that is not in compliance with these conditions is a
violation of the Federal Food, Drug, and Cosmetic Act.
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You are reminded that as soon as possible, and before commercial
distribution of your device, that you must submit an amendment to
this PMA submission with copies of all approved labeling in final
printed form.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above
PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and
Cosmetic Act, (the act) manufacturers of certain types of devices
identified by the act or designated by FDA are required to
conduct postmarket surveillance studies. FDA has identified
under section 522(a) (1) (A) the above noted device as requiring
postmarket surveillance.

Upon approval and within thirty (30) days of first introduction
or delivery for introduction of this device into interstate
commerce you will be required to submit to FDA certification of
the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a
detailed profile of the study's principal investigator that
clearly establishes the qualifications and experience of the
individual to conduct the proposed study. For your information,
general guidance on preparing a protocol for a postmarket
surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will
either approve or disapprove it and notify you of the Agency's
action in writing. Do not undertake a postmarket surveillance
study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of
your device into interstate commerce, to submit timely an
acceptable protocol, or to undertake and complete an FDA approved
postmarket surveillance study consistent with the protocol, will
be considered violations of section 522.
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In accordance with the Medical Device Amendments of 1992, failure
of a manufacturer to meet its obligations under section 522 is a
prohibited act under section 301(q) (1) (C) of the Federal Food,
Drug and Cosmetic Act (the act) (21 U.S.C. 331(q) (1) (C)).
Further, under section 502(t) (3) of the act (21 U.S.C. 352(t) (3),
a device is misbranded if there is a failure or refusal to comply
with any requirement under section 522 of the act. Violations of
sections 301 or 502 may lead to regulatory actions including
seizure of your product, injunction, prosecution, or civil money
penalties or other FDA enforcement actions including (but not
limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillance
study requirements, contact the Postmarket Surveillance Studies
Branch, at (301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can
be located quickly if serious problems are occurring with the
products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have
serious adverse health consequences; (2) life sustaining or life
supporting devices that are used outside of device user
facilities the failure of which would be reasonably likely to
have serious adverse health consequences; and (3) other devices
that FDA has designated as requiring tracking. Under section
519(e), FDA believes that your device is a device that is subject
to tracking because it is a permanent implant whose failure would
be reasonably likely to have serious adverse consequences. FDA
has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations
set out what you must do to track a device. In addition, the
regulations list example permanent implant and life sustaining or
life supporting devices that FDA believes must be tracked at 21
CFR § 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR § 821.20(c). FDA's rationale for identifying
these devices is set out in the FEDERAL REGISTER (57 FR 10705-
10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58
FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please
contact Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Director
Division of Cardiovascular,
Respiratory, and Neurological Devices

Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosures

cc: HFZ-544 (Postmarket Surveillance Branch if appropriate)
HFZ-300 (Field Programs Branch - GMP)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCRND)
HFZ-100 (OST Reviewer - if appropriate
*D.O.

APPROVAL ORDER FOR A PMA SUPPLEMENT (SA) Modified 6-9-95
NOTE. ENCLOSURE - INCLUDE THE CONDITIONS OF APPROVAL.

Prepared by:DTerry;att/4/l/96
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DEPARTMENT O-F ~TH & HUMIAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Ms. Rachel Libi
Product Regulation Manager
Tachyarrhythmia Management Business APR -8 1996
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S9
Medtronic® Model 6707 Adapter
Filed: February 5, 1996

Dear Ms. Libi:

The Center for Devices and Radiological Health (CDRH) of the Food
and Drug Administration (FDA) has completed its evaluation of
your premarket approval application (PMA) supplement, which
requested approval for the Model 6707 Adapter. Based upon the
information submitted, the PMA supplement is approved subject to
the conditions described below and in the "Conditions of Approval
for Implantable Defibrillators and Programmers" (enclosed). You
may begin commercial distribution of the device as modified by
your PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CER 801.109 within the
meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 515(d) (1) (B) (ii) of
the act. FDA has also determined that to ensure the safe and
effective use of the device that the device is further restricted
within the meaning of section 520(e) under the authority of
section 515(d) (l)(B) (ii), (1) insofar as the labeling specify the
requirements that apply to the training of practitioners who may
use the device as approved in this order and (2) insofar as the
sale, distribution, and use must not violate sections 502(q) and
(r) of the act.

Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a
device that is not in compliance with these conditions is a
violation of the Federal Food, Drug, and Cosmetic Act.
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You are reminded that as soon as possible, and before commercial
distribution of your device, that you must submit an amendment to
this PMA submission with copies of all approved labeling in final
printed form.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above
PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and
Cosmetic Act, (the act) manufacturers of certain types of devices
identified by the act or designated by FDA are required to
conduct postmarket surveillance studies. FDA has identified
under section 522(a)(1) (A) the above noted device as requiring
postmarket surveillance.

Upon approval and within thirty (30) days of first introduction
or delivery for introduction of this device into interstate
commerce you will be required to submit to FDA certification of
the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a
detailed profile of the study's principal investigator that
clearly establishes the qualifications and experience of the
individual to conduct the proposed study. For your information,
general guidance on preparing a protocol for a postmarket
surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will
either approve or disapprove it and notify you of the Agency's
action in writing. Do not undertake a postmarket surveillance
study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of
your device into interstate commerce, to submit timely an
acceptable protocol, or to undertake and complete an FDA approved
postmarket surveillance study consistent with the protocol, will
be considered violations of section 522.
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In accordance with the Medical Device Amendments of 1992, failure
of a manufacturer to meet its obligations under section 522 is a
prohibited act under section 301(q)(1) (C) of the Federal Food,
Drug and Cosmetic Act (the act)(21 U.S.C. 331(q) (1) (C)).
Further, under section 502(t)(3) of the act (21 U.S.C. 352(t) (3),
a device is misbranded if there is a failure or refusal to comply
with any requirement under section 522 of the act. Violations of
sections 301 or 502 may lead to regulatory actions including
seizure of your product, injunction, prosecution, or civil money
penalties or other FDA enforcement actions including (but not
limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillance
study requirements, contact the Postmarket Surveillance Studies
Branch, at (301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can
be located quickly if serious problems are occurring with the
products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have
serious adverse health consequences; (2) life sustaining or life
supporting devices that are used outside of device user
facilities the failure of which would be reasonably likely to
have serious adverse health consequences; and (3) other devices
that FDA has designated as requiring tracking. Under section
519(e), FDA believes that your device is a device that is subject
to tracking because it is a permanent implant whose failure would
be reasonably likely to have serious adverse consequences. FDA
has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations
set out what you must do to track a device. In addition, the
regulations list example permanent implant and life sustaining or
life supporting devices that FDA believes must be tracked at 21
CFR § 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR § 821.20(c). FDA's rationale for identifying
these devices is set out in the FEDERAL REGISTER (57 FR 10705-
10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58
FR 43451-43455 (August 16, 1993)).



Page 4 - Ms. Rachel Libi

If you have questions concerning this approval order, please
contact Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Director
Division of Cardiovascular,
Respiratory, and Neurological Devices

Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosures



Ms. Rachel Libi
Product Regulation Manager
Tacharrhythmia Management Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S5
Medtronic® Model 6937 Transvene® Superior Vena Cava Lead
Filed: June 29, 1995
Amended: February 20, 1996

Dear Ms. Libi:

The Center for Devices and Radiological Health (CDRH) of the Food
and Drug Administration (FDA) has completed its evaluation of
your premarket approval application (PMA) supplement, which
requested approval for the Medtronic® Model 6937 Transvene®
Superior Vena Cava Lead. Based upon the information submitted,
the PMA supplement is approved subject to the conditions
described below and in the "Conditions of Approval for
Implantable Defibrillators and Programmers" (enclosed). You may
begin commercial distribution of the device as modified by your
PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the
meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 515(d).(1)(B)(ii) of
the act. FDA has also determined that to ensure the safe and
effective use of the device that the device is further restricted
within the meaning of section 520(e) under the authority of
section 515(d)(1)(B)(ii), (1) insofar as the labeling specify the
requirements that apply to the training of practitioners who may
use the device as approved in this order and (2) insofar as the
sale, distribution, and use must not violate sections 502(q) and
(r) of the act.

V LX
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Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a
device that is not in compliance with these conditions is a
violation of the Federal Food, Drug, and Cosmetic Act.

You are reminded that as soon as possible, and before commercial
distribution of your device, that you must submit an amendment to
this PMA submission with copies of all approved labeling in final
printed fonm.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above
PMA number to facilitate processing.

PMA Document Hail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522 Ca) of the Federal Food, Drug, and
Cosmetic Act, (the act) manufacturers of certain types of devices
identified by the act or designated by FDA are required to
conduct postmnarket surveillance studies. FDA has identified
under section 522(a) (1) (A) the above noted device as requiring
postmarket surveillance.

Upon approval and within thirty (30) days of first introduction
or delivery for introduction of this device into interstate
commerce you will be required to submit to FDA certification of
the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a
detailed profile of the study's principal investigator that
clearly establishes the qualifications and experience of the
individual to conduct the proposed study. For your information,
general guidance on preparing a protocol for a postmarket
surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850
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Within sixty (60) days of receipt of your protocol, FDA will
either approve or disapprove it and notify you of the Agency's
action in writing. Do not undertake a postmarket surveillance
study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of
your device into interstate commerce, to submit timely an
acceptable protocol, or to undertake and complete an FDA approved
postmarket surveillance study consistent with the protocol, will
be considered violations of section 522.

Further, under section 502(t) (3) of the act (21 U.S.C. 352(t) (3),
a device is misbranded if there is a failure or refusal to comply
with any requirement under section 522 of the act. Violations of
sections 301 or 502 may lead to regulatory actions including
seizure of your product, injunction, prosecution, or civil money
penalties or other FDA enforcement actions including (but not
limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillance
study requirements, contact the Postmarket Surveillance Studies
Branch, at (301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can
be located quickly if serious problems are occurring with the
products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have
serious adverse health consequences; (2) life sustaining or life
supporting devices that are used outside of device user
facilities the failure of which would be reasonably likely to
have serious adverse health consequences; and (3) other devices
that FDA has designated as requiring tracking. Under section
519(e), FDA believes that your device is a device that is subject
to tracking because it is a permanent implant whose failure would
be reasonably likely to have serious adverse consequences. FDA
has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations
set out what you must do to track a device. In addition, the
regulations list example permanent implant and life sustaining or
life supporting devices that FDA believes must be tracked at 21
CFR S 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR S 821.20(c). FDA's rationale for identifying
these devices is set out in the FEDERAL REGISTER (57 FR 10705-
10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58
FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please
contact Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Director
Division of Cardiovascular,
Respiratory, and Neurological Devices

Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure
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cc: HFZ-544 (Postmarket Surveillance Branch if appropriate)
HFZ-300 (Field Programs Branch - GMP)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCRND)
HFZ-100 (OST Reviewer - if appropriate
D.O.

APPROVAL ORDER FOR A PIA SUPPLEMENT (SA) Modified 6-9-95
NOTE. ENCLOSURE - INCLUDE THE CONDITIONS OF APPROVAL.

Prepared by: DTerry:att/3/1/96
Revised:MBrown: att/3/12/96
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44 ~ ~~~~~~~~~~~~~~~~~~~~~~~Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Ms. Rachel Libi
Product Regulation Manager
Tacharrhythmia Management Business 'TR2 2 1996
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S5
Medtronic® Model 6937 Transvenee Superior Vena Cava Lead
Filed: June 29, 1995
Amended: February 20, 1996

Dear Ms. Libi:

The Center for Devices and Radiological Health (CDRH) of the Foodand Drug Administration (FDA) has completed its evaluation ofyour premarket approval application (PMA) supplement, which
requested approval for the Medtronice Model 6937 Transvenes
Superior Vena Cava Lead. Based upon the information submitted,
the PMA supplement is approved subject to the conditions
described below and in the "Conditions of Approval for
Implantable Defibrillators and Programmers" (enclosed). You maybegin commercial distribution of the device as modified by yourPMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted toprescription use in accordance with 21 CFR 801.109 within themeaning of section 520(e) of the Federal Food, Drug, and CosmeticAct (the act) under the authority of section 515(d) (1) (B) (ii) ofthe act. FDA has also determined that to ensure the safe andeffective use of the device that the device is further restrictedwithin the meaning of section 520(e) under the authority ofsection 515(d)(1)(B)(ii), (1) insofar as the labeling specify therequirements that apply to the training of practitioners who mayuse the device as approved in this order and (2) insofar as thesale, distribution, and use must not violate sections 502(q) and
(r) of the act.



Page 2 - Ms. Rachel Libi

Failure to comply with the conditions of approval as attachedinvalidates this approval order. Commercial distribution of adevice that is not in compliance with these conditions is aviolation of the Federal Food, Drug, and Cosmetic Act.

You are reminded that as soon as possible, and before commercialdistribution of your device, that you must submit an amendment tothis PMA submission with copies of all approved labeling in final
printed form.

All required documents should be submitted in triplicate, unlessotherwise specified, to the address below and reference the above
PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and
Cosmetic Act, (the act) manufacturers of certain types of devicesidentified by the act or designated by FDA are required toconduct postmarket surveillance studies. FDA has identifiedunder section 522(a)(1)(A) the above noted device as requiring
postmarket surveillance.

Upon approval and within thirty (30) days of first introductionor delivery for introduction of this device into interstate
commerce you will be required to submit to FDA certification ofthe date of introduction into interstate commerce, a detailedprotocol which describes the postmarket surveillance study, and adetailed profile of the study's principal investigator thatclearly establishes the qualifications and experience of theindividual to conduct the proposed study. For your information,general guidance on preparing a protocol for a postmarket
surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850
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Within sixty (60) days of receipt of your protocol, FDA willeither approve or disapprove it and notify you of the Agency'saction in writing. Do not undertake a postmarket surveillance
study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction ofyour device into interstate commerce, to submit timely anacceptable protocol, or to undertake and complete an FDA approvedpostmarket surveillance study consistent with the protocol, willbe considered violations of section 522.

Further, under section 502(t)(3) of the act (21 U.S.C. 352(t)(3),a device is misbranded if there is a failure or refusal to complywith any requirement under section 522 of the act. Violations ofsections 301 or 502 may lead to regulatory actions includingseizure of your product, injunction, prosecution, or civil moneypenalties or other FDA enforcement actions including (but not
limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillancestudy requirements, contact the Postmarket Surveillance Studies
Branch, at (301) 594-0639.

Under section 519(e) of the act (as amended by the Safe MedicalDevices Act in 1990), manufacturers of certain devices must tracktheir products to the final user or patient so that devices canbe located quickly if serious problems are occurring with theproducts. The tracking requirements apply to (1) permanentimplants the failure of which would be reasonably likely to haveserious adverse health consequences; (2) life sustaining or lifesupporting devices that are used outside of device userfacilities the failure of which would be reasonably likely tohave serious adverse health consequences; and (3) other devicesthat FDA has designated as requiring tracking. Under section519(e), FDA believes that your device is a device that is subjectto tracking because it is a permanent implant whose failure wouldbe reasonably likely to have serious adverse consequences. FDA
has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER onAugust 16, 1993, appear at 21 CFR Part 821. These regulationsset out what you must do to track a device. In addition, theregulations list example permanent implant and life sustaining orlife supporting devices that FDA believes must be tracked at 21CFR S 821.20(b) and the devices that FDA has designated fortracking at 21 CFR S 821.20(c). FDA's rationale for identifyingthese devices is set out in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please
contact Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Director
Division of Cardiovascular,
Respiratory, and Neurological Devices

Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure
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Ms. Rachel Libi
Product Regulation Manager
Tacharrhythmia Management Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S7
Medtronic® Model 6934S Transvene®-Right Ventricular Lead
Filed: August 7, 1995
Amended: February 20, 1996

Dear Ms. Libi:

The Center for Devices and Radiological Health (CDRH) of the Foodand Drug Administration (FDA) has completed its evaluation ofyour premarket approval application (PMA) supplement, whichrequested approval for the Medtronic® Model 6934S Transvene®
Right Ventricular Lead. Based upon the information submitted,
the PMA supplement is approved subject to the conditions
described below and in the "Conditions of Approval forImplantable Defibrillators and Programmers" (enclosed). You may
begin commercial distribution of the device as modified by your
PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted toprescription use in accordance with 21 CFR 801.109 within the
meaning of section 520(e) of the Federal Food, Drug, and CosmeticAct (the act) under the authority of section 515(d)(1)(B) (ii) ofthe act. FDA has also determined that to ensure the safe andeffective use of the device that the device is further restricted
within the meaning of section 520(e) under the authority ofsection 515(d)(1)(B)(ii), (1) insofar as the labeling specify therequirements that apply to the training of practitioners who may
use the device as approved in this order and (2) insofar as thesale, distribution, and use must not violate sections 502(q) and
(r) of the act.
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Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of adevice that is not in compliance with these conditions is aviolation of the Federal Food, Drug, and Cosmetic Act.

You are reminded that as soon as possible, and before commercial
distribution of your device, that you must submit an amendment tothis PMA submission with copies of all approved labeling in final
printed form.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above
PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and
Cosmetic Act, (the act) manufacturers of certain types of devices
identified by the act or designated by FDA are required to
conduct postmarket surveillance studies. FDA has identified
under section 522(a)(1)(A) the above noted device as requiring
postmarket surveillance.

Upon approval and within thirty (30) days of first introductionor delivery for introduction of this device into interstate
commerce you will be required to submit to FDA certification ofthe date of introduction into interstate commerce, a detailedprotocol which describes the postmarket surveillance study, and a
detailed profile of the study's principal investigator that
clearly establishes the qualifications and experience of theindividual to conduct the proposed study. For your information,
general guidance on preparing a protocol for a postmarket
surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will
either approve or disapprove it and notify you of the Agency'saction in writing. Do not undertake a postmarket surveillance
study without an FDA approved protocol.
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Failure to certify accurately the date of initial introduction ofyour device into interstate commerce, to submit timely anacceptable protocol, or to undertake and complete an FDA approvedpostmarket surveillance study consistent with the protocol, will
be considered violations of section 522.

Further, under section 502(t)(3) of the act (21 U.S.C. 352(t)(3),a device is misbranded if there is a failure or refusal to complywith any requirement under section 522 of the act. Violations ofsections 301 or 502 may lead to regulatory actions includingseizure of your product, injunction, prosecution, or civil moneypenalties or other FDA enforcement actions including (but not
limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillancestudy requirements, contact the Postmarket Surveillance Studies
Branch, at (301) 594-0639.

Under section 519(e) of the act (as amended by the Safe MedicalDevices Act in 1990), manufacturers of certain devices must tracktheir products to the final user or patient so that devices canbe located quickly if serious problems are occurring with the
products. The tracking requirements apply to (1) permanentimplants the failure of which would be reasonably likely to haveserious adverse health consequences; (2) life sustaining or life
supporting devices that are used outside of device userfacilities the failure of which would be reasonably likely tohave serious adverse health consequences; and (3) other devicesthat FDA has designated as requiring tracking. Under section
519(e), FDA believes that your device is a device that is subjectto tracking because it is a permanent implant whose failure wouldbe reasonably likely to have serious adverse consequences. FDA
has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER onAugust 16, 1993, appear at 21 CFR Part 821. These regulationsset out what you must do to track a device. In addition, theregulations list example permanent implant and life sustaining orlife supporting devices that FDA believes must be tracked at 21CFR S 821.20(b) and the devices that FDA has designated fortracking at 21 CFR S 821.20(c). FDA's rationale for identifying
these devices is set out in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58
FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please
contact Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular,
Respiratory, and Neurological Devices

Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure

cc: HFZ-544 (Postmarket Surveillance Branch if appropriate)
HFZ-300 (Field Programs Branch - GMP)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCRND)
HFZ-100 (OST Reviewer - if appropriate
D.O.

APPROVAL ORDER FOR A PMA SUPPLEMENT (SA) Modified 6-9-95
NOTE. ENCLOSURE - INCLUDE THE CONDITIONS OF APPROVAL.

Prepared by:DTerry:att/3/1/96
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DEPARTMENT OF HE & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Ms. Rachel Libi
Product Regulation Manager MAR I 3
Tacharrhythmia Management Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S7
Medtronice Model 6934S Transvene®-Right Ventricular Lead
Filed: August 7, 1995
Amended: February 20, 1996

Dear Ms. Libi:

The Center for Devices and Radiological Health (CDRH) of the Food
and Drug Administration (FDA) has completed its evaluation of
your premarket approval application (PMA) supplement, which
requested approval for the Medtronic® Model 69345 Transvenee
Right Ventricular Lead. Based upon the information submitted,
the PMA supplement is approved subject to the conditions
described below and in the "Conditions of Approval for
Implantable Defibrillators and Programmers" (enclosed). You may
begin commercial distribution of the device as modified by your
PRA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the
meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 515 (d) (1) (B) (ii) of
the act. FDA has also determined that to ensure the safe and
effective use of the device that the device is further restricted
within the meaning of section 520(e) under the authority of
section 515 (d) (1) (B) (ii) , (1) insofar as the labeling specify the
requirements that apply to the training of practitioners who may
use the device as approved in this order and (2) insof ar as the
sale, distribution, and use must not violate sections 502 (q) and
(r) of the act.
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Failure to comply with the conditions of approval as attached
invalidates this approval order. Commercial distribution of a
device that is not in compliance with these conditions is a
violation of the Federal Food, Drug, and Cosmetic Act.

You are reminded that as soon as possible, and before commercial
distribution of your device, that you must submit an amendment to
this PMA submission with copies of all approved labeling in final
printed form.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above
PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and
Cosmetic Act, (the act) manufacturers of certain types of devices
identified by the act or designated by FDA are required to
conduct postmarket surveillance studies. FDA has identified
under section 522(a) (1) (A) the above noted device as requiring
postmarket surveillance.

Upon approval and within thirty (30) days of first introduction
or delivery for introduction of this device into interstate
commerce you will be required to submit to FDA certification of
the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a
detailed profile of the study's principal investigator that
clearly establishes the qualifications and experience of the
individual to conduct the proposed study. For your information,
general guidance on preparing a protocol for a postmarket
surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will
either approve or disapprove it and notify you of the Agency's
action in writing. Do not undertake a postmarket surveillance
study without an FDA approved protocol.
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Failure to certify accurately the date of initial introduction of
your device into interstate commerce, to submit timely an
acceptable protocol, or to undertake and complete an FDA approved
postmarket surveillance study consistent with the protocol, will
be considered violations of section 522.

Further, under section 502(t) (3) of the act (21 U.S.C. 352(t) (3),
a device is misbranded if there is a failure or refusal to comply
with any requirement under section 522 of the act. Violations of
sections 301 or 502 may lead to regulatory actions including
seizure of your product, injunction, prosecution, or civil money
penalties or other FDA enforcement actions including (but not
limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillance
study requirements, contact the Postmarket Surveillance Studies
Branch, at (301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can
be located quickly if serious problems are occurring with the
products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have
serious adverse health consequences; (2) life sustaining or life
supporting devices that are used outside of device user
facilities the failure of which would be reasonably likely to
have serious adverse health consequences; and (3) other devices
that FDA has designated as requiring tracking. Under section
519(e), FDA believes that your device is a device that is subject
to tracking because it is a permanent implant whose failure would
be reasonably likely to have serious adverse consequences. FDA
has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations
set out what you must do to track a device. In addition, the
regulations list example permanent implant and life sustaining or
life supporting devices that FDA believes must be tracked at 21
CFR S 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR S 821.20(c). FDA's rationale for identifying
these devices is set out in the FEDERAL REGISTER (57 FR 10705-
10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58
FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please
contact Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Calahan, Ph.D.
Acting Director
Division of Cardiovascular,
Respiratory, and Neurological Devices

Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure

/t



Ms. Rachel Gibbs
Product Regulation Manager
Tacharrhythmia Management Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S7
Medtronic® Model 6934S Transvenes Right Ventricular (RV)

Lead
Filed: August 7, 1995

Dear Ms. Gibbs:

The Center for Devices and Radiological Health (CDRH) of the Food
and Drug Administration (FDA) has completed its evaluation of
your premarket approval application (PMA) supplement which
requested approval for the Model 6934S Transvene@ Right
Venticular (RV) Lead. We regret to inform you that CDRH has
determined that your PMA supplement is not approvable based on
the requirements of 21 CFR 814.44(f), which also requires FDA,
where practical, to identify measures required to place the PMA
supplement in approvable form. Accordingly, to place your PMA
supplement in approvable form, you must amend it to include the
following:

Please provide data on at least---- pa---nts implanted with
the Model 6934S Lead and followed -or- --months. These data
should be presented and analyzed as those in the original
PIM2 supplement.

This is to advise you that an amendment including the above
requested information will be considered a major amendment and
may extend the FDA review period up to 180 days. As provided by
21 CFR 814.37(c) you may decline to submit a major amendment
requested by FDA in which case the review period may be extended
for the number of days that elapse between the date of such
request and the date that FDA receives the written response
declining to submit the requested amendment.

As provided by 21 CFR 814.44(f), you may amend your PMA
supplement as requested above, withdraw the PMA supplement, or
consider this letter to be a denial of approval of the PMA
supplement under 21 CFR 814.45 and request administrative review.
Any request for administrative review either through a hearing or

(b)(4)
(b)(4)
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review by an independent advisory committee, under section
515(d) (3) and 515(g) of the Federal Food, Drug, and Cosmetic Act
must be submitted in the form of a petition for reconsideration
(21 CFR 10.33) and in accordance with the general administrative
procedures for submission of documents to the Dockets Management
Branch (21 CFR 10.20). Any petition for reconsideration must be
submitted to the Food and Drug Administration, Dockets Management
Branch (HFA-305), Room 1-23, 12420 Parklawn Drive, Rockville,
Maryland 20857, within 30 days of the date you receive this
letter. After reviewing the petition, FDA will decide whether to
grant or deny the petition and will publish a notice of its
decision in the FEDERAL REGISTER. If FDA grants the petition,
the notice will state the issues to be reviewed, the form of the
review to be used, the persons who may participate in the review,
the time and place where the review will occur, and other
details.

As provided under 21 CFR 814.44(g), FDA will consider this PMA
supplement to have been voluntarily withdrawn if you fail to
respond in writing within 180 days of the date of this request
for a PMA supplement amendment. You may, however, amend the PMA
supplement within the 180-day period to request an extension of
time to respond. Any such request is subject to FDA approval and
should justify the need for the extension and provide a
reasonable estimate of when the requested information will be
submitted. If you do not amend the PMA supplement within the
180-day period to (1) correct the above deficiency, or (2)
request an extension of time to respond and have the request
approved, any amendment submitted after the 180-day period will
be considered a resubmission of the PMA supplement and will be
assigned a new number. Under these circumstances, any
resubmission will be given a new PMA supplement number and will
be subject to the requirements of 21 CFR 814.20. A resubmission
should be complete and self-contained because of potential
difficulties in assembling files from storage.

Information correcting the above deficiency should be submitted
in the form of an amendment. All amendments to the PMA
supplement should be submitted in triplicate to the address below
and reference the above PMA supplement number to facilitate
processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850
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If you have questions concerning this not-approvable letter,
please contact Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular,

Respiratory, and Neurological Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

cc: HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCRND)
HFZ-100 (OST Reviewer - if appropriate )
D.O.

NOT APPROVABLE LETTER FOR A PfA SUPPLEMENT (SNP) Modified 10-7-94

Prepared by:DTerry:att/12/12/95

JY BRIE . .uJ.........
AC.~~~~~~~~~~~~7 a tfl(::::,



DEPARTMENT OF HEALTH & HUMIAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Ms. Rachel Gibbs
Product Regulation Manager
Tacharrhythmia Management Business
Medtronic, Inc. DEC 8 19-5
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S7
Medtronics Model 69345 Transvene® Right Ventricular (RV)

Lead
Filed: August 7, 1995

Dear Ms. Gibbs:

The Center for Devices and Radiological Health (CDRH) of the Food
and Drug Administration (FDA) has completed its evaluation of
your premarket approval application (PMA) supplement which
requested approval for the Model 6934S Transvene® Right
Venticular (RV) Lead. We regret to inform you that CDRH has
determined that your PMA supplement is not approvable based on
the requirements of 21 CFR 814.44(f), which also requires FDA,
where practical, to identify measures required to place the PMA
supplement in approvable form. Accordingly, to place your PMA
supplement in approvable form, you must amend it to include the
following:

Please provide data on at least -- pa--ents implanted with
the Model 69345 Lead and followed for- - months. These data
should be presented and analyzed as those in the original
PMA supplement.

This is to advise you that an amendment including the above
requested information will be considered a major amendment and
may extend the FDA review period up to 180 days. As provided by
21 CFR 814.37(c) you may decline to submit a major amendment
requested by FDA in which case the review period may be extended
for the number of days that elapse between the date of such
request and the date that FDA receives the written response
declining to submit the requested amendment.

As provided by 21 C!FR 814.44 (f) , you may amend your PMA
supplement as requested above, withdraw the PMA supplement, or
consider this letter to be a denial of approval of the PMA
supplement under 21 CFR 814.45 and request administrativereview.
Any request for administrative review either through a hearing or

7~5
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review by an independent advisory committee, under section
515(d) (3) and 515(g) of the Federal Food, Drug, and Cosmetic Act
must be submitted in the form of a petition for reconsideration
(21 CFR 10.33) and in accordance with the general administrative
procedures for submission of documents to the Dockets Management
Branch (21 CFR 10.20). Any petition for reconsideration must be
submitted to the Food and Drug Administration, Dockets Management
Branch (HFA-305), Room 1-23, 12420 Parklawn Drive, Rockville,
Maryland 20857, within 30 days of the date you receive this
letter. After reviewing the petition, FDA will decide whether to
grant or deny the petition and will publish a notice of its
decision in the FEDERAL REGISTER. If FDA grants the petition,
the notice will state the issues to be reviewed, the form of the
review to be used, the persons who may participate in the review,
the time and place where the review will occur, and other
details.

As provided under 21 CFR 814.44(g), FDA will consider this PMA
supplement to have been voluntarily withdrawn if you fail to
respond in writing within 180 days of the date of this request
for a PMA supplement amendment. You may, however, amend the PMA
supplement within the 180-day period to request an extension of
time to respond. Any such request is subject to FDA approval and
should justify the need for the extension and provide a
reasonable estimate of when the requested information will be
submitted. If you do not amend the PMA supplement within the
180-day period to (1) correct the above deficiency, or (2)
request an extension of time to respond and have the request
approved, any amendment submitted after the 180-day period will
be considered a resubmission of the PMA supplement and will be
assigned a new number. Under these circumstances, any
resubmission will be given a new PMA supplement number and will
be subject to the requirements of 21 CFR 814.20. A resubmission
should be complete and self-contained because of potential
difficulties in assembling files from storage.

Information correcting the above deficiency should be submitted
in the form of an amendment. All amendments to the PMA
supplement should be submitted in triplicate to the address below
and reference the above PMA supplement number to facilitate
processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

)76
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If you have questions concerning this not-approvable letter,
please contact Doris Terry at (301) 443-8609.

Sincerely yours,

jj14 ,~ £CAU,4 '
jmThomas J. Callahan, Ph.D.

Acting Director
Division of Cardiovascular,

Respiratory, and Neurological Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

177
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Dennis Connolly, M.D. 
Product Regulation Manager 
Tacharrhythmia Management Business 
Medtronic, Inc. 
7000 Central Avenue, N.E. 
Minneapolis, Minnesota 55432-3576 

Re: P920015/S5 
Medtronic® Model 6937 Transvene Superior Vena Cava (SVC) 

Lead 
Filed: June 29, 1995 

Dear Dr. Connolly: 

The Center for Devices and Radiological Health (CDRH) of the Food 
and Drug Administration (FDA) has completed its evaluation of 
your premarket approval application (PMA) supplement which 
requested approval for the Model 6937 Lead Transvene® Superior 
Vena Cava (SVC) Lead. We regret to inform you that CDRH has 
determined that your PMA supplement is not approvable based on 
the requirements of 21 CFR 814.44(f), which also requires FDA, 
where practical, to identify measures required to place the PMA 
supplement in approvable form. Accordingly, to place your PMA 
supplement in approvable form, you must amend it to include the 
following: 

Please provide data on at least 50 patients implanted with 
the Model 6937 Lead and followed for 6 months. These data 
should be presented and analyzed as those in the original 
PMA supplement. 

This is to advise you that an amendment including the above 
requested information will be considered a major amendment and 
may extend the FDA review period up to 180 days. As provided by 
21 CFR 814.37(c) you may decline to submit a major amendment 
requested by FDA in which case the review period may be extended 
for the number of days that elapse between the date of such 
request and the date that FDA receives the written response 
declining to submit the requested amendment. 

As provided by 21 CFR 814.44(f), you may amend your PMA 
supplement as requested above, withdraw the PMA supplement, or 
consider this letter to be a denial of approval of the PMA 
supplement under 21 CFR 814.45 and request administrative review. 
Any request for administrative review either through a hearing or 
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review by an independent advisory committee, under section
515(d) (3) and 515(g) of the Federal Food, Drug, and Cosmetic Act
must be submitted in the form of a petition for reconsideration
(21 CFR 10.33) and in accordance with the general administrative
procedures for submission of documents to the Dockets Management
Branch (21 CFR 10.20). Any petition for reconsideration must be
submitted to the Food and Drug Administration, Dockets Management
Branch (HFA-305), Room 1-23, 12420 Parkiawn Drive, Rockville,
Maryland 20857, within 30 days of the date you receive this
letter. After reviewing the petition, FDA will decide whether to
grant or deny the petition and will publish a notice of its
decision in the FEDERAL REGISTER. If FDA grants the petition,
the notice will state the issues to be reviewed, the form of the
review to be used, the persons who may participate in the review,
the time and place where the review will occur, and other
details.

As provided under 21 CFR 814.44(g), FDA will consider this PMA
supplement to have been voluntarily withdrawn if you fail to
respond in writing within 180 days of the date of this request
for a PMA supplement amendment. You may, however, amend the PMA
supplement within the 180-day period to request an extension of
time to respond. Any such request is subject to FDA approval and
should justify the need for the extension and provide a
reasonable estimate of when the requested information will be
submitted. If you do not amend the PMA supplement within the
180-day period to (1) correct the above deficiency, or (2)
request an extension of time to respond and have the request
approved, any amendment submitted after the 180-day period will
be considered a resubmission of the PMA supplement and will be
assigned a new number. Under these circumstances, any
resubmission will be given a new PMA supplement number and will
be subject to the requirements of 21 CFR 814.20. A resubmission
should be complete and self-contained because of potential
difficulties in assembling files from storage.

Information correcting the above deficiency should be submitted
in the form of an amendment. All amendments to the PMA
supplement should be submitted in triplicate to the address below
and reference the above PMA supplement number to facilitate
processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850
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If you have questions concerning this not-approvable letter,
please contact Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular,

Respiratory, and Neurological Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

cc: HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCRND)
HFZ-100 (OST Reviewer - if appropriate
D.O.

NOT APPROVABLE LETTER FOR A PMA SUPPLEMENT (SNP) Modified 10-7-94

Prepared by:DTerry:att/12/12/95

%wt. -
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Food and Drug Administration 
9200 Corporate Boulevard 
Rockville MD 20850 

. 
Dennis Connolly, M.D. 
Product Regulation Manager 
Tacharrhythmia Management Business 
Medtronic, Inc. 
7000 Central Avenue, N.E. 
Minneapolis, Minnesota 55432-3576 

Re: P920015/S5 

DEC I 8 1995 

Medtronic® Model 6937 Transvene Superior Vena Cava (SVC) 
Lead 

Filed: June 29, 1995 

Dear Dr. Connolly: 

The Center for Devices and Radiological Health (CDRH) of the Food 
and Drug Administration (FDA) has completed its evaluation of 
your premarket approval application (PMA) supplement which 
requested approval for the Model 6937 Lead Transvene® Superior 
Vena Cava (SVC) Lead. .We regret to inform you that CDRH has 
determined that your PMA supplement is not approvable based on 
the requirements of 21 CFR 814.44(f), which also requires FDA, 
where practical, to identify measures required to place the PMA 
supplement in approvable form. Accordingly, to place your PMA 
supplement in approvable form, you must amend it to include the 
following: 

Please provide data on at least 50 patients implanted with 
the Model 6937 Lead and followed for 6 months. These data 
should be presented and analyzed as those in the original 
PMA supplement. 

This is to advise you that an amendment including the above 
requested information will be considered a major amendment and 
may extend the FDA review period up to 180 days. As provided by 
21 CFR 814.37(c) you may decline to submit a major amendment 
requested by FDA in which case the review period may be extended 
for the number of days that elapse between the date of such 
request and the date that FDA receives the written response 
declining to submit the requested amendment. 

As provided by 21 CFR 814.44(f), you may amend your PMA 
supplement as requested above, withdraw the PMA supplement, or 
consider this letter to be a denial of approval of the PMA 
supplement under 21 CFR 814.45 and request administrative review. 
Any request for administrative review either through a hearing of 

Db! 
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review by an independent advisory committee, under section
515 (d) (3) and 515 (g) of the Federal Food, Drug, and Cosmetic Act
must be submitted in the form of a petition for reconsideration
(21 CFR 10.33) and in accordance with the general administrative
procedures for submission of documents to the Dockets Management
Branch (21 CFR 10.20). Any petition for reconsideration must be
submitted to the Food and Drug Administration, Dockets Management
Branch (HFA-305), Room 1-23, 12420 Parklawn Drive, Rockville,
Maryland 20857, within 30 days of the date you receive this
letter. After reviewing the petition, FDA will decide whether to
grant or deny the petition and will publish a notice of its
decision in the FEDERAL REGISTER. If FDA grants the petition,
the notice will state the issues to be reviewed, the form of the
review to be used, the persons who may participate in the review,
the time and place where the review will occur, and other
details.

As provided under 21 CFR 814.44(g), FDA will consider this PMA
supplement to have been voluntarily withdrawn if you fail to
respond in writing within 180 days of the date of this request
for a PMA supplement amendment. You may, however, amend the PHA
supplement within the 180-day period to request an extension of
time to respond. Any such request is subject to FDA approval and
should justify the need for the extension and provide a
reasonable estimate of when the requested information will be
submitted. If you do not amend the PMA supplement within the
180-day period to (1) correct the above deficiency, or (2)
request an extension of time to respond and have the request
approved, any amendment submitted after the 180-day period will
be considered a resubmission of the PMA supplement and will be
assigned a new number. Under these circumstances, any
resubmission will be given a new PMA supplement number and will
be subject to the requirements of 21 CFR 814.20. A resubmission
should be complete and self-contained because of potential
difficulties in assembling files from storage.

Information correcting the above deficiency should be submitted
in the form of an amendment. All amendments to the PMA
supplement should be submitted in triplicate to the address below
and reference the above PMA supplement number to facilitate
processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850



Page 3 - Dennis Connolly, M.D.

If you have questions concerning this not-approvable letter,
please contact Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular,

Respiratory, and Neurological Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

/53



Dennis Connolly, M.D.
Product Regulation Manager
Tachyarrhythmia Management Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S8
Medtronic® Transvene® Lead System
Filed: August 10, 1995

Dear Dr. Connolly:

The Center for Devices and Radiological Health (CDRH) of the Food
and Drug Administration (FDA) has completed its evaluation of
your premarket approval application (PMA) supplement, which
requested approval for use of an alternate sterilization process
and a modification to the distal end of the Transvene® Leads.
Based upon the information submitted, the PMA supplement is
approved subject to the conditions described below and in the
"Conditions of Approval for Implantable Defibrillators and
Programmers" (enclosed). You may begin commercial distribution
of the device as modified by your PMA supplement upon receipt of
this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the
meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 515(d) (1) (B) (ii) of
the act. FDA has also determined that to ensure the safe and
effective use of the device that the device is further restricted
within the meaning of section 520(e) under the authority of
section 515(d) (1)(B) (ii), (1) insofar as the labeling specify the
requirements that apply to the training of practitioners who may
use the device as approved in this order and (2) insofar as the
sale, distribution, and use must not violate sections 502(q) and
(r) of the act.
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You are reminded that as soon as possible, and before commercial
distribution of your device, that you must submit an amendment to
this PMA submission with copies of all approved labeling in final
printed form.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above
PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and
Cosmetic Act, (the act) manufacturers of certain types of devices
identified by the act or designated by FDA are required to
conduct postmarket surveillance studies. FDA has identified
under section 522(a)(1)(A) the above noted device as requiring
postmarket surveillance.

Upon approval and within thirty (30) days of first introduction
or delivery for introduction of this device into interstate
commerce you will be required to submit to FDA certification of
the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a
detailed profile of the study's principal investigator that
clearly establishes the qualifications and experience of the
individual to conduct the proposed study. For your information,
general guidance on preparing a protocol for a postmarket
surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will
either approve or disapprove it and notify you of the Agency's
action in writing. Do not undertake a postmarket surveillance
study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of
your device into interstate commerce, to submit timely an
acceptable protocol, or to undertake and complete an FDA approved
postmarket surveillance study consistent with the protocol, will
be considered violations of section 522.
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In accordance with the Medical Device Amendments of 1992, failure
of a manufacturer to meet its obligations under section 522 is a
prohibited act under section 301(q)(1) (C) of the Federal Food,
Drug and Cosmetic Act (the act)(21 U.S.C. 331(q)(1)(C)).
Further, under section 502(t)(3) of the act (21 U.S.C. 352(t) (3),
a device is misbranded if there is a failure or refusal to comply
with any requirement under section 522 of the act. Violations of
sections 301 or 502 may lead to regulatory actions including
seizure of your product, injunction, prosecution, or civil money
penalties or other FDA enforcement actions including (but not
limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillance
study requirements, contact the Postmarket Surveillance Studies
Branch, at (301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can
be located quickly if serious problems are occurring with the
products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have
serious adverse health consequences; (2) life sustaining or life
supporting devices that are used outside of device user
facilities the failure of which would be reasonably likely to
have serious adverse health consequences; and (3) other devices
that FDA has designated as requiring tracking. Under section
519(e), FDA believes that your device is a device that is subject
to tracking because it is a permanent implant whose failure would
be reasonably likely to have serious adverse consequences. FDA
has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations
set out what you must do to track a device. In addition, the
regulations list example permanent implant and life sustaining or
life supporting devices that FDA believes must be tracked at 21
CFR S 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR § 821.20(c). FDA's rationale for identifying
these devices is set out in the FEDERAL REGISTER (57 FR 10705-
10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58
FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please
contact Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular,

Respiratory, and Neurological Devices
office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure

cc: HFZ-544 (Postmarket Surveillance Branch if appropriate)
HFZ-300 (Field Programs Branch - GMP)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCRN)
HFZ-100 (OST Reviewer - if appropriate
D.O.

APPROVAL ORDER FOR A PHA SUPPLEMENT (SA) Modified 6-9-95

Prepared by:DTerry:att/11/9/95
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Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Dennis Connolly, M.D.
Product Regulation Manager
Tachyarrhythmia Management Business pr
Medtronic, Inc. L
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S8
Medtronic® Transvene® Lead System
Filed: August 10, 1995

Dear Dr. Connolly:

The Center for Devices and Radiological Health (CDRH) of the Food
and Drug Administration (FDA) has completed its evaluation of
your premarket approval application (PMA) supplement, which
requested approval for use of an alternate sterilization process
and a modification to the distal end of the Transvene® Leads.
Based upon the information submitted, the PMA supplement is
approved subject to the conditions described below and in the
"Conditions of Approval for Implantable Defibrillators and
Programmers" (enclosed) . You may begin commercial distribution
of the device as modified by your PMA supplement upon receipt of
this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the
meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 515 (d) (1) (B) (ii) of
the act. FDA has also determined that to ensure the safe and
effective use of the device that the device is further restricted
within the meaning of section 520(e) under the authority of
section 515(d) (1) (B) (ii), (1) insofar as the labeling specify the
requirements that apply to the training of practitioners who may
use the device as approved in this order and (2) insofar as the
sale, distribution, and use must not violate sections 502(q) and
(r) of the act.
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You are reminded that as soon as possible, and before commercial
distribution of your device, that you must submit an amendment to
this PMA submission with copies of all approved labeling in final
printed form.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above
PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and
Cosmetic Act, (the act) manufacturers of certain types of devices
identified by the act or designated by FDA are required to
conduct postmarket surveillance studies. FDA has identified
under section 522(a) (1) (A) the above noted device as requiring
postmarket surveillance.

Upon approval and within thirty (30) days of first introduction
or delivery for introduction of this device into interstate
commerce you will be required to submit to FDA certification of
the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a
detailed profile of the study's principal investigator that
clearly establishes the qualifications and experience of the
individual to conduct the proposed study. For your information,
general guidance on preparing a protocol for a postmarket
surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will
either approve or disapprove it and notify you of the Agency's
action in writing. Do not undertake a postmarket surveillance
study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of
your device into interstate commerce, to submit timely an
acceptable protocol, or to undertake and complete an FDA approved
postmarket surveillance study consistent with the protocol, will
be considered violations of section 522.
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In accordance with the Medical Device Amendments of 1992, failure
of a manufacturer to meet its obligations under section 522 is a
prohibited act under section 301(q) (1) (C) of the Federal Food,
Drug and Cosmetic Act (the act) (21 U.S.C. 331(q) (1) (C)).
Further, under section 502(t) (3) of the act (21 U.S.C. 352(t) (3),
a device is misbranded if there is a failure or refusal to comply
with any requirement under section 522 of the act. Violations of
sections 301 or 502 may lead to regulatory actions including
seizure of your product, injunction, prosecution, or civil money
penalties or other FDA enforcement actions including (but not
limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillance
study requirements, contact the Postmarket Surveillance Studies
Branch, at (301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can
be located quickly if serious problems are occurring with the
products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have
serious adverse health consequences; (2) life sustaining or life
supporting devices that are used outside of device user
facilities the failure of which would be reasonably likely to
have serious adverse health consequences; and (3) other devices
that FDA has designated as requiring tracking. Under section
519(e), FDA believes that your device is a device that is subject
to tracking because it is a permanent implant whose failure would
be reasonably likely to have serious adverse consequences. FDA
has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations
set out what you must do to track a device. In addition, the
regulations list example permanent implant and life sustaining or
life supporting devices that FDA believes must be tracked at 21
CFR § 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR § 821.20(c). FDA's rationale for identifying
these devices is set out in the FEDERAL REGISTER (57 FR 10705-
10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58
FR 43451-43455 (August 16, 1993)).

'5_



Page 4 - Dennis Connolly, M.D.

If you have questions concerning this approval order, please
contact Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular,

Respiratory, and Neurological Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure

2)



DEPARTMENT OF HEALTH & HUMAN SERVICES `x Q ublic Health Service-

Food and Drug Administration

9200 Corporate Boulevard
Rockville MD 20850

Dennis Connolly, M.D.
Product Regulation Manager
Tachyarrhythmia Management Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S8
Medtronic® Transvene® Lead System
Filed: August 10, 1995

Dear Dr. Connolly:

The Center for Devices and Radiological Health (CDRH) of the Food
and Drug Administration (FDA) has completed its evaluation of
your premarket approval application (PMA1) supplement, which
requested approval for use of an alternate sterilization process
and a modification to the distal end of the Transvene® Leads.
Based upon the information submitted, the PMA supplement is
approved subject to the conditions described below and in the
"Conditions of Approval for Implantable Defibrillators and
Programmers" (enclosed) . You may begin commercial distribution
of the device as modified by your PMA1 supplement upon receipt of
this letter.

The sale, distribution, and use of this device are restricted to
prescription use in accordance with 21 CFR 801.109 within the
meaning of section 520(e) of the Federal Food, Drug, and Cosmetic
Act (the act) under the authority of section 515(d) (1) (B) (ii) of
the act. FDA has also determined that to ensure the safe and
effective use of the device that the device is further restricted
within the meaning of section 520(e) under the authority of
section 515(d) (1) (B) (ii), (1) insofar as the labeling specify the
requirements that apply to the training of practitioners who may
use the device as approved in this order and (2) insofar as the
sale, distribution, and use must not violate sections 502(q) and
(r) of the act.
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You are reminded that as soon as possible, and before commercial
distribution of your device, that you must submit an amendment to
this PMA submission with copies of all approved labeling in final
printed form.

All required documents should be submitted in triplicate, unless
otherwise specified, to the address below and reference the above
PMA number to facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and
Cosmetic Act, (the act) manufacturers of certain types of devices
identified by the act or designated by FDA are required to
conduct postmarket surveillance studies. FDA has identified
under section 522(a)(1)(A) the above noted device as requiring
postmarket surveillance.

Upon approval and within thirty (30) days of first introduction
or delivery for introduction of this device into interstate
commerce you will be required to submit to FDA certification of
the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a
detailed profile of the study's principal investigator that
clearly establishes the qualifications and experience of the
individual to conduct the proposed study. For your information,
general guidance on preparing a protocol for a postmarket
surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will
either approve or disapprove it and notify you of the Agency's
action in writing. Do not undertake a postmarket surveillance
study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of
your device into interstate commerce, to submit timely an
acceptable protocol, or to undertake and complete an FDA approved
postmarket surveillance study consistent with the protocol, will
be considered violations of section 522.
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In accordance with the Medical Device Amendments of 1992, failure
of a manufacturer to meet its obligations under section 522 is a
prohibited act under section 301(q) (1) (C) of the Federal Food,
Drug and Cosmetic Act (the act) (21 U.S.C. 331(q) (1) (C)).
Further, under section 502(t) (3) of the act (21 U.S.C. 352(t) (3),
a device is misbranded if there is a failure or refusal to comply
with any requirement under section 522 of the act. Violations of
sections 301 or 502 may lead to regulatory actions including
seizure of your product, injunction, prosecution, or civil money
penalties or other FDA enforcement actions including (but not
limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillance
study requirements, contact the Postmarket Surveillance Studies
Branch, at (301) 594-0639.

Under section 519(e) of the act (as amended by the Safe Medical
Devices Act in 1990), manufacturers of certain devices must track
their products to the final user or patient so that devices can
be located quickly if serious problems are occurring with the
products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have
serious adverse health consequences; (2) life sustaining or life
supporting devices that are used outside of device user
facilities the failure of which would be reasonably likely to
have serious adverse health consequences; and (3) other devices
that FDA has designated as requiring tracking. Under section
519(e), FDA believes that your device is a device that is subject
to tracking because it is a permanent implant whose failure would
be reasonably likely to have serious adverse consequences. FDA
has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations
set out what you must do to track a device. In addition, the
regulations list example permanent implant and life sustaining or
life supporting devices that FDA believes must be tracked at 21
CFR § 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR § 821.20(c). FDA's rationale for identifying
these devices is set out in the FEDERAL REGISTER (57 FR 10705-
10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58
FR 43451-43455 (August 16, 1993)).
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If you have questions concerning this approval order, please
contact Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular,

Respiratory, and Neurological Devices
office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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Dennis Connolly, M.D.

Product Regulation Manager
Tachyarrhythmia Management Business

Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S6
Medtronic® Defibrillation Leads: Transvene® Models 6966, 6936,

6963, and 6933 and Models 6939 and 6999 Patch Leads - Elimination of

Chlorofluorocarbon (CFC)
Filed: July 18, 1995

Dear Ms. Gibbs:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug

Administration (FDA) has completed its evaluation of your premarket approval

application (PMA) supplement, which requested approval to eliminate CFC to

manufacture the referenced defibrillation leads. Based upon the information

submitted, the PMA supplement is approved subject to the conditions described

below and in the "Conditions of Approval for Implantable Defibrillators and

Programmers" (enclosed). You may begin commercial distribution of the device

as modified by your PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to prescription

use in accordance with 21 CFR 801.109 within the meaning of section 520(e) of

the Federal Food, Drug, and Cosmetic Act (the act) under the authority of

section 515(d)(1)(B)(ii) of the act. FDA has also determined that to ensure

the safe and effective use of the device that the device is further restricted

within the meaning of section 520(e) under the authority of section

515(d)(l)(B)(ii), (1) insofar as the labeling specify the requirements that

apply to the training of practitioners who may use the device as approved in

this order and (2) insofar as the sale, distribution, and use must not violate

sections 502(q) and (r) of the act.

Failure to comply with the conditions of approval as attached invalidates this

approval order. Commercial distribution of a device that is not in compliance

with these conditions is a violation of the Federal Food, Drug, and Cosmetic

Act.

You are reminded that as soon as possible, and before commercial distribution

of your device, that you must submit an amendment to this PMA submission with

copies of all approved labeling in final printed form.
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All required documents should be submitted in triplicate, unless otherwise
specified, to the address below and reference the above PMA number to
facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and Cosmetic Act,
(the act) manufacturers of certain types of devices identified by the act or
designated by FDA are required to conduct postmarket surveillance studies.
FDA has identified under section 522(a)(1)(A) the above noted device as
requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or delivery
for introduction of this device into interstate commerce you will be required
to submit to FDA certification of the date of introduction into interstate
commerce, a detailed protocol which describes the postmarket surveillance
study, and a detailed profile of the study's principal investigator that
clearly establishes the qualifications and experience of the individual to
conduct the proposed study. For your information, general guidance on
preparing a protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will either approve or
disapprove it and notify you of the Agency's action in writing. Do not
undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device
into interstate commerce, to submit timely an acceptable protocol, or to
undertake and complete an FDA approved postmarket surveillance study
consistent with the protocol, will be considered violations of section 522.
In accordance with the Medical Device Amendments of 1992, failure of a
manufacturer to meet its obligations under section 522 is a prohibited act
under section 301(q)(1)(C) of the Federal Food, Drug and Cosmetic Act (the
act)(21 U.S.C. 331(q)(1)(C)). Further, under section 502(t)(3) of the act (21
U.S.C. 352(t)(3), a device is misbranded if there is a failure or refusal to
comply with any requirement under section 522 of the act. Violations of
sections 301 or 502 may lead to regulatory actions including seizure of your
product, injunction, prosecution, or civil money penalties or other FDA
enforcement actions including (but not limited to) withdrawal of your PMA.
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If you have any questions concerning postmarket surveillance study
requirements, contact the Postmarket Surveillance Studies Branch, at (301)
594-0639.

Under section 519(e) of the act (as amended by the Safe Medical Devices Act in
1990), manufacturers of certain devices must track their products to the final
user or patient so that devices can be located quickly if serious problems are
occurring with the products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices
that are used outside of device user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other
devices that FDA has designated as requiring tracking. Under section 519(e),
FDA believes that your device is a device that is subject to tracking because
it is a permanent implant whose failure would be reasonably likely to have
serious adverse consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations set out what
you must do to track a device. In addition, the regulations list example
permanent implant and life sustaining or life supporting devices that FDA
believes must be tracked at 21 CFR § 821.20(b) and the devices that FDA has
designated for tracking at 21 CFR § 821.20(c). FDA's rationale for
identifying these devices is set out in the FEDERAL REGISTER (57 FR 10705-
10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58 FR 43451-
43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact
Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular,

Respiratory, and Neurological Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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cc: HFZ-544 (Postmarket Surveillance Branch if appropriate)
HFZ-300 (Field Programs Branch - GMP)
HFZ-401 (Document Mail Center)
HFZ-402 (PMA Staff)
HFZ-450 (DCRN)
HFZ-100 (OST Reviewer - if appropriate
D.O.

APPROVAL ORDER FOR A PHA SUPPLEMENT (SA) Modified 6-9-95

Prepared by:DTerry:att/7/27/95
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Dennis Connolly, M.D.
Product Regulation Manager 7 0

Tachyarrhythmia Management Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S6
Medtronic® Defibrillation Leads: Transvene@ Models 6966, 6936,

6963, and 6933 and Models 6939 and 6999 Patch Leads - Elimination of
Chlorofluorocarbon (CFC)

Filed: July 18, 1995

Dear Ms. Gibbs:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement, which requested approval to eliminate CFC to
manufacture the referenced defibrillation leads. Based upon the information
submitted, the PMA supplement is approved subject to the conditions described
below and in the "Conditions of Approval for Implantable Defibrillators and
Programmers" (enclosed). You may begin commercial distribution of the device
as modified by your PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to prescription
use in accordance with 21 CFR 801.109 within the meaning of section 520(e) of
the Federal Food, Drug, and Cosmetic Act (the act) under the authority of
section 515(d)(l)(B)(ii) of the act. FDA has also determined that to ensure
the safe and effective use of the device that the device is further restricted
within the meaning of section 520(e) under the authority of section
515(d)(1)(B)(ii), (1) insofar as the labeling specify the requirements that
apply to the training of practitioners who may use the device as approved in
this order and (2) insofar as the sale, distribution, and use must not violate
sections 502 (q) and (r) of the act.

Failure to comply with the conditions of approval as attached invalidates this
approval order. Commercial distribution of a device that is not in compliance
with these conditions is a violation of the Federal Food, Drug, and Cosmetic
Act.

You are reminded that as soon as possible, and before commercial distribution
of your device, that you must submit an amendment to this PMA submission with
copies of all approved labeling in final printed form.

I. 2i
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All required documents should be submitted in triplicate, unless otherwise
specified, to the address below and reference the above PMA number to

facilitate processing.

FMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and Cosmetic Act,

(the act) manufacturers of certain types of devices identified by the act or
designated by FDA are required to conduct postmarket surveillance studies.

FDA has identified under section 522(a)(1)(A) the above noted device as
requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or delivery

for introduction of this device into interstate commerce you will be required

to submit to FDA certification of the date of introduction into interstate
commerce, a detailed protocol which describes the postmarket surveillance
study, and a detailed profile of the study's principal investigator that

clearly establishes the qualifications and experience of the individual to
conduct the proposed study. For your information, general guidance on
preparing a protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will either approve or

disapprove it and notify you of the Agency's action in writing. Do not
undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device
into interstate commerce, to submit timely an acceptable protocol, or to

undertake and complete an FDA approved postmarket surveillance study
consistent with the protocol, will be considered violations of section 522.
In accordance with the Medical Device Amendments of 1992, failure of a

manufacturer to meet its obligations under section 522 is a prohibited act
under section 301(q) (1) (C) of the Federal Food, Drug and Cosmetic Act (the
act) (21 U.S.C. 331(q)(l)(C)). Further, under section 502(t)(3) of the act (21

U.S.C. 352(t)(3), a device is misbranded if there is a failure or refusal to
comply with any requirement under section 522 of the act. Violations of
sections 301 or 502 may lead to regulatory actions including seizure of your
product, injunction, prosecution, or civil money penalties or other FDA
enforcement actions including (but not limited to) withdrawal of your PMA.
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If you have any questions concerning postmarket surveillance study

requirements, contact the Postmarket Surveillance Studies Branch, at (301)
594-0639.

Under section 519(e) of the act (as amended by the Safe Medical Devices Act in

1990), manufacturers of certain devices must track their products to the final

user or patient so that devices can be located quickly if serious problems are

occurring with the products. The tracking requirements apply to (1) permanent

implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices

that are used outside of device user facilities the failure of which would be

reasonably likely to have serious adverse health consequences; and (3) other

devices that FDA has designated as requiring tracking. Under section 519(e),

FDA believes that your device is a device that is subject to tracking because

it is a permanent implant whose failure would be reasonably likely to have

serious adverse consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on

August 16, 1993, appear at 21 CFR Part 821. These regulations set out what

you must do to track a device. In addition, the regulations list example

permanent implant and life sustaining or life supporting devices that FDA

believes must be tracked at 21 CFR § 821.20(b) and the devices that FDA has
designated for tracking at 21 CFR § 821.20(c). FDA's rationale for

identifying these devices is set out in the FEDERAL REGISTER (57 FR 10705-

10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58 FR 43451-

43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact
Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular,

Respiratory, and Neurological Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure



Dennis H. Connally, M.D.
Product Regulation Manager
Cardiac Pacing Business Unit

Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S4
Transvene Lead Models 6936, 6933, and 6939

Filed: January 20, 1995

Dear Dr. Connolly:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug

Administration (FDA) has completed its evaluation of your premarket approval

application (PMA) supplement, which requested approval for modifications to

the Transvene ® Lead Technical Manuals. Based upon the information submitted,

the PMA supplement is approved subject to the conditions described below and

in the "Conditions of Approval for Implantable Defibrillators and Programmers"

(enclosed). You may begin commercial distribution of the device as modified

by your PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to prescription

use in accordance with 21 CFR 801.109 within the meaning of section 520(e) of

the Federal Food, Drug, and Cosmetic Act (the act) under the authority of

section 515(d)(1)(B)(ii) of the act. FDA has also determined that to ensure

the safe and effective use of the device that the device is further restricted

within the meaning of section 520(e) under the authority of section

515(d)(1)(B)(ii), (1) insofar as the labeling specify the requirements that

apply to the training of practitioners who may use the device as approved in

this order and (2) insofar as the sale, distribution, and use must not violate

sections 502(q) and (r) of the act.

Failure to comply with the conditions of approval as attached invalidates this

approval order. Commercial distribution of a device that is not in compliance

with these conditions is a violation of the Federal Food, Drug, and Cosmetic

Act.

You are reminded that as soon as possible, and before commercial distribution

of your device, that you must submit an amendment to this PMA submission with

copies of all approved labeling in final printed form.
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All required documents should be submitted in triplicate, unless otherwise

specified, to the address below and reference the above PMA number to

facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health

Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and Cosmetic Act,

(the act) manufacturers of certain types of devices identified by the act or

designated by FDA are required to conduct postmarket surveillance studies.

FDA has identified under section 522(a)(1)(A) the above noted device as

requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or delivery

for introduction of this device into interstate commerce you will be required

to submit to FDA certification of the date of introduction into interstate

commerce, a detailed protocol which describes the postmarket surveillance

study, and a detailed profile of the study's principal investigator that

clearly establishes the qualifications and experience of the individual to

conduct the proposed study. For your information, general guidance on

preparing a protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will either approve or

disapprove it and notify you of the Agency's action in writing. Do not

undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device

into interstate commerce, to submit timely an acceptable protocol, or to

undertake and complete an FDA approved postmarket surveillance study

consistent with the protocol, will be considered violations of section 522.

In accordance with the Medical Device Amendments of 1992, failure of a

manufacturer to meet its obligations under section 522 is a prohibited act

under section 301(q)(1)(C) of the Federal Food, Drug and Cosmetic Act (the

act)(21 U.S.C. 331(q)(l)(C)). Further, under section 502(t)(3) of the act (21

U.S.C. 352(t)(3), a device is misbranded if there is a failure or refusal to

comply with any requirement under section 522 of the act. Violations of

sections 301 or 502 may lead to regulatory actions including seizure of your

product, injunction, prosecution, or civil money penalties or other FDA

enforcement actions including (but not limited to) withdrawal of your PMA.

V•6
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If you have any questions concerning postmarket surveillance study

requirements, contact the Postmarket Surveillance Studies Branch, at (301)

594-0639.

Under section 519(e) of the act (as amended by the Safe Medical Devices Act in

1990), manufacturers of certain devices must track their products to the final

user or patient so that devices can be located quickly if serious problems are

occurring with the products. The tracking requirements apply to (1) permanent

implants the failure of which would be reasonably likely to have serious

adverse health consequences; (2) life sustaining or life supporting devices

that are used outside of device user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other

devices that FDA has designated as requiring tracking. Under section 519(e),

FDA believes that your device is a device that is subject to tracking because

it is a permanent implant whose failure would be reasonably likely to have

serious adverse consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on

August 16, 1993, appear at 21 CFR Part 821. These regulations set out what

you must do to track a device. In addition, the regulations list example

permanent implant and life sustaining or life supporting devices that FDA

believes must be tracked at 21 CFR § 821.20(b) and the devices that FDA has
designated for tracking at 21 CFR § 821.20(c). FDA's rationale for

identifying these devices is set out in the FEDERAL REGISTER (57 FR 10705-

10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58 FR 43451-

43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact
Doris Terry at (301) 443-8609.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular,

Respiratory, and Neurological Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure
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cc: HFZ-544 (Postmarket Surveillance Branch if appropriate)

HFZ-300 (Field Programs Branch - GMP)

HFZ-401 (Document Mail Center)

HFZ-402 (PMA Staff)
HFZ-450 (DCND)
HFZ-100 (OST Reviewer - if appropriate
D.O.

APPROVAL ORDER FOR A PMA SUPPLEMENT (SA) Modified 6-9-95

Prepared by:DTerry:att/7/11/95
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Servie

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

AUG I 4 1995

Dennis H. Connally, M.D.
Product Regulation Manager
Cardiac Pacing Business Unit

Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S4
Trainsvene Lead Models 6936, 6933, and 6939
Filed: January 20, 1995

Dear Dr. Connolly:

The Center for Devices and Radiological Health (CDRHI) of the Food and Drug

Administration (FDA) has completed its evaluation of your premarket approval

application (PMA) supplement, which requested approval for modifications to

the TransveneO Lead Technical Manuals. Based upon the information submitted,

the FMA supplement is approved subject to the conditions described below and

in the "Cond<-itions of Approval for Implantable Defibrillators and Programmers"

(enclosed). You may begin commercial distribution of the device as modified

by your PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to prescription

use in accordance with 21 CFR 801.109 within the meaning of section 520(e) of

the Federal Food, Drug, and Cosmetic Act (the act) under the authority of

section 515 (d) (1) (B) (ii) of the act. FDA has also determined that to ensure

the safe and effective use of the device that the device is further restricted

within the meaning of section 520(e) under the authority of section

515(d)(l)(B)(ii), (1) insofar as the labeling specify the requirements that

apply to the training of practitioners who may use the device as approved in

this order and (2) insofar as the sale, distribution, and use must not violate

sections 502(q) and (r) of the act.

Failure to comply with the conditions of approval as attached invalidates this

approval order. Commercial distribution of a device that is not in compliance

with these conditions is a violation of the Federal Food, Drug, and Cosmetic

Act.

You are reminded that as soon as possible, and before commercial distribution

of your device, that you must submit an amendment to this PMA submission with

copies of all approved labeling in final printed form.
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All required documents should be submitted in triplicate, unless otherwise

specified, to the address below and reference the above PMA number to

facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and Cosmetic Act,

(the act) manufacturers of certain types of devices identified by the act or
designated by FDA are required to conduct postmarket surveillance studies.

FDA has identified under section 522(a)(1)(A) the above noted device as
requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or delivery

for introduction of this device into interstate commerce you will be required

to submit to FDA certification of the date of introduction into interstate
commerce, a detailed protocol which describes the postmarket surveillance

study, and a detailed profile of the study's principal investigator that
clearly establishes the qualifications and experience of the individual to

conduct the proposed study. For your information, general guidance on

preparing a protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
1350 Piccard Drive (HFZ-544)
Rockville, Maryland 20850

Within sixty (60) days of receipt of your protocol, FDA will either approve or

disapprove it and notify you of the Agency's action in writing. Do not

undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device

into interstate commerce, to submit timely an acceptable protocol, or to

undertake and complete an FDA approved postmarket surveillance study

consistent with the protocol, will be considered violations of section 522.

In accordance with the Medical Device Amendments of 1992, failure of a

manufacturer to meet its obligations under section 522 is a prohibited act

under section 301(q)(1)(C) of the Federal Food, Drug and Cosmetic Act (the

act)(21 U.S-C. 331(q)(l)(C)). Further, under section 502(t)(3) of the act (21

U.S.C. 352(:)(3), a device is misbranded if there is a failure or refusal to

comply with any requirement under section 522 of the act. Violations of

sections 301 or 502 may lead to regulatory actions including seizure of your

product, injunction, prosecution, or civil money penalties or other FDA

enforcement actions including (but not limited to) withdrawal of your PMA.
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If you have any questions concerning postmarket surveillance study
requirements, contact the Postmarket Surveillance Studies Branch, at (301)
594-0639.

Under section 519(e) of the act (as amended by the Safe Medical Devices Act in
1990), manufacturers of certain devices must track their products to the final
user or patient so that devices can be located quickly if serious problems are
occurring with the products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices
that are used outside of device user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other
devices that FDA has designated as requiring tracking. Under section 519(e),
FDA believes that your device is a device that is subject to tracking because
it is a permanent implant whose failure would be reasonably likely to have
serious adverse consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on
August 16, 1993, appear at 21 CFR Part 821. These regulations set out what
you must do to track a device. In addition, the regulations list example
permanent implant and life sustaining or life supporting devices that FDA
believes must be tracked at 21 CFR § 821.20(b) and the devices that FDA has
designated for tracking at 21 CFR § 821.20(c). FDA's rationale for
identifying these devices is set out in the FEDERAL REGISTER (57 FR 10705-
10709 (March 27, 1991), 57 FR 22973-22975 (May 29, 1992), and 58 FR 43451-
43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact
Doris Terry at (301) 443-8609.

Sincerely yours,

. Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular,
Respiratory, and Neurological Devices

Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure
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Dennis H. Connolly, M.D.
Product Regulation Manager
Tachyarrhythmia Division
Cardiac Pacing Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S3
Medtronic® Transvene Lead System
Filed: April 25, 1994
Amended: June 29, 1994

Dear Dr. Connolly:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement, which requested approval to modify the DF-1
connector pins of the Transvene® Lead Models 6936 and 6939. Based upon the
information submitted, the PMA supplement is approved subject to the
conditions described below and in the "Conditions of Approval for Implantable
Defibrillators and Programmers" (enclosed). You may begin commercial
distribution of the device as modified by your PMA supplement upon receipt of
this letter.

The sale, distribution, and use of this device are restricted to prescription
use in accordance with 21 CFR 801.109.

The sale, distribution, and use of this device are restricted to prescription
use in accordance with 21 CFR 801.109 within the meaning of section 520(e) of
the Federal Food, Drug, and Cosmetic Act (the act) under the authority of
section 515(d)(1)(B)(ii) of the act. FDA has also determined that to ensure
the safe and effective use of the device that the device is further restricted
within the meaning of section 520(e) under the authority of section
515(d)(l)(B)(ii), (1) insofar as the labeling specify the requirements that
apply to the training of practioners who may use the device as approved in
this order and (2) insofar as the sale, distribution, and use must not violate
sections 502(q) and (r) of the act.

Expiration dating for this device has been establish and approved at 2 years.
This is to advise you that the protocol used to establish this expiration
dating is considered an approved protocol for the purpose of extending the
expiration dating as provided by 21 CFR 814.39(a)(8).
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act)(21 U.S.C. 331(q)(1)(C)). Further, under section 502(t)(3) of the act (21
U.S.C. 352(t)(3), a device is misbranded if there is a failure or refusal to
comply with any requirement under section 522 of the act. Violations of
sections 301 or 502 may lead to regulatory actions including seizure of your
product, injunction, prosecution, or civil money penalties or other FDA
enforcement actions including (but not limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillance study
requirements, contact the Postmarket Surveillance Studies Branch, at (301)
594-0639.

Under section 519(e) of the act (as amended by the Safe Medical Devices Act in
1990), manufacturers of certain devices must track their products to the final
user or patient so that devices can be located quickly if serious problems are
occurring with the products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices
that are used outside of device user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other
devices that FDA has designated as requiring tracking. Under section 519(e),
FDA believes that your device is a device that is subject to tracking because
it is a permanent implant whose failure would be reasonably likely to have
serious adverse consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on August 16,
1993, appear at 21 CPR Part 821. These regulations set out what you must do
to track a device. In addition, the regulations list example permanent
implant and life sustaining or life supporting devices that FDA believes must
be tracked at 21 CFR § 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR § 821.20(c). FDA's rationale for identifying these devices
is set out in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR
22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact Doris
Terry at (301) 594-1523.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular, Respiratory,

and Neurological Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosures
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Failure to comply with the conditions of approval as attached invalidates this
approval order. Commercial distribution of a device that is not in compliance
with these conditions is a violation of the Federal Food, Drug, and Cosmetic
Act.

You are reminded that as soon as possible, and before commercial distribution
of your device, that you must submit an amendment to this PMA submission with
copies of all approved labeling in final printed form.

All required documents should be submitted in triplicate, unless otherwise
specified, to the address below and reference the above PMA number to
facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
1390 Piccard Drive
Rockville, Maryland 20850

In addition under section 5 22(a) of the Federal Food, Drug, and Cosmetic Act,
(the act) manufacturers of certain types of devices identified by the act or
designated by FDA are required to conduct postmarket surveillance studies.
FDA has identified under section 522(a)(1)(A) the above noted device as
requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or delivery
for introduction of this device into interstate commerce you will be required
to submit to FDA certification of the date of introduction into interstate
commerce, a detailed protocol which describes the postmarket surveillance
study, and a detailed profile of the study's principal investigator that
clearly establishes the qualifications and experience of the individual to
conduct the proposed study. For your information, general guidance on
preparing a protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
Suite 405 (HFZ-544)
1801 Rockville Pike
Rockville, Maryland 20852

Within sixty (60) days of receipt of your protocol, FDA will either approve or
disapprove it and notify you of the Agency's action in writing. Do not
undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device
into interstate commerce, to submit timely an acceptable protocol, or to
undertake and complete an FDA approved postmarket surveillance study
consistent with the protocol, will be considered violations of section 522.
In accordance with the Medical Device Amendments of 1992, failure of a
manufacturer to meet its obligations under section 522 is a prohibited act
under section 301(q)(1)(C) of the Federal Food, Drug and Cosmetic Act (the
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cc: HFZ-544
HFZ-300
HFZ-401
HFZ-402
HFZ-450
D.O.

APPROVAL ORDER FOR A PHA SUPPLEMENT (SA) Modified 5-27-94
Prepared by:DTERRY:jau: 7/11/94
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DEPARTMENT OF HEAL. A &HUMAN SERVICES Public Health Service4 
Food and Drug Administration
1390 Piccard Drive
Rockville MD 20850

JUL 2 0 1994
Dennis H. Connolly, M.D.
Product Regulation Manager
Tachyarrhythmia Division
Cardiac Pacing Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S3
Medtronic@ Transvene Lead System
Filed: April 25, 1994
Amended: June 29, 1994

Dear Dr. Connolly:

The Center for Devices and Radiological Health (CDRH) of the Food and DrugAdministration (FDA) has completed its evaluation of your premarket approvalapplication (PMA) supplement, which requested approval to modify the DF-1connector pins of the Transvene® Lead Models 6936 and 6939. Based upon theinformation submitted, the PMA supplement is approved subject to theconditions described below and in the "Conditions of Approval for Implantable
Defibrillators and Programmers" (enclosed). You may begin commercialdistribution of the device as modified by your PMA supplement upon receipt of
this letter.

The sale, distribution, and use of this device are restricted to prescription
use in accordance with 21 CFR 801.109.

The sale, distribution, and use of this device are restricted to prescriptionuse in accordance with 21 CFR 801.109 within the meaning of section 520(e) ofthe Federal Food, Drug, and Cosmetic Act (the act) under the authority ofsection 515(d)(1)(B)(ii) of the act. FDA has also determined that to ensurethe safe and effective use of the device that the device is further restricted
within the meaning of section 5 20(e) under the authority of section515(d)(1)(B)(ii), (1) insofar as the labeling specify the requirements thatapply to the training of practioners who may use the device as approved inthis order and (2) insofar as the sale, distribution, and use must not violate
sections 502(q) and (r) of the act.

Expiration dating for this device has been establish and approved at 2 years.This is to advise you that the protocol used to establish this expirationdating is considered an approved protocol for the purpose of extending the
expiration dating as provided by 21 CFR 814 .39(a)(8).
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Failure to comply with the conditions of approval as attached invalidates this
approval order. Commercial distribution of a device that is not in compliance
with these conditions is a violation of the Federal Food, Drug, and Cosmetic
Act.

You are reminded that as soon as possible, and before commercial distribution
of your device, that you must submit an amendment to this PMA submission with
copies of all approved labeling in final printed form.

All required documents should be submitted in triplicate, unless otherwise
specified, to the address below and reference the above PMA number to
facilitate processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
1390 Piccard Drive
Rockville, Maryland 20850

In addition under section 522(a) of the Federal Food, Drug, and Cosmetic Act,
(the act) manufacturers of certain types of devices identified by the act or
designated by FDA are required to conduct postmarket surveillance studies.
FDA has identified under section 522(a)(1)(A) the above noted device as
requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or delivery
for introduction of this device into interstate commerce you will be required
to submit to FDA certification of the date of introduction into interstate
commerce, a detailed protocol which describes the postmarket surveillance
study, and a detailed profile of the study's principal investigator that
clearly establishes the qualifications and experience of the individual to
conduct the proposed study. For your information, general guidance on
preparing a protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
Suite 405 (HFZ-544)
1801 Rockville Pike
Rockville, Maryland 20852

Within sixty (60) days of receipt of your protocol, FDA will either approve or
disapprove it and notify you of the Agency's action in writing. Do not
undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device
into interstate commerce, to submit timely an acceptable protocol, or to
undertake and complete an FDA approved postmarket surveillance study
consistent with the protocol, will be considered violations of section 522.
In accordance with the Medical Device Amendments of 1992, failure of a
manufacturer to meet its obligations under section 522 is a prohibited act
under section 301(q)(1)(C) of the Federal Food, Drug and Cosmetic Act (the
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act)(21 U.S.C. 331(q)(1)(C)). Further, under section 502(t)(3) of the act (21
U.S.C. 352(t)(3), a device is misbranded if there is a failure or refusal to
comply with any requirement under section 522 of the act, Violations of
sections 301 or 502 may lead to regulatory actions including seizure of your
product, injunction, prosecution, or civil money penalties or other FDA
enforcement actions including (but not limited to) withdrawal of your PMA.

If you have any questions concerning postmarket surveillance study
requirements, contact the Postmarket Surveillance Studies Branch, at (301)
594-0639.

Under section 5 19(e) of the act (as amended by the Safe Medical Devices Act in
1990), manufacturers of certain devices must track their products to the final
user or patient so that devices can be located quickly if serious problems are
occurring with the products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices
that are used outside of device user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other
devices that FDA has designated as requiring tracking. Under section 5 19(e),
FDA believes that your device is a device that is subject to tracking because
it is a permanent implant whose failure would be reasonably likely to have
serious adverse consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on August 16,
1993, appear at 21 CFR Part 821. These regulations set out what you must do
to track a device. In addition, the regulations list example permanent
implant and life sustaining or life supporting devices that FDA believes must
be tracked at 21 CFR § 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR § 821.20(c). FDA's rationale for identifying these devices
is set out in the FEDERAL REGISTER (57 FR 10705-10709 (March 27, 1991), 57 FR
22973-22975 (May 29, 1992), and 58 FR 43451-43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact Doris
Terry at (301) 594-1523.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular, Respiratory,

and Neurological Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosures



Dennis H. Connolly, M.D.
Product Regulation Manager
Tachyarrhythmia Division
Cardiac Pacing Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S3
Medtronic® Transvene® Lead Models 6936 and 6939
Filed: April 25, 1994

Dear Dr. Connolly:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its review of your premarket approval
application (PMA) supplement, which requests approval to modify the DF-1
connector pins of the Transvene ® Lead Models 6936 and 6939. We are pleased to
inform you that CDRH has determined that the PMA supplement is approvable
subject to your submission of the following:

Provide a description and the results of verification and/or quality
control checks performed on a sample of the leads.

In addition to the above, an FDA inspection must find that the manufacturing
facilities, methods and controls comply with applicable device Good
Manufacturing Practice Regulations (21 CFR Part 820). If you have a
manufacturing facility which is not prepared for production of the device,
amend the PMA supplement as soon as possible and notify your District Office
to indicate when the facility will be prepared to produce the device so that
the FDA inspection can be rescheduled. If you have any questions regarding
the status of your GMP inspection please contact your District Office or the
Office of Compliance at (301) 594-4695.

Following receipt of an approvable letter, an applicant is required by 21 CFR
814.20(e) to update its pending PMA supplement with new safety and
effectiveness information pertinent to the requested change or modification
and learned about the device from ongoing or completed studies that may
reasonably affect an evaluation of the safety or effectiveness of the device
or that may reasonably affect the statement of contraindications, warnings,
precautions and adverse reactions in the draft labeling. This updated
reporting is limited to studies sponsored by the applicant or to which the
applicant has reasonable access. The clinical update must be consistent with
the data reporting provisions of the protocol.
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CDRH will issue an approval order after the requested information has been
reviewed and determined to be acceptable. You may not begin commercial
distribution of the device as modified by this PMA supplement until you have
received an approval order and final printed labeling has been submitted to
FDA.

You may amend your PMA supplement as requested or withdraw it, or you may
treat this letter as a formal denial of approval. If you choose the latter,
you may request administrative review, either through a hearing or review by
an independent advisory committee, under section 515(d)(3) and 515(g) of the
Federal Food, Drug, and Cosmetic Act by filing a petition with the Food and
Drug Administration, Dockets Management Branch (HFA-305), Room 1-23, 12420
Parklawn Drive, Rockville, Maryland 20857, within 30 days of the date you
receive this letter. A petition for administrative review must be submitted
in accordance with general administrative procedures for submission of
documents to the Dockets Management Branch (21 CFR 10.20) and in the form of a
petition for reconsideration (21 CFR 10.33). After reviewing the petition,
FDA will decide whether to grant or deny the petition and will publish a
notice of its decision in the FEDERAL REGISTER. If FDA grants the petition,
the notice will state the issues to be reviewed, the form of the review to be
used, the persons who may participate in the review, the time and place where
the review will occur, and other details.

As provided under 21 CFR 814 .44(g), FDA will consider this PMA supplement to
have been voluntarily withdrawn if you fail to respond in writing within 180
days of the date of this request for a PMA supplement amendment. You may,
however, amend the PMA supplement within the 180-day period to request an
extension of time to respond. Any such request is subject to FDA approval and
should justify the need for the extension and provide a reasonable estimate of
when the requested information will be submitted. If you do not amend the PMA
supplement within the 180-day period to (1) correct the above deficiency, or
(2) request an extension of time to respond and have the request approved, any
amendment submitted after the 180-day period will be considered a resubmission
of the PMA supplement and will be assigned a new number. Under these
circumstances, any resubmission will be given a new PMA supplement number and
will be subject to the requirements of 21 CFR 814.20. A resubmission should
be complete and self-contained because of potential difficulties in assembling
files from storage.

In addition, under Section 522(a) of the act, manufacturers of certain types
of devices identified by the act or designated by FDA are required to conduct
postmarket surveillance studies. FDA has identified under Section
522(a)(1)(A) the above noted device as requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or delivery
for introduction of this device into interstate commerce you will be required
to submit to FDA certification of the date of introduction into interstate
commerce, a detailed protocol which describes the postmarket surveillance
study, and a detailed profile of the study's principal investigator that



Page 3 - Dennis H. Connolly, M.D.

clearly establishes the qualifications and experience of the individual to
conduct the proposed study. For your information, general guidance on
preparing a protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
Suite 405 (HFZ-544)
1801 Rockville Pike
Rockville, Maryland 20852

Within sixty (60) days of receipt of your protocol, FDA will either approve or
disapprove it and notify you of the Agency's action in writing. Do not
undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device
into interstate commerce, to submit timely an acceptable protocol, or to
undertake and complete an FDA approved postmarket surveillance study
consistent with the protocol, will cause your product to be misbranded and
could lead to the imposition of civil money penalties or other regulatory
actions. Any distribution of a misbranded device is a violation of the act
and may result in a number of FDA enforcement actions, including (but not
limited to) withdrawal of your PMA.

If you have questions concerning postmarket surveillance study requirements,
contact the Postmarket Surveillance Studies Branch at (301) 594-0639.

Under Section 519(e) of the act (as amended by the Safe Medical Devices Act of
1990), manufacturers of certain devices must track their products to the final
user or patient so that devices can be located quickly if serious problems are
occurring with the products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices
that are used outside of devices user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other
devices that FDA has designated as requiring tracking. Under Section 519(e),
FDA believes that your device is a device that is subject to tracking because
it is a permanent implant whose failure would be reasonable likely to have
serious health consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on August 16,
1993, appear at 21 CFR Part 821. These regulations set out what you must do
to track a device. In addition, the regulations list example permanent
implant and life sustaining or life supporting devices that FDA believes must
be tracked at 21 CFR 821.20(b) and the devices that FDA has designated for



DC:eARTMEN )f HECALTHAA~ 1 (CES

Page b - Dennis H. Connolly, M.D.

tracking at 21 CFR 821.20(c). FDA's rationale for identifying these devices
is set out in the FEDERAL REGISTER (57 FR 10705 - 10709 (March 27, 1991), 57
FR 22973 - 22975 (May 29, 1992), and 58 FR 43451 - 43455 (August 16, 1993)).

If you have questions concerning this approvable letter, please contact Doris
Terry at (301) 594-1523 or Arnold Alpert, Ph.D., at (301) 594-2186.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular, Respiratory,

and Neurological Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

cc: HFZ-331
HFZ-401
HFZ-402
HFZ-450
D.O0

801:4-22-91
Prepaied by:DTERRY:jau:5/17/94
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44 ~~~~~~~~~~~~~~~~~~~~~~~~Food and Drug Administration
1390 Piccard Drive
Rockville MD 20850

Denhis H. Connolly, M.D.
Product Regulation Manager
Tachyarrhythinia Division
Cardiac Facing Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S3
MedtronicO TransveneO Lead Models 6936 and 6939
Filed: April 25, 1994

Dear Dr. Connolly:

The Center for Devices and Radiological Health (CDRHl) of the Food and Drug
Administration (FDA) has completed its review of your premarket approval
application (BRA) supplement, which requests approval to modify the DF-l
connector pins of the TransveneO' Lead Models 6936 and 6939. We are pleased to
inform you that CDRH- has determined that the PMA supplement is approvable,
subject to your submission of the following:

Provide a description and the results of verification and/or quality
control checks performed on a sample of the leads.

In addition to the above, an FDA inspection must find that the manufacturing
facilities, methods and controls comply with applicable device Good
Manufacturing Practice Regulations (21 CFR Fart 820). If you have a
manufacturing facility which is not prepared for production of the device,
amend the PMA supplement as soon as possible and notify your District Office
to indicate when the facility will be prepared to produce the device so that
the FDA inspection can be rescheduled. If you have any questions regarding
the status of your GMP inspection please contact your District Office or the
Office of Compliance at (301) 594-4695.

Following receipt of an approvable. letter, an applicant is required by 21 CFR
814.20(e) to update it's pending PMA supplement with new safety and
effectiveness information pertinent to the requested change or modification
and learned about the device from ongoing or completed studies that may
reasonably affect an evaluation of the safety or effectiveness of the device
or that may reasonably affect the statement of contraindications, warnings,
precautions and adverse reactions in the draft labeling. This updated
reporting is limited to studies sponsored by the applicant or to which the
applicant has reasonable access. The clinical update must be consistent with
the data reporting provisions of the protocol.
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CDRH will issue an approval order after the requested information has been
reviewed and determined to be acceptable. You may not begin commercial
distribution of the device as modified by this PMA supplement until you have
received an approval order and final printed labeling has been submitted to
FDA.

You may amend your PMA supplement as requested or withdraw it, or you may
treat this letter as a formal denial of approval. If you choose the latter,
you may request administrative review, either through a hearing or review by
an independent advisory committee, under section 515(d)(3) and 515(g) of the
Federal Food, Drug, and Cosmetic Act by filing a petition with the Food and
Drug Administration, Dockets Management Branch (HFA-305), Room 1-23, 12420
Parklawn Drive, Rockville, Maryland 20857, within 30 days of the date you
receive this letter. A petition for administrative review must be submitted
in accordance with general administrative procedures for submission of
documents to the Dockets Management Branch (21 CFR 10.20) and in the form of a
petition for reconsideration (21 CFR 10.33). After reviewing the petition,
FDA will decide whether to grant or deny the petition and will publish a
notice of its decision in the FEDERAL REGISTER. If FDA grants the petition,
the notice will state the issues to be reviewed, the form of the review to be
used, the persons who may participate in the review, the time and place where
the review will occur, and other details.

As provided under 21 CFR 814 .44(g), FDA will consider this PMA supplement to
have been voluntarily withdrawn if you fail to respond in writing within 180
days of the date of this request for a PMA supplement amendment. You may,
however, amend the PMA supplement within the 180-day period to request an
extension of time to respond. Any such request is subject to FDA approval and
should justify the need for the extension and provide a reasonable estimate of
when the requested information will be submitted. If you do not amend the PMA
supplement within the 180-day period to (1) correct the above deficiency, or
(2) request an extension of time to respond and have the request approved, any
amendment submitted after the 180-day period will be considered a resubmission
of the PMA supplement and will be assigned a new number. Under these
circumstances, any resubmission will be given a new PMA supplement number and
will be subject to the requirements of 21 CFR 814.20. A resubmission should
be complete and self-contained because of potential difficulties in assembling
files from storage.

In addition, under Section 522(a) of the act, manufacturers of certain types
of devices identified by the act or designated by FDA are required to conduct
postmarket surveillance studies. FDA has identified under Section
522(a)(1)(A) the above noted device as requiring postmarket surveillance.

Upon approval and within thirty (30) days of first introduction or delivery
for introduction of this device into interstate commerce you will be required
to submit to FDA certification of the date of introduction into interstate
commerce, a detailed protocol which describes the postmarket surveillance
study, and a detailed profile of the study's principal investigator that



Page 3 - Dennis H. Connolly, M.D.

clearly establishes the qualifications and experience of the individual to
conduct the proposed study. For your information, general guidance on
preparing a protocol for a postmarket surveillance study is enclosed.

At that time you should submit five (5) copies to:

Postmarket Studies Document Center
Suite 405 (HFZ-544)
1801 Rockville Pike
Rockville, Maryland 20852

Within sixty (60) days of receipt of your protocol, FDA will either approve or
disapprove it and notify you of the Agency's action in writing. Do not
undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device
into interstate commerce, to submit timely an acceptable protocol, or to
undertake and complete an FDA approved postmarket surveillance study
consistent with the protocol, will cause your product to be misbranded and
could lead to the imposition of civil money penalties or other regulatory
actions. Any distribution of a misbranded device is a violation of the act
and may result in a number of FDA enforcement actions, including (but not
limited to) withdrawal of your PMA.

If you have questions concerning postmarket surveillance study requirements,
contact the Postmarket Surveillance Studies Branch at (301) 594-0639.

Under Section 519(e) of the act (as amended by the Safe Medical Devices Act of
1990), manufacturers of certain devices must track their products to the final
user or patient so that devices can be located quickly if serious problems are
occurring with the products. The tracking requirements apply to (1) permanent
implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices
that are used outside of devices user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other
devices that FDA has designated as requiring tracking. Under Section 519(e),
FDA believes that your device is a device that is subject to tracking because
it is a permanent implant whose failure would be reasonable likely to have
serious health consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on August 16,
1993, appear at 21 CFR Part 821. These regulations set out what you must do
to track a device. In addition, the regulations list example permanent
implant and life sustaining or life supporting devices that FDA believes must
be tracked at 21 CFR 821.20(b) and the devices that FDA has designated for
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tracking at 21 CFR 821.20(c). FDA's rationale for identifying these devices
is set out in the FEDERAL REGISTER (57 FR 10705 - 10709 (March 27, 1991), 57
FR 22973 - 22975 (May 29, 1992), and 58 FR 43451 - 43455 (August 16, 1993)).

If you have questions concerning this approvable letter, please contact Doris
Terry-at (301) 594-1523 or Arnold Alpert, Ph.D., at (301) 594-2186.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular, Respiratory,

and Neurological Devices
Office of Device Evaluation
Center for Devices and
Radiological Health
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Mr. Timothy D. Samsel
Director, Regulatory Affairs
Cardiac Facing Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/Si
Medtronic0 Transvene Lead System
Filed: March 3, 1994
Amended: March 24, 30, April 5 and 13, 1994

Dear Mr. Samsel:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement, which requested approval for the Transvene® DF-1
Lead Models 6933, 6936 and 6939, for revisions to the labeling and adding a
caution regarding lead/defibrillator compatibility to the labeling. Based
upon the information submitted, the PMA supplement is approved subject to the
conditions described below and in the "Conditions of Approval for Implantable
Defibrillators and Programmers" (enclosed). You may begin commercial
distribution of the device as modified by your PMA supplement upon receipt of
this letter and upon concurrent submission of all approved labeling in final
printed form.

The sale, distribution, and use of this device are restricted to prescription
use in accordance with 21 CFR 801.109 within the meaning of section 520(e) of
the Federal Food, Drug, and Cosmetic Act (the act) under the authority of
section 515(d)(1)(B)(ii) of the act. FDA has also determined that to ensure
the safe and effective use of the device that the device is further restricted
within the meaning of section 520(e) under the authority of section
515(d)(l)(B)(ii), (1) insofar as the approved labeling specify the
requirements that apply to the training of practitioners who may use the
device as approved in this order and (2) insofar as the sale, distribution,
and use must not violate sections 502(q) and (r) of the act.

Expiration dating for this device has been establish and approved at 2 years.
This is to advise you that the protocol used to establish this expiration
dating is considered an approved protocol for the purpose of extending the
expiration dating as provided by 21 CFR 814.39(a)(8).

Failure to comply with the conditions of approval invalidates this approval
order. Commercial distribution of a device that is not in compliance with
these conditions is a violation of the act.
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All required documents must be submitted in triplicate, unless otherwise
specified, to the address below and shall reference the above PMA number to
expedite processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
1390 Piccard Drive
Rockville, Maryland 20850

In addition, under Section 522(a) of the act, manufacturers of certain types
of devices identified by the act or designated by FDA are required to conduct
postmarket surveillance studies. FDA has identified under Section
522(a)(1)(A) the device cleared for marketing by this order as requiring
postmarket surveillance.

Within thirty (30) days of first introduction or delivery for introduction of
this device into interstate commerce you are required to submit to FDA
certification of the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a detailed
profile of the study's principal investigator that clearly establishes the
qualifications and experience of the individual to conduct the proposed study.
For your information, general guidance on preparing a protocol for a
postmarket surveillance study is enclosed.

Submit five (5) copies to:

Postmarket Studies Document Center
Suite 405 (HFZ-544)
1801 Rockville Pike
Rockville, Maryland 20852

Within sixty (60) days of receipt of your protocol, FDA will either approve or
disapprove it and notify you of the Agency's action in writing. Do not
undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device
into interstate commerce, to submit timely an acceptable protocol, or to
undertake and complete an FDA approved postmarket surveillance study
consistent with the protocol, will cause your product to be misbranded and
could lead to the imposition of civil money penalties or other regulatory
actions. Any distribution of a misbranded device is a violation of the act
and may result in a number of FDA enforcement actions, including (but not
limited to) withdrawal of your PMA.

If you have questions concerning postmarket surveillance study requirements,
contact the Postmarket Surveillance Studies Branch at (301) 594-0639.

Under Section 519(e) of the act (as amended by the Safe Medical Devices Act of
1990), manufacturers of certain devices must track their products to the final
user or patient so that devices can be located quickly if serious problems are
occurring with the products. The tracking requirements apply to (1) permanent
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implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices
that are used outside of devices user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other
devices that FDA has designated as requiring tracking. Under Section 519(e),
FDA believes that your device is a device that is subject to tracking because
it is a permanent implant whose failure would be reasonable likely to have
serious health consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on August 16,
1993, appear at 21 CFR Part 821. These regulations set out what you must do
to track a device. In addition, the regulations list example permanent
implant and life sustaining or life supporting devices that FDA believes must
be tracked at 21 CER 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR 821.20(c). FDA's rationale for identifying these devices
is set out in the FEDERAL REGISTER (57 FR 10705 - 10709 (March 27, 1991), 57
FR 22973 - 22975 (May 29, 1992), and 58 FR 43451 - 43455 (August- 16, 1993)).

If you have questions concerning this approval order, please contact Doris
Terry at (301) 594-1523 or Arnold Alpert, Ph.D., at (301) 594-2186.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular, Respiratory,

and Neurological Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosures

cc:
HFZ-331
HFZ-401
HFZ-402
HFZ-450
D.O.

801:4-22-91
Prepared by:DTERRY:jau:5/13/94
Revised:PMASTAFF:Jau 6/14/94
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Food and Drug Administration
1390 Piccard DriveMr. Timothy D. Samsel Rockville MD 20850

Director, Regulatory Affairs
Cardiac Pacing Business
Medtronic, Inc.
7000 Central Avenue, N.E. 't
Minneapolis, Minnesota 55432-3576 4

1994

Re: P920015/Si
MedtronicO Transvene Lead System
Filed: March 3, 1994
Amended: March 24, 30, April 5 and 13, 1994

Dear Mr. Samsel:

The Center for Devices and Radiological Health (CDRII) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PHA) supplement, which requested approval for the Transvene6 DF-l
Lead Models 6933, 6936 and 6939, for revisions to the labeling and adding a
caution regarding lead/defibrillator compatibility to the labeling. Based
upon the information submitted, the PMA supplement is approved subject to the
conditions described below and in the "Conditions of Approval for Implantable
Defibrillators and Programmers" (enclosed). You may begin commercial
distribution of the device as modified by your PMA supplement upon receipt of
this letter and upon concurrent submission of all approved labeling in final
printed form.

The sale, distribution, and use of this device are restricted to prescription
use in accordance with 21 CFR, 801.109 within the meaning of section 520(e) of
the Federal Food, Drug, and Cosmetic Act (the act) under the authority of
section 515(d)(1)(B)(ii) of the act. FDA has also determined that to ensure
the safe and effective use of the device that the device is further restricted
within the meaning of section 520(e) under the authority of section
515(d)(l)(B)(ii), (1) insofar as the approved labeling specify the
requirements that apply to the training of practitioners who may use the
device as approved in this order and (2) insofar as the sale, distribution,
and use must not violate sections 5O2(q) and (r) of the act.

Expiration dating for this device has been establish and approved at 2 years.
This is to advise you that the protocol used to establish this expiration
dating is considered an approved protocol for the purpose of extending the
expiration dating as provided by 21 CrFX 8l4.39(a) (8).

Failure to comply with the conditions of approval invalidates this approval
order. Commercial distribution of a device that is .not in compliance with
these conditions is a violation of the act.

2-6~
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All required documents must be submitted in triplicate, unless otherwise
specified, to the address below and shall reference the above PMA number to
expedite processing.

PHA Document Mail Center (HFZ-40l)
Center for Devices and Radiological Health
Food and Drug Administration
1390 Piccard Drive
Rockville, Maryland 20850

In addition, under Section 522(a) of the act, manufacturers of certain types
of devices identified by the act or designated by FDA are required to conduct
postmarket surveillance studies. FDA has identified under Section
522(a)(l)(A) the device cleared for marketing by this order as requiring
postmarket surveillance.

Within thirty (30) days of first introduction or delivery for introduction of
this device into interstate commerce you are required to submit to FDA
certification of the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a detailed
profile of the study's principal investigator that clearly establishes the
qualifications and experience of the individual to conduct the proposed study.
For your information, general guidance on preparing a protocol for a
postmarket surveillance study is enclosed.

Submit five (5) copies to:

Postmarket Studies Document Center
Suite 405 (HFZ-544)
1801 Rockville Pike
Rockville, Maryland 20852

Within sixty (60) days of receipt of your protocol, FDA will either approve or
disapprove it and notify you of the Agency's action in writing. Do not
undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device
into interstate commerce, to submit timely an acceptable protocol, or to
undertake and complete an FDA approved postmarket surveillance study
consistent with the protocol, will cause your product to be misbranded and
could lead to the imposition of civil money penalties or other regulatory
actions. Any distribution of a misbranded device is a violation of the act
and may result in a number of FDA enforcement actions, including (but not
limited to) withdrawal of your PMA.

If you have questions concerning postmarket surveillance study requirements,
contact the Postmarket Surveillance Studies Branch at (301) 594-0639.

Under Section 519(e) of the act (as amended by the Safe Medical Devices Act of
1990), manufacturers of certain devices must track their products to the final
user or patient so that devices can be located quickly if serious problems are
occurring with the products. The tracking requirements apply to (1) permanent
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implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices
that are used outside of devices user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other
devices that FDA has designated as requiring tracking. Under Section 519(e),
FDA believes that your device is a device that is subject to tracking because
it is a permanent implant whose failure would be reasonable likely to have
serious health consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on August 16,
1993, appear at 21 CFR Part 821. These regulations set out what you must do
to track a device. In addition, the regulations list example permanent
implant and life sustaining or life supporting devices that FDA believes must
be tracked at 21 CFR 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR 8 21.20(c). FDA's rationale for identifying these devices
is set out in the FEDERAL REGISTER (57 FR 10705 - 10709 (March 27, 1991), 57
FR 22973 - 22975 (May 29, 1992), and 58 FR 43451 - 43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact Doris
Terry at (301) 594-1523 or Arnold Alpert, Ph.D., at (301) 594-2186.

Sincerely yours,

s J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular, Respiratory,

and Neurological Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosures



Mr. Timothy D. Samsel
Director, Regulatory Affairs t p
Cardiac Pacing Business
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S2 and P900061/S4
Medtronice Model 7217B PCD® Tachyarrhythmia Control Device

and Epicardial and Subcutaneous Patch Lead Models 6721 S/M/L,
6921 S/M/L, 6939, and 6999

Filed: September 27, 1993
Amended: October 4, 1993 and March 11 and 25, 1994

Dear Mr. Samsel:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplements, which requests approval for a modification of
the epicardial and subcutaneous patch leads. Based upon the information
submitted, the PMA supplements are approved subject to the conditions
described below and in the "Conditions of Approval for Implantable
Defibrillators and Programmers" (enclosed). You may begin commercial
distribution of the device as modified by your PMA supplements upon receipt of
this letter.

The sale, distribution, and use of this device are restricted to prescription
use in accordance with 21 CFR 801.109 within the meaning of section 520(e) of
the Federal Food, Drug, and Cosmetic Act (the act) under the authority of
section 515(d)(1)(B)(ii) of the act.

The device is further restricted within the meaning of section 520(e) under
the authority of section 515(d)(1)(B)(ii) insofar as the approved labeling
specifies the requirements that apply to the training of physicians who may
use the device.

Expiration dating for this device has been establish and approved at 2 years.
This is to advise you that the protocol used to establish this expiration
dating is considered an approved protocol for the purpose of extending the
expiration dating as provided by 21 CFR 814.39(a)(8).

Failure to comply with the conditions of approval invalidates this approval
order. Commercial distribution of a device that is not in compliance with
these conditions is a violation of the act.
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All required documents must be submitted in triplicate, unless otherwise
specified, to the address below and shall reference the above PMA number to
expedite processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health

Food and Drug Administration
1390 Piccard Drive
Rockville, Maryland 20850

In addition, under Section 522(a) of the act, manufacturers of certain types
of devices identified by the act or designated by FDA are required to conduct
postmarket surveillance studies. FDA has identified under Section
522(a)(1)(A) the device cleared for marketing by this order as requiring
postmarket surveillance.

Within thirty (30) days of first introduction or delivery for introduction of
this device into interstate commerce you are required to submit to FDA
certification of the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a detailed
profile of the study's principal investigator that clearly establishes the
qualifications and experience of the individual to conduct the proposed study.
For your information, general guidance on preparing a protocol for a
postmarket surveillance study is enclosed.

Submit five (5) copies to:

Postmarket Studies Document Center
Suite 405 (HFZ-107)
1801 Rockville Pike
Rockville, Maryland 20852

Within sixty (60) days of receipt of your protocol, FDA will either approve or
disapprove it and notify you of the Agency's action in writing. Do not
undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device
into interstate commerce, to submit timely an acceptable protocol, or to
undertake and complete an FDA approved postmarket surveillance study
consistent with the protocol, will cause your product to be misbranded and
could lead to the imposition of civil money penalties or other regulatory
actions. Any distribution of a misbranded device is a violation of the act
and may result in a number of FDA enforcement actions, including (but not
limited to) withdrawal of your PMA.

If you have questions concerning postmarket surveillance study requirements,
contact the Postmarket Surveillance Studies Branch at (301) 594-0639.

Under Section 519(e) of the act (as amended by the Safe Medical Devices Act of
1990), manufacturers of certain devices must track their products to the final
user or patient so that devices can be located quickly if serious problems are
occurring with the products. The tracking requirements apply to (1) permanent
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implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices
that are used outside of devices user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other
devices that FDA has designated as requiring tracking. Under Section 519(e),
FDA believes that your device is a device that is subject to tracking because
it is a permanent implant whose failure would be reasonable likely to have
serious health consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on August 16,
1993, appear at 21 CFR Part 821. These regulations set out what you must do
to track a device. In addition, the regulations list example permanent
implant and life sustaining or life supporting devices that FDA believes must
be tracked at 21 CFR 821.20(b) and the devices that FDA has designated for
tracking at 21 CER 821.20(c). FDA's rationale for identifying these devices
is set out in the FEDERAL REGISTER (57 FR 10705 - 10709 (March 27, 1991), 57
FR 22973 - 22975 (May 29, 1992), and 58 FR 43451 - 43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact Doris
Terry at (301) 594-1523 or Arnold Alpert, Ph.D., at (301) 594-2186.

Sincerely yours,

Thomas J. Callahan, Ph.D.
Acting Director

Division of Cardiovascular, Respiratory,
and Neurological Devices

Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosures

cc: HFZ-107
HFZ-331
HFZ-401
HFZ-402
HFZ-450
D.O.

801:4-22-91
Prepared by:DTERRY:jau:5/13/94

[POKOLIe GAVE OI ACE,. Ut v. . s. A.E .-

[. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

20 ~~~~~~~~~~~~~~~~~~~~~~~Food and Drug Administration
1390 Piccard Drive
Rockville MD 20860

Mr. Timothy D. Samsel

Director, Regulatory Affairs
Cardiac Pacing Business MAY 2 5 1994
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

Re: P920015/S2 and P900061/S4
MedtronicO Model 7217B PCDO Tachyarrhythmia Control Device

and Epicardial and Subcutaneous Patch Lead Models 6721 S/M/L,

6921 S/M/L, 6939, and 6999

Filed: September 27, 1993
Amended: October 4, 1993 and March 11 and 25, 1994

Dear Mr. Sainsel:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug

Administration (FDA) has completed its evaluation of your premarket approval

application (PMA) supplements, which requests approval for a modification of

the epicardial and subcutaneous patch leads. Based upon the information

submitted, the PMA supplements are approved subject to the conditions

described below and in the "Conditions of Approval for Implantable

Defibrillators and Programmers" (enclosed). You may begin commercial

distribution of the device as modified by your PMA supplements upon receipt of

this letter.

The sale, distribution, and use of this device are restricted to prescription

use in accordance with 21 CFR 801.109 within the meaning of section 520(e) of

the Federal Food, Drug, and Cosmetic Act (the act) under the authority of

section 515(d)(l)(B)(ii) of the act.

The device is further restricted within the meaning of section 520(e) under

the authority of section 515(d)(1)(B)(ii) insofar as the approved labeling

specifies the requirements that apply to the training of physicians who may

use the device.

Expiration dating for this device has been establish and approved at 2 years.

This is to advise you that the protocol used to establish this expiration

dating is considered an approved protocol for the purpose of extending the

expiration dating as provided by 21 GFR 814.39(a) (8).

Failure to comply with the conditions of approval invalidates this approval

order. Commercial distribution of a device that is not in compliance with

these conditions is a violation of the act.
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All required documents must be submitted in triplicate, unless otherwise
specified, to the address below and shall reference the above FMA number to
expedite processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
1390 Piccard Drive
Rockville, Maryland 20850

In addition, under Section 522(a) of the act, manufacturers of certain types
of devices identified by the act or designated by FDA are required to conduct
postmarket surveillance studies. FDA has identified under Section
522(a)(1)(A) the device cleared for marketing by this order as requiring
postmarket surveillance.

Within thirty (30) days of first introduction or delivery for introduction of
this device into interstate commerce you are required to submit to FDA
certification of the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a detailed
profile of the study's principal investigator that clearly establishes the
qualifications and experience of the individual to conduct the proposed study.
For your information, general guidance on preparing a protocol for a
postmarket surveillance study is enclosed.

Submit five (5) copies to:

Postmarket Studies Document Center
Suite 405 (HFZ-107)
1801 Rockville Pike
Rockville, Maryland 20852

Within sixty (60) days of receipt of your protocol, FDA will either approve or
disapprove it and notify you of the Agency's action in writing. Do not
undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device
into interstate commerce, to submit timely an acceptable protocol, or to
undertake and complete an FDA approved postmarket surveillance study
consistent with the protocol, will cause your product to be misbranded and
could lead to the imposition of civil money penalties or other regulatory
actions. Any distribution of a misbranded device is a violation of the act
and may result in a number of FDA enforcement actions, including (but not
limited to) withdrawal of your PMA.

If you have questions concerning postmarket surveillance study requirements,
contact the Postmarket Surveillance Studies Branch at (301) 594-0639.

Under Section 519(e) of the act (as amended by the Safe Medical Devices Act of
1990), manufacturers of certain devices must track their products to the final
user or patient so that devices can be located quickly if serious problems are
occurring with the products. The tracking requirements apply to (1) permanent
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implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices
that are used outside of devices user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other
devices that FDA has designated as requiring tracking. Under Section 519(e),
FDA believes that your device is a device that is subject to tracking because
it is a permanent implant whose failure would be reasonable likely to have
serious health consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on August 16,
1993, appear at 21 CFR Part 821. These regulations set out what you must do
to track a device. In addition, the regulations list example permanent
implant and life sustaining or life supporting devices that FDA believes must
be tracked at 21 CFR 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR 821.20(c). FDA's rationale for identifying these devices
is set out in the FEDERAL REGISTER (57 FR 10705 - 10709 (March 27, 1991), 57
FR 22973 - 22975 (May 29, 1992), and 58 FR 43451 - 43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact Doris
Terry at (301) 594-1523 or Arnold Alpert, Ph.D., at (301) 594-2186.

Sincerely yours,

frThomas J. Callahan, Ph.D.
Acting Director
Division of Cardiovascular, Respiratory,

and Neurological Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosures



Mr. Timothy D. Samsel
Director, Regulatory Affairs
Cardiac Pacing Business
Tachyarrhythmia Division
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

RE: P920015/Sl
Medtronic® Transvene6 DF-1 Lead Models 6933, 6936 and 6939
Filed: March 3, 1994
Amended: March 24, 30, April 5 and 13, 1994

Dear Mr. Samsel:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement, which requested approval for the Medtronic®
Transvene® DF-1 Lead Models 6933, 6936, and 6939. Based upon the information
submitted, the PMA supplement is approved subject to the conditions described
below and in the "Conditions of Approval for Implantable Defibrillators and
Programmers" (enclosed). You may begin commercial distribution of the device
as modified by your PMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to prescription
use in accordance with 21 CFR 801.109 within the meaning of section 520(e) of
the Federal Food, Drug, and Cosmetic Act (the act) under the authority of
section 515(d)(1)(B)(ii) of the act.

The device is further restricted within the meaning of section 520(e) under
the authority of section 515(d)(1)(B)(ii) insofar as the approved labeling
specifies the requirements that apply to the training of physicians who may
use the device.

Expiration dating for this device has been established and approved at 2
years. This is to advise you that the protocol used to establish this
expiration dating is considered an approved protocol for the purpose of
extending the expiration dating as provided by 21 CFR 814 .3 9 (a)(8).

Failure to comply with the conditions of approval invalidates this approval
order. Commercial distribution of a device that is not in compliance with
these conditions is a violation of the act.

2-
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All required documents must be submitted in triplicate, unless otherwise
specified, to the address below and shall reference the above PMA number to
expedite processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
1390 Piccard Drive
Rockville, Maryland 20850

In addition, under Section 5 22(a) of the act, manufacturers of certain types
of devices identified by the act or designated by FDA are required to conduct
postmarket surveillance studies. FDA has identified under Section
522(a)(l)(A) the device cleared for marketing by this order as requiring
postmarket surveillance.

Within thirty (30) days of first introduction or delivery for introduction of
this device into interstate commerce you are required to submit to FDA
certification of the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a detailed
profile of the study's principal investigator that clearly establishes the
qualifications and experience of the individual to conduct the proposed study.
For your information, general guidance on preparing a protocol for a
postmarket surveillance study is enclosed.

Submit five (5) copies to:

Fostmarket Studies Document Center
Suite 405 (HFZ-107)
1801 Rockville Pike
Rockville, Maryland 20852

Within sixty (60) days of receipt of your protocol, FDA will either approve or
disapprove it and notify you of the Agency's action in writing. Do not
undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device
into interstate commerce, to submit timely an acceptable protocol, or to
undertake and complete an FDA approved postmarket surveillance study
consistent with the protocol, will cause your product to be misbranded and
could lead to the imposition of civil money penalties or other regulatory
actions. Any distribution of a misbranded device is a violation of the act
and may result in a number of FDA enforcement actions, including (but not
limited to) withdrawal of your FMA.

If you have questions concerning postmarket surveillance study requirements,
contact the Postmarket Surveillance Studies Branch at (301) 594-0639.

Under Section 519(e) of the act (as amended by the Safe Medical Devices Act of
1990), manufacturers of certain devices must track their products to the final
user or patient so that devices can be located quickly if serious problems are
occurring with the products. The tracking requirements apply to (1) permanent

V2-it
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implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices
that are used outside of devices user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other
devices that FDA has designated as requiring tracking. Under Section 519(e),
FDA believes that your device is a device that is subject to tracking because
it is a permanent implant whose failure would be reasonable likely to have
serious health consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on August 16,
1993, appear at 21 CFR Part 821. These regulations set out what you must do
to track a device. In addition, the regulations list example permanent
implant and life sustaining or life supporting devices that FDA believes must
be tracked at 21 CFR 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR 8 21.20(c). FDA's rationale for identifying these devices
is set out in the FEDERAL REGISTER (57 FR 10705 10709 (March 27, 1991), 57
FR 22973 - 22975 (May.29, 1992), and 58 FR 43451- 43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact Doris
Terry at (301) 594-1523 or Arnold Alpert, Ph.D., at (301) 594-2186.

Sincerely yours,

Thomas J. Callahan, Ph.D.
-. ~~~~~~Acting Director

Division of Cardiovascular, Respiratory,
and Neurological Devices

Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosures

cc: HFZ-107
HFZ-331
HFZ-401
HFZ-402
H-FZ- 450
D.O.

801:4-22-91
Prepared by:DTERRY:jau:4/6/94
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DEPARTMENT OF HEAL1 .A & HUMAN SERVICES Public Health Service

Food and Drug Administration
1390 Piccard Drive
Rockville MD 20850

Mr. -Timothy D. Samsel
Director, Regulatory Affairs * 2 0 I9D4
Cardiac Pacing Business
Tachyarrhythmia Division
Medtronic, Inc.
7000 Central Avenue, N.E.
Minneapolis, Minnesota 55432-3576

RE: P920015/Si
Medtronic0 Transvene® DF-l Lead Models 6933, 6936 and 6939
Filed: March 3, 1994
Amended: March 24, 30, April 5 and 13, 1994

Dear Mr. Saimsel:

The Center for Devices and Radiological Health (CDRH-) of the Food and Drug
Administration (FDA) has completed its evaluation of your premarket approval
application (PMA) supplement, which requested approval for the Medtronico
Transvene® DF-1 Lead Models 6933, 6936, and 6939. Based upon the information
submitted, the PMA supplement is approved subject to the conditions described
below and in the "Conditions of Approval for Implantable Defibrillators and
Programmers" (enclosed). You may begin commercial distribution of the device
as modified by your FMA supplement upon receipt of this letter.

The sale, distribution, and use of this device are restricted to prescription
use in accordance with 21 CFR 801.109 within the meaning of section 520(e) of
the Federal Food, Drug, and Cosmetic Act (the act) under the authority of
section 515(d) (1) (B) (ii) of the act.

The device is further restricted within the meaning of section 520(e) under
the authority of section 515(d)(l)(B)(ii) insofar as the approved labeling
specifies the requirements that apply to the training of physicians who may
use the device.

Expiration dating for this device has been. established and approved at 2
years. This is to advise you that the protocol used to establish this
expiration dating is considered an approved protocol for the purpose of
extending the expiration dating as provided by 21 CFR 814 .39(a)(8).

Failure to comply with the conditions of approval invalidates this approval
order. Commercial distribution of a device that is not in compliance with
these conditions is a violation of the act.
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All required documents must be submitted in triplicate, unless otherwise
specified, to the address below and shall reference the above PMA number to
expedite processing.

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
1390 Piccard Drive
Rockville, Maryland 20850

In addition, under Section 5 2 2(a) of the act, manufacturers of certain types
of devices identified by the act or designated by FDA are required to conduct
postmarket surveillance studies. FDA has identified under Section
522(a)(1)(A) the device cleared for marketing by this order as requiring
postmarket surveillance.

Within thirty (30) days of first introduction or delivery for introduction ofthis device into interstate commerce you are required to submit to FDA
certification of the date of introduction into interstate commerce, a detailed
protocol which describes the postmarket surveillance study, and a detailed
profile of the study's principal investigator that clearly establishes thequalifications and experience of the individual to conduct the proposed study.
For your information, general guidance on preparing a protocol for a
postmarket surveillance study is enclosed.

Submit five (5) copies to:

Postmarket Studies Document Center
Suite 405 (HFZ-107)
1801 Rockville Pike
Rockville, Maryland 20852

Within sixty (60) days of receipt of your protocol, FDA will either approve or
disapprove it and notify you of the Agency's action in writing. Do not
undertake a postmarket surveillance study without an FDA approved protocol.

Failure to certify accurately the date of initial introduction of your device
into interstate commerce, to submit timely an acceptable protocol, or to
undertake and complete an FDA approved postmarket surveillance study
consistent with the protocol, will cause your product to be misbranded and
could lead to the imposition of civil money penalties or other regulatory
actions. Any distribution of a misbranded device is a violation of the act
and may result in a number of FDA enforcement actions, including (but not
limited to) withdrawal of your PMA.

If you have questions concerning postmarket surveillance study requirements,
contact the Postmarket Surveillance Studies Branch at (301) 594-0639.

Under Section 519(e) of the act (as amended by the Safe Medical Devices Act of1990), manufacturers of certain devices must track their products to the finaluser or patient so that devices can be located quickly if serious problems areoccurring with the products. The tracking requirements apply to (1) permanent
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implants the failure of which would be reasonably likely to have serious
adverse health consequences; (2) life sustaining or life supporting devices
that are used outside of devices user facilities the failure of which would be
reasonably likely to have serious adverse health consequences; and (3) other
devices that FDA has designated as requiring tracking. Under Section 519(e),
FDA believes that your device is a device that is subject to tracking because
it is a permanent implant whose failure would be reasonable likely to have
serious health consequences. FDA has designated your device for tracking.

FDA's tracking regulations, published in the FEDERAL REGISTER on August 16,
1993, appear at 21 CFR Part 821. These regulations set out what you must do
to track a device. In addition, the regulations list example permanent
implant and life sustaining or life supporting devices that FDA believes must
be tracked at 21 CFR 821.20(b) and the devices that FDA has designated for
tracking at 21 CFR 8 21.20(c). FDA's rationale for identifying these devices
is set out in the FEDERAL REGISTER (57 FR 10705 - 10709 (March 27, 1991), 57
FR 22973 - 22975 (May 29, 1992), and 58 FR 43451 - 43455 (August 16, 1993)).

If you have questions concerning this approval order, please contact Doris
Terry at (301) 594-1523 or Arnold Alpert, Ph.D., at (301) 594-2186.

Sincerely yours,

rThoma~sJ. Callahan, Ph.D.
Acting Director
Division of Cardiovascular, Respiratory,

and Neurological Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosures
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])EPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
Food and Drug Administration
Rockville, MD 20850

M E MOR AN DU M

DATE: December 8, 1993

FROM: Field Programs Branch, CDRH, HFZ-331

SUBJECT: FINAL APPROVAL - DOMESTIC Mf rs.: Medtronic, Inc.
AND FOREIGN FIRM 7000 Central Avenue NE

PMA P920015 Fridley, MN 55432

Hedtronic BV
Wenckebachstraat 10
6466 NC Kerkrade West
The Netherlands

TO: Chief, Program Operations Staff Applicant: Medtronic, Inc.
HFZ-402 7000 Central Avenue NE

Fridley, MN 55432

Product: Transvene Lead System

This is in response to your request for final approval regarding the above PMA

application. OC concurs with final approval for this PHA.

Vertleen Covington

cc:
HFZ-331
DOE III
HFA-224
#92-79



DATE: December 6, 1993

TO: Vertleen J. Covington, PMA Coordinator,
Field Programs Branch

THRU: Acting Chief, Cardiovascular Branch, DOE IIIAW

FROM: CSO, Cardiovascular Branch, DOE III
rgAek,/G 439flp

SUBJECT: PMA P920015
Pre-Approval Inspection EIR Review
Inspection of 10/18-22/93

Manufacturer/
PMA Applicant: Medtronic, Inc.

7000 Cental Avenue, NE
Fridlay, MN 55432

PRODUCT: Transvene Defibrillator Lead Model 6966, and
Bradycardia Pacing Leads Models 4004/M, 4016,
4016A, 4058/M, and 4082

DISTRICT: MIN-DO

DISTRICT
RECOMMENDATION: NAI, PMA Approval

INVESTIGATOR: Joseph M. Edwin and Timothy G. Philips

SITUATION: Situation 2 (In accordance with Part V of
Compliance Program 7382.830, dated 9-1-91)

CB/DOE III
RECOMMENDATION: PMA Approval and Postmarket Inspection

An evaluation of the EIR for the inspection which took place on
10/18-22/93 at Medtronic, Inc., Fridley, Minnesota, and the exhibits
indicate that the criteria for a Situation 2 have been met, in
accordance with the requirements of Part V of Compliance Program
7382.830, dated 9-1-91. Conditions exist whereby there is a minimal
probability that unsafe or ineffective devices will be produced and
distributed.

Medtronic was last inspected on 5/10-14, 24, 25, and 27/93. The
district found numerous GMP violations and did not concur with
approval of the PMA. An FDA-483 was issued.

The current inspection was a followup to the above inspection
concerning the Transvene Lead, Model 6966, to determine the firm's
corrective actions to the FDA-483 issued at that inspection.



No FDA-483 was issued at the current inspection, however, Medtronic
must continue to closely monitor the problem the leads are exhibiting
with respect to corrosion. There have been recalls on the leads and
the firm has attempted to alter the insulation, but it appears that
the leads are still prone to metal ion oxidation (MIO). The Office of
Surveillance and Biometrics (OSB) and the Office of Science Technology
(OST) are aware of the problems and they have been working together
and actively monitoring the MIO testing being performed at Medtronic.
As yet, no compound has been developed to inhibit the degredation of
the metal in the leads.

The district office will need to closely monitor the situation at the
firm. A post-approval inspection is recommended.

Mary'Ann Fitzgerald



DATE: October 15, 1993

TO: Vertleen J. Covington, PMA
Coordinator, Field Programs Branch

THRU: Acting Chief, Cardiovascular
Branch, DOE III

FROM: Consumer Safety Officer
Cardiovascular Branch, DOE III

SUBJECT: Amended Review
PMA P920015 Pre-Approval Inspection
May 10-14, 24, 25, 27, 1993
Manufacturer: Medtronic, Inc.

7000 Central Avenue NE
Fridley, MN 55432

CFN: 2182208

PRODUCT: Transvene Lead System

DISTRICT RECOMMENDATION: Recommend non-concurrence with 'the PMA
approval and that the district send a non-
concurrence letter to the firm.

INVESTIGATORS: Karen A. Coleman, ATEd-DO
Joseph M. Edwin. MIN-DO

SITUATION: Situation 1 (In accordance with Part V of
Compliance Program 73821.830, dated 9-1-91)

CDRH/OC
RECOMMENDATION: PMA Norm-Approval

A review of the EIR, FDA 483, exhibits for Medtronic., Inc. facility, and
the firm's response to the FDA 482 indicate that the criteria for a
;i-uatl'ti 1 has been met, in accordance with the requirements of Part V of
Compliancne Program 7382.830, dated 9-1-91. Conditions exist whereby there

s a rea:.onabie probability that unsafe or ineffective devices will be
produced and distributed.

The following is an evaluation of the EIR, exhibits, FDA 483, and firm's
response to the FDA 483.



21 CFR 820~100(a)(1) 

Failure to establish procedures for specification control measures to 
assure that the design basis for the device is correctly translated into 
approved specifications, as required by 21 CFR 820.100(a)(1). For example: 
1. the firm has not validated critical Tachy Lead Manufacturing Operations 
currently used in production including but not limited to: Welding, 
Crimping, and Bonding Operations. Firm does not have data showing they 
have .run a minimum of three consecutive successful runs to provide 
assurance these pl'ocesses are va J. idated; 2. a review of sterili:z;ation 
certjfication 1029 reports dated 4/10/85 (adding Permanent Lead Introducer 
[PLI]) and 3/4/92 (adding 6966 Tachy RV Lead), and 3/30/93 (update 
certification adding a Micromax 2 controller system) revealed: a) D values 
were detenr:i.ned using the samples in steril ization chambers loaded with 
"Dununy Packages". (Dummy Packages do not contain product or simulated 
product). Firm·' s documents and SOP' s do not define or describe "Dummy 
Packages". As of 5/13/H3 firm did not have a written exp.lanation 
correlating product I.oad density characteristics of a fully loaded 
stArilization chamber of product in packages versus a fully loaded chamber 
of "dummy packages". b) Firm does not have a repor·t correlating t,he 
reSlllts contained in the 4/10/85 and 3/4/92 certjficates with conclusions 
that show the PLI is actually t.he "worst case" product for this 
certification group. The PLI is routinely used as the sample for 
regualifying products or adding new products to this group. c) D value 
calculatinns for sterilization certificate 1029 dated 3/4/92 and 3/30/93 
onl y shows the D value at confi.dance inte:,..rvals calculated at Q~ Firm' s 
SOP G~Iiill!CJ requires they calculate i t atIT~ d) Certifications dated 
3/4/92 and 3/30/83 do not identify the actual Sterility Assurance Level 
t.hat. will be obt<'3ined; 3. Coil Part Number 136213-005 .3 fi.lar .OO?" 
diameter [~~~~~ f~=-.=---(b)(4)--~'~-·-------! process has not been va 1 ida ted , 
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This charge is supported by: 1. the discussions on pages 2 & 3 of the FIR;
Exhibits F]-3, Li-S, NI-4, MI-6, GC--11, 01-4, Ji, K2, FI-3, G1--il, and G8;
and FDA 483 #t; 22. the discussion on pages 5-7 of the EIR; Exhibits Pl-
14, Al-22, Ei-43, DI-13, Bi-lO, and Cl-11; and FDA 483 44; 3. the
discussion on page 7 of the FIR. Exhibits Q1-9 and S1-26, and FDA 483 #5_

The firm'Is response to item 41 in the FDA 48,'q is inadequate. Their
response discusses process monitoring and controls which are riot acceptable
procedures for validating their critical] manufacturing operations.

The firmus response to item 44 in the FDA 483 is inadequate- Their response
discusses preparing a report which will correlate the data they have
already collected for their steri lization process. Unfortunately, the
variables are different and therefore cannot be correlated. The firm must
submit an acceptable procedure for validating their sterilization process.

Firm's response to item #5 in the FDA 482 is adequate.

21 CVR 820.181

Failure to prepare, date, and sign by a designated individual device
master records, as required by 21 CFR 820.181. For example, a review of
the Plans and Qualification Reports for the ------ ------- --------- Model. 6884
Split Build; and Lead Mode' 6966 Connector Subassembly revealed the
following: a) The plans did not require process validation. b) Sampling
plans were not identified. c) Test methods or procedures are riot always
identified. d) They do not describe how the results will be interpreted
and/or analyzed.

This charge is supported by the discussions on pages 3 & 4 of the FIR;
Exhnibits F1-3, Gl--11, Ll--6, Mi-6, N1-4, and 01-4; and FDA 483 42.

Firm's response to item 42 in the FDA 483 is adequate.

21 CFR 820.160

Failure to check and, where necessary, test for conformance with
dcevice specifications each production run, lot, or batch prior to release
for distribution, as required by 21 CYR 820.160. For example. Transvene
Leads have not been tested under simulated use conditions.

This charge is supported by the discussion on pages 7 and 8, of the FIR and
FDA 4,,3 f,.

Firm's response to item 46 in the FDA 4:83 is adequate.

3
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21 elm 820_162 

Failure t.o investigate any failure of a devi.ce to meet performance 
spec iflcat ion;:") after lt has been released for distribution. as'~~d by 
21 CFR 8;;~O .162. For example, Transvene Lead Model 63El4~,_ . ...-J was 
returned 8r~d found to have cosmetic 1'110 on both the inner and middle coil 
instdation. Thf3 coiLs were not analyz:ed/excunined to verify that the 
platinum sputt.e:rJng process was done to speci.fication. 

Thl~3 c~hRrge i:3 support.ed by t.he dj sc:uss.ion on page e of the EIR; 
:'31<:0, QL .. ·b. Tl·4, and U1···3; and FDA 483 Wi. 

Firm's eesponse to item #7 of the FDA 483 is adequat.e. 

UNSUPPORTABLE }t"DA 483 OBSERVATIONS 

E.DA.._4.8.i3_ . .J..,a - There is no GMP I'equirement for design issues. 

Kent A. Berthold 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
Food and Drug Administration
Rockville, MD 20850

MEMORANDUM

DATE: July 19, 1993

FROM: Field Programs Branch CDRH, HFZ-331

SUBJECT: GMP Inspection NONCLEARANCE Mfrs.: Medtronic, Inc.
PMA P920015 7000 Central Avenue NE

Fridley, MN 55432
TO: Premarket Approval Coordinator

HFZ-402 Medtronic B.V.
Wenckebatchstraat 10
Kerkrade, The Netherlands

Applicant: Medtronic, Inc.
7000 Central Avenue NE
Fridley, MN 55432

Product: Transvene Lead System

An inspection of the above referenced manufacturers was accomplished on
5-27-93 and 12-18-92. On the basis of the information reviewed, Medtronic
Inc., located in Fridley, MN, has an unacceptable GMP program.

Attached, please find a copy of the review performed by the Manufacturing
Quality Assurance Branch which details the GMP deficiencies revealed by the
inspection.

On the basis of the information reviewed, Medtronic B.V., located in The
Netherlands, has an acceptable GMP program.

PLEASE NOTE THAT NEITHER A COPY OF THIS EVALUATION MAY BE SENT TO THE FIRM,
NOR MAY ITS CONTENTS BE DISCUSSED WITH THEM.

A follow-up inspection is being requested for the above manufacturing site.
When that inspection has been completed and we have had an opportunity to
review the results, you will be advised of the findings of the inspection.

This should complete all of the sites awaiting inspection that are currently
outstanding concerning this PMA.

Vertleen Covington '%'I

Attachment
cc:
HFZ-331
HFA-224
HFZ-332
HFR-MW300
#92-79

to



DATE: July 6, 1993

TO: Vertleen J. Covington, PMA
Coordinator, Field Programs Branch

THRU: Acting Chief, Cardiovascular / ~
Branch, DOE III

FROM: Consumer Safety Officer
Cardiovascular Branch, DOE III

SUBJECT: PMA P920015 Pre-Approval Inspection
May 10-14, 24, 25, 27, 1993
Manufacturer: Medtronic. Inc.

7000 Central Avenue NE
Fridley, MN 55432

CFN: 2182208

PRODUCT: Transvene Lead System

DISTRICT RECOMMENDATION: Recommend non-concurrence with the PMA
approval and that the district send a non-
concurrence letter to the firm.

INVESTIGATORS: Karen A. Coleman, ATL-DO
Joseph M. Edwin, MIN--D)

SITUATION: Situation 1 (In accordance with Part V of
Compliance Program 7382.830, dated 9-1-91)

CDRH/OCS
RECOMMENDATION: PMA Non-Approval

A review of the EIR, FDA 483, and exhibits for Medtronic, Inc. facility
indicate that the criteria for a Situation i has been met, in accordance
with the requirements of Part V of Compliance Program 7382.830, dated 9--1-
91. Conditions exist whereby there is a reasonable probability that unsafe
or ineffective devices will be produced and distributed.

The following is an evaluation of the EIR, exhibits, and FDA 483. The firm
did not respond to the observations made by the investigator on the FDA
483.

1
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21 CFR 820.100(a)(1) 

Failure to establish procedures for specification control measures to 
assure that the design basis for the device is correctly translated into 
approved specifications 1 as required by 21 CFR 820.100(a)(1). For example: 
1. the firm has not validated critical Tachy Lead Manufacturing Operations 
currently used in production including but not limited to: Welding, 
Crimping, and Bonding Operations. Firm does not have data showing they 
have run a minimum of three consecutive successful runs to provide 
assurance these processes are validated; 2. a review of sterilization 
certification 1029 reports dated 4/10/85 (adding Permanent Lead Introducer 
[PLI]) and 3/4/92 (adding 6966 Tachy RV Lead), and 3/30/93 (update 
certification adding a Micromax 2 controller system) revealed: a) D values 
wr::;t:'P. l:lp1;F.Fmitll;gl using the samples in steri lization (!hamlJel~8 lo.~.ded. with 
"Dummy Packages". (Dummy Packages do not contain product or simulated 
product) . Firm·' s documents and SOP's do not define or descri.be "Dummy 
Packages". As of 5/13/93 firm did not have a written explanation 
correlating product load density characteristics of a fully loaded 
sterilization chamber of product in packages versus a fully loaded chamber 
of "dummy packages". b) Firm does not have a report correlating the 
results contained in the 4/10/85 and 3/4/92 certificates with conclusions 
that show the PLI is actually the "worst case" product for this 
certification group. The PLI is routinely used as the sample for 
requalifying products or adding new products to this group. c) D value 
calculations for sterilization certificate 1029 dated 3/4/92 and 3/30/93 
only shows the D value at confidence int~rvals calculated at [~~ Firm's 
SOpOli~~requires they calculate it at[~M~ d) Certifications dated 
3/4/92 and 3/30/93 do not identify the actual Sterility Assurance Level 
that will be obtained; 3. Coil Part Number 136213-005 3 filar .001" 
diameter plati.num coil sputtering process has not been validated. 

2 



This charge is supported by: 1. the discussions on pages 2 & 3 of the ErR; 
Exhibits Fl-3, Ll-6, Nl-4, Hl-6, G1-11, 01-4, ai, K2, Fl-3, Gl~11, and G8; 
and FDA 483 #1; 2. the discussion on pages 5-7 of the ErR; Exhibits Pl-
14, Al-22, El-43, Dl-13, B1-10, and Cl-l1; and FDA 483 #4; 3. the 
discussion on page 7 of the EIR, Exhibits Ql-8 and 81-26, and FDA 483 #5. 

21 CFR 820.181 

Failure to prepare, date, and sign by a designated individual device 
master records, as required by 21 CFR 820.181. For example, a review of 
the Plans and Qualification Reports for the New Laser Source; Model 6884 
Split Build; and Lead Model 6966 Connector Subassembly revealed the 
following: a) The plans did not require process validation. b) Sampling 
plans were not identified. c) Test methods or procedures are not always 
identified. d) They do not describe how the results will be interpreted 
and/or analyzed. 

This charge is supported by the discussions on pages 3 & 4 of the EIR; 
Exhibits Fl'-3, G1-11, Ll-6, 111-6, Nl-4, and 01-4; and FDA 483 #2. 

21 CFR 820.160 

Failure to check and, where necessary, test for conformance with 
device specifications each production run, lot, or batch prior to release 
for distribution, as required by 21 CFR 820.160. For example, Transvene 
Leads have not been tested under simulated use conditions. 

This charge is supported by the discussion on pages 7 and 8, of the EIR and 
FDA 483 #6. 

21 CFR 820.162 

Failure to investigate any failure of a device to meet performance 
specifications after it has been 'released for distribution, as required by 
2 r CFR 820.162. For example, Transvene Lead Mode 1 6884 EtL.~£:: ::] was 
returned and found to have cosmetic MIO on both the inner and middle coil 
insulation. The coils were not analyzed/examined to verify that the 
platinum sputtering process was done to specification. 

This charge is supported by the discussion on page 8 of the ErR; exhibits 
81-26, Ql-9, Tl-4, and Ul-3; and FDA 483 #7. 

UNSUPPORTABLE FDA 483 OBSERVATIONS 

~483 tta - There is no GMP requirement for design issues~ 

Jl" L 'l-\OI'IC\P Lltl (I,. r cur \.. c'\j) '- "1 -

l~~ 
Kent A. Berthold 
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DATE: April 8, 1993 and amended May 4, 1993

FROM: CSO, MQAB, HFZ-332

THROUGH: Acting Chief, GDS, MQAB, HFZ-332011

TO: Chief, MQAB, HFZ-332

SUBJECT: Review of foreign reinspection EIR

Medtronic B.V.
Wenckebatchstraat 10
Kerkrade, The Netherlands

EIR, dated 12/14-18/92
Firm's responses, dated 1/26/93 and 4/21/93,
Telecon between Kopesky et al., and Mowitt, dated
4/28/9 3

CFN: 9610980

DEVICE: Pacemakers and pacer leads (critical devices)

INVESTIGATOR: Nicholas Nance

IPTSB
RECOMMENDATION: Maintain automatic detention

SITUATION: Situation 2, in accordance with criteria of Part V
of CP 7382.830, dated 9/1/91

A review of the EIR, dated 12/14-18/92, and the firm's responses, dated
1/26/93, and 4/21/93, indicates that the criteria may be downgraded to
Situation 2, in accordance with the criteria of Part V of CP 7382.830,
dated 9/1/91. Due to mailing problems, the review was confined to a
draft version of the inspection report without exhibits.

The firm was placed on Automatic Detention on 3/25/92, following an
inspection in January 1992. That inspection was a pre-approval
inspection for PMA P900061, a multiprogrammable tachyarrhythmia control
system including an implantable pacer-cardioverter-defibrillator (PCD)
pulse generator. This PMA has been withdrawn by the firm since the
initial inspection, and the product 'is being manufactured at the
Minnesota facility. Following the initial review of the inspection
report on April 8, 1993, it was felt that additional information was
required before making a final decision. The firm was sent a list of
outstanding questions (see attached). The firm sent responses to these
questions on April 21, 1993, and the responses were discussed with them
on the telephone on 4/28/93.

A letter written on August 3, 1992, by MIQAB informed the firm that it
may request reinspection, and that two questions remained unresolved
and would be covered during any reinspection. The first related to the
determination of residuals following the ------ ----- sterilization(b)(4)



cycle, and was adequately answered by information provided by the firm 
in its 1/26/93 response. 

The second question of MQAB's letter was not covered during the recent 
inspection, but is addressed in a memo written by the firm on 12/17/93. 
Since the question related to the testing matrix, which had been 
evaluated and questioned previously by Al Taylor in CST, a copy of the 
current response was sent to Al Taylor with a request for his 
evaluation of the adequacy of the response. After his review, Al said 
that the firm's response appears reasonable, and that it has 
demonstrated that all issues have been addressed. While he might 
quibble with some details, Al said that overall the response is 
adequate, and that, if subsequently there are failures in components, 
we can reassess the relevant details. 

The following supportable deficiencies were noted on the FDA 483: 

1. 21 CFR 820.100(b)(2) 

Failure to conduct all processing control operations in a manner 
designed to assure that the device conforms to all applicable 
specifications, as required by 21 eFR 820.100(b)(2). For example: 

a. Corrective action records indicate at least 15 sterilization 
process deviations since 4/14/92, with six occurring between 
9/20/92, and 12/16/92. Three of these six deviations resulted 
in positive growth of biological indicators. 

The charge is supported by item 3 of the FDA 483. 

The firm's response appear to be adequate. The response 
included a table showing the deviations, the subsequent 
investigational analyses, and the actions taken. The 
investigations appear to be thorough, and the actions taken 
appear to be appropriate on the whole. In most cases, the lots 
were resterilized. 

The firm undertook an analysis of the positive BI's. The 
analysis concluded that the problem was due to inadequate 
pre-humidification for the indicator ampules which have 
hydrophobic lids designed to prevent contamination and media 
evaporation during incubation. It was theorized that the lids 
retard humidification of the spore in the ampUle and .that 
devices in the load would not be similarly affected. The firm 
has not had problems with inoculated devices. The 
sterilization process includes minimal~re-humidification with 
no external precondi tioning and onlyl}lf""lminutes of 
pre-humidification in the chamber under ambien~conditions. 
Studies found that pre-humidification under vacuum solved the 

,J.>roble:r,n. The cycle was changed to require pre-humidification 
l\')-~Jm_i.x:utesl1 to be done ~nder_ .yacuu!!l.. 

The firm submitted summaries and processing records for two 
sets of half-cycle validation studies. One reported results 

{.~ 



with inoculated product (~~~minute half cycles) and one 
reported resul ts for biological indicators I~ minute .. _ 
half-cycles). Documentation indicates a ful~ cycle of [~~~ 
minutes. The validation studies appear to be adequate. 

During the 4/27/93 phone conversation, representatives of the 
firm said that they use only two cycles for all products, one 
~ minutes and one(~)hours. The pre-humidification under 
vacu~~m was incorporated in the ~ minute cycle only, because 
the~~hour cycle has had no indication of problems, i.e., no 
positive BIs. The firm has no current plans for using the ~ 
minute cycle for devices produced for exportation to the U.S. 
Between the responses of 1/26 and 4/21/93, the firm has had one 
positive BI for the!:iEE1 minute cycle. After investigation, the 
firm attributed the problem to an outlayer BI. During the next 
inspection, the firm should be asked about any further positive 
BIs. 

b. Medtronic's sterilization procedures indicate the dwell 
temperature parameters are [~'. but in fact, Medtr0.a.~~c ',", 
allows for a "cold spot" dwell mlnlmum temperature of L;,5~J 

The charge is supported by item 4 of the FDA 483. 

The firm's response appears to be adequate. The firm provided 
evidence that it has validated that sterilization occurs at the 
"cold spot" with the given specifications. Data was included 
showing successful sterilization of inoculated products and Bls 
placed in the cold spot during validation studies. The firm 
provided evidence that the specifications have been changed to 
allow temperatures of [l~ during the first ~ minutes of the 
cycle. Since the validation study included these same 
conditions, the change to the specifications appears to be 
acceptable. 

2. 21 eFR 820.20(a)(4) 

Failure to assure that all quality assurance checks are appropriate 
and adequate for their purpose, as required by 21 eFR 820.20(a)(4). 
For example, requirements for incoming inspectional procedures for 
biological indicators (BIS) were changed to eliminate the 
determination of the lethality of the indicators and there is no 
documentation of the justification for eliminating these tests. 

The charge is supported by item 6 of the FDA 483. 

The firm was questioned in the April 8, 1993, "Outstanding 
Questions,'! about the appropriateness of dropping lethality testing 
in light of the fact that the firm has suspected that BIs being 
used have appeared to vary in lethality and since testing by the BI 
manufacturer suggested that shipping might effect lethality. 

In its April 21, 1993, response, the firm quoted USP XXII which 
states that users of Bls are unlikely to have the specialized and 
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standardized testing equipment to adequately test resistance of 
BIs. According to USP, the resistance characteristics of the same 
BI may differ from the original findings owing to differences in 
the sterilizing apparatus and conditions. Medtronic therefore, 
decided to rely on the certificate of ~ the BI manufacturer. 
Medtronic also submitted results of a study of D-value for shipped 
and unshipped indicators. This study showed a difference of8~~)~ 
between the groups, which Medtronic points out is within the 

of the label claim required by USP. A letter was included in 
the response from~ which states that its experience shows no 
significant changes during shipping. 

In the response, the firm said that it had not followed its own 
procedure requiring a description or rationale for a revision and 
change. The firm said that by February 15, 1993, it would have 
implemented a change in that procedure to include criteria for 
detailing the description or rationale for changes. 

The firm's response appears to be adequate. Since we do not 
require lethality testing of incoming BIs at other firms, we can 
not require it of this firm. During the next inspection, the 
revision of the procedure should be confirmed. 

3. 21 eFR 820.20(a)(2) 

Failure to have documentation showing approval or rejection of all 
manufacturing materials, as required by 21 eFR 820.20(a)(2). For 
example, incoming inspection records for Attest BIs do not show the 
actual quantity sampled, accepted, or rejected. Inspection forms 
indicate the need for testing, but the procedures do not. 

The charge is supported by item 7 of the FDA 483. 

The firm's response appears to be adequate. The procedure has been 
updated to clarify the exact quantity needed for testing and to 
eliminate inconsistencies between the inspection forms and the 
procedure. The inspection form was modified to provide for 
unambiguous recording of the quantity sampled, and the number 
rejected and accepted. Documentation submitted by the firm 
supports this claim. 

4. 21 eFR 820.184 

Failure to maintain a device history record to demonstrate that the 
device is manufactured in accordance with the device master record, 
as required by 21 eFR 820.184. For example, incoming inspection 
records indicate that []!il!i] peD hybrid boards pin 403521-002, lot 

U~~::~~<:~~==J critical components, were accepted on 11/22/92 even though: 

a. one board lacked evidence of required testing; 
b. many vendor board certifications lacked required vendor 

manufacturing data; and, 
c. evidence of unexplained/unauthorized/unrequired testing of some 

boards by Medtronic. 
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The charge is supported by item 8 of the FDA 483. The charge is
particularly significant because previous correspondence with the
firm has indicated that it relies heavily on the quality controls
of suppliers and the certificates that they provide. The concern
is as much that Medtronic failed to note the deficiencies itself
during routine incoming inspection, as that the vendors failed to
complete certificates correctly.

The firm's response may be adequate if the next inspection finds
compliance with Medtronic's revised procedures. Following
discovery of the problems by the FDA investigator, the firm placed
a product hold order on all potentially affected devices.
Investigations of each deficient certificate were performed and
decisions made regarding the disposition of the affected components
and devices. The investigations and decisions appear to be
adequate. The vendor was informed about the problems and asked to
implement corrective action. The certificate has been redesigned
to minimize the potential for omissions and to include
documentation of a records check by Medtronic as a part of the
receiving inspection. Procedures were revised to include
additional detail for incoming inspection of certificates. A
vendor audit was to have been completed during the week of January
25, 1993.

The following charges cited on the FDA 483 are not supportable as GMP
deficiencies:

1. Items 1 and 2 cite the firm for recreation of records. In the
first instance, sterilization validation plans/records were
recreated and resigned when the original was lost. The records
were pulled from the computer and resigned (with a previous wrong
date). In the second instance, a sterilization record was
recreated for the FDA investigator. Since both were done in
preparation for, or during, the FDA inspection, these examples are
not indicative of systemic problems.

2. Item 5 cites the firm for using BIs from a specified lot in several
sterilization lots when a decision had been made previously to stop
the use of BIs from this lot. There is no documented release or
justification for the use of this lot. The charge is not
supportable because documentation is not available to indicate
whether the original decision to stop using that lot had been
documented, authorized, and issued as an official directive. The
lot of BIs met the firm's documented specifications.

3. Item 9 cites the firm for not trending corrective actions,
production and distribution hold orders, and for not documenting
the reasons for corrective actions. The GMP regulation does not
require such trending.

Sarah Mowitt
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Medtronic B.V. April 8, 1993 
Kerkrade, The Netherlands 

Inspection of 12/14/92 

OUTSTANDING QUESTIONS 

1. Regarding the sterilization failures (item 3 of the FDA 483): 

a. Since your January 26 letter, have there been any positive 
biological indicators resulting from sterilizing the leads in 
program 8'? 

b. Provide processing recordL.f2.! the three ~ minute 
half-cycles. Also I rrbT"~4~"~ :=1 (page 11 of 18 of your 
attachment 3) indicates that biological indicators were to be 
used, but no results were given. please provide these results 
for the indicators. 

c. What specifications have you established for the level of 
vacuum required during the pre-humidification phase? 

d. Which leads are to be sterilized with thel~~~minute cycle and 
which are to be sterilized by the~~hour cycle'? Why are they 
sterilized differently? 

e. Have you determined whether the pre-humidification problem 
that you found in program 2 may also be a factor in your other 
sterilization programs'? 

2. Regarding temperature specifications for the sterilizer "cold spot" 
(item 4 of the FDA 483): 

Provide evidence that sterilization occurred during validation runs 
at the "cold spot." Evidence should include data showing 
successful sterilization of inoculated products or biological 
indicators which had been placed in the "cold spot" during the 
half-cycle runs. If such evidence does not exist, the dwell period 
during routine processing should not start until temperatures in 
all areas of the chamber, including the "cold spot" have attained 

i~~rr~1(4FiTl ... U;;,,~_;,;.;,. your speCl f 1 ca tlon. 

3. Regarding the elimination of the incoming test for lethality of 
biological indicators (item 6 of the FDA 483): 

Provide justification for the eliminating the lethality testing of 
incoming biological indicators in light of: 1) your recent 
experiences with variations in the lethality of indicators; and 2) 
testing by~1~which suggested that shipping of the indicators might 
affect lethality. It would appear appropriate to either continue 
testing lethality during acceptance of the indicators, at least for 
awhile, or to further investigate the possibility that shipped 
indicators may have lethality that differs from the certified 
lethality. 



INSPECTIONAL GUIDANCE - IPTSB 

May 4, 1993 

FIRM: Medtronic B.V. 
Wenckebatchstraat 10 
Kerkrade, The Netherlands 

DEVICES: Pacemakers and pacemaker leads 

CDRH/OCS Reviewer: Sarah Mowitt, CSO, MOAB, HFZ-332, (301) 427-1128 

During the next inspection of this firm address the following: 

1. Have there been any positive biological indicators following 
sterilization? Tne firm has exp_~J:'ienced isolated incidences of 
positive Bls with the programpf,T14r-~---'sterilization cycle. 

~-~.....",.,.j 

2. Do records for incoming testing of biological indicators show the 
actual quantity sampled, accepted, and rejected? 

3. Do certificates provided by the suppliers include all required 
manufacturing and testing data? 

4. r~~~.,~,\t.hul.£m...£P~.e t~.~y i ~i on ,,_::f: r ~bo)~e4 ~u J:'e [~::l",,---] 
1 \D! h, (b)(4) fTbTT4, (b)(4) 

eke) (:~ ~._,,(b)~ __ ==_::J to i~ertaTor-aeranrn~ 
description or rationale for changes to be recorded on production 
operation documents? 

THIS ATTACHMENT IS NOT TO BE PROVIDED TO THE FIRM, NOR SHOWN TO THEM 
DURING THE INSPECTION. 
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DATE May 4, 1992

TO James M. Simpson, Program Analyst, HFZ-331

THRU Chief, MQAB, HFz-332 -4st/ .

FROM David Kunin, CSO, MQAB, HFz-332

SUBJECT original PMA P920015, dated 3/31/92

Applicant Medtronic Inc.
7000 Central Avenue, NE
Minneapolis, MN 55432-3576

manufacturing
Facility Medtronic Inc.

Rice Creek Facility
7000 Central Avenue N.E.
Minneapolis, MN 55432
(Transvene Lead 6966)

manufacturing
Facility Medtronic, B.V.

Wenchebachstraat 10
6466 NC Kerkrade West
The Netherlands
(Transvene LEAD 6963 AND 6999)

manufacturing
Facility Medtronic Milaca

900 6th Ave. N.E.
Milaca, MN 56353
(System Components)

DEVICE PCD Transvene System, Lead models 6963, 6966, and
6999. Multiprogrammable Tachyarrhythmia Control
System with Non-Thoracotomy Cardioversion and
Defibrillation Electrodes. This is a critical
device.

MQAB Reconmendation :Deficiency Letter

This original PMA P920015, dated 3/31/92 is for Medtronics' PCD

Transvene System. Medtronic, Rice Creek, Minnesota facility was last

inspected by the FDA January 21-February 8, 1992 and was classified

NAI. Medtronic, B.V. facility was last inspected by the FDA January

6-9, 1992, and as a result is currently on Automatic Detention.

A deficiency list is attached to this review, and must be sent to the

Applicant.

David Kunin



REGISTERED MAIL - RETURN RECEIPT REQUESTED

WARNING LETTER

Frank E. Sprengers
Vice President
Medtronic European Service and Technology Center
Medtronic B.V.
Wenckebachstraat 10
6466 NC Kerkrade, Holland

Dear Mr. Sprengers:

During an inspection of your facility located in Kerkrade, Holland on
January 6 through 9, 1992, our investigator observed conditions which may
contribute to serious violations of the Federal Food, Drug, and Cosmetic
Act (the Act) and deviations from implementing regulations as follows:

The pacer-cardioverter-defibrillator (PCD) implantable pulse generators
and other devices manufactured by your firm are or may become
adulterated in accordance with Section 501(h) of the Act because the
methods used in, and the facilities and controls used for the
manufacture, packaging, storage, and installation of the devices are
not in conformity with the Medical Device Good Manufacturing Practice
regulations, as prescribed by Title 21, Code of Federal Regulations
Part 820, as follows:

1. Failure to check and, where necessary, test for conformance with
device specifications, each production run, lot or batch prior to
release for distribution, as required by 21 CFR 820.160. For
example:

a. The ventricular fibrillation and ventricular tachycardia
detection algorithm is not checked or tested in the finished
device for all logic paths shown in the logic flow diagram in
product specifications.

b. Not all electrical specifications are checked or tested in the
finished device for conformance to stated device specifications
and there is no documentation to demonstrate conformance with
specifications.

23
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2. Failure to assure that a critical device or component which does 
not meet its performance specification is investigated, as required 
by 21 CFR 820.161. For example: 

a. Pos!live~t. results for two sterilization loads ~1\41(~)~)--J 
andl~~(b)(4_) _-==:1 were not adequately investigated tor 
mechanism and cause of failure, nor were the sterilization 
loads preceding and following the failed loads. 

b. ,.._§.tatjs!J£.Sl process control (SPC) charts for ~ 
! (hl (1f,~4). jindicate seven incidences of range data exceeding 
~uppEri--c(fI1trol limits without any documented corrective action. 

c. SPC control charts for laser seam weld indicate a lot '~~-~ 
that did not conform to specified weld penetration at the 
required[(~(~confidence level and numerous incidences of weld 
penetrat~h-~easurement results below acceptance specifications 
with no indication of investigation or corrective action. 

3. Failure to inspect, sample, and test components for conformance to 
specifications, as required by 21 CFR 820.81(a). For example, PCB 
Assemblylj~2J, a critical component for the PCD device, is not 
sampled and tested as an incoming component for conformance to 
electrical specifications. Failures in released PCD devices 
(serial numbers and were traced 
to the failure of the C7 capacitor which is located in PCB-ASSY 

fllJT(b~~r"·-·1 
L...-._< ___ ".~ 

4. Failure of the quality assurance program to included procedures 
adequate to assure approval or rejection of all manufacturing 
materials, as~ired by 21 CFR 820.20(a)(2). For example, 
[~~!~) . -___ ~ is received via a supplier certificate, but no 

verification of the certificate for conformance to specifications 
is performed. 

5. Failure to assure that the design basis for the device is 
correctly translated into approved specifications, as required by 
21 CFR 820.100(a)(1). For example, validation of the weld seam 
hardness is inadequate becaus~: 

a. The number of hardness data points is not statistically valid 
to conclude hardness uniformity and consistency (only one seam 
point is tested in each of a limited number of samples). 
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b. Validation protocol requirements include inconsistencies in 
~~~qn~s~.~~ecifications, at one point requiring a minimum of 
tlE~~_~ and at another requiring hardness not greater than 
r~l(4)-l ._. _____ =--.-;,;,i· 

6. Failure to assure that the device history record demonstrates that 
the device is manufactured in accordance with the device master 
record, as required by 21 CFR 820.184. For example: 

a. SPC control charts used to assess the adequacy of the laser 
seam welds are deficient in that they have no upper aniL-lower 
control levels and data points for lots ~:J and rrb(b)(~ITl are 
incorrectly located on the X graph. 

b. Automated Testing Equipment (ATE) serial number entry errors 
were noted, in that: 

i. Low power QbTJ.!E!! -_] was entered into the ATE test record 
as[m~1 

ii. A documentation entry error by the operator resulted in the 
wrong low power hybrid being tested by the inspector. 

7. Failure of the device master record to include, or refer to the 
location of, device specifications and production process 
specifications, as required by 21 CFR 820.181. For example: 

a. The device master record does not include a complete list of 
all available specification documents and their locations, and 
dbes not including engineering change notices and software 
information. 

b. Electrical specifications are inconsistent for PCB assembly 
[l~(b)EIJ with receiving records requiring~ while 
engineering specification ~ll requires >. . 

8. Failure to assure that all production and quality assurance 
measurement equipment is calibrated according to written 
procedures, as required by 21CFR 820.61. For example: 

a. There is no written schedule and procedure for calibration of 
laser welding equipment. 

b. Calibration of the pull tester [I1?1 r1)ib)(4) ~J is not always 
calibrated at the~ month interval required by the calibration 
procedure. 

c. Laser calibration records do not include documentation of the 
items accomplished during calibration. 



Page 4 - Mr. Frank E. Sprengers 
Medtronic European Service and Technology Center 

9. Failure to assure that environmental conditions are controlled to 
prevent contamination of the device, as required by 21 CFR 820.46. 
For example, trimming of lead above open hybrid devices could 
result in contamination with wire trimming. 

The above identification of violations is not intended to be an 
all-inclusive list of deficiencies at your facility. It is your 
responsibility to ensure that all products manufactured, distributed, held, 
and labeled by your firm are in compliance with the provisions of the Act. 

Given the serious nature of these violations, all medical devices from 
Medtronic B.V. in Kerkrade, Holland will be refused entry into the United 
States until these violations are corrected. Until these violations are 
corrected, federal agencies will be informed that the Food and Drug 
Administration recommends against the award of contracts for affected 
products. Additionally, no premarket approval (PMA) applications or PMA 
supplements will be approved until the above violations are corrected. 

In order to remove your devices from this detention, it will be necessary 
for you to provide a written response to the charges in this Yarning Letter 
for our review. After we notify you that the response is adequate, it will 
be your responsibility to schedule another inspection of your facility. As 
soon as this inspection has taken place, and the implementation of your 
corrections has been verified, your products may resume entry into this 
country. 

Please advise us in writing as to the specific actions taken or intended to 
be taken to correct these deficiencies. We acknowledge receipt of your 
February 20, 1992, letter in response to the inspection, and you may choose 
to reference that letter in your response to this Warning Letter. Please 
include any and all documentation to show that adequate correction has been 
achieved. In the case of future corrections, an estimated date of 
completion, and documentation showing plans for correction, should be 
included with your response to this letter. To expedite our review, please 
provide an English translation of the supporting documentation with your 
response. Please address your response and any questions to: 

Ms. Carol Shirk 
u.s. Food and Drug Administration 
CDRH, Office of Compliance and Surveillance (HFZ-331) 
1390 Piccard Drive 
Rockville, Maryland 20850 
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Should you require any assistance in understanding the contents of this
letter, do not hesitate to contact Ms. Shirk at the above address or at
(301) 427-1125 or FAX (301) 427-1076.

Sincerely yours,

Ronald M. Johnson
Director
Office of Compliance and

Surveillance
Center for Devices and

Radiological Health
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DATE: 

TO: 

THRU: 

FROM: 

SUBJECT: 

APPLICANT: 

MANUFACTURER: 

DEVICE: 

SITUATION: 

December 1, 1992 

Mary Ann Fitzgerald, PDAB, HFZ-331 

Acting Chief, MQAB, HFZ-332 SAw>. 1'2../-z./'I'"Z-

David Kunin, MQAB, HFZ-332 

PMA Amendment P920015A, dated October 26, 1992 

Medtronic, Inc. 
7UOO Central Ave. N.E. 
Minneapolis, Minnesota 55432-3576 

Medtronic, Inc. 
Rice Creek Facility 
7000 Central Ave. N.E. 
Minneapolis, Minnesota 55432-3576 

Pacer-Cardioversion-Defibrillation Lead System; for 
use with Medtronic PCD Model 5355 external 
tachyarrhythmia control device (ECTCD), 
and Model 9788 MemoryMod Software Module. 
(critical device) 

Model 6963 CS Lead (critical device) 
Model 6999 SQ Patch Lead (critical device) 

2 (In accordance with Part V of Compliance 
Program 7382.830, dated 9/1/91) 

MQAB RECOMMENDATION: 1. PHA AMENDMENT APPROVAL 
2. POSTMARKET INSPECTION 

This PMA amendment, P920015A, dated October 26, 1992, is for the 
manufacture of Medtronic's Model 6963 and 6999 Leads for use with the 
PCD Model 5355 external tachyarrhythmia control device (ECTD). The 
manufacturing site for this amendment is the Rice Creek facility. The 
last inspection of this location was January 21 through 
February 8, 1992. The firm was classified NAI for sterilization and 
VAI-2 for GMP compliance. MIN-DO concurred with PMA approval. The 
firm's response to an OCS deficiency letter, dated August 26, 1992, 
adequately addressed the eleven concerns indicated. 

A review of the amendment indicates the firm has met its PMA 
commitments concerning the Manufacturing Control Section requirements. 
There is a minimal probability that unsafe and ineffective devices 
will be produced and distributed. MQAB recommends a postmarket 
inspection be scheduled at the Rice Creek facility. 

Gui'dance is included for use during the postmarket inspection. 



SUBJECT: 

FIRM: 

DEVICE: 

CDRH/OCS 
REVIEWER: 

INSPECTIONAL GUIDANCE (MIN-DO) 

December 1, 1992 

PHA P920015A 

Medtronic, Inc. 
Rice Creek Facility 
7000 Central Avenue NE 
Minneapolis, Minnesota 55432 

PCD Transvene Lead System; 
Model 6963 and 6999 

David Kunin, MQAB, HFZ-332, (301) 427-1128 

This PMA amendment, P920015A, is for the production of the Model 6963 
and 6999 leads manufactured at the Medtronic Rice Creek Facility. The 
last inspection was conducted January 21 through February 8, 1992, and 
the firm was found to be an acceptable manufacturer. 

During the postmarket inspection of Medtronic, Rice Creek Facility, 
please pay particular attention to the following areas: [820.81(a)] 

Model 6963 Lead 

For the following operations, verify that the approved and appropriate 
method sheets are being used: 

Electrode Sub-Assembly: 

1. 
2. 
3 . 
4. 
5. 
6. 

Crimp distal sleeve to coil; ~~)==:ft 
Cut coil to length; 
String tubing and bond distal tubing; ~~~~) ~ 
Crimp proximal sleeve to coil and bond proximal sleeve;~~Y~) ~ 
Laser weld; and, rlb')(L{) :J 
Silicone backfill:-t:-l~X4) ~ Are specifications and 
inspection characteristics established for this operation? IS the 
minimum insulation- thickness measured? Is the measurement 
recorded? 

Final Assembly: 

7 . 
8. 
9. 
10. 
ll. 
12. 
13. 

Crimp coil; C('1)x.~) --:] 
String tubiljUL) 
Crimp tip; t-(b:i4 ) :J 
Cut to length; 
Crimp connector pin;C- (?l(t.(). .:1 
Assemble connector pln; LlbX~·(~ -:] 
Install molded tip; ~(~Xy)~) and, 

30 



14. Bond tip/connector sleeve; (critical) 
15. Are all crimped and bonded interfaces tested for integrity? 

[ 820.1.601 
16. Verify the~tinal functional inspection is performed according to r ( \?( U.f) ~·1 [ 82 0 • 16 0 ] 
17. ~erlfy·tha~the leads deliver pacing, cardioversion, and 

defibrillation pulses that correspond with the range of 
programmable detection rhythms. (A specification should be 
available which establishes the pulse to be delivered at the 
detection of a specific cardiac electrical rhythm. Verify the 
delivery of the appropriate pulse with the corresponding rhythm.) 
[820.100(b)(2}] 

18. Verify that the tests for electrical resistance, continuity, and 
leakage are performed in accordance with the appropriate 
procedure. [820.160) 

MODEL 6999 

For the following operations, verify: 

19. 
2.0. 
21. 

22. 

23. 

24. 

25. 
26. 

27. 

28. 

29. 

Defibrillator coil assembly; 
Manifold patch; 
Manifold assembly: 
a. Crimp manifold; U b'Y4J ~~ 
b. Stake defibrillator coils;1::(~X~) :J 
c Cut tubing/coil to length. 
Bond manifold assembly: 
a. Bond defibrillator coil assembly c:(~~~) :J 
Connector assembly: ... 
a. Cr-imp connector pip..;; C~:J) ':J 
b. Backfill voids. (\.....J.PW .. l) 
Manifold patch: 
a. Attach patch; 
b. Attach connector sleeve; 
c. Se rial numbe r label. t ,. ~([\'"'" ....,. 
Backfill connector sleeve and backfill air bubbles ~! 1~Jj 
Are all crimped and bonded interfaces tested for in . grity? 
(820.160) 
Verify the final functional inspection is performed according to 
the appropriate procedure. [820.160J 
Verify that the leads deliver pacing, cardioversion, and 
programmable dete~tion rhythms. (A specification should be 
available which establishes the pulse to be delivered at the 
detection of a specific cardiac~lectrical rhythm. Verify the 
delivery of the appr-opriate pulse with the corresponding rhythm.) 
[820.100(b) (2) J 
Verify that the tests for electrical resistance, continuity, and 
leakage are performed in accordance with the appropriate 
procedure. [820.160J 

Concerning both model leads: 

30. Verify that biological indicators are placed in the locations 
specified in the sterilization procedure. [820.100(b)(2)] 



31. Verify that the sterile package is tested according to a written 
procedure. (820.160] 

32. Verify that quality system audits are conducted according to a 
written procedure and schedule. [820~20(b)] 

33. Are complaints of device failure, injury, and death being 
investigated and the results documented? [820.198] 

34. Verify that the leads are tested in accordance with all labeled 
device voltage ratings. [820.160] 

THIS DOCUMENT KAY NOT BE SHOWN OR PROVIDED TO THE FIRM 
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AAedtronic lg Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  MN 55432 3576 
Telephone   612  574 4000 
Cable  Medtronic Telex  29 0598 

October 26  1992 Telecopy   6 2  574 4879 

Office of Device Evaluation 
C PMA Document Mail Center  HFZ 401  

Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive C   

 A 

Rockville  MD 20850 CM 

Re  Amendment to Premarket Approval Application  PMA  for the Medtr6Aic  
Multiprogrammable Tachyarrhythmia Control System with 
Non thoracotomy Cardioversion and Defibrillation Electrodes  i e   
the PCS Transve  e Syne     Lad Mod4s 6963   69  and  6999 
 Document Control Number P920015  

   
This submission is an amendment to the PMA application for the Medtronic 
Transvene Lead System used in conjunction with the Model 72178 pacer  
cardioverter defibrillator  PCD   Model 5355 external tachyarrhythmia control 
device  ETCD  and Model 9788 MemoryMod Software Module  

The purpose of this PMA amendment is to obtain approval to manufacture the 
Model 6963 CSISVC lead and the Model 6999 SQ patch lead at the Rice Creek 
facility  The 6963 and 6999 are currently manufactured at the Medtronic B V  
facility at Kerkrade  The Netherlands  

With the exception of sections F   Production and Process Controls  and K  
 Sterile Devices   which are specific to the manufacture of the Model 6963 and 
6999 at Rice Creek  all other sections of this submission are the same as the 
manufacturing description of the Model 6S66 at Rice Creek presented in 
Volume 2 of the original PMA  

Two manufacturing facilities will be used in the assembly  sterilization and 
packaging of the Models 6963 and 6999 Transvene leads  These are  

1  Medtronic  Inc  
Rice Creek Facility 
7000 Central Avenue N E  
Minneapolis  MN 55432 
Tel  612 574 4000 
Establishment Registration Number  2182208 
Is presently prepared for inspection  
Most recent FDA inspection  January 21   February 8  1992  
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October 26  1992 

2  Medtronic  B V  
Wenckebachstraat 10 
6466 NC Kerkrade West 
The Netherlands 
Tel  31 45 43 85 85 
Is presently prepared for inspection  
Most recent FDA inspection  January 6 9  1992  

The existence of this PMA application and its amendments and the data and 
other information they contain are confidential  and the protection afforded to 
such confidential information by 18 USC 1905 and other applicable laws is 
hereby claimed  

Six copies of this application are enclosed  Should additional information be 
required by the Agency  please contact the undersigned  

Sincerely  

MEDTRONIC  INC  

Chip Whitacre 
Product Regulation Manager 
Cardiac Pacing Business 
 612  574 8556 
 612  574 6424 FAX 

Attachment 
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  Manufacture of the Model 6963 CSISVC Lead 
and Model 6999 SQ Patch 

Medtronic  Rice Creek Facility  IVIinneapolis  MN 
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MEDTRONIC CONFIDENTIAL 1 
II. Device Description: Model 6963 Coronary Sinus/Superior Vena Cava 

and Model 6999 Subcutaneous Patch Leads 

Illustrations of these leads are provided on the pages following this 
discussion. 

The Medtronic Tachyarrhythmia Control System uses a tripolar, screw-in, 
right ventricular lead for (RV) pacing, sensing, cardiovers.ion and 
defibrillation; a unipolar, coronary sinus/superior vena cava lead 
(CS/SVC); and a unipolar, subcutaneous oval patch electrode (SO). The 
available models of the system are as follows: 

• 
lj?Ovv--t l'fct1<- ~4 : 

Model 6963 CS/SVC Lead 
Model 6966 RV Lead 
Model 6999 SO Lead 

Pa-v+- 1 - P tL~ Ws5 
The Model 6963 and 6999 leads are intended to be used with the Model 
72178 PCD Device. The leads have a 6.5 mm connector intended for 
direct insertion into a 6.5 mm port of the 72178 peD Device. 

The Model 6963 lead is intended for use in the coronary sinus or 
superior vena cava. The lead features a platinum alloy electrode coil 
which provides the necessary surface area for cardioversion and 
defibrillation. Silicone insulation surrounds a low-resistance metal-alloy 
conductor coil. 

The Model 6999 lead is intended for use subcutaneously, submuscularly, 
or directly on the periosteum of the ribs. The lead features platinum 
alloy electrode coils and a low-resistance metal-alloy conductor 
surrounded by silicone insulation. Four helical coils are partially 
embedded into the silicone patch and provide the necessary surface area 
for cardioversion and defibrillation. A polyester mesh is molded into the 
patch and provides support for sutures. There are three nodes in the 
center and two nodes at the junction of the lead body and patch 
electrode of one side of the patch electrode. These nodes are intended 
to designate the insulated side of the patch electrode. 

The following section describes the functional components, device 
properties, and principles of operation for the Model 6963 and 6999 
leads. 
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MEDTRONIC CONFIDENTIAL 4 
a. Functional Components 

1 ) Platinum Alloy Electrode Coil 

The Model 6963 coronary sinus/superior vena cava lead features 
a platinum alloy coil electrode that delivers cardioversion and 
defibrillation pulses to the heart. The Model 6963 lead uses 
silicone adhesive to help prevent tissue in-growth and aid in 
chronic lead removal. 

The conductive surface of the Model 6999 subcutaneous patch 
electrode consists of[lb) (4(h)(4) Ihelical coils partially embedded 
in molded silicone rubber. These coils serve as the electrodes that 
deliver cardioversion and defibrillation pulses to the heart. Inside 
the helical coils is silicone rubber to help prevent tissue in-growth 
and aid in chronic lead removal. 

2) Low Resistance Metal Alloy Conductor Coil 

This conductor coil consists of '--___________ ...... 
that provides a low resistance pathway for delivery of 
cardioversion and defibrillation pulses from the tachyarrhythmia 
control device to the platinum alloy electrode coils. The [TEM4)) I 
was selected for use due to its proven long term reliability when 
used in implanted bradycardia lead systems. The use of I (l:{~)(~~:] 
cored coil provides the low resistance needed for the delivery of 
high voltage pulses. The coils used on the Model 6963 and 6999 
are not (. ~) 8) ..:J 

3) Insulation 

The Model 6963 and 6999 leads are comprised of silicone rubber 
insulation. This material has a long history (since 1962) of use on 
Medtronic pacihg reads. Insulation wall thickness for both the 
6963 and 6999 is I ttl:j(4)(1 inches. 

4) Anchoring Sleeve 

There are two anchoring sleeves positioned on the lead body of 
the Model 6963. They are intended to be used for fixation of the 
lead body to soft tissues. The distal anchoring sleeve is intended 
to fix the lead near the site of insertion of the lead into the vein at 
the time of the implant. It is designed to protect the lead from 
undue strains and stresses at the point of fixation. The proximal 
anchoring sleeve may be used to anchor the lead at either end of 
the tunnel to the PCD pocket. 
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5) Polyester Mesh Embedded into Silicone Rubber 

Polyester mesh is embedded into the Model 6999 subcutaneous 
patch and provides support when suturing the lead to the 
subcutaneous muscle. 

6) Stylets 

Stylets are wires which stiffen the lead and/or temporarily alter its 
shape during implant. This is accomplished through a controlled 
stiffness of the distal tip, allowing it to bend with the application 
of excessive force. St'{lets are also desi9-ned to help minimize 
damage to-the coH-during-insertionand-removal. The Model-69-63-
uses a stylet, the Model 6999 does not. ' 

7) Connector Assembly 

The Model 6963 and 6999 leads feature a 6.5 mm terminal 
assembly consisting of a stainless steel connector pin and silicone 
rubber sleeve. The distal part of the sleeve provides a strain relief 
area. 
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b. Device Properties 

The Model 6963 and 6999 non-thoracotomy leads are designed 
for sensing, pacing, cardioversion and defibrillation. These leads 
have application where implantable tachyarrhythmia control 
devices are indicated. Reference the technical manuals for the 
Model 6963 and 6999 leads for specific device features. 
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c. Principles of Operation 

The PCD Transvene System uses leads which do not require open
chest surgery to implant. Multiple configurations involving either 

. two Or three different leads may be used to deliver cardioversion 
and defibrillation pulses. These configurations are comprised of 
a tripolar, right ventricular (RV) lead (Model 6966)' and either a 
coronary sinus (CS) lead (Model 6963) or a subcutaneous (SO) 
lead (Model 6999)' or all three of these leads. The Model 6963 
lead can be placed in either the coronary sinus/great cardiac vein 
or the superior vena cava (SVC). 

In these systems, the helical tip and ring of the RV lead is used for 
sensing, thus providing standard, bipolar sensing. The tip 
electrod-e is termed PACE/SENSE arret the ring- electro-ere- is- te-rme(j
SENSE 2. Bradycardia pacing takes place between the tip 
(PACE/SENSE) and the COMMON defibrillation electrode. 

A system using two leads delivers cardioversion and defibrillation 
pulses between two coils (one on each lead). A system using 
three leads delivers cardioversion and defibrillation pulses either 
simultaneously or sequentially from the anode electrodes (PULSE 
1 and PULSE 2) to the COMMON defibrillation electrode. 

To detect VT/VF, the PCD device monitors the cardiac cycle 
length for fulfillment of the programmed VT/VF detection criteria. 
When the programmed criteria are fulfilled, the PCD device 
detects the VT or VF episode and delivers the first programmed 
therapy. If this therapy is ineffective and the VT/VF is again 
detected, the next programmed therapy is delivered. This 
progression continues until the PCD confirms episode termination 
or delivers all programmed therapies. 

The performance of the Models 6966, 6963, and 6999 are 
evaluated at the following times: 

1) At implant by the evaluation of the pacing and sensing 
thresholds and defibrillation efficacy when treating VT/VF. 

2-)- C hrorric-aily-by evaluation ofstab-ility of chronic-erefib-riHation 
efficacy in induced episodes of VT/VF and successful 
termination of spontaneous episodes of VT/VF. 
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MEDTRONIC CONFIDENTIAL B 
III. Manufacturing Description: 

Model 6999 Subcutaneous Lead 
Model 6963 Coronary Sinus/Superior Vena Cava Lead 

Medtronic, Rice Creek Facility, Minneapolis, MN 

The following Manufacturing Description has been prepared in 
conformance with the "Guidance for Preparation of PMA Manufacturing 
Information" made available by FDA August 21, 1991. 

This section contains a complete description of the methods used in, and 
the facilities and controls used for, the manufacture, processing, 
packaging, storage and distribution of the Models 6999 and 6963 
Nonthoracotomy (NTL) Leads. Process qualification testing and results 
are included in Section F.3. As requested, a summary describing how 
applicable GMP requirements are met has been provided for each area 
identified. Copies of actual procedures are provided when specifically 
requested by the Guidance. -

The Models 6999 and 6963 Leads meet the definition of a critical 
device; implantable leads are currently on the Critical Device List. We 
have thus ad-dtessed- speCifically additional controls that are in place to 
meet the critical device requirements. 
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A. Organrzation and Personnel 

(1) Company policy and objectives for controlling Quality and how 
they are made known to employees. 

A dimension of the Medtronic Corporate Mission relates 
specifically to quality and is as follows: 

l ""-r: ( b)(al 
\....,' ./ 

The corporate policy of achieving this mission is summarized as 
a series of Quality Principles. These principles are communicated 
via new employee quality training and are part of a publication 
called "Quality at Medtronic" that the Corporate Quality 
Assurance Group prepares and distributes to each employee. The 
quality principles are as follows: 

• [ C1) (ft 
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• 

The quality function within the Tachy Manufacturing Group 
includes responsibility for quality as part of each individual job 
within the organization. Additionally, there is a dedicated staff of 
man~facturin quality assurance engineersC 

- -

r l 

L ~--

The policies cover the dimensions of a Quality Assurance function 
as outlined in the GMP (21 CFR Section 820.20). These 
dimensions are summarized as follows: 

1. Production records review. 

The- prod-\;lctiofl- records required- are- def-ined- as afe- the
requirements for documentation and use. Specific 
requirements include the following: 

• 
(6)(4) 

( 
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(6~Lf) ] 
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2. Approval/rejection of components, materials, packaging, 

labeling, subassemblies and devices. 

The process by which review and disposition of 
components, materials, packaging, labeling, subassemblies 
and devices occur is summarized as follows: 

• 
(1) C y.) 

..1-- ---_--.J 
• 

[ (1) {tt) J 
• 

[Cb)(l/-)J 

• 
[ (b)L~ .J 

3. Identifying and resolving quality assurance problems. 

Process, product or system related issues are identified in 
a variety of ways such as process monitoring, defect 
reporting, complaint reporting, audits, etc. The corrective 
actions are accomplished by appropriate representatives 
from Manufacturing and Quality Assurance Engineering as 
well as Design, Product Assurance and other functional 
groups as needed, and include the following activities: 

• [ (b) (4-) :l 
• C (b)C~) 

• 0b~ 

G • (b) ('\-) 
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• 

The effectiveness of the corrective action may be measured 
by subsequent process monitoring, defect and/or complaint 
reports and internal audits. 

4. Quality Assurance checks. 

Product, material, component and process qualifications 
assess the appropriateness and effectiveness of all quality 
assurance inspections. The requirements for these 
qualifications are clearly outlined in the appropriate Product 
Assurance and Manufacturing Development Plan. The 
results of these qualifications are reviewed by the 
appropriate management within the Product Assurance and 
Manufacturing Engineering Departments, as necessary, 
prior to approval of product for distribution. Assurance that 
the quality inspections are performed correctly is provided 
by process and defect monitoring results as well as internal 
audits within manufacturing. 
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A. Organization and Personnel 

(2) Qrganizational structure, including the Quality system and the 
. responsibilities and channels for identification, documentation and 
resolution of product Quality problems, including responsibilities 
for assuring that corrective action is implemented. 

r ---- (b) C~) 
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A. Organization and Personnel 

(3) Methods used to assure that personnel have proper training and 
experience for the operations performed. 
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A. Organization and Personnel 

(4) Design and implementation of training programs, including 
methods for identifying training needs, qualification of personnel 
for special processes and operations, and documentation of 
training. 

l 
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B. Quality Audit 

(1 ) Design and implementation of the quality audit program including 
procedures for assessing that audits are reviewed by upper 
management, all appropriate areas are audited, corrective actiOn 
is implemented, independence from functions audited is 
maintained ,and auditors are qualified. 

i 
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C. Buildings 

(1) Methods and procedures used to assure orderly handling and to 
avoid mixups of components. finished devices. labeling. packaging 
and manufacturing materials during routine operations and 
storage. 

The Medtronic Rice Creek facility is a one-story concrete block 
and steel facility covering over' (b) Mi4) ] square feet. It was 
designed to have adequate space for all the quality assurance, 
documentation, manufacturing and support activities associated 
with the manufacture of medical devices such as implantable 
cardiac leads and pulse generators. There are defined areas for: 

- Component receiving and verification 
- Manufacturing functions 
- Quality Assurance- functions-
- Equipment calibration 
- Manufacturing 
- Manufacturing Documentation 
- Component storage 
- Packaging 
- Sterilization, microbiological testing and quarantine 
- Material analysis and metallurgical laboratories 
- Finished prod.uct s-torage-

f----

(b\ (u\ 
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number, a sequentially assigned computer generated lot number, 
quantity received, inspection code and acceptance status. 

Parts or materials requiring inspection are routed to the inspection 
area. If no inspection is required, parts are routed to Central 
Stores. . 

Any suspected damaged parts or materials are segregated and 
either returned to the supplier or sent to a designated MRB 
(Material Review Board) area for engineering disposition. 

1 ~ 
~L. ______ --_~_l_b;_I.(_4) __ ~~ __ -»r-------~~ 
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J 
The production areas are designed and laid ut so that sufficient 

(~)(q ) 1 
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C. Buildings 

(2) Methods and procedures used to control and monitor 
environmental conditions when environmental conditions could 
adversely affect a device's fitness for use. 
------~'-'-'------ ,,~-------------, 
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L_· _______ u_~~~~ ____ ~ __ ~~ 
"Facility Clean": Three procedures which provide the detail 
instruction for cleaning, sanitation and pest control of the 
manufacturing facilities. These are specific procedures which call 
out the schedule and steps for performing the cleaning functions, 
mixing of cleaning solutions, location of cleaning areas and 
equipment, recording of results and appropriate action for 
noncompliant results. 
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D. Equipment 

(1) Methods and procedures established to assure proper maintenance 
and calibration of equipment used for production and quality 
control including procedures used to assure the adequacy of 
automated equipment. 

--y 

r-----(b)(4) 

I 
POLICIES 

The Procedure Statement: The purpose of this policy is to 
establish a uniform procedure for the development, coordination, 
review, authorization and publication· of Equipment Support 
Department policy and procedure statements. It defines "policy" 

I 
I 

asthep ~ 

1 (0~) I 
\ . ( L r 
Maintenance of Eauioment: The purpose of this policy is to 
provide the requirements for the maintenance and calibration of all 
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equipment used to research, design, manufacture and quality
check marketable product. These requirements are general 
requirements covering the identification of equipment requiring 
calibration and maintenance, environmental controls, reference 
and transfer standards, intervals, maintenance procedures, records 
and labeling; the specific procedures addressing each of these are 
included in the separate procedures documents. 

Equipment History: This policy establishes the requirements for 
the documentation (History FileS] of egui=ment covered and work 
performed by the~ . (6 (~). J 
Maintenance Procedures: This policy establishes the requirements 
r:r ~rQCedUr~s written to cover maintenance performed by the 

L_ _ (b")(4) :) They specify what is to be 
included in the procedures, and how they will be documented, 
approved, distributed and cOf"!.trolled. Any change of data to a 
procedure is identified in the( (b-j(tt) J 
PROCEDURES 

Maintenance Procedures: These are specific instructions for how 
to initiate and format new maintenance rocedures and change 
existin procedures. {There are ( procedures covering 
f (b) (Ll).. . use In device manufacturing 
and receiving Inspection. he master copy of each procedure is 
maintained in thee ((,)u.t) ~ working copies 
are available in t1lel. . jEach of them is 
written and controlled per this procedure.) 

Use of Labels and 10 Stamps: This procedure establishes a 
uniform procedure for the use oC. ([,)(4) . J 

CCb)(I{Qand IDE stamps. It contains instructions for the use of such 
labe s as "Calibration," Certified," "Certified for R&D Only," 
"Danger Do Not Use," "Defective Do Not Use," "Out of Service," 
"Pressure Tested," "Special Calibration," "Void if Broken," 
"Functional," and "This Equipment Does not Require Calibration." 

. Work Reports: J"""'" ---------------------. 

1 .-

26 
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interval, action taken history, NIST traceability, date completed, 
date next calibration due etc. 

History File: This procedure establishes the format for entering 
data into the Equipment Support Department History File. 

Initial Certification of In-House Built Gauging: This procedure 
establishes a procedure for Tool Inspection to do initial verification 
of In-House built gauging and allow t~e [_ _ .. 

(h) (4] J . 
Development and Control of Software: This procedure establishes 
a uniform procedure regarding the development and control of 
computer software. Applies only to programs written by 
personnel of thee 

1 
--' 
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E. Acceptance and Control of Components 

(1) Methods and procedures used to define how purchased finished 
devices, components, packaging, labeling and manufacturing 
materials are to be inspected or verified. as conforming to 

. regurrements. 

a) 

b) 

c) 

d) 

e) 

f) 

g) 

h) 

i) 

(1) (4) 

( bJ(Lf) 
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[ (b) (Lf) J 
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E. Acceotance and Control of Components 

(2) Methods and procedures used for the identification of released. 
rejected. quarantined. or unchecked incoming finished devices. 
components. packaging. labeling and manufacturing materials. 

Ch) 

(b) 

] 
] 



MEDTRONIC CONFIDENTIAL 31 
E. Acceptance and Control of Components 

(3) Methods/procedures used for identifying finished devices. 
components, labeling, packaging and manufacturing materials 
through all stages of production. 

r 
(h) (i) 
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E. Acceptance and Control of Components 

(4) Methods/procedures used for identifying critical components for 
critical devices. 
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F. production and Process Controls 

(1 ) Provide a flow diagram of the production process identifying all 
process steps. 
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F. Production and Process Controls 

(2) Methods/procedures that define and control the manner of 
production and installation, including work instructions and 
procedures for the review and control of these instructions. 

r If·" / '\ 
lb)(LfJ 
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F. Production and Process Controls 

(3) Identify all significant manufacturing processes and the methods 
and procedures used to validate, or prove, the acceptability and 
stability of the processes, including validation of the methods and 
procedures used to monitor and control the processes after 
validation to assure they consistently operate within acceptable 
process parameters. 
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Critical and Principle Operations for Model 6963 

Qual Plan Report II --- - -----'-------------, 
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TACHYARRHYTHMIA IMPLANTABLE LEAD MODEL 6963 

CRITICAL AND SIGNIFICANT MANUFACTURING OPERATIONS 

I. CRITICAL MANUFACTURING OPERATIONS 

8. 

b. 
c. 
d. f 

II. SIGNIFICANT MANUFACTURING OPERATIONS 
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Critical and Principle Operations for Model 6999 

Title Qual Plan I B~U~Qrl 
1"1 < 

~.- ~ 
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TACHYARRHYTHMIA IMPLANTABLE LEAD MODEL 6999 

CRITICAL AND SIGNIFICANT MANUFACTURING OPERATIONS 

I. CRITICAL MANUFACTURING OPERATIONS 

~: r--l_- - ---------
~: \ (~)( If) ,--------_ . I 

. -----) 

II. SIGNIFICANT MANUFACTURING OPERATIONS 
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RICE .CREEK 
QUALITY ASSURANCE 

Title: Connector pin crimper 

1 SCOPE 

Type of Doc: Qualification Plan -E 
Family: Model: 

Leads 6963 

Prepared By: Pedro Meregotte 
--">., ; 

Approved BY~ 

Topic: 

Equip. 
Qual. 

This report impacts the assembly of Lead Model 6963 at Rice Creek. 

2 PURPOSE 

The purpose of this report is to qualify the crimper used to cri".,p the connector pin 
to the comtuClor- coil'. 

3 BACKGROUND 

This report will qualify a crimper that is used to crimp the connector pin to the 
conductor coil. 

4 APPLICABLE DOCUMENTS 

f 
(L\/4\ 
.":;:'.J \... ) 

4.1 i j"l-\ (A \ u 

4.2 [ J 
5 REQUIREMENTS 

5.1 [ (~)(4) J 
5.2 [ (b.j( if) J 

6 PROCEDURE 

6.1 [ Cb)(Lf) ] 
6.2 [ 
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6 PROCEDURE {continued} 
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RICE CREEK 
, . 

QUALITY ASSURANCE 

_ Title: Connector pin crimper 

1 SCOPE 

File Code:PM0002-6.92 Page 1 46 
MJ:n-rR.ONI~ .~l\l);JnI:I\!TIAL 
Date: 29 JUNE 92 Of 2 

Type of Doc: Qualification Report - €: 

Family: Model: 

Leads 6963 
Topic: 

Equip. 
Qual. 

Prepared By: P~dro ~eregotte ~ 

_ Approved By: C~ 

This report impacts the assembly of Lead Model 6963 at Rice Creek. 

2 PURPOSE 

The purpose of this report is to qualify the crimper used to crimp the connector pin 
to the conductor coil. 

_ 3 BACKGROUND 

This lead- i·g. cuuently- built inl (~){lfl) I and- manufactur.ing- is. b.eJng. started in RC._ 
a split build. This report will qualify a crimper that is used to crimp the 
connector pin to the conductor coil. 

4 APPLICABLE DOCUMENTS 

5 

4.1 I (b) (4) (b){4) 

4.2 I (b) (4) (b){4) 

4.3 I (b) (4) (b){4) 

REQUIREMENTS 

5.1 r (b)tl() 

5.2 [ cb){ Lf) 

6 PROCEDURE 

6.1 [ Cb)(t-l) 

r\~. r, ) (' ,\ _ "b 'i) 

6.2 
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RICE CREEK QUALITY ASSURANCE 

6 PROCEDURE (continued) 

6.3 [ (b) U-I) 

6.4 r-. . 
L CQ (4) 

6.4 rl () \(y) 
Lt... b) 

7 RESULTS 

7.1 L (b)(Lr) 

7.2 It ('. i~)\ elU) _ D Ii 
....... 

7.3 \ (Q{~) 
L-

8 CONCLUSION 
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J.--- - . 

] 

File Code:PM0002·6.92 

J 
1 
-' 

1 
.J 

7 
J 



Medtronicrl FMliDTRUI'Jt(l100NFID FNtflAl 

Date: 13 NOV~ q{ Of6 48 

RICE CREEK Type of Doc: Qualification Plan ® 
QUALITY ASSURANCE Family: Leads MOdel: 6999, Topic: Qual, 

6921S/M/L Process 

. Prepared By: Tim· Smithj John. 8!emmers. 

Title: MODEL 69215. M. LAND 6999 PATCH LEADS TRANSFER Approved By: , .L1 ~ r ,-
'-.J 

1 PURPOSE 
The purpose of this plan Is to outline the activities to be performed to qualify the 6921 S, M, Land 6999 
Leads Manufacturing In Rice Creek. 

SCOPE 
This plan encompasses the assembly of 6921 and 6999 leads in Rice Creek. The final packaging of these 
leads Is not covered initially, and will be appended as that process becomes available. 

3 BACKGROUND 
These patch leads are currently In production at Medtronic BV. To support the initial US market 
requirements, additional production capacity Is being added at Medtronic, Rice Creek. Plans for this tranfer 

call for:[ _ 

~:~ _ (&)(4). ___ •. 1------1 
, 

4 APPLICABLE DOCUMENTS 

5 

4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
4.10 
4.11 
4.12 
4.13 
4.14 
4.15 
4.16 
4.17 

Manufacturing Transf~r Plan: Tachy Patch Lead Transfer from ESTC to Rice Creek 
(b) ,4) ) I 

(b)(4) 

(b) (4) 

(b)(4) 

) ~.~. -------.. 

(Q (if) r-- _. 

IL 

. (l)(Lf) )---~--

51.2: ~_~.~ ====~=. ::::::=::::::::~"""",===::::::::==::::::===V4-==.:=:~. 
i '- Pac1f SO) 3.', .... ~~ -----'-----------I--.~ 
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File Code: TS013-11.91 Page 2 Medtronic~ 
RICE CREEK QUALITY ASSURANCE 

1-fJ~~9NfI&.-eElWF~NTIAL 
Date: 13 Nov 91 Of 6 49 

ELECTRODE PATCH SUBASSEMBLy!lb) (4) (b)(4) 

(;1 :~.~IPMENT AND PR=:_TI_Q_N __ .~ .... _ .. ___ --~-------<~ 
-----1-----.[ 6.1.2 

6.1.2.2 
6.1.2.3 

6.1.2.4· 

EPICARDIAL AND SUB-O PATCH LEAD ASSEMBLY 
7.1 EQUIPMENT QUALIFICATION 

7.1.1 L{~tC~ll ... _H J . 
7.1.1.1 Equipment to be qualified: I (b)(J)M 

[]§4Ej . 

7.1.1.3 Sample size: 

t~---tJ 
.--------~ l_-·_--r 

\ (\,.)(~) I.!....(_b_! (_4_) _(b_){4_) __ ---!Iand -- -' 

Evaluation samples (for engineering use): 

Qty '7b")Z ~Thetting 
Ii b)(4) ) ~ lbJ(~n 
Tll> ) ( 'll::r \. 

'_.(b) (£f) 7 
[Lb)(L{)J [(6)(4) J 

QUalifiFion sar1)Rles: (!, 4 

\_ (6)( '-I) , (b)(4) 

7.1.2 t (1:,.') (it) 1 
7.1.2.1 Equipment to be qualified: Pressl (bM;Il)) 

7.1.2.2 Requirements: 
7.1.2.2.1 L: - (.6'(4) 

-"'''( l:(=~)=<4)1'""". , .,... 

7.1.2.2.2 
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RICE CREEK QUALITY ASSURANCE oMEO'RtONIC CONFI ilAL 5 

[ J 
7.1.2.3 Sample size: 

[ 

Oty I Pressure 
I (0) \ 'J, 

(b)(4) 

J 
Oty I Pressure j r (1:)(4)1 

(b)(4) 

[ (b) (4) J 7.1.3 ,...., 7\i~~------' 
7.1.3.1 Equipment to be qualified:1 (b)(J)(lI; :l~h)(4~ 1..--____ ............. 

7.1.3.2 Requirements: 
7.1.3.2.1 

7.1.3.2.2 
(b)( 4) 

. I 
'=t 

7. 1.3.3~ample size: 
L (&) elf) I . .-J 

II Oty )(P (Lf J7 setting 
(bJ (4) 

(b)(4) 
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RICE CREEK QUALITY ASSURANCE 

Cross Section N = 2 

7.1.4 [7 (t-.)(Y) J 
7.1.4.1 Equipment to be qualified:[ L~)Ut) "] (b) (4) (b)(4) 

7.1.4.2 Requirements: 
[- (b)(4) 

7.1.4.3 ~amp!e Size:~ 

7.1.5 [ 
] 

7.2 PROCESS QUAUFICATION 

7.2.1 r 
L 

Model 

6921S 

6921M 

6921L 

6999 

7.2.2 TEST PROCEDURE 

-

Oty 
ili 

(b)(4 

l 
I 

~l 

7.2.2.2.1 ~ ----
7.2.2.2. Electrical TestS\-=: 

r 
.--------------~ 

II Loop /I 6921 S /6921M /6921L /6999 

Page 4 

l 
J 

J 

II 
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Medtronic~ 
RICE CREEK QUALITY ASSURANCE 

Inner 

Second 

Third 

Fourth 

Fifth 

DA534 

(bl ('I) 

(b)(4) 

7.2.2.2.2 

7.2.2.2.3 

1j' (h)(Y) 
r l~-----" 

7.2.2.2.4 r 1_(-..... 6 )_L·~LI-) ___ -_-_-_-:_-_-_-_-_-:_-_-_-:_-_-....i\ 
I~ t 

7.2.2.3 Dimensional Check 
7.2.2.3.1 Measure and record the dimensions indicated on 

attached drawing. 

7.2.2.4 '1 I 
(b) (4)------ - ....------' 

tL-.-t.. .-:--:::---:--_~/, 
time of five minutes. 

7.2.2.5.1 

7.2.2.5.2 
7.2.2.5.3 

7.2.2.5.4 
l, ____________ ~ ________ ~ 

~ (b)(Lf) 

7.2.2.5.5 

_______ --'1. 
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File Code: TS013-11.91 

RICE CREEK QUALITY ASSURANCE Date: 13 Nov 91 01 6 . 

7.2.3 DETAIL REQUIREMENTS 

8 End of Plan 

7.2.3.1 r· ( h) (tl) 
':1 

7.2.3.2[ .~b')U-f) 
. J 

7.2.3.3[ U')U·I) 

r . . J 
7.2.3.4· (b)UO 

I (~jQ!U 
7-.2.3.5· Ver-Ify. the- follewin --er-iti - . components ar-e- traeed~ 

7.2.3.5.1 . 
7.2.3.5.2 (h ') (4) 

'\ - I 7.2.3.5.3. _ 
7.2.3.6 Verify the following critIcal operations are traced: 

7.2.3.6.1.\ ..-1 
7.2.3.6.2 _I-~ __ ...:.... __ ----____ ~ 
7.2.3.6.3 !I .. :VU) ,..-...... ___________ ( 
7.2.3.6.4 i .......... )\.. 1-: __ . -. ______ ----,. 

7.2.3.7\' - . r 
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DESIGN ASSURANCE REPORT 54 

TITLE: TEST RESULTS FOR MODEL 69215, M, LAND 
6999 PATCH LEADS TRANSFER 

File Code __ ...;...A:...;..: 9:.....;;5~DD:.....;;1:...:..6.::..:22:..-_ 
Project No. __ ~ ____ _ 
Page 1 of __ --::3 ____ _ KEY WORDS: 

(b)(6) 

1.0 PURPOSE/BACKGROUND 

Testing has been completed Oh each of Model 69215, M, L, and 6999 patches for 
the purpose of qualifying build activities at Rice Creek. 

2.0 SUMMARY 

2.1 r--.. 

(h)(L() 

3.0 TESTS. TEST CONDITIONS. TEST SEQUENCE. AND PASS/FAIL CRITERIA 

3.1 Visual and X-ray 

[ (b)(4) 

3.2 Dimensional measurements 

[ (1:,)Uf) 

] 

7 
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File Code 

DESIG,N ASSURANCE REPORT Page 2 or 3 55 

3.3 Initial Electrical Testing perl (b&)14) I 

l 
..J 

1 
~ 

3.4 Thermal Shock 

r' ~ (b)LYj 
..... 

] 
3.5 Post-Saturation Electrical per (~)(lf) I 

All patches were tested as in section 3.3. 
\D) (4, 

(b)(4) 

3.6 Composite Pull Test perl (llI7)(4Y-ill 
..--

t-.. 
-- - - - - ~ _ ... - _. .. .... ,., . 

OistalIL(_b))_(4~') ______________ ........!1 

[ 

. I.Ced Fm S72b Jun 83 
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l. T Connector P-ulls 

(b)(4) I 
~. 0- AmY-CABte DOCUMENTS-

,:;), 4 

(b)(4) 

] 
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F. Production and Process Controls 

(4) Procedures used to assure that process changes are properly 
reviewed. approved and validated. 

(a) Process changes due to product specification changes: 

• 

• 

~\.AL ""117 _, ___ _ . __ 

• 

.. -
• r 

) 

I 

J 
l 

") 
.J 

'I 
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r-.. .. .' .. . . - - ! 

( £) ( Lf) _' . . _ . ! 

_"l 

I .... 

. - - . I 
J-I 

(b) Process changes not related to product specification 
changes: 

,------------------~~ 

/ 

I 

, 
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F. Production and Process Controls 

(5) Methods and procedures used to develop, identify, distribute and 
maintain manufacturing and Quality assurance documentation 
including the procedures used to authorize and qualify 
documentation changes. 

[ 

[ 

1-. 
,2. 

3. 
4. 

[6)(4,) 

(6) (4) 

(6)CLf) 

---., 

I 
.-J. 

] 
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[ (b) (4) 

[(b)(4] ~ 

(b)(l{) 

J 
[ (0 (Lt) ~ 
r- (£ tJ) ] L 

[ (b)(~) I 
.--J 

(b){~) 

[ Lb) (LI) .~ 
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F. Production and Process Controls 

(6) Methods/procedures used to identify and control non-conforming 
finished devices, components, packaging and labeling. The 
description should include reprocessing procedures and controls, 
and procedures used to investigate, identify, and correct causes 
of non-conformance. 
,-

L 

(h)(4) 

( b) (4) 

Reprocessing Procedures and Controls 

r' 

(b) (4) 

\ 
'--

.-

J 
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F. Production and ProQess Controls 

(7) Methodsfprocedures used to identify critical operatiQns fQr critical 
deviQes. 

A critical operation is defined as "Any operation in the 
manufacture of a critical device which, if improperly performed, 
may be reasonably expected to cause the failure of a critical 
device or to affect its safety or effectiveness" [21 CFR 820;3(9)]. 

Factors that are considered when critical operations are identified 
are as follows: 

r-

1 • ( 

\ (&)( l() 
~ .-

• [ (b) (4) I 
~ 

[ ___ (~WO_____ 
--, 

• / 

I 
...J 

L (b){L() l 
-.J r- (b)(Lf) ] I....-

5.p.ec.i.fic.atJoos. .. 

\ (6) (L/) 1 \ - - - - . - - - _.. -" --
-.J L. 

r (h) (ii' 
-·1 

J 
\-' \ ) 

---..-I. 

(&){Lf) J 
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- [ (h) (£I) J II 

'( 

- r l&) (4) ;] 

-r (& ') (y) -] 
- [ ( bJ C4') "1 
-[ (&j (4) ~l 
- [ (b) ['-I) J 
- [ (&) (4) ] 

(6) (4) 
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G. Packaging and Labeling Control 

(1) Methods/procedures used to assure that labeling received and 
used in production is acceptable for its intended use and to assure 
that there are no labeling mixups during storage and labeling 
operations. 

r 
r 

l 

L 

( b) (4) 

lb)(t-f) 

(b )(4) 

(b J (L/J 

J 
] 
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G. Packaging and Label Control 

(2) Methods/procedures used to assure that packaging will protect 
the device during normal processing, handling, storage and 
distribution 

---------------------------------------

68 

. '.-:' 
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H. Holding, Distribution and Installation 

( ('fj ')( \( ') I '-'- ~ '- .' 
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H. Holding, Distribution and Installation 
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I. Device Evaluation 

(1) Methods/procedures used for eSlablishing acceptance criteria and 
assuring that finished devices meet approved specifications before 
release. 

(c 0)( L{) 

I 
L 
rlo,Xi{) 

! l- . 
L-.:---= 

Finished Device Inspection Procedures 

fl\& XL() 
t 

L-
ro?>L~) 
L~ -

~ CbLL{) 

(6)(U) 
C ~)C'-l ') 

I 
l 







I. Device Evaluation 

((BJCy) J 
~XL-f) 

MEDTRONIC CONFIDENTIAL 76 

--"1 

J 
J 

l 

J 



MEDTRONIC CONFIDENTIAL 7'7 





MEDTRONIC CONFIDENTIAL 78 
J. Records 

(1 ) Methods/procedures used for the establishment, use and 
maintenance of the Device History Record. Provide copies of the 
records which make up the Device History Record. e.g" routing 
f-Qr-ms-. data- sheets-.- and ba-tcJ:1Ie,c~-

• 
• 
• 
• 
• 
• 
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(2) Methods/procedures used to establish and maintain the Device 
Master Record (DMR) and to control changes to the DMR. 

Device Records 

r-(b)(q) 

\ 

P(LV-+ 1 '- Pa~ e 5/7 
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J. Records 

(3) Complaint receiving and processing procedures, including the 
methods/procedures used to assure that all complaints received 
are properly reviewed, evaluated and, when necessary, 
investigated. Provide copies of records used in the complaint 
processing program and the complaint processing procedures 
~ 

fbX4) 

Definitions --I Cb-X1) 
~-- .. 

l 
~ 

. - -~---, 
! 

fJavv-r 1- (J(Lqe 579' 
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Complaints are defined as such by Medtronic as 'follows: 

fl.; \/11 \. 
1. (b/~ 4-) 

3. (btl{) 

4. Ch)C ~) 

5. (bY~) 

6. I (10)( If) 

7. ) (b)( l/) --- '- . 

Procedure 

1. (CbJe <f) 

2. 

3. 

-..1 _ __ . ___ . • .• 

\~ 
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J 
Copies of documents (forms) used in the complaint program and 
complaint processing are provided on the following pages. 
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COMPLAINANT PATIENT· 

, 

,1/ 

( 
.1 
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[ M EOTR ON I C COM PLAI~T RiBiJRjorn rntDttOO1Ii[mmmrrl 

\ 



~~ I"JO\ftCumer Affairs Contact Report 

I ~di-P~C~5~g~S~; ______________________ ~~ 

r _~ 



~ 

~tronic~ 
'-dtranic. Inc. 
OCO CenlTal Avenue. N.E. 
4irYIeapolis. MN 55432 

InIJI.\.;.:tiOr.s: Use Ih: form 10 rtfr.!t ,Qur experience with • Medtronic: product or when retuming a device lor 
evaluation. BacIr. 01 original !orm may be uMd to further explain clinical experience. This inlorrr.cu;cn 
II for wwranty conlidenation. Medical Device Reporting, and perlormance assessment ... n." et . ...,.: (800) 32S-2S 18 

PLEASE CLEANIGAS STEFlIUZE PRODUCT BERJRE RETURNING DEVICE TO THE MANtk~=::: ._ .. 
:, 'MER INFORMATION 

Hospital Jh .liNames . 
Street Address 

~atientName • 
late of Date of City State Zip 
mplant Explant 

)IAGNOSTIC REASON FOR PACING (Check an that apply) 
:J Mobitz II ~ Block o Sinus Bradycardia 0 Sinus Brady·Tachy o Tachyarrhythtnlas o Multifasdcular Block 
:J Complete A·V Bleek o Intrinsic Rate of 30 bpm or Less 0 SSS o A·F Slow Venl Response o Diagnostic Other 

?ULSE GENERATOR INFORMATION PULSE GENERATOR EXPERIENCE 
M~INo. ____________________ __ o Elective Replacement Indicator (Battery clepletion) o Elective Replacement 0 Sensing Difficulty 

o Programming Difficulty 0 No Output 
o Telemetry Difficulty 0 Infection 

Seri~No. __________________________ ___ 

Status: 

o Erosion 
o Muscle Stimulation 
o System Upgrade o Replaced (Note 0 Attempted ImplanU 

Replacement Below) Not Used 
o Other, please explain ______________________________ _ 

o No! Replaced 

Programmed Parameters While Implanted (Prior to EJ1i): 
Pili .. Meg. M Pul .. Width (m.) 
atrial . vent. atrial _nt. 

acute (date ) 
~ronic (date ) _____ _ 

: .:-":6 _"--__ ..I ________ _ 

s.,,8ltlvlty 1m V} 
atrtal ¥WIt. 

AV 
Intarval (ms) 

Pilla. Mod.' 
Interval (bpm) ( .... ct from below) 

'Moo_ Selections: AAI VVI WIR OVI OVIR 000 OOOR Other 

VENTRICULAR LEAD INFORMATION 
No ...... ______________ __ 

Se. .0. _________________ _ 

Status: 
Ci Reused o Repositioned 
o Replacad (Note 

Replacement Below) 

o Capped 
o Removed 
o Unipolari%ed o Not Implanted/Not Used 

ATRIAL LEAO INFORMATION 
ModeINo. ___________________ _ 

Serial No. __________________ _ 

Status: 

VENTRICULAR LEAD EXPERIENCE 
Cl:Jronlc Thr.shold M ... urementa: 

P acing output 

current 

Sensing 

Resistance 

_____ (volts) 

______ (mA) 

___ (mY) 

____ (ohms) 

ATRIAL LEAD EXPERIENCE 
Chronic Thr.shold Meaaurementa: 

Pacing output 

current 

o Reused 0 Cappacl Sensing 
o Repositioned 0 Removed Resistance 

____ (volts) 

___ (rnA) 

___ (mY) 

_____ (ohms) o Replacad (Note 0 Unipoiatizad 
Replacement Below) 0 Net Implanted/Not Used 

o Elective C Sensing Difficulty 
o Infection o Positioning Difficulty 
o Erosion o Apparent Fracture 
o Non-capture 
o Other. please explain: ___________ _ 

o Elective o Sensing DiHiculty 
o Infection o Positioning Oifficulty 
o Erosion o Apparent Fracture 
Ci Non-capture 
o Other, please explain: ____________ _ 

IF DEVICE RELATED MEDICAL COMPI.ICATI~N OR DEATH, PLEASE DESCRIBE: __ ......;... _________________ _ 

~OTE: INCLUOE "lL PERTINENT M£O:C),l.:;ECO~OS. INC:'UOING £KG',. WHICH OOCUMENT THE REPORT EO eXPERIENCE. 

REPLACEMENT DEVICE INFORMATION VENTRICULAR LEADS ATRIAL LEADS 
Pula. G.ner.tor: Mod.1 No.. Serial No. Mod.1 S«lal No. 
Modal No. __________________ ____ 

Serial No. 

FOUOW-UP INFORMATION (Indicate the name, address. and phone number of the person who can provide additional information.) 

Name ______________ ..... ____ ..... __ ..... ________ __ Area Code _____ ............... __ 
Phone ________________________________ _ 

Address City Slate Zip Code 

If 1 .ve a c:omplaint. please specify: _ ............... __ ..... ...:.-..... ______________________________________ _ 

Evaluiltion Report completed by: Medttonic employee Date 

. • - 0 811mentat (800) 3:8-:5 1 
'hank you lor providing ua wlthlnls Informallon. If you have any I .. rll\.,. que. lions or com",,,,,t •• pi_I. contact M-dlronlc a Customer :.ervlc:e.p '-4..,;:,., ==6' ""9; 
'16;71.00' n Onsinai. M~ronic Consumer At:all".i COPY' H06pit.:ll C.:lpy' Medlronoc: RepresentatIve ....... _ 

[J ~ J... II _ '" r;:;;> c:! t'f o;jH 
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MedtronlC~ 
instructIons. USe trllS form to report YOVf eJ:penence wIth. Medtromc produCl or wnen.returr 

analYSIS Trus infO"""tlon IS ne<: 

Please IndIcate mOdel Ind Rnll numbers of tne Clevlce(s) involved: L .. d(s) Model No.: 
H Generalor . -

, ..odel No: Senal No.: Model No Serial No.: 

C£NERA1.INFOflMATION 

PnYSIClan . Hospital 

Pa"enl Name Street Address 

Oate of Implant , Oate of Explant City I State I Zip 

CUNICAL '"'ORMAnON 

NOT!: PM ... \ftC1,"" III ~r1lMnt medical hlCOfda Indutllng EKG'L 
"eported £&perie~; 

108 

or 
;n. 

D Elective Replacement 

D Patient Expired 

o Bantry Deplellon 

[J Rale Cllan;e 

D Noncapture [J Positioning Oifflculty 

D Iftfectlon 

o ErOSIon 

_bpmto_bpm 

D Owersensin; 0 Hign ThrlshOld 

0 Undersensing [J 
Readings 
Fractured L.ead 

0 Programming Difficulty D Slylet ollhcully o No Output 

DOmer (pleaSt eXCllain): 
[) Visual Irregularity: _____________________ _ 

"o::O"IC uoeflence Pacing Mode 
was ooservec Cl ContinuouSlY' 0 Intermittently .rllie Implanted: 0000 Cl WI Cl OVI t:J 
Programmed Paramelers While Implante.C1: 

Pulse magnilude: , .. OilS 1 

SenSlllvlty: 

LeaCS SlaIUS: 0 0 Reused Re:lllfec: 

If re~laced. IndlClte re:lIICemenl ae"lce!s). 
Pulu Generator 

Mooel No: I 5efla' No .. 

PUlse WIC:tI: PulSe Interval (R.te): 

Refrac::ory: A·V Interval: 

0 UnlPolanzed 0 Aepositioned 0 Replaced 0 Capped 

REPU.CEMENT INFORMATION I Sen.1 No.: La.eS(s) Mooel No.: -
.. ) - MOdel No.: I Senal No .. 

FOLLOW-UP INFORMATION 
. . 

Please indicate ttle n.me looren JnO ;lrlor-e !'IumOe' o· tne :lersor- to ,ece,ve 101l0 ... ·uo inlormatlon: 

Name 'Area Code I Pnone 

ACOf,SS 

C,ly 1 Slate 

If you "IVI a com"III!'It. plll5e specify: 

Evlluatlon Report compteteO Oy I Date. 

17"~\'()OI 

PGl;t 1- Pa.~ G 581 
.......... MWY"'" trill.. .~ .. ,. ~''''''=&I 2."a:tf'llww ::>U04: \I... .:'" I :tIV":'~ ~'~""U. :,)\.10"': "'''''' .~"I' 2ftU""a "'u~''''''v '~"'OA:I U.l C;t'I" :!\I,,:,,:C :"1 

T~ ~S-;- ~!O!£!M·. ~\it LINE!! 'T!l Uf'~ AOIoi::SI'I£. RE'dO·.'! ~:~EP. TO txP~$£ AOH£$iVt IlE!.\OVE LIN£R TO ;:.xPOSi: AOHES;"£. ;':'/:;'.; ~IN!~ 
:$iHO-: ::SO.,);: 0.1 I!;~i" lA\Cl~3!! ·;'.j~:H:~ :SCc!x: 0.1 ti:SI~ :'.Oli:: ::.I~;';C': :s~"xr j.1 I13HI-:- :1I-o:'tS~·1It!S-~': :S~d~. :l.L ifiS!": ;. •. ~ ... :: 1.\\ 

-. --" •• - ...... ~ .... ,,: .. '\J: II'.I:!) t'" - O"'~· '!'I"-~"/r c',,,,,,' .... -. ·0 ·Xo~·· " ••• :Ie, 0 - _. TO :"1'''C~ ,/, ... :.,,,: =. : •••.•. : • ']': II .,._...:~ "_"~., _ .:. .•• _.; .... :.. • ~ .:.:::~ ! ... ~~.I\·: ...... !~: :.I~:.. • .•• __ ............. -' ••. , -
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M~DTRONIC CONFIDENTIAL 110 
K. Sterile Devices 

(1 ) Methods/procedures for release for distribution, e.g.. sterility 
testing, parametric release, and process control release. Provide 
copies of all finished device testing procedures. 

I 
L 

Copies of the following finished device test procedures are 
provided at the end 

1. ~ 

2. ..(b)(L/) 

I 

7 
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111 

-

a) Sterilization Equipment Qualification 



MEDTRONTC CONFIDENTIAL 112 
b) Biological Qualification: O-Value Testing 

r--(~XtfJ 

L 
C6Xtf

) 

[CS)( L{) 

C~rtf) 

[urrq) 

C~Xlj) 

Q-2,)(lj) 

(16 rtf) 

] 

J 

J 

] 

l~) 



c) BiQburden 

(rJ X If) 

( fJ'XV) 

~~)y).----., 
\ ;----,. -- -.. -

L .. 

MEDTRONIC CONFIDENTIAL 113 
-, 

J 
Inoculation level I D-Value 

~ -= 

l bjC \() 
= 

J 
l 

J 
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d) -Sterilization Parameters 

i 
I 

L 
~~J4) 

I~Xl{) 
L-.-

- l 
. ~ 

( 

" J
' 

] 
I 
~ 
'-' , 

! 

J 



MEDTRONIC CONFIDENTIAL 115 
Table I 

Nominal Sterilization Process Parameters (Rice Creek) 

\b, (4) 

Prevacuum 

Prehumidity 

EO Gas Pressure' 

Chamber Temperature 

Chamber Cold Spot Temp. 

Air Displacement 
(b)(4) 

EO Exposure Time 

Post Vacuum 

Post Vacuum- Flushes-

Humidity 

Aeration 
.--- .. ....•...... 

oxide is a mix; 
(b)(4) 



MEDTRONIC CONFIDENTIAL 116 
K. Sterile Devices 

(2) Methods/procedures to indicate whether the packaging materials 
have been challenged to assure they are microbially retentive. and 
that the seal(s) maintains sterilitv. 

Packaging materials for Medtronic Model 6999 Lead consist of an 
inner and outer Tyvek/polyethylene/Mylar pouch; the inner pouch, 
containins the product, is heat-seal closed. This inner pouch is 
placed into a larger, outer pouch, which is also heat-seal closed. 

The packaging materials for the Medtronic Model 6963 Lead 
consist of a PVC tray, Tyvek lid and[(b)(vYdhesive. 

Microbial challenge testing has been performed on the PVC 
packaging and has demonstrated that this package configuration 
provides an efficient barrier to maintain the sterility of the 
contents when subjected to extremely vigorous microbial stress 
conditions. 

Test samples of the PVC tray with Tyvek lid- and -CB.t4) adhesiVe' 
were aged (b\(iIlj months (post-sterilization) prior to testing. Prior to 
microbial challenge te§.!!!!£., samples were subjected to ((3 f If ) 

)Zt3 XCI) l 

L \ . J 

L 

\~1 
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""TLE: STE'RILI'IY M)NITORING 

DESCRIPTION 
OF CHANGE 

u (<<::! I (/'-'1''#1 ..: f '"" 

STERILIZAit4~OtfI~Nl!ii5IiII:""._", 
SERVICES PROCEDURE 7 

DATE OF 
AP 

(b){4), (b)(6) 
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Medtronic(CI STERILlZA"'l:MlftCMtMldM)~ -MfIIft§C"~~L !" 

SERVICES PROCEDURE ·2-220 

• 
TITLE: STERILIT~MONITORING 

ISSUE D~:~~IPTION DATE OF 
....... a~D .HANGF APPROVAL SIGNATURES 

b) (4) ,(0, (6) APPROVAL 

(b)(4), (b)(6) 

I ?(1y+ i - PQ~e sCf9 
'-~"- - --
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STS 2-220 

PROCEDURE TITLE: STERILITY MONITORING 

1.0 SCOPE: 

~~I~.A1!20 
(f~lIt OF l3 

119 

1. 1 Steril i ty man itori ng of bi 01 09i cal i ndi cators for Steri 1 i zat ion 
Quarantine Release, Sterilization Certification and Reverification 
Tests. 

2.0 PURPOSE: 

2.1 To establish and document the procedure for testing the biological 
indicators used for monitoring dry heat, Gamma Radiation, Steam and 
Ethylene Oxide Sterilization. 

3.0 APPLICABLE DOCUMENTS: (Current Revisions) 

3.1 ,CBXLf) 
3.2 (l3Y4) 
3.3 '(BY<I) 
3.4 631 If) 

/ ~ , 

3.5 1l? '(~) 
3.5.1 

3.5.2 

3.5.3 

3.5.4 

3.5.5 

(B)(l( ) 

(I3Y t{) 

(6'!V) 
"'~Y4) ~.,c-.: .. ,./,--' -.AI - - -- -

(e)(tI) ,I':"''; / _ ./ 

3.5.6 (!3YV) 
3 . 5 . 7 -(f2-, )( t.() 

3.5.8 C5X'Lf) 
3 . 5 . 9 .. - (f3 J(V) 

,"--, "'l ./ 

I PCtH 1 - PfJo.p 

II 



Medtronic~ STERILIZATION TECHNICAL NUMBER: ,t.i220 
SERVHM.lEPJRfltlI!filmtN 1l~!lmr 13-

4.0 

120 
3.6 The following Sterilization Services Procedures: (Current 

revisions). 

3.6.1 ~~Xlt) 

3.6.2 (e,Xq:) 

3.6.3 (BYLf) 

3.6.4 C,q;Xl{ ) 
3.6.5 

, 

C0Xy) 
3.6.6 (8Yif) 

3.6.7 C {!;1f) 

3.6.8 (0X4) 
3.7 (10 X-lf) 
APPARATUSLTEST EQUIPMENT: 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

\b) (4j 

(b)(4) 



Medtronic~ STERILIZATION TECHNICAL w.L~Ir.p.A1-220 
SERVltM.ISDJ'~lJmN ,~~ .. :! I@t" 13 

4.9 

4.10 

4.11 

4.12 

4.13 

(bJ (4) 

(b)(4) 

5.0 PROCEDURE FOR PREPARATION OF TEST MEDIA: 

5.1 Prepare I (b) (4) (b)(4) I per Section 5.5 of I (b) «(l;~(4) 

6.0 STERILITY MONITORING FOR STERILIZATION QUARANTINE RELEASE: 

6.1 The Retrieval of Biological Indicators. 

6.1.1 

'--:::; 

Cf>X'1) 
6.1.2 

6.2 Labeling oflrest Containers. 

6.2.1 
-,--- ----r--

6.2.1.1.2 

L-

6". Z. !.l.J 

121 

---I 

J 
] 

] 
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6.2.2 

STERILIZATION TECHNICAL N~~IMt';f220 
. SERVI~~fi~N J~tfi!l· ~-:L3 

122 

6.2.1.2 [(J;>~X.4) .. ., ~~~~ ~- ~~- ~ ~~ -. ----,J 
6.2.1.2.1 [C0J-Lf) J 

6.2.1.3 ((6r~) ,l! ... 

L 
6.2.1.3.1 

6.2.1.4 @X>{) 

6.2.1.4.1 (0)C'f) 

l 
If®T~) 

--
6.2.2.1.1 See 6.2.1.1.1 thru 6.2.1.1.3. 

6.2.2.1.2 See 6.2.1.1.2 

6.2.2.2 ~~ ~rLf)_ 
L 

6.2.2.3 ~6tLf) 

.... 

6.2.2.3.1 rC0 )e Ll ) 
<---- . 

6.2.2.3.2 rc 6')( if ') 

L· 
6.2.2.4 

] 
J 
J 
] 
] 

.ch 
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SERVI~1fft:f ~ PAG~'~ OF 13 

123 
NOTE: ? 

6.2.3 l.. -r--' --. --- ] 

" f 
J 
\ 

6.2.3.1 r· , __ 

NOTE: "'T 

\ -

.J 

~ r 

6.2.3.2 f' 

I Lo )(~) 
6.2.3.3 c:==~: ____ __ (C)(4 ) . . .. - - - .:J 

6.3 Transferring of Biological Indicators to Media. 

J 6.3.1 t (b)(~J :~ -
6.3.2 [ (~-)[L\ ') ---1 

1 
• 

6.3.3 l (\) )(4 ') 
J 

--

T 

~ 
6.3.4 ~ (~' 

! "' Y) 

I 6.3.5 
~ ('o)C~ ') -::i· 

jJ 6.3.6 r 

! (~XL\ ') 
... 

6.3.7 C l~)l4) -::l 
6.3.7.1 ~: (\:,')(4 ') 

..J 
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NOTE: 

6.3.7.2 

\. 

STERILIZATION TECHNICAL NUMBER: 2-220 
SERVI<MIDIlROMOl(NN ilQiiNTIAL13 

124 

l lU(~_) _~] 

J 
6.3.7.2. 1 )-......_----'lp}-'-J..A.;( Ll~) ----__ ~l 

6.3.7.3 

6.3.7.4 \.'0 'i u.. ) r-= ____ --l 
d dp • _.f 

6.3.7.5 

6.3.7.6 

6.3.7.7 

6.3.7.8 

L (0 \L\) 

LCD)(4) ~ 

6.3.7.9 

6.3.7.9.1 

6.3.7.9.2 

, 
6.3.7.10 C (:bX~) 

r 
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SERVI <IIEOIIRONIQlMN lIQ1iNJWWJ.3 

125 

- 1 . 6.
3

.
7

.1
0

.1 f' ("" X~t--~)_~===----"-----.:;---l 

? 
" ... , 

1 

6.3.7.10.2f ('o1~') 

6.3.7.10.3 '~.y. \ - ('GAll) 
,~------------~ 

6.3.7.11 t:: ~ .. .....-,{ _~ 'i iv\ ') 

----~r~·-------------- l 
6.4 Recording the results. 

- 1 6.tf.r 'I (\::').l\ ) 
l}§ill 

I 
6.4.2 r (~'L4) 

( ~ 

1 
6.4.2.1 f (~ )lL() 

I 1 
6.4.2.1.1 ) ('o~~); t 

] 6.4.2.2 [-- (c)lL\) 
I 

6.4.3 [ C'o1~) I 
6.4.3.1 

l . (\':,~t~~ 
<::::::::: 

) 

1 6.4.4 ~ ('o'{40 ) 

- .:?' 6.4.4.1 f C'oXL\) 

\to 
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6.4.4.2 

6.4.4.2.1 

6.4.4.2.2 

6.4.4.3 " 

NOTE: 

6.4.5 

I --

, 
6.4.5.1 ) 
6.4.5.2 

I 
6.4.6 

STERILIZATION TECHNICAL NUMBER: 2-220 
SERVIMlDlfROMClOON M?~116\l-13 

126 

\ ( '" I (b) !,! u: ~ 
(b)(4) 

Co1.~) 

('a'1~) 

\ l'OX.~) ~ 
- --('014)----

('c,(l4) r 

('Cl14J-r t 

-[ ('0 '(LA') ; J 

. PL:lr+ 1 - Pll c ioDb 



Medtronic~ STERILIZATION TECHNICAL 
ip1Pil~2i~ SERVI tNiOJlIOfilOtmtN 

127 
. 

6.4.6.1 I ("l>:! 
(\;:)'[4) J 

6.4.6.2 

1 . _ ~'o)( L\ ) 1 r~ 

6.4.6.3 c... (~)lLl.) 
~ -=:J 

6.4.6.3.1 C . ~ . - (~~L-\,) -=t 
\ 6.4.6.3.2 

l C\::) 'iY J 
1 

---x . 

NOTE: 

(b)l L\) 
S 

6.4.6.4 

r (b X y<) 
H_ J , 

1.:= .-
~ .r __ \ 6.4.6.4.1 r (b')(L\) 

J 

6.4.7 ) 
(b)(U,) 

( 1 6.4.8 l'CJ( L\) 
1 

6.5 Disposal of the Media. 

6.5.1 [ l~)(~) J , 
6.5.1.1 , 

CD ':J.. L{) 1 \ I ¥ 

. r(1r-+ 1 - reLY; e. IoDt{ \aft 
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SERVICES PROCEDURE PAGE 100F13 

MEDTRONIC CONFIDENTIAt28 
. 

( 
6.5.1.2 

(bJ(Ll) ) 
I 

7.0 STERILITY MONITORING FOR STERILIZATION CERTIFICATION. AND REVERIFICATION: 

7.1 The Retrieval of Test Samples. 

7.1.1 [- (b}\{) JI ~ -- - -

-, 
] T.r.r.r 

r Lb)C'-t~ 
I I 

7.2 Preparation of Testing Materials. 

7.2.1 

l'o)( U) 

\ , 7.2.2 I (t>'iL\ ) 
I -

7.2.3 [ Co :(L\') , 
- lk- ·--1*&& 

7.3 Test Procedure 

7.3.1 [ j (b '(4) ,. ---_ ... .,-[ 

7.3.2 
1 CC)~ L\) 1 

J 

7.3.3 
1. (b'Y--l4) --I 

'" I 

7.3.4 C(c)(4) :J -
7.3.4.1 ! mn~'\) XI:\ 1 : ~~) 

""" I 

Po..v+ .1 ~ PCLje ~D8 p~ ,I 



Medtronic~ STERILIZATION TECHNICAL NUMBER: 2-220 
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MEDTRONIC CONFIDENTIAl 2 9 
. 

i • 7.3.4.1.1 (b)(L\) --
I 1 J 

--I 

7.3.4.2 

[ ~'o ')(:-\) \ 

-f 
T 

I 7". J.4.2".1 

I (\J'i L\) 
r -

7.3.5 L-Q)X,--,) -=::J 
7.3.5.1 Ir l, 'J " - ~ '-.'t>)..L\) 

!J 
7.3.5.1.1 \ (t)'X.l.\) I 

.J ---
7.3.5.1.2 I 

l'bX~) 

1 
r~ 

. 
7.3.5.1.3 

L'D~L\ \ I I f 
7.3.6 C (.bX.U. ') ~ 

7.3.6.1 libi 14;~ (b)(4) 

~~ (t>"k~.) '.f .-J I (b ~bj("') ]I 
7.3.6.2 ,lbl (4: (b){4) I r (0)l4)" } 
7.3.6.3 tb

) :: 
(b)(4) I i (b)(~) f or 

-:J['CC)( ~ ') 1 7.3.6.4 ~ ill) (4! (b)(4) 

s ) 
1 "-1 

P (ld .i -P a-~ e /po,' ( l 
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MEDTRONIC CONFIDENTIAL 

7.4 Recording the Test Results. l3C 
7.4.1 

r"'-'-,--====C-b_J=( L\=)===~=~~---C' ----'. -J 
7.4.1.1 

1_-_' _-_.(_' '0_';(_1.-\_-)_'--_' _.--L... r-:-r -.--) 

\ ~ 

\~----------------~ 
I 7.4.1.2 - -- - ---

. ft')(L\ '> . 

7.4.1.3 

7.4.1.4 L_c-'o )_lL\_) ____ ----=J 
7.4.2 

[_' __ C_~ 'L_L\_) _-----sJ J 
7.4.2.1 Fr---------------.. 

f 
7.4.3 

--7.4.3.1 

1-# _________ -'L._ 
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MEDTRONIC CONFIDENTIAL 

7.4.3.2 Pb) (4) \ / '\./ \ r-___ --I~131 
\\..... _____ l_~_. J_"U_._J __ f J 

7.5 Disposal of the Media. 

7.5.1 l ] ('c»(~) 

1 
7.5.1;1 

! 
- ) ('\J,,£U) 

t 
7.5.2 

\ ('o,)(u..\ T 
I 

7.5.3 f (\:) '(~) ~ , 

7.5.~ C· C~~JlL\) :=J 



Medtronic~ STERILIZATION TECHNICAL 
SERVICES PROCEDURE 

NUMBER: 
2-222 

TITLE: STERILIZATION QUARANTINE RELEAS[UlEDTRONIC CONFIDENTIAL1 ~:2 

ISSUE 
NUMBER 

(b, (4" (b) (6) 

DESCRIPTION 
OF CHANGE APPROVAL SIGNATURES 

(b)(4), (b)(6) 

DATE OF 
APPROVAL 
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TITLE: STERILIZAT-ION QUARANTINE RELEASE 133 

ISSUE 
NUMBER 

DESCRIPTION 
OF CHANGE 

(b)(4), (b)(6) 

APPRqVAL SIGNATURES 
DATE OF 

APPROVAL 



Medtronicm STERILIZATION TECHNICAL NUMBER: 2-222 
SERVICES PROCEDURE PAGE 1 OF 5 

INSTRUCTION TITLE: STERILIZATION'6~Bl§R~~IPENTIAL 13·4. 

1.0 SCOPE: 

1.1 To cover quarantine releases of all sterile lots submitted to Sterilization 
Technical Services for sterility monitoring. 

2.0 PURPOSE: 

2.1 To establish and document the procedures used in the release of quarantined 
sterilized product. 

3.0 APPLICABLE DOCUMENTS: (Current Revisions) 

3.1 C 
3.2 C (b~~) 

3.3 L 
3.4 C-' _ 
3.5 C 
3.6 C 
3.7 C 

l'o)LYJ 
('\:;)LU) 

(~)(4) 

3.8 C' CG ')(}-A. ') 

3.9 Q\:J'(L\) ~ 
4.0 APPARATUS OR TEST EOUIPMENT: 

4.1 Q0CL\\:J 

-J 

5.0 PROCEDURES - ETHYLENE OXIDE STERILIZATION: 

5.1.1 

,--------JJ: 

J 

~ 
] 
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- 5.1.1.1 [ 

STERILIZATION TECHNICAL NUMBER: 2-222 
SERVICES PROCEDURE PAGE 2 OF 5 

MEDTRONIC CONFIDENTIAl1a5 

(Gy'L\ ') , 
-~----. r 

5.1.2 

[--=====('o=X~==) ============~~ 
5.1.2.1 [ __ C~·\J.::::::...:~~L\.;...;;.)_~= -=...---1 r.------..JJ 

5.1.2.1.1 
J...,-L _C_'o_~_~_) __ --Jr 

5.1.2.1.1.1 
... 

(b )C~ ') \ 
,_-----.If 

5.1.2.1.1.2 

1 
1 

('0 )c~ ') 
I 

L -.J 
=-

1 5.1.2.1.1.2.1 
, C'oJ(~) 
L J 

\ 
5.1.2.2 ] (a)(Y') r --,..-

5.1.3 \ .. 
. .. .' 

Vr CtJ)(L\ } I 
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Medtronic~ STERILIZATION TECHNICAL 

SERVICESPROCED UR E 
NUMBER: 2-222 
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= -5.1.3.1 
('0 '(W) 

\ 

5.1.3.1.1 L._ ............ \? y~) .: ~ 

5.1.3.2 
('oX.U) 1 

L ( 

5.1.3.3 [ C~'1L\ ') ;r 

[ 

5.1.3.4 c (~':(L\ ') ] 
5.1.4 C" C~ ')LL.\ J r 

PROCEDURE FOR COMPLETION OF OUARANTINE RELEASE FORM 

5.2 r 

\ ._-

-
5.2.1 l 
5.2.2 c-
5.2 I 
5.2.4 L 

5.2.5 C 

C~'J(4) 

CD"X..4) 
- - - - - - - - - ~ 

(b "'(~) 

('c jU.-t ') 

('0')( 4') 

l't:> 'f-u. ') 

(~X.Lt) 

] 

.... ] 

] 
= J 

~ 
--=:J 

5.2.6 C· CQ '(u..) -I 
~--~------------------~~ 

5.2.6.1 r(~)C4~ J 
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5.2.7 \" ('D X~ J 1 
--------------~~ 

5.2.8· ll--~ _. ___ f. __ o 

b_Y-_L\ ) ______ ------.LI.----J 

5.2.8.1 ,r--------------------------~ 
J 

J 

( 

5.2.8.2 

(b)(~) 

J 

5.2.9 C l\:::>)( Ll) - 1 
5.2.9.1 

J ---==- -
1 ('oJ,Y) I 
\~-= 

c..;r -,--r 

\ 

5.2.9.2 \ (b)L L.\ ~ -
I -

5.2.10 Data Retention 

5.2.10.1 I 

I 

5.3 [ - -..., CC) L L\) 

r--------------------------------~ 
5.3.1 C '0 '( 4 J ) 

oj 

5.3.1.1 [ ('aX-'-'\ ) ---
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(C6)Ct-f ) 
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. 5.3.1.2 Fe,)('1) . 

5.3.3 

5.3A 

5.3.1.3 (v3)( i1) 
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[ (r,'X~) 

5.3.3.1 [-- C€; Ylf') 

5.3.3.2 l r., ')( 4 ) 

( (/?? -X Ill) 
L . ~ .1- --

5.3.4.1 

5.3.4.2 

r-( B)( If·) ~ 

[!6 )C\f) 

5.3.5 r ( !2,j(\f) \.-- -. - ,. , 

5.3.5.1 r (6·X~) L·· ..... , .... 
5.3.5.2 rC€»(4) 

L 

5.3.6 Data Retention. 

5.3.6.1 
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(3) Pyrogenicity studies whiCh have been conducted on the device. 
if applicable. Also. indicate whether each lot will be tested. and 
provide a copy of the test procedure. 

[
."" 

.:(£>X,~). 

~e)(~~~·· 
[C~)CL() 
.8. \---~P:> )C ~ ') 

\../"' 

b. r Ce,'flf)_ 

c. r C(~X-l-i) 
L ' , 

r Cf;)Cl-/) 
~,~' , .... ,--",,---

1 ,.--. 

] 

] 
] 
l 
~ 

\. \ \w 
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SERVICES PROCEDURE 

I TITLE: DETECTJON AND QUANTITATION OF ENDOTOXINMEDTRONIC CONFIDENTIPf40 

ISSUE 
NUMBER 

DESCRIPTION 
OF CHANGE 

! 

APPROVAL SIGNATURES 

(b)(4). (b)(6) 

DATE OF 
APPROVAL 



Mootro~lc~ S ... :-~M1Lt~A nON TECHNICAL 
~~RVICE5 PROCEDURE 

NUMBER: 
2-226 141 .... ____ ... ~ _______ Vl;~ .. : .. :J:i' ·DCm:l2lillRiEiCli'.l!lD!l ______ ... ___ -.i.I1r.I 

TITLE: DECTECTION AND QUANTITATION OF ENDOTOM~DTRONIC CONFIDENTIAL 

ISSUE 
NUMB-ER· 

(b) \4/, (b) (6, 

DESCRIPTION 
O"F CHAN'G"E APPROVAL SIGNATURES 

(b)(4), (b)(6) 

DATE OF 
APPROVAL 



Medtronic~ STERILIZATION TECHNICAL 
SERVICES PROCEDURE 

NUMBER: 14 .3 
PAGE 1 OF 10. 

f MEDTRONIC CONFIDENTIAL 
PROCEDURE TITLE: DETECTION AND QUANTITATION OF ENDOTOXIN 

1.0 SCOPE: 

1.1 To detect and quantitate endotoxin levels through use of 
the Limulus Amebocyte Lysate gel-clot test. 

2.0 PURPOSE: 

2.1 To establish and document a standard method of conducting 
the LAL gel-clot test including materials preparation, 
reagent handling, and device extraction procedures for 
the detection and quantitation of endotoxin. 

3.0 APPLICABLE DOCUMENTS: (Current Editions) 

3.1 r (0JC~) 1 
! -I ....-

-~ 

j 

--- J 
3.2 L C&)c (,[ ) 

3.3 rr&V4) J ~ J, . 

3.3.1 ~r:)· J 3-.3-.2 J Xq) 
3.3.3 (((3 '[4) J 
3.3.4 C'/13X<r) I - ---' 

3.4 The United states Pharmacopeia; Current Revision. 

3.5 FDA Draft Guidelines, "Detection and Quantitation of 
Endotoxin." 

4.0 APPARATUS OR TEST EQUIPMENT: 

4.1 (b; (4) 

4.2 

(b)(4) 

4.3 

4.4 
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SERVICES PROCEDURE PAGE 

. Medlronic ~ 

4.5 
. 

(b} (4) 
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4.6 

4.7 

4.8 

4.9 

4.10 

4.11 

4.12 

4.13 

(b)(4) 

4.14 

4.15 

4.16 

4.17 

4.18 

4.19 

4.20 

4.21 

4.22 

4.23 
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4.24 (0) (4) 

~14 
4.25 

4.26 
(b)(4) 

4.27 

4.28 

4.29 L-______________________ ~ ____________________ ~ 

5.0 PROCEDURE: 

5.1 Glassware preparation 

5.1.1 J 
5.1.2 .. --

5.1.3 -
( 6)(4) 

Ll-i_D !_i 4_i_(b ..... )(4_) _~J ---' 

5.2 Preparation and handling of endotoxin standards. 

5.2.1 p ~ja_-' ..... ( ..... b-.:;..)_(_'-t __ J) __________ J 
5.2.2 I 

{ 

l 
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5.3 c-
5-.3-.1 

5.3.2 

5.3.3 
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TABLE 1 
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Endotoxin 1J.;:"d 

.. 
5.2.3.5 l 
5.2.3.6 

L 

[ 
[ 

r 

5.3.3.1 

(b)(4) 

J 

] 
(b) (4) J 

f! '\ II!)' 
~b)ll--( 

(b) (Y) 

L (b) (L1) 

........ "1ft ",c,., Jul 81 
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5.3.3.3 

STERILIZATION TECHNICAL NUMBER: 

1..--00 ---
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-
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J 
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] 
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- .. I " __ ..L..! __ 

(bj(Lf) 

--------J 

(6) eLf) 

5.5 Conducting the LAL gel-clot test. 

5.5.1 Testing requirements 

5.5.1.1 L /" \ (L/,) 
-[ 

- "\ ~/ ....... / J 
5.5.1.2 r 

(b) (L{) 

...... 
5.5.1.3 

I l 11\//1\ 
l b) ~ ~ ) J L 

5.5.2 [ (~) (~) I 

[ 
---1 

5.5.2.1 
(b) LY) -l 

.J 
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-
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5.5.2.8 
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5.5.2.9 50 

5.5.2.10 r -
Cb')(L{) I .....-. 

5.5.2.11 I 
(1~)(Lf) 

---r 
5.5.2.12 ! 

(b) (4J 

5.5.2.13[' (b') (4) 
---, 

i 

! 
- - -- _ .. .-l 

5.6 Results 

5.6.1 

(b) (Lf) 

------ --. .-J 

i· \ /1 \ 14\ I L \. I:> ) t ) ~ 
'" 

5.6.2 \" .. 
(b) (~) 

----r 

l i 
---1 

?<4-t 1- ~ {JQ e lo~o 
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5.6.3 

--5.6.3.1 

-~ 

l 
5.6.3.: 

(b')(lf) 

~. ~ -5.6.3. 

(b)('-{) 
&,.0 -

5.6.4 ] (b) (L() 
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(4) If ethylene oxide is used as the sterilization method, 
. methods/procedures for the aeration time, the test method to 
detect EO residues. the frequency of testing, and the release 
criteria. Provide copies of all procedures and data. 

(6)(4) 
\ 

r 

I (blb)~.(\) 
(b) (4) 1 

~ 
11bl(b~~~ ] [ (6") (Lf) ] 
j l 

(b) (Lf) 

[ J 
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J -tTLE: ST~R!LANT RESIDUE ANALYSIS 

rSSUE 
NUMBER 

\Dj (4), lb. (6) 

DESCRIPTION 
OF CHANGE 

STERILIZATION TECHNICAL 
SERVICES PROCEDURE 

(,j"':" ( c:. J : I J, l.---' 

NUMBER: 
1-119 

MEDTRONIC CONFIDENTW'i 

APPROVAL SIG~ATURES 

(b)(4), (b)(6) 

DATE OF 
APPROVAL 
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TITLE: St~rilant Residue Analysis 

1.0 SCOPE: 

STERILIZATION TECHNICAL NUMBE~.:. 119 

SERVICES PROCEDURE PAGE 1 OF 7 
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Procedure for Product Aeration Certification and on-going Sterilant· Residue 
Monitoring. 

2.0 PURPOSE: 

To document the procedure used for the preparation, coordination of sterilization, 
aeration, and extraction of test samples and the recording of test results. 

3.0 APPLICABLE DOCUMENTS: 
I" 

/ 1 
4.0 APPARATUS OR TEST EQUIPMENT: 

[ (b'(4) 
- I 4.1 

4.2 C (''C>X L\) ~ 
4.3 r ('O"X..Ll) =:J 

C ('~Xu.) 4.4 

= J - -

I 
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5.0 l.-- (oXy)~ 
C- (~X.L\) 

~~)l4J 
- ---- - ) 

...., 

~: \ (b-"'f.-4 ') ~J 
l (\:))(UJ 

r 1 

C (}o"{ 4.) r-=' 
t Ct~)(4J ~- .~~,_J 

[ L't:> '(u. ') \ 
1 

L (h)C4J J 
l ('cXl.\) =- 1 

-' 

[ J ( '0 )(Iv\ 'j .= -1 

C 
\ (\:»)L~) : ~ ~ 

L 

\ 
( \))( Z.f) 

J ~ J 
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:T 
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r 
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1 
-

~~ r . 
~(\;)J'p) __ :J 
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t -_1 
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] 
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[ 
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(bY--U.~ J 

J 
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L J 
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-
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6.0 PROCEDURE FOR ON-GOING STERILANT RESIDUE MONITORING: 

r- (£)(4) J l- -
(b')( 4) J 

'"-

] r" (~) (4) 

[ (6) (4) J 
L (b) (4) J 
[ (&) (4) ] 
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"ctlon Type CHEMICAL QUALITy ASsURANCE ENGINEERING 

etlon TIUe Res laue EtO In S'fenll zea ProaUCt -
Approving Approving Approving Dale 

Issue Employe.'s Employee's Employee" of 'Slue or Change 
Number Tille Name Signalure Approval Oescrlpllon 

.. 

\.b~ (4) I \bl(6) 

(b)(4), (b)(6) 

eo F.., liS". ~ 
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Instruction Title 

Issue 
Number 

Chemical Quality Assurance Engineering 
Residue ETO In Sterilized Product 

Approving 
Employee's 

Title 

Approving 
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Approving 
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Signature 

Oale 
of 

Approval 

(b; (4), (b) (6) 

(b)(4), (b)(6) 

. Number: 9-0810 

Issue or Change 
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OOAlfTV ASSURAN-CE INSTRucnOfl -Page 1 4" 

Of 

TITLE: STERILANT RESIDUE 

1.0 Scope 

1.1 This procedure pertains to all sterilized devices and/or material sterilized with 
ethylene oxide. 

2.0 Purpose 

This procedure describes the method to be used for analyzing the amount of residual 
ethylene oxide, ethylene chlorohydrin and ethylene glycol in ETO sterilized products. 

3.0 Applicable Documents 

3.1 [~bj \iJ)(4) 

3.2 Cb)(4) l 
4.0 Apparatus and Rea~ents 

--' 

4.1 I'" , 'till Ir' (6) U() 
I ~74EE4) •• 

\D i{ill 

Ll 
4.2 [ (1)(4) 1 
4.3 f' (1)) Ui) ] 
4.4 [ l/))(yj 1 
4.5 l' I b){Lf\ l ~ ) 

:J 
4.6 [' (J~) Ltf) 
4.7 [' (b) (4) J 
4.8 L (b)(4) J 
4.9 r (b)&) J ... 
4.10 r~ ~4: (b){~ ] 
4.11 r [b)[4) Ji ~~j ~4l (b)(4) 

4.12 [ (&)(4) oJ 
4.13[ 0;)(4) ] 

PE3/2S4185 

P~\ft- i - rQ~e, lo~I'" 
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5.0 Procedure 
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.--.J 
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I ---
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[ (b ')(tij ] 

--f 

(£)(4) 

. 

[ (b)(4) 
-q 

[ ( b)(l() 
.-

[ (hJD~ ] -

[ Cbj (q) ] 

[ (&') ( J 
I , 

PE3/2541SS 
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L. Devices Containing Software 

Software is not applicable to the manufacture of the Model 6963 and 
6999 leads .. 
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Medtronic Q 

I 
Unipolar Connector  6 5 mm  Connecteur Unlpolslre  6 5 mm IUnlpolarer 
Konnektor  6 5 mmjlConector Monopoiar  6 5 mm IConnettore Monopolare  6 5 mm  

I Serial Number 
Numero do Shirie 

Uae Before 

Seriennummer 
Numero de Serie 
Numero di Serie 

Utiliser Avent 
Zu Implsn ieren ver aem 
Fecha di Caducidad 
Oata di Scadenrs 

I 

Stenle Lot Number 
Lot de Sllrilisation No  
Storilisstiensnummer 
Late Estbril Numero 
Numero di Lotto Sl   ri1e 

Sterilization Date 
Date de St4rilisatlon 
Sterilisa1ionsdatum 
Fecha de Esterilizaci4n 
Data di Storilizzazione 

Lead Length  Slerilitation Validity Period  4 Years 
Longueur de la Sande  
lounge der EleOnee  
Langitud asl Electrodo  
Lunghezza dall Ei   ttrocatetere  

Durde de Validitk de Slbrilisalion  
Wirksamkeit der Stenlisalion  
Penodo de Validez de la Esterilizacibn  
Poriodo di Validilk della Slerilizzaziane  

Cantenta  One lead wiih silicone insulation  accessories and produa literatvre 
Conttnu  Une sanda avec tsolanl en silicone  accesoires el doeumentalion relative au produil 
Inhalt  Eine Elektrode mit Silikonisoiation  Zubehbr und Produktbeschreibung 
Continldo  Un electrodo con aislsnte de Silicone  Accesorios y lileratura del producto 
Contonuto  Un elenrocate ere con isolante in silicone  accesson e letterawra del prodotto 

4 Ans 
4 Jahre 
4 Mes 
4 Anni 

CAUTlON  Federal Law  U S A   restricts this device to sale by or on the order at a physician  
ATTEMTlON  La r glernentation am4ricains  FDA  n autorise la vente de ce produit qua sur prescription mbdicsle  
AGH  Jh   Fin US Bundesgssefz schrtnktdarrVarrkauf di a Praduki an Afzle oaer aui AnorOnung durch einen Arzt ein  
PRECAUCIQN  Lss Leyes Fecterales  EE UU  res ringen la venta de este disposilivo unicamente a medicos o per 
prescnpeibn medica  
ATTENZIQNE  La legge Federale  U S A   limita la vendita di ques a prodotlo esdusivamen e si medici o su richiesta d un 
medico  

The contents  STERILE  ot the inner package have been sttnllzed by ethylene oxide gaa  
Le eontenu  STEFllLE  du paquel interne a DID sterilisi au gaz d oxyde a 4thylbne  
Der Inhalt  STERIL  der inneren Verpackung ist in Alhylenoxydgas slerilisierl  
El eontenido  ESTERILE  del paquele intenar ha sido eslerilizado con gas 4xido de etileno  
II eontenufo  STERILE  dell   confezione Inlema 4 ala1o aotloposto a stenlizrazione con gas ossido di eiilene  

STORAGE  Store below eO  C1104 F 
STOCKAGE  aueessous de 40  C1104  F 
LAGERUNG  Under 40  C1104 F 
ALMACENAMtENTO  Par debajo de 40 C1104 F 
IMMAGAZZINAGGIO  Al di sonodi 40  Cll04  F 

Shelf Box Label for Model 6963 Lead 
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Medtronic Q 

I 
Unipolar Connector  6 5 mm IConnecteur Unipolaire  6 5 rnmjlUnlpolarer 
Konnektor  6 5 mmjlConector Monopolar  6 5 mm IConnettore Monopolare  6 5 mm  

Serial Number 
Numero de Shirie 
Seriennummer 
Numero de Serie 
Numero diSeria 

Uae Be ore 
Utilizer Avant 
Zu Implanueren var dern 
Fecha de Caducidad 
Oata di Scadenza 

Slerile Lot Number 
Lot de Stlrilisation No  
Slerilisalionanummor 
Lote Estbril Nurnero 
Numero di Lotto Steile 

Sleriliraeon Date 
Date ch Stbnlisa lon 
Steriliaauonsdatum 
Fera de Estenllzacidn 
Data di Stenlizzazione 

Non Reusable 
Usage Unique 
Niehl wiederverwendbar 
Interior Desechabie 
Non Riusabile 

Lead Length  
Lonpueur de la Sonde  
Lounge der Elektrode  
Longilud del Eleclrodo  
Lungheua chil Elenrocatetere  

Contents  One lead with eilicono inaulation and aceeasonee 
Contonu  Une sande avec iaolant tn silicone et Accesoires 
Inhalt  Eino Elektrode mit Silikonisolatlon und Zubehbr 
Conlonldo  Un   leetrodo con aislante de Silieona y Acceaorios 

Slrnlitatiorv  Elhylene oxide gas 
Sttrlliaation  Gaz 4 oxyde d ithyilni 
Slerilisalion  Athylonoxydgaa 
Esterilizacidn  Gas dxida de otileno 

Continuto  Un   letuocatotero con leolante in ulicont   aecoaaori Slerilizzazione  Gas osaido dl   abilene 
CAUTlOH  Federal Law  U S A   roatrias this device to saio by or on the order ol e physician  
ATTENTION  La iiglimentadon am4ricaine  FDA  n autoriso la vente de re proauit que sur prescription m4dicale  
ACHTUNG  Ein US Bundesgesetz schrknkt den Verkauf dieses Ptodulas an Arzte oder auf Anoronung durch einen Arzt    n  
PRECAUCION  Las Liyes Federalea  EE UU  restrinpen la vesta de isle disposiUvo unicamente a medicos o par 
prescripcidn medica  
ATTENZIONE   La le ye Federale  V SR   limita la vendita di questa prodotto esdusivamente ai medici o su nchiesta 
d un madico  

The eontenta el this package la STERILE  
Le contenu de co paquet est STERILE  
Ocr innalt dieser Packung ist STERIL 
El eontsnido de ass envoltorio est4 ESTERIL 
Il contenuto de questa conte iona 4 STERILE  

If the package la damaged or opened ace the Technical Manual for tntormalion  
Si I emballage osl endommag4 au ouvert volr lt manuel taPnique pour inlormatlan  
Im Folie oiner besch dlgien oder geOtfneten Pacing Gebrauehsanwelsunp beachten  
Si il paquete ha sido dahado o abieno  ver el Manual Thcnico para informaadn  
So la conltzione J danneggiata o apena vedsro il Manualo Tecnica per le informazione relauve  

Sterile Pack Label for Model 6963 Lead 
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Medtronic g 

Unipolar Connector  6 5 mm IConnecteur Unipalalre  6 5 mm  Vnlpolarer 

Konnektar  6 5 mm  Coneclor Monopolar  6 5 mm IConnettore Monopolsre  6 5 mm  

Senal Number 

Numero de S4rie 

Use Before 

Utiliser Avan1 

Seriennummer 
Numaro de Sene 
Numero di Sene 

Zu Implantieren vor dern 

Fecha de Caducidad 

Data di Scadenra 

Sterile Lot Number 

Lot de Si4ni saigon Na  

Steriliaaoonsnummer 
Late Estdril Numero 

Numero di Lono Slenie 

Sterilization Oate 

Date de St0rilissrion 
Slanlisalionsdatum 
Fecha de Estenlizacidn 
Data di Slerilizzaziane 

Lead Length  S1enlizalion Validity Period  4 Years 

Longueur de la Sonde  
Lounge Cer Elektrods  
Langitud del Eleerodo  
Lungnezza deil Eietlrocateiere  

Our  de Valiaitb de SWriiisation  
WiWsamkerr acr Stenlisatian  
Penodo de Va icez de la Esterilirscidn  
Penodo di Validrth aeila Sleniizzazione  

Contents  One lead wite Silicone Insularian and Product Literature  

Cantenu  Une Sonde avec Isolent en Silicone et Documentation Relative an Produit  

Inhalt  Eine E  ektrode mit Silikonisolaaon und Produktbeschreibung  

Contenldo  Un Electrodo con Aislanle de silicone y Li1eratura der Prodvc  o  

Cantonu1o  Un Eienrocatelere con Isolante in Silicone e Letteratura Oel Proacno  

4 An  
4  ahre 

4 Ahos 
4 Anni 

CAUTlON  Federal Law  U S A   restnets this device to sale by or on we oraer of a physician  
ATTENTION  Ls rbglementation amlricaine  FDA  n aulonse la vente Oe ca produit que sur prescription m6dicale  

ACkTUNG  Ein US Bundesgesetz sct r4nkl den Verkauf dieses Prooukts an Arzte oder au  Anordnung lurch einen Arzt ein  

PRECAUCION  Las Leyes Federales  EE UU  restrinpen la venta ae esie aisposruvo unicamente a medicos o por 

prescnpeidn medica  

ATTENZlQNE  La legge Federale  U S A   limita la vendita tli ques a prooono esdusivamente ai medici o su richiesta d un 

medico  

The contents  STERILE  of the inner package heve been sterilized by elhylene oxide gas  
Le con1enu  STERILE  du paquel inleme a 4th slenlis4 au gaz d oryde d hlhylbne  

Der Inhall  STERIL  der inneren Verpsckung isl in AthylenoxyOgas stenlisisrt  

El conienido  ESTERILE  del paquete interior ha iaido eslenlizado con gas dado de etileno  

ll contenuto  STERILE  della contezione interne 4 stato soltoposlo a s enii one con gas ossido dl ethylene  

STORAGE  Slore below 40  C1104 F 

STOCKAGE  Au dessous de 40 C 104  F 

LAGERUNG  Unter a0  C 104  F 

ALMACENAMIENTO  Por de ala de 40 C1104  F 

IMMAGAZZINAGGIO  Al ai sottoai 40 C1104  F 

Shelf Box Label for Model 6999 Lead 

q  



Medtronic g 

Unipolar Connector  6 5 mm IConneeteur Unlpolaire  6 5 mmjRJnlpolarer 
Konnektor  6 5 mm IConector Monopolar  6 5 mm IConnettoro Monopolare  6 5 mm  

Serial Number 

Numero de S4rie 
Sertennummer 
Numero de Serie 
Numero di Sene 

Use Be ore 

Utilizer Avant 

Zu Imptantleren vor oem 
Fecha de Caduddad 
Data di Scadsnza 

Sl8fHD l Qt NUtllbW 

Loi de Stdnlisation No  
Slerilisauonsnummer 
Lote Estbril Numero 
Numero di Lone Sterile 

ReriTizat ion Dats  
Oate de Stdritisation 
Slerilisstionsdalum 
Fecha de EsleriiizadOn 
Data di Steniizzszione 

Non Reusable 

Usage Unique 
Nicht wiederverwendbar 

Interior Deseehable 
Non Riusabile 

Contenta  One lead with silicone insulatian  
Conlenu  Une Sonde avec isotant en ailicone  
Inhall  Eine Elektrode mil Silikanisolalion  
Continldo  Un Electrode con aislante de Silicons  
Contonuto  Un Elettrocaretere con eolanre in silicone  

Lead Length  
Longueur as la Sonde  
Lounge der Elektrode  
Longitud del Elearodo  
Lunqhezza aoll Elenrocatetere  

Stirilizatlon  Ethylene oxide gas 
St4nlisatlon  Gaz d oxyde d 41hylbne 

Sttrilisalion  Athylenoxydgss 

Eslerilixacidn  Gas dxido de elileno 

Sterilizzazione  Gas oesido di etilene 

CAUTlON  Federal Law  U S A   restricts this device to sale by or on tha order of a physician  
ATTENTION  La rbglememation am4ncaine  FDA  n autorise ia vente de ca proauit que sur prescription medicate  
ACHTUNG  Ein US Bundesgeseu schrknkt den Verksuf dieses Produkts an Arne oder sut Anordnung durch einen Arzt ein  
PRECAUCIOK  Las Leyes Fedorales  EE UU  rastringen la venga de este dispositivo unicsmente a medicos a par 
prescripeidn medica  

ATTENZIONE  La legpe Federale  U S A   limita la vendils di questo prodotto esclusivsmenle ai medici o su richiesta 
d un meaico  

The contents of this package is STERILE  
Le contenu de ce paquet est STERILE  
Der Inhall dieser Packung ist STERIL 
Ei conlenido de es e envoltorio est4 ESTERIL 
Il cce enuto de questa confezione 4 STERILE 

lt who package is damaged or opened see the Technical Manual for Information  
Sl I emballage est endommagb au ouven vair le manual leehnlque pour information  
1m Falle oiner besch4digien oder gedtlneten Packunq Gebrauchsanweisung beachten  
Si el paquele ha sido dahado o abierto  ver   I Manual Tlenico para infarmacidn  
Se la canfezione 4 danneggiata o apena vedere ii Manuale Tecnico per le infarmazione relative  

Sterile Pack Label for Model 6999 Lead 
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FRGN  Ir zrxra vxvz Ir oszw oavz  ouz o vz   NEDTBGNXC INC  11 04 92 I 11 05  92 ATTN  JENNIFER N  NARRONE 
7000 CENTRAL AVENUE  N E  DOCUMENT  DECONTROL 

PNA I P920015 SOOO 
I NXNNEAPOLXSrr NN 554323576 l I AMENDMENT 

suavzcT  
NEDTHONIC R  TRANSVEWK LEAD SYSTEN 

orrxCz   osxz azrsaazo 
COPIES oF VOLUNz   

 l  
   wc 
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I 

COPXES OF VOLUNE I I 
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Medtronic  Inc  Medtronicg 
7000 Central Avenue  N E  
Minneapolis  MN 55432 3576 
Telephone   612  574 4000 
Cable  Medtronic Telex  29 0598 

q  
p0 FAX   612  574 4879 

November 4  1992 

Office of Device Evaluation 
PMA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  MD 20850 

Re  Amendment to Premarket Approval Application for the Medtronic  
Multiprogrammable Tachyarrhytmia Control System with Non thoracotomy 
Cardioversion and Defibrillation Electrodes  i e   the PCD Transvene System  
Lead Models 6963  6966 and 6999  Document Control Number P920015  

The purpose of this letter is to clarify the intent of the amendment to the PMA application for the Medtronic Transvene Lead System submitted on October 26  1992  

The cover letter to that submission stated the purpose was to obtain approval to manufacture the Model 6963 CS SVC and the Model 6999 SQ leads at the Rice Creek facility  These leads are currently manufactured at the Kerkrade facility for which approval was requested in the PMA  If approved  Medtronic intends to manufacture 
the 6963 and 6999 at both the Rice Creek and Kerkrade facilities  

Should additional information be required  please contact the undersigned  

Sincerely  

MEDTRONIC  INC  

Chip   PJ hi  acr e 

P Oduct iRggulatiotl iW13A8gef  

Cardiac Pacing Business 
 612  574 8556 
 612  574 6424 FAX 

I      
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Re: Addendum to PMA Amendment to Transvene, P920015, Appendix I 

',..~ ... ~q 

'Cr1 
c:;J 

The following additional information is provided as an Addendum to the June 
11, 1993 PMA Amendment to the Transvene PMA application, P920015 . 

• Chronic pace/sense information of those patients (N = 113) that did not 
experience a spontaneous or induced episode after prehospital discharge, 
see Patients Followed For 6 Months or More: Device Experience. 

• Spontaneous and induced episode information over time (at 3 month 
intervals), see Spontaneous and Induced Episodes. 

• Mor:a datalled. anaJvsts- of exp1anted-leOOs fe-.g-., presented- by- e-ach I-ead 
model)_,_ sea ExpJanted- Tr:anSVer-l9 lead-s-. 

• Further detail on actuarial survival, see One Year Actuarial Survival. 

• Lead dislodgment information specific to the total number of leads in the 
population, see Lead Dislodgments. 

• Returned device information, patient 94244, see Returned Device, 
Patient 94244. 

• Status of Medtronic r~~=i,:2.:~.~j(4):-,::~:·~~~:,; lead reliability, see Medtronic 
i·~'.7f'(~)(~) - , .• _-:\ Lead Reliability . 

. ,.~ .• ,.,~ _~'~'''~~'''''H'''''~''_''~': 
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July 8, 1993 

The existence of this PMA Amendment and the data and other information it 
contains are confidential, and the protection afforded to such confidential 
information by. 18 USC 1905. and other. a.p.pJjcab~e. laws· is· her-eby claimed·. 

Twenty copies of this PMA Amendment are provided. Should additional 
information be required by the Agency, please contact the undersigned. 

Sincerely yours, 

MEDTRONIC, INC. 

i',,"~ P'p/ }"'P1'~'VV'---- '~ 

dennife, M. tiMarrone 
Manage!,. Re.g.ulatory: Affa1f.s· 
Cardiac Pacing Business 
(612) 574-4688 
(612) 574-6424 FAX 

Attachment 
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Patients Followed For 6 Months or More; Device Experience 

Of the patients followed for 6 months or more, 544 had an induced or 
spontaneous episode at the pre-hospital discharge or later (544/657 = 82.8%). 
Therefore, there were 113 patients that have not have a chronic episode . 
However, all of these patients had PACE/SENSE parameters tested at a chronic 
follow-up except for 1 patient (PACE/SENSE parameters are assessed at each 
follow-up as an assurance that the integrity of the lead system has not been 
compromised). This patient was last tested at the 3 month follow up I i(bJl4i 41 

f' \ -- 'f /1 \ , 

_ j0i.::) _J pacing threshold and C.D ! \4) (b)(4) 1 At the 6 month follow-up 
PACE/SENSE parameters were not performed and at the 12 month follow-up 
testing was not possible due to high intrinsic sinus rate. 

Table 1 contains a distribution of the follow-up periods where the PACE/SENSE 
parameters were captured for these 113 patients. 

Table 1: Distribution of Follow-up periods where PACE/SENSE 
parameters were obtained for 113 patients 

Table 2 contains the mean pacing threshold values for the 113 patients 
obtained at follow-up. 



Table 2: 
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Pacing Thresholds and EGM at last known follow-up for 
113 patients 
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Spontaneous and Induced Episodes 

Figure 1 shows the distribution over time of all spontaneous and induced 
episodes for all 757 patients. What this figure presents is that by the 3 month 
follow-up, 59.5% of the patients have had either an induced or spontaneous 
episode, by the 6 month follow-up, 70.3% of the patients have had either a 
spontaneous or induced episode and by the 12 month follow-up, 78.9% have 
had a spontaneous or induced episode . This graph was also completed for 
those patients with 6 months or greater of follow-up (657) and is presented in 
Figure 2. This figure shows that by the 3 month follow-up, 60.7% of the 
patients have had either an induced or spontaneous episode, by the 6 month 
follow-up, 72.9% have had either a spontaneous or induced episode and by the 
12 month follow-up 82.8% have had an induced or spontaneous episode. 
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ExpJanted Transvene leads 

The investigational plan requests that if the patient expires during the course 
of the clinical study, or if the PCD and associated leads are explanted for any 
other reason, that the entire system be returned to Medtronic for analysis. 
Table 1 provides an overview of the number of PCD devices explanted, the 
reason for explant, the number received for analysis, and the number of lead 
systems (either in part or the entire lead system) returned for analysis. 

Table 1 

Patient Death: 

Reasons for PCD Device Explant and Lead Systems 
Returned - 2/1/93 

There were 51 reported patients deaths and 22 PCD devices explanted . 
Seventeen have been received at Medtronic for analysis, of which 13 included 
the entire or part of the lead system. 

Table 2 contains a breakdown of the leads received by model number from the 
13 lead systems returned for analysis. 

1 i)(-" .. . .- I . l t)' f. -' t /1_ c' ,-, 
II 



MEDTRONIC CONFIDENTIAL 

Table 2: Explanted Leads returned due to patient death 

The analysis of these leads indicated that the leads were within specification. 

fnfectron: 

There were 22 devices explanted due to infection. Qbii4) ~\ have been received at 
Meutr-o-nk- fo-r analys1s-, of which 7- indud-ed the entire or J)8rt of the- lead
system. 

Table 3 contains a breakdown of the leads received by model number from the 
7 lead systems returned for analysis. 

Table 3: Explanted Leads returned due to infection 

The analysis of these leads indicated that the leads were within specification. 

Heart Transplant: 

There were 9 devices explanted due to heart transplants. iiiimJdevices have 
been received at Medtronic for analysis, of which 3 included the entire or part 
of the lead system. 

Table 4 contains a breakdown of the leads received by model number from the 
3 lead systems returned for analysis. 
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Table 4: Explanted Leads returned due to heart transplants 

The analysis of these leads indicated that the leads were within specification. 

PCD Device Performance Issues: 

There were 4 devices explanted due to peD device performance issues. These 
issues are explained in detail in the Complication/Observation section II.E.2 
"Early Device Explant" . All 4 devices have been received at Medtronic for 
analysis, of which 2 included the entire or part of the lead system. 

Table 5 contains a breakdown of the leads received by model number from the 
2 lead systems returned for analysis . 

Table 5: Explanted Leads returned due to PCD Device Issues 

The analysis of these leads indicated that the leads were within specification. 

Lead Issues: 

There were 4 devices explanted due to heart transplants. All 4 devices have 
been received at Medtronic for analysis, of which all 4 included the entire or 
part of the lead system. 

Table 6 contains a breakdown of the leads received by model number from the 
4 lead systems returned for analysis. 

I~ 
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Table 6: Explanted Leads returned due to Lead Issues 

The analysis of these leads indicated that the leads were within specification 
with the exception of 1 Model 6966 that was removed due to lead fracture 
attributed to subclavian crush phenomena. This fracture is described in detail 
(patient 96442) in the Complications/Observation section 11.0.4 "Lead Related" 
events. 

PCld 1- Pi15e 7D'i 
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One Year Actuarial Survival 

Projected one year survival calculations for the various death classifications are 
provided in Table 184-2. The actuarial projections include perioperative deaths 
only in the calculation of one year survival from death due to all causes {shown 
in the row labelled Overall} . The perioperative death rate defined as deaths 
which occurred within thirty days of implant was 0.7% (51757) which is 
considerably less than the perioperative mortality for the peD System with 
Epicardial leads (5.3% - 39/742). Included in this table are the projected one 
year survival calculations for patients who ultimately received a peD Transvene 
System (n == 757) and all patients that were screened for aPeD Transvene 
System (n == 897) regardless of implant outcome. The outcome of the 897 
patients screened for aPeD Transvene System are described more fully in 
section IC2. 

Table 184-2: 

Transvene System 
(N = 757) 

99.5% 

96.2% 

95.8% 

98.1 % 

0.7% 

93 .3% 

Transvene System 
(n == 897) 

99.5% 

96.6% 

96.1 % 

98.4% 

1.6% 

92.9% 

peD Transvene System - One Year 
Actuarial Survival - 2/1/93 

The positive impact of the peD Transvene System on patient mortality is clearly 
obvious from this analysis. The sudden cardiac death survival rate in this 
patient group is 99.5% for those in the patient group that received a Transvene 
System and 99.4% for those who were screened for a Transvene System. 
This is a marked improvement when compared with the reported survival of 
similar patient groups treated with drug therapy alone. 
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Lead Dislodgments 

Table 1 contains the number of lead dislodgements categorized by type of lead 
dislod ged. This table also provides the total number of leads implanted for each 
type of lead. For example, there were 24 RV lead dislodgements that were 
categorized as a complication out of 757 RV leads implanted. Therefore, the 
incidence of RV lead dislodgement is 3.2% (241757). 

22/261 (8.4%) 4/261 (1.5%) 

45/535 (8.4%) 7/535 (1.3%) 

91 12 

Table 1: peD Transvene System: Lead Dislodgements - 2/1 /93 
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Returned Device for Patient 94244 

All devices that were explanted due to patient death have. been analyzed and 
were found to be within specification. Therefore, for patient 94244, the device 
&.-~~.:-..._....Jj was within specification. 

Final interrogation of the device showed that since discharge from the hospital 
the patient had experienced an additional 23 episodes of spontaneous VT and 
1 episode of spontaneous VF. In the case of VT, 22 episodes were 
successful! treated b VT Therapy #1 (Burst) and one episod·e requrred- VT 
Therapy # The episode of VF was successfully reverted by VF 
Therapy #1Ht~tT41=-I....Jj 

The last episode detected by the PCD Device was VT and the cycle length of 
the episode was 480 ms. VT Therapy #1 (Burst) successfully terminated this 
episode. 

The investigator classified this patient death as perioperative and sudden 
cardiac. The relationship of the death to the implanted PCD Transvene System 
was classified as unknown. The CERe committee reviewed the circumstances 
of this patient death and agreed with the investigator's classification. 

111 
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Medtronic Polyurethane Lead Reliability 

The following information is presented in order to provide an overall assessment 
and support of polyurethane lead reliability, specifically as it relates to the 
tachyarrhythmia application for which the Model 6966 (6884) lead is intended. 

1~ 
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Background on Brady Pacing lead Experiences 

Medtronic utilizes two systems to monitor performance of its brady pacing leads. The 
analysis of returned product is used to identify lead failure mechanisms. However, 
it cannot be used to estimate clinical performance since all leads/lead segments are 
not explanted or returned. Clinical performance is monitored through our Chronic Lead 
Study (CLS), a multi-center study currently involving eleven representative U.S. 
Clinical centers and over 20,000 leads. Lead performance in the CLS is presented as 
actuarial survival from clinical complications resulting in lead explants or 
abandonment. Specific complication criteria have been established'. Since all leads 
are not explanted it is not always possible to relate a clinical complication to a specific 
failure mechanism and not all complications are associated with lead failure. 

The primary failure mechanisms for brady pacing leads are conductor fracture and 
insulation failure. ~onductor fractures are primarily associated with the widely 
accepted "Subclavian Stick" implant procedure using percutaneous lead introducers. 
Leads implanted by this procedure can be clamped and crushed between the first rib 
and clavicle, leading to fracture of the conductor, and sometimes, insulation failures 
as well. Bipolar leads are more susceptible to this failure mechanism than unipolar 
leads because of their larger lead body diameter. Crush fractures tend to occur 
primarily during the first two years post implant. 

For leads with polyurethane insulation, the primary insulation failure mechanisms are 
Environmental Stress Cracking (ESC) and Metal Ion Oxidation (MID); both tend to 
occur starting about 2 years post implant. Bipolar leads tend to be more susceptible 
to insulation failure than unipolar leads. 

ESC is associated with stress on the lead either induced during manufacture or via 
implant procedure. Newer generation Medtronic leads have greater ESC resistance 
due to improvements in design, manufacturing processes and materials. 

MIO is an oxidative degradation of polyurethane insulation. The reaction is catalyzed 
by metal ions released by the corrosion of the conductor coils. To reduce the 
potential for MID, newer Medtronic lead designs have applied a sputtered coating of 
platinum to the conductor coils. Also, polyurethane tends to be more resistant 
to MID thanDil:Xll)(l Medtronic has used an accelerated oxidation environment, Solution 
A, to evaluate MID and potential factors that can minimize its occurrence. 

A table depicting the frequencyofthese failure mechanisms (conductor fractures, MIO 
and ESC) for brady leads, Models 4004/M and 4058/M, follows this response. As 
shown, conductor fracture due to crush is the predominate failure mode. See table, 
Failyre Mechanisms, following this discussion. 

!f13 
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The Model 4004/M is a bipolar lead incorporating polyurethane and platinum 
coating. As of February 28, 1993, survival probability of the Models 4004/4004M 
is 97.0 ± 1.7% at 36 months'. Crush fracture is the primary source of lead failures 
to date, with rates comparable to that of earlier bipolar lead designs. 

Over the past several months Medtronic and FDA have had numerous discussions 
about the occurrences of failure associated with MIO in the Model 4004/M lead. As 
of February 28, 1993, Returned Product Analyses has identified 22 MIG failures out 
of approximately leads implanted (.030%). MID failures in previous lead 
designs tend to predominate in 3 areas: proximally in the pacemaker pocket, medially 
in the clavicular region, and distally near the ring electrode. With Models 4004/M, 
platinum sputter coating appears to reduce the occurrence of MID proximally and 
medially. The majority of the MIG failures (20 of 22) occurred distally. Distal failure 
occurs between the ring electrode and the A V valve and appear to be related to 
flexing of the lead associated with ventricular contractions. 

Initial Solution A testing was conducted under static conditions and gave no indication 
of this failure mechanism. Currently testing is underway to develop a dynamic 
Solution A test to study factors affecting this failure mechanism and potential 
corrective actions. To date, we have been able to induce failures and are conducting 
experiments to understand contributing factors. 

Some common features to both brady and tachy leads are the @ji,k4\) Iconductor coil, 
coaxial coil design, polyurethane insulation ~IT4~::J and platinum alloy 
electrode material. Like the 6966 lead, the Models 4016A, 4058/M and 4024 also 
have platinum coating on the conductor coil and as the inner insulation. 
Individual lead differences include the electrode fixation mechanisms, i.e. screw-in 
helix versus tines and the versus insulation usage. Using insulation 
provides more stiffness, and greater resistance to insulation failure, whereas 
pH>v-ides- f(;)f greater ease of hamWfig-. 

The brady lead most similar to the 6966 lead is the 4016A. Both have 
[(13) (4(h4) :=:J as the inner(most) insulation,[!!IT]for the middle/outer insulations, distal 
screw-in fixation mechanisms, similar French (introduction) sizes and virtually identical 
insulation dimensions. Only the coil dimensions vary slightly. 
The 4058/M lead is also very similar to the 4016A; the only substantive change is the 
introduction size, 9 French. Model 4016A and 4058/M leads have shown excellent 
clinical performance; for the 4016A actuarial survival is 98.2% at three years~~~~ 
implants) and for the 4058/M actuarial survival is 99.7% at three years \'--~~ 
implants)'. 
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The 6966 lead has a larger body diameter than the brady leads. This is to be 
expected given the tripolar coaxial design of the lead. Given the larger French size of 
the 6966, it is more susceptible to crush between the clavicle and rib than the smaller 
French leads. Lead fracture due to crush in this area is, however, a recognized failure 
mechanism for all transvenous leads rmpranted vra subcravran rnsertion, (brady or 
tachy leads). This is vigorously addressed in product labeling (lead technical manuals) 
and includes appropriate cautions about the use of the procedure. 

Also, the larger diameter of the 6966 lead body and presence of a defibrillation coil 
electrode proximal to the distal pace/sense ring of the 6966 lead imparts more 
stiffness to it than the brady"leads. Hence, there is less lead body movement below 
the valve when the 6966 is implanted in the right ventricle as compared to a brady 
lead. This was clearly evident in the videotape comparing the in-vivo flexing of both 
a brady and tachy lead (presented in FDA/Medtronic meeting of February 18, 1993). 
Decreased flexing of the 6966 lead below the valve is our basis for expecting flex
related MID will not be a significant failure mechanism of the 6966 lead. 

Analysis of Transvene Model 6966 Lead and Clinical Presentation 

The Model 6966 tripolar tachy lead is comparatively less flexible than brady leads. 
Therefore, distal MID as evident in a very small percent (.030%) of brady 
4004/4004M leads is not necessarily indicative of a similar occurrence in the 6966 
lead. A videotape illustrating the clinical flex performance differences between brady 
and tachy leads was presented during the FDA/Medtronic meeting on February 18. 

Analysis of the Model 6966 lead, as it relates to the potential for MIO, indicates that 
it would be more likely to occur on the middle versus the outer or innermost 
insulations. Lead failure due to MID typically is found on the inner insulation on 
returned bipolar brady leads. Therefore, this failure mechanism is not expected to 
significantly affect the outer insulation of the 6966 lead. Should MID occur on 
the. outer insuJation oJ the. 69.66. lead,. the. net eff.ect would be. an increased 
defibrillation electrode surface area. This would not be expected to significantly affect 
system performance. Additionally, the more resistant properties of ~ (to MID), of 
the 6966 innermost insulation, are expected to further reduce the potential for MIO 
(99.7% survival Model 4058/M at three years)'. 

For the Model 6966 lead, should the middle, insulation fail, it would likely 
present initially as an intermittent short (as is more typical with brady leads) and can 
progress over time if not identified and treated, to a hard (direct) short. These could 
manifest initially as oversensing, and ultimately as integrated bipolar sensing, 
respectively (intermittent versus hard short). In the case of a hard short of the middle 
insulation, specifically, shorting the pacing tip to the common defibrillation electrode, 
an integrated bipolar sensing system is created. In this type of system, sensing 
occurs between the unipolar paCing tip and the common defibrillation electrode 
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(versus standard bipolar sensing between the pace/sense tip and the ring electrodes). 
This type of sensing system is identical to the CPI Endotak configuration, currently in 
clinical trials, and also to Medtronic's historic Transvene RV lead, the Model SP2100 
lead. These type of integrated systems have been shown to be clinically acceptable. 
Note thatnIfn]4lin Model SP2100 leads were implanted at the start of the Transvene 
clinical study. There have been no observations or reported problems related to the 
SP2100 lead performance. (Data from the SP21 00 lead have been incorporated in the 
clinical experience analysis reported in this PMA application.) 

Intermittent sensing could result in oversensing, if the detection criteria are also met, 
and this could result in delivery of inappropriate, i.e., not needed, therapies. This can 
be- eonsidered- a "safe- faUure-" given- the- system- wou~d- "eH" by oversef.'lslnQ- (v-ersus
undersensing) and the patient could receive an unnecessary therapy. Also, patients 
are instructed to report therapies to their physiCians; this facilitates identification of 
any inappropriate therapy. 

Recently, a Model 68842 lead was explanted after 27 months when the patient 
received a heart transplant. The lead was fully functional at explant, however, . 
returned product analysis has indicated the presence of some MIO in the clavicular 
region. Transvene leads, like brady leads, are implanted by subclavian insertion and 
are susceptible to being crushed between the clavicle and first rib. As indicated 
above, with brady leads this can result in conductor fractures, insulation failures or 
both. Detailed analysis of this lead follows this discussion. 

It should be noted that MID is only one potential failure mechanism of implantable 
leacts. As dis-cussed, others- inc\ude- fracture- due- to- crush in- the- area- o-f stlbC~aV1an 
insertion, environmental stress cracking due to stresses the in-vivo environment may 
impart to the lead and lead dislodgement. 

1 Medtronic Product Performance Report, February 1993. 

2 The Model 6884 lead is the earlier version of the Model 6966 lead and differs only in the connector 
pin configuration; the 6884 has a 3.2 mm, high voltage connector pin and the 6966 has a 6.5 mm, 
high voltage connector pin. Otherwise the leads are the same. 
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Transvene Clinical Assessment Experience 

Given over 2000 worldwide Transvene patients implanted to date, ranging from zero 
to forty months implant duration, there have been no reports of undersensing," 
insulation failures, or oversensing that could not be managed via reprogramming. 
Furthermore, the benefits of Transvene implantation are dramatically apparent from 
the perspective of perioperative mortality, 0.7 percent for Transvene versus 5.3 
percent for epicardial implants. Transvene survival from SCD is 99.5 percent and 
overall survival is 93.3 percent at one year. Additionally, Trarisvene implants, on 
average-, require- 8- says in hospital v-ers-lls 1- 1- day.s- for- an ep~caf.d~al system;- a. 
significant cost savings. In summary, the benefits of the Tr"ansvene system 
performance clearly surpass the potential for MIO, or other potential failure 
mechanisms, in the 6966 lead. 

Conclusions 

Although Medtronic cannot assure that MIO or other lead failure mechanisms will not 
occur in the Model 6966 lead, the actual benefits of the Transvene system, as 
previously discussed, would appear to exceed the potential risk due to MIO. Analysis 
shows that the potential for MIO to occur in the 6966 lead would result in a "safe 
failure." Note that preclinical and animal testing cannot completely simulate the long
term implant environment, thereby eliminating all potential for lead failures in-vivo. 
This was recognized by Congress in implementing the Postmarket surveillance 
provision in the Safe Medical Device Act of 1990. It is clear that postmarket 
surveillance mechanisms, e.g., returned product analysis and chronic lead monitoring, 
are more appropriate mechanisms for evaluating and managing potential failure 
mechanisms of implantable cardiac leads. 
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FAILURE MECHANISMS 
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FAILURE MECHANISMS 

. (CLINICALIELECTRlCAL FAILURES FROlVl RETUR1~ PRODUCT ANALYSIS) 
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FTIR-ATR 

FTIR spectra were obtained for a control area (no MIG) of the inner tubing and the 
cracked area of the tubing. Relative ratios of key bonds were c~lculated using the 
absorption intensities. These ratios indicated that the ether segments were oxidized 
in the E~r(4ih)(~_-= 1 which is characteristic of MIG. In addition, peaks appeared, 
indicative of carboxylic acids or esters (oxidation byproducts). 

Discussion 

Contrary to the initial dimensional analysis of this lead that indicated the area of MIO 
was located to the clavicular region of implant, review of the patient's X-rays revealed 
that the heart was significantly enlarged due to the advanced disease state. 
Subsequently I a significant portion of the insulated lead body was located in the heart, 
including the portion with cosmetic MIO. Typically, 20 cm proximal of the tip 
electrode· approximates the clavicular region. 

Consistent with our previous analysis of MIO relative to the 6884/6966 lead, the 
observed MIO did not, in any way, affect the clinical performance of this lead. Patient 
data analysis shows that the implanted lead system, inclusive of the 6884 lead, 
performed appropriately. Of six spontaneous VT/VF episodes reported (4VT/2VF), all 
were appropriately detected and treated via the implanted PCD Transvene system. 

In addition, the presence of MIO on the middle insulation is not entirely unexpected 
(reference February 18, 1993, Medtronic/FDA meeting). If the middle insulation had 
been degraded to the point of electrically shorting the sensing ring (middle conductor 
coil) to the common defibrillation electrode (middle coil), an integrated bipolar sensing 
system would, in essence, be created. In this type of system, sensing occurs 
between the unipolar pacing tip and the common defibrillation electrode, versus 
standard, or true, bipolar sensing between the pace/sense tip and the ring electrodes. 
This type of sensing system is identical to the CPI Endotak configuration, as well as 
Medtronic's earlier design of a Transvene RV read", Le., the M06el" SP2"tOO-. These 
types of integrated systems have been shown to be clinically acceptable. Note that 
canine testing of a shorted, RV cardioversion/defibrillation lead, indicated that this 
type of failure does not result in the lack of therapy delivery. 

If the innermost insulation had degraded such that the pacing tip electrode shorted, 
this could manifest as intermittent sensing of the brady pace/sense function of the 
lead. This type of anomalous system performance is expected to be observed at 
follow-up sessions, given the frequent monitoring of patients (every three months) or 
as necessary when the patient experiences VT IVF episodes or anything unusual. 
Similar to brady pacing patients, problems related to pace/sense performance are 
typically observed at the time of follow-up (pace/sense threshold measurements are 
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standard follow-up procedure for both brady and tachy lead systems) and/or when the 
patient reports to his/her physician for any unusual events, e.g., intermittent 
pacing/sensing. 

The extensive dilatation ofthe right ventricle in which this lead was implanted resulted 
in a large portion of insulated lead body being in the right ventricle, as opposed to 
primarily just the cardioversion/defibrillation electrode coil. Subsequently, this lead 
may have been subject to more flexing in the heart than what is typical for the RV 
lead. Note: this was demonstrated in the videotape that was presented to FDA at the 
February 18, 1993, Medtronic/FDA meeting. 

Clinical data from brady pacing leads indicates that the portion of the lead subject to 
the flexing motion in the heart may be related to the occurrence of MIO in brady lead 
bodies. Brady pacing leads, proximal to the tip/ring electrodes are subject to more 
flexing motion, relative to a cardioversion/defibrillation RV lead, while contained in the 
heart. On the other hand, cardioversion/defibrillation leads, like the 6884/6966, are 
comprised of a comparatively stiff portion proximal to the tip/ring electrode. This 
length of defibrillation electrode, 5 cm, appears to flex less than a typical brady pacing 
lead while in the heart, as a result of greater stiffness. However, in the extremely 
hypertrophic heart, as was the case with this particular RV lead, the lead may be 
subject to more flexing, similar to that of a brady pacing lead. 

Conclusions 

As noted, Medtronic cannot assure that MIO, or other lead failure mechanisms will not 
occur in the 6884/6966 lead. However, one should consider the actual benefits of 
the lead versus the potential for MIO occurrence. Specifically, clinical data to date for 
the Transvene system show that one year actuarial survival from SCD is 99.5 percent 
and the average hospital stay for Transvene implant is only seven days (versus ten for 
an epicardial system) *. Regarding the potential for MIO occurrence, analysis shows 
this would result in a bipolar integrated sensing system, or in an intermittent 
pace/sense system. Integrated sensing has been shown to be clinically acceptable, 
and intermittent pacing/sensing is assessed as part of standard follow-up procedures. 
Additionally, with postmarket surveillance mechanisms in place, such as returned 
product analysis and chronic lead monitoring, Medtronic is well positioned to 
appropriately evaluate and manage potential failure mechanisms of implantable cardiac 
leads. We are committed to these surveillance mechanisms in the interest of 
delivering optimal implantable technology products to the health care market. 

"Values are lower than those reported February 1993 due to increased follow-up data. 
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MEMORANDUM 

From  Doris Terry  HFZ 450  To  File g P920015 
Subject  Nedtronic Transvene System Date  October 28  1993 Office  DCRND ODZ 

The manufacturer responded to our approvable letter of September 23  1993  In addition  the manufacturer mentioned that a follov  up inspection is scheduled for October 18  1993  the PNA application might  be amended to provide inspection information   The manufacturer also stated that there are no nev data from the clinical study of the Nedtronic Transvene System vhich could impact safety and effectiveness  

Deficienc 1 

The ma  ULClhWurer modi fi ed the labeling to include the following  diagrams for proper insertion and the final position of the leads  defibrillation efficacy data for the different lead configurations and polarity combinations  including sequential and simultaneous discharges   information and or recommendations regarding implantation techniques and testing methods  information regarding implanting in patients who do not have a 10 
Joule safety margin  information aimed at reducing the incidence of infection  instructions stressing the importance of pausing 
between VF inductions  information regarding the expected change in defibrillation thresholds  guidance regarding permanent pacemaker separation from the Transvene leads  RV and SVC CS   a 
statement which emphasizes the need for x rays and pace threshold testing  information regarding technigues for placing the leads 
via the cephalic vein  and an explanation regarding the necessity for explant and return of the leads upon the patient s death  The manufacturer provided the requested data  No concerns about 
how the data are presented in the labeling  
Deficienc 2 

The manufacturer modified the labeling to include warnings which pertain to the following  use of the Sub Q patch lead on the pericardium or epicardium  language regarding the use of dual anchoring sleeves  and information regarding extensive inductians during implant  

No significant concerns about the warnings as vritten  
Deficienc 3 

We told the manufacturer that the indications and aontraindiaations for use of the Medtronic Transvene Lead System 
should be identical to the PCD Epicardial System vith certain 



effectiveness of the PCD      vas not used  However  the proposed language is acceptable  The indiaations as written are 
acceptable  Et should be noted that the contraindication proposed by the manufacturer   The Transvene Lead System is contraindicated for use in any system other than a Medtronic implantable tachyarrhythmia control device system for vhich it has been tested   will not be included in the labeling as a contraindication  The manufacturer vas informed of our decision in a phone conversation  They agreed to remove the contraindication  and will send documentation confirming our agreement  

The manufacturer also satisfactorily responded to the requests which consisted of the following  placing an identifying mark to 
distinguish nonthoracotomy leads from thoracotomy leads  reporting warning and precautions separately and providing a copy 
of the Patient s Nagual  

X also tcri d rhe manufacturer that  the Warnings and Precautions should be included in the labeling according to our Blue Book Memorandum of March  8  1991  manufacturer has a copy   Ne reviewed the manual and found that caution statements vithin the 
context of the manuals should also be included on the list  of precautions  They agreed to revise their labeling to include the 
referenced cautions on the list  
Recommendation 

The manufacturer modified the labeling as requested  Formal documentation 
pertaining to the varnings and precautions and the 

removal of the requested contraindiaation will be submitted  In 
the interim  fazed information vill be sent confirming their agreement  as we discussed  regarding those concerns  
Approval of the referenced PMA application  
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Office of Device Evaluation 

PMA Oocumentation Mail Center  HFZ 401  

Center for Devices and Radiological Health 

Food and Drug Administration 

1390 Piccard Drive 

Rockville  MD 20850 

Re  PMA Amendment to the Medtronic  TRANSVENE  Lead System 

 Document Control Number P920015         

Response to FDA Approvable letter of September 23  1993 

The purpose of this PMA Amendment is to respond to FDA s letter dated 

September 23  1993  reference Attachment A   

Responses to all items described in FDA s letter are provided in Attachment B  

Copies of the final proposed labeling  technical manuals and package labels  for the 

TRANSVENE  lead system  reference Attachment C  and the PCS Device  reference 

Attachment D  are provided   Note  The PCS Technical Manual is synonymous with 

the term Physician s Manual   

In addition  consistent with item f4 of FDA s Approvable letter  a copy of the PCS 

Patient s Manual  
 Restoring the Rhythms of Life   is included  reference 

Attachment E   

As indicated in FDA s letter  Transvene  approval remains subject to compliance with 

applicable GMP regulations  A follow up inspection to the pre PMA approval 

inspection is scheduled for October 18  1993  lf necessary  we will amend the PMA 

to include additional information at that time  

Via this Amendment  we are also informing the Agency that there is no new safeiy  

and effectiveness information learned about the device  system  from the ongoing 

clinical study that could reasonably affect the statement of contraindications  

war     logs  precavtions and adverse reactions in the draft labeling  
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October 11  1993 

Three copies of this submission are provided in accordance with 21 CFR 
Part 814 44 e  2   It contains confidential and commercial trade secret information 
and we request that it be given the maximum protection provided by the law  If 
additionai information is required  please contact Dennis Connolly at  612  574 4696  

Sincerely  

MEDTRONIC  INC  

Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business Unit 
 612  574 4688 

 612  574 6424 FAX 

Attachment 

I  
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DEPARTMENT OF HEALTH R HUMAN SERVICES Public Health Service 

Food and Drug Administration 

1390 Piccard Drive 

Rockville  MD 20850 
Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  Minnesota 55432 3576 

SEP 2 3 1993 

RE  F920015 
Medtronic  Transvene4 Lead System 
Filed  April 1  1992 
Amended  August 27  September 21  October 27 and November 5  1992  

March 29  June 2  14  and July 9  1993 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 
Administration  FDA  has completed its review of your premarket approval 
application  PMA   The Circulatory System Devices Panel which also reviewed 

your PMA  recoaunended to CDRH at the August 2  1993  panel meeting that the 
PMA be considered approvable  CDRH is pleased to inform you that the PMA is 
approvable subject to your submission of the following  

1  The labeling should be modified to include the following directions 
for use  

a  diagrams which demonstrate the proper insertion technique and 
final anatomic position of the intravascular leads and the Sub Q 

patch  

b  defibrillation efficacy data on the different lead 
configurations  various polarity combinations and sequential 
versus simultaneous discharges  

c  information and or recommendations regarding specific 
implantation techniques and methods of testing the different 
configurations  For example  when is it recoaunended to use a 
two lead configuration versus a three lead configuration  when to 
implant in the superior vena cava  SVC  versus the coronary sinus 
 CS   and how the most advantageous position of the Sub Q patch 
is determined  

d  information or recommendations  based on your experience  
regarding implantation in patients who do not have at least a 10 
Joule safety margin  

e  information aimed at reducing the incidence of infection  

f  instructions stressing the importance of pausing between 
inductions of ventricular fibrillation  VF  at the time of 
implantation for at least a specified period of time in order to 

ppQ   hjEm 

ocr o 4 1993 
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decrease morbidity and mortality  The comments and the pause 
duration suggested should be based on the experience of the 

primary investigators in your study  

g  information regarding the change in defibrillation thresholds 

that one may expect with time as based on the experience of your 
investigators in your study  

h  guidance and techniques for separating permanent pacemaker leads 

from the Transvene  leads to minimize the interaction between the 

two devices  and diagnostic methods which can be employed at 

implant or predischarge to confirm the absence of adverse 

interaction  

i  a statement which emphasizes the need for x rays and pace sense 
threshold testing at follow up to check for lead dislodgement  x  
rays should be done at 3 month intervals for 1 year   

j  information regarding techniques for placing the leads via the 

cephalic vein when possible  and 

k  an explanation regarding the necessity for explant and return of 

the leads upon the patient s death  

2  The labeling should be modified to include the following warnings  

a  a statement that the Sub Q patch lead is not for use on the 

pericardium or epicardium  because it is too inflexible to be 
used as such  

b  stronger and more specific language regarding the use of dual 
anchoring sleeves on the right ventricle  RV   SVC  and CS leads  
Based on the experience of your investigators  please describe 
the techniques used to fixate the lead at the insertion into the 
vein to minimize dislodgment  and 

c  information which states that after extensive VF inductions at 
implant testing with the nonthoracotomy lead system  serious 
consideration should be given to delaying the thoracotomy for at 
least 2 days  Please include a statement which states that the 
clinical data showed that when a thoracotomy was performed 
immediately after testing  the perioperative mortality rate was 
increased from 0 7 to 9 3 percent  

3  In addition you should note the following  

a  The indications and contraindications for use of the Medtronic  
Transvene  Lead System must be identical  except for certain 
modifications which pertain to the Transvene  Leads and those 
described below  to those for the PCD  Epicardial System  Please 
change your second indication to read  Poorly tolerated  

9 
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sustained ventricular tachycardia and or fibrillation which 

recurs spontaneously or can be induced despite the best 

antiarrhythmic drug therapy  Please also include the following 

statement in your indications section  

Note  The clinical outcome of hemodynamically stable  sustained 

VT patients is not fully known  The safety and effectiveness of 

the PCD  Transvene System in this subgroup of VT patients has not 

been determined  

b  The technical manuals for the Transvene  Leads must state that 

the leads are for use together as a system  The labeling  where 
appropriate  must be consistent in all of the Transvene  Lead 

manuals  The information regarding the Transvene  Leads in the 

PCS Manual must also be included in the Transvene  Lead manuals  

c  There should be an identifying mark on the package label which 

distinguishes nonthoracotomy leads from thoracotomy leads  

d  The Warnings and Precautions in the labeling must be identified 
and reported separately according to FDA s Blue Book Memorandum 
of March 8  1991   a copy of this memorandum was previously sent 

to you   

4  Provide a copy of the Patient s Manual which includes a reference to 

use of the non thoracotomy leads with the PCD  models  

The PMA must be amended to include your concurrence with  or suggested 
revision of  the enclosed  Conditions of Approval for Implantable 
Defibrillators and Programmers   

The condition that the sale  distribution and use of this device are 
restricted to prescription use in accordance with 21 CFR 801 109 within the 
meaning of section 520 e  of the Federal Food  Drug  and Cosmetic Act  the 
act  under the authority of section 515 d  1  B  ii  of the act  

The device is further restricted within the meaning of section 
520 e  under the authority of section 515 d  1  B  ii  insofar as 
the approved labeIing specifies the requirements that apply to the training of 

physicians who may use the device  
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In addition to the above  an FDA inspection must find that the manufacturing 

facilities  methods and controls comply with applicable device Good 

Manufacturing Practice Regulations  21 CFR Part 820   If applicable  amend 

the PMA to include required manufacturing information not previously 
submitted  

This is to advise you that  following receipt of an approvable letter  an 

applicant is required by 21 CFR 814 20 e  to update its pending PMA with new 

safety and effectiveness information learned about the device from ongoing or 

completed studies that may reasonably affect an evaluation of the safety or 

effectiveness of the device or that may reasonably affect the statement of 

contraindications  warnings  precautions and adverse reactions in the draft 

labeling  This updated reporting is limited to studies sponsored by the 

applicant or to which the applicant has reasonable access  The update report 

shall be consistent with the data reporting provisions of the protocol  Any 

update report shall be submitted in three copies as an amendment to the PMA 

and shall include the FDA reference number assigned to the PMA  

CDRH will issue an approval order after the requested information has been 

reviewed and determined to be acceptable  You may not begin commercial 

distribution of the device until you have received an approval order  

As provided by 21 CFR 814 44 e  2   you may amend your PMA as requested  or 

withdraw it  or you may treat this letter as a forrnal denial of approval  If 

you choose the latter  you may request administrative review  either through a 

hearing or review by an independent advisory committee  under section 

515 d  3  and 515 g  of the act by filing a petition with the Food and Drug 

Administration  Dockets Management Branch  HFA 305   Room 1 23  12420 Parklawn 

Drive  Rockville  Maryland 20857  within 30 days of the date you receive this 

letter  A petition for administrative review must be submitted in accordance 

with general administrative procedures for submission of documents to the 

Dockets Management Branch  21 CFR 10 20  and in the form of a petition for 

reconsideration  21 CFR 10 33   After reviewing the petition  FDA will decide 

whether to grant or deny the petition and will publish a notice of its 

decision in the FEDERAL REGISTER  If FDA grants the petition  the notice will 

state the issues to be reviewed  the form of the review to be used  the 

persons who may participate in the review  the time and place where the review 

will occur  and other details  

The above requested information must be submitted in the form of an amendment 

 3 copies   Unless you amend this PMA to request an extension  and the 

extension is approved  FDA will consider the PNA to have been withdrawn 

voluntarily if you fail to respond in writing to this request for an amendment 

within 180 days of the date of this letter as provided under 21 CFR 814 44 g   

Any request for an extension must be submitted within the 180 day period  
justify the need for the extension  and provide a reasonable estimate as to 

when the requested information will be submitted  

 I 
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All amendments to the PMA must be submitted in triplicate to the address below 

and shall reference the above PMA number to expedite processing  

PMA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 

Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

In addition  under Section 522 a  of the act  manufacturers of certain types 

of devices identified by the act or designated by FDA are required to conduct 

postmarket surveillance studies  FDA has identified under Section 

522 a  1  A  the above noted device as requiring postmarket surveillance  

Upon approval and within thirty  30  days of first introduction or delivery 

for introduction of this device into interstate commerce you will be required 

to submit to FDA certification of the date of introduction into interstate 

commerce  a detailed protocol which describes the postmarket surveillance 

study to include the evaluation of the explanted leads for evidence of metal 

ion oxidation  MIO   and a detailed profile of the study s principal 
  

investigator that clearly establishes the qualifications and experience of the 

individual to conduct the proposed study  For your inforraation  general 

guidance on preparing a protocol for a postmarket surveillance study is 

enclosed  

At that time you should submit five  5  copies to  

Postmarket Studies Document Center 
Room 408  HFZ 107  
12720 Twinbrook Parkway 
Rockville  Maryland 20852 

Within sixty  60  days of receipt of your protocol  FDA will either approve or 

disapprove it and notify you of the Agency s action in writing  Do zoot 

undertake a postmarket surveillance study without an FDA approved protocol  

Failure to certify accurately the date of initial introduction of your device 

into interstate commerce  to submit timely an acceptable protocol  or to 

undertake and complete an FDA approved postmarket surveillance study 

consistent with the protocol  will cause your product to be misbranded and 

could lead to the imposition of civil money penalties or other regulatory 

actions  Any distribution of a misbranded device is a violation of the act 

and may result in a number of FDA enforcement actions  including  but not 

limited to  withdrawal of your PMA  

If you have questions concerning postmarket surveillance study requirements  

contact Postmarket Surveillance Studies Branch at  301  594 0639  

Finally  on August 16  1993  the Final Rule for Device Tracking was published 
in the FEDERAL REGISTER  pages 43442 43455  enclosed   FDA is required to 

provide notice to PMA applicants in an approvable letter that their device is 

I 
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subject to the regulation  Therefore  be advised that under Section 519 e  of 

the act  FDA has identified the above device as a device which requires 

tracking  You are required to adopt a method of tracking that follows the 

devices through the distribution chain and then identifies and follows the 

patients who receive them  The specific requirements of the regulation are 

found in 21 CFR 821 as described in the August 16  1993  FEDERAL REGISTER 

beginning on page 43447  

If you have questions concerning this approvable letter please contact Doris 

Terry at  301  594 2018 or Arnold Alpert  Ph D   at  301  594 2186  

Sincerely yours  

ji usan Alpert  Ph  
Acting Director 

  

M D  

Office of Device Evaluation 
Center for Devices and 

Radiological Health 

Enclosures 
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1  The labeling should be modified to include the following directions for use  

a  diagrams which demonstrate the proper insertion technique and final 

arratomic position of the  intravascekar leads act the  Su  patch  

RE PONSE  

Diagrams in all of the lead manuals have been modified  They are located 

on the following pages  

Model 6963   page 8 
Model 6966   page 10 
Model 6999   page 5 

  



b  defibrillation efficacy data on the different lead configurations  various 

polarity combinations and sequential versus simultaneous discharges  

RESP NSE  

The following paragraphs have been added to page 43 of the PCS 

technical manual  

Clinical experience with the TRANSVENE  lead system has shown 

that most patients  65 6   received an RV SVC SQ system  an 

additional 29 3  received an RV CS SQ system  and the remaining 

5 1  received an RV CS SVC system  The majority of patients were 

programmed to Sequential Pulse  75 3    23 4  were programmed 
to the Sirnuitaneous F uise  and telo were pragrarnmecf ter SiliQ8 
Pulse  

The RV electrode was COMMON in the majority  75 3   of 
the clinical implants  the SQ patch in 13 9   the CS in 7 6  
and the SVC electrode in 2 4  of the clinical implants  The 
overall efficacy in terminating spontaneous episodes of VF 
was approximately 98  for all pathways  pulsing techniques 
and choice of cathode  



C  information and or recommendations regarding specific implantation 
techniques and methods of testing the different configurations  For 
example  when is it recommended to use a two lead configuration 
versus a three lead configuration  when to implant in the superior vena 
cava  SVC  versus the coronary sinus  CS   and how the most 
advantageous position of the Sub Q patch is determined  

RESPON E  

Page 45 has been modified as follows  

The two lead systems available include  

  Right ventricle  coronary sinus 

  Right ventricle  superior vena cava 

Right ventricle  subcutaneous patch 

Figure 23 shows a flow chart for lead system evaluation that 
begins with the two lead system and adds an additional lead 
if the implant criteria is not met with the two lead system  The 
decision to evaluate a two lead system is based on the desire 
to achieve the simplest transvenous defibrillation system  

The three lead systems available include  

  Right ventricle  superior vena cava  subcutaneous patch 

  Right ventricle  coronary sinus  subcutaneous patch 

  Right ventricle  coronary sinus  superior vena cava 

Clinical results do not indicate superiority of any pulsing technique  
lead system  or choice of cathode for transvenous defibrillation  The 
choice of lead system for initial evaluation can therefore be based on 
other factors including simplicity  SVC vs CS lead placement  and 

physician preference  

Figure 23 has been modified to include evaluation of 2 lead systems  

I 



d  information or recommendations  based on your experience  regarding 

implantation in patients who do not have at least a 10 Joule safety 

margin  

RESP NSE  

Medtronic recommends that patients without a 10 Joule safety margin 

should not receive the Transvene  system  They should be allowed to 

recover from the lead evaluation procedure and receive an epicardial 
system at a later date  Therefore  page 40 of the PCS technical manual 
has been changed to read  

If patients do not meet the implant criteria  demonstration of 
a 10 Joule safety margin  for a transvenous lead system  

physicians should consider implanting an epicardial 
cardioversion defibrillation lead system If an epicardial 
system is to be implanted after testing a transvenous system  
consider performing the procedure at a later date  The 
Transvene  clinical study showed a 9 3  perioperative death 
rate for patients failing the implant criteria for a Transvene  
system and receiving an epicardial system  This compares to 
0 7  for those patients receiving a Transvene  system without 
the additional epicardial surgical procedure  

J 



e  information aimed at reducing the incidence of infection  

RESP N E  

Sterilization instructions are included in all of the manuals on the 

following pages  

Model 6963   page 4 
Model 6966  page 5 
Model 6999   page 4 

Additional information has been added to each of the Transvene  lead 
technical manuals  This information is presented below  

Proper surgical procedures and sterile techniques are 
the responsibility of the medical professional  The 
implant procedures described in this manual are 
furnished for information only  Each physician must 
apply the information in these instructions according to 

professional medical training and experience  

The paragraph above is presented on the following pages  

Model 6963   page 4 
Model 6966   page 5 
Model 6999  page 5 

  



f  instructions stressing the Importance of pausing between inductions 

of ventricular fibrillation  VF  at the time of implantation for at least a 

specified period of time in order to decrease morbidity and mortality  

the comments and the pause duration suggested should be based on 

the experience of the primary investigators in your study  

RESP NSE  

Page 47 of the PCS technical manual has been modified to address these 

concerns  The new information is reproduced below  

In order to keep patient morbidity and mortality to a 
minimum  patients should be rescued promptly with an 
external device if the lead system and ETCD fails to 
terminate the VF episode and at least 5 minutes should 
elapse between VF inductions  



g  information regarding the change in defibrillation thresholds that one 

may experience of your investigators in yeur study  

REP NE  

Page 58 of the PCS technical manual has been modified to address these 

concerns  The new information is reproduced below  

Although the Transvene  clinical study provided 
evidence that defibrillation thresholds remain 
stable in the study population  individual patients 
may experience threshold changes relative to 
changes in their underlying disease state  
Therefore  VF therapy number 1 should be 

programmed to at least twice the lowest energy 
of defibrillation or 34 Joules  



guidance and techniques for separating permanent pacemaker leads 

from the Transvene  leads to minimize the interaction between the two 

devices  and diagnostic methods which can be employed at implant 

or predischarge to confirm the absence of adverse interaction  

RE P NSE  

Page 82 of the PCS technical manual has been modified to address these 

concerns  The new information is reproduced below  

Bradycardia Pacemakers 

Previously implanted bradycardia pacemakers  
tachyarrhythmia devices and leads should be explanted  The 
output pulses of an implanted device may adversely affect the 
tachyarrhythmia detection capabilities of the PCD device  If 
leads must be abandoned rather than removed they should 
be capped to ensure they will not become a pathway for 
currents to or from the heart  If a patient requires a separate 
atrial or dual chamber pacemaker for hemodynamic reasons  
either permanent or temporary  consider the following to 
minimize potential interaction between the pacemaker and the 
PCD  

  Use only bipolar pacemakers that remain bipolar 
after exposure to high voltage shocks  

  Use pacemaker leads with close interelectrode 
spacing  

  Allow adequate space between the pacing lead 
electrodes and the defibrillation lead electrodes  

  Test the PCD device to determine if output 

pulses from the pacemaker are sensed by the 
PCD  
Induce all the patients ventricular 
tachyarrhythmias and ventricular fibrillation with 
the pacemaker programmed to an 
asynchronous mode at maximum output to 
evaluate possible inhibition of detection by the 
PCD due to pacing artifacts  
Program the pacemaker to the lowest amplitude 
allowable for capture chronically  the maximum 
sensitivity and the minimum rate acceptable to 
the patient  

pk 



The following information has been added to the Model 6966 and the Model 

6963 TRANSVENE  lead technical manual  This information was not added 

to the Model 6999 TRANSVENE  lead technical manual since the 

subcutaneous patch is not located near bradycardia pace sense leads  

Bradycardia Pacemakers 

Previously implanted bradycardia pacemakers  tachyarrhythmia 
devices and leads should be explanted  The output pulses of an 
implanted device may adversely affect the tachyarrhythmia detection 
capabilities of the PCD device  If leads must be abandoned rather 
than removed they should be capped to ensure they will not become 
a pathway for current to or from the heart  If a patient requires a 
separate atrial or dual chamber pacemaker for hemodynamic 
reasons  either permanent or temporary  allow adequate space 
between the pacing lead electrodes and the defibrillation lead 
electrodes  

The above information is found on the following pages  

Model 6963   page 8 
Model 6966   page 12 



i  a statement which emphasizes the need for x rays and pace sense 
threshold testing at follow up to check for lead dlslodgement  x rays 
should be done at 3 month intewals for 1 year   

RE P NSE  

The TRANSVENE  technical manuals and the PCS technical manual have 

been modified to recommend that x rays and pace sense thresholds be 

performed at three month intervals for the first year post implant and every 
six months thereafter  These recommendations are contained on the 
following pages  

Model 6963   page 15 
Model 6966   page 19 
Model 6999   page 11 
PGD  7217B   paae 64 



i  information regarding technigues for placing the leads via the cephalic 

vein when possible  and 

RE P NSE  

Information regarding techniques for placing leads is provided in each of the 

TRANSVENE  lead technical manuals  This information is contained on the 

following pages under  Selecting an Insertion Site   

Model 6963   page 5 
Model 6966   page 8 

The significant information presented on lead placement is presented below  

The lead may be inserted by venotomy through 
several different venous routes  including the 
right or left cephalic vein or the external or 
internal jugular vein  



k  an explanation regarding the necessity for explant and return of the 

leads upon the patient s death  

RE P NSE  

The following statement asking for return of leads in the case of patient 
death has been added to the following pages of the Transvene  leads 

technical manual under the heading of  Post Implant Evaluation   

Model 6963   page 15 
Model 6966   page 19 
Model 6999   page 11 

In the event of a patient death  all implanted leads and 
devices should be explanted and returned to Medtronic with 
a completed PCS Product Information Report  Any 

questions on product handling procedures can be addressed 
by calling 1 800 PCD INFO  



2  The labeling should be modified to include the following warnings  

a  a statement that the Sub Q patch lead is not for use on the 

pericardium or epicardium  because it is tee inflexible to be used as 

such  

RESP N E  

Page 1 of the Transvene  Model 6999 Subcutaneous Patch Lead technical 

manual has been modified to warn against pericardial and epicardial 

placement  

NOTE  The Model 6999 TRANSVENE  SQ 

patch lead is not intended for epicardial or 

pericardial placement  

Medtronic recognizes the FDA request to add the reason  because it is too 
inflexible to be used as such  came from the FDA panel meeting on the 
Transvene  System  but believes this explicit statement on lead stiffness is 
not appropriate for inclusion in the lead s technical manual  Testing has not 
been performed to determine if stiffness is an issue in epicardial or 

pericardial lead placement  Therefore  it is inappropriate to include this 
unsubstantiated statement  we have simply warned against use on the 
epicardium or pericardium  



b  stronger and more specific language regarding the use of dual 
anchoring sleeves on the right ventricle  RV   SVC  and CS leads  
Based on the experience of your investigators  please describe the 
techniques used to fixate the lead at the insertion into the vein to 
minimize dislodgement  and 

REPNE  

The TRANSVENE  Model 6966 and the Model 6963 technical manuals 
contain specific language regarding the use of dual anchoring sleeve and 
ec iriiques  used  to fxste the  lead  at D e eserdor  inta the veir  to  inimize 
dislodgement  A copy of this section is attached  

This information provided on the following pages of the Transvene  
technical manual  

Model 6966   pages 14 and 15 
Model 6963   pages 10 and 11 



C  information which states that after extensive VF inductions at implant 
testing with the nonthoracotomy lead system  serious consideration 
should be given to delaying the thoracotomy for at least 2 days  
Please include a statement which states that the clinical data showed 
that when a thoracotomy was performed immediately after testing  the 

perioperative mortality rate was increased from 0 7 to 9 3 percent  

RE P NSE  

If a thoracotomy is planned after evaluation of a TRANSVENE  lead system  
patients should be allowed to recover from the lead evaluation procedure 
before proceeding with the additional surgery  The thoracotomy should be 

performed at a latter date  Therefore  page 40 of the PCS technical 
manual has been changed to read  

If patients do not meet the implant criteria  demonstration of 
a 10 Joule safety margin  for a transvenous lead system  

physicians should consider implanting an epicardial 
cardioversion defibrillation lead system  If an epicardial 
system is to be implanted after testing a transvenous system  
consider performing the procedure at a later date  The 
Transvene  clinical study showed a 9 3  perioperative death 
rate for patients failing the implant criteria for a Transvene  
system and receiving an epicardial system  This compares to 
0 7  for those patients receiving a Transvene  system without 
the additional epicardial surgical procedure  

J 



3  In addition you should note the following  

a  The indications and contraindications for use of the Medtronic  
Transvene  Lead System must be identical  except for certain 
modifications which pertain to the Transvene  Leads and those 

described below  to those for the PCD  Epicardial System  Please 
change your second indication to read  Poorly tolerated  sustained 
ventricular tachycardia and or fibrillation which recurs spontaneously 
or can be induced despite the best antiarrhythmic drug therapy  
Please also include the following statement in your indications section  

NOTE  The clinical outcome of hemodynamically stable  sustained VT 

patients is not fully knewn  The safety and effectiveness of the PCD  
Transvene System in this subgroup of VT patients has not been 
determined  

RESPONSE  

The indication section of the PCS Model 7217B and the three Transvene  
lead manuals have been modified to include the requested information  
These modifications are presented on the following pages of the technical 
manuals  

PCS Model 7217B   page 2 
Model 6963   page 1 

Model 6966  page 2 
Model 6999   page 1 

The relevant section of the manuals read as follows  
The lead has application where implantable 
tachyarrhythmia cardioversion or defibrillation systems 
are indicated  Current medical research indicates that 
such patients should  

  have survived at least one episode of a cardiac arrest  

presumably due to a ventricular tachyarrhythmia as evidenced 
be resuscitation using a transthoracic defibrillator  The 
ventricular tachyarrhythmia should not be caused by an acute 
myocardial infarction  OR 

  in the absence of a prior cardiac arrest  have poorly tolerated 
sustained VT and or VF  which occurs spontaneously or can 
be nduced despte the   anbarrhythrnic drug therapy 

The natural history of patients with hemodynamically stable sustained 
VT is not well defined  While this patient population was included in 
the TRANSVENE  clinical study  the study objectives did not include 



b  The technical manuals for the Transvene  Leads must state that the 

leads are for use together as a system  The labeling  where 
appropriate  must be consistent in all of the Transvene  Lead 

manuals  The information regarding the Transvene  Leads in the 

PCD  manual must also be included in the Transvene  Lead manuals  

REPNE  

The Transvene  technical manuals state that the leads are to be used 
together as a system and the appropriate information regarding the 
Transvene  leads presented in the PCS technical manual is also presented 
in the Transvene  lead technical manuals  

Statements about use of Transvene  leads as a system is presented on the 
following pages of the Transvene technical manuals  

Model 6963   page 1 

The Medtronic  TRANSVENE  SVC Model 6963 is intended for 
single long term use in the superior vena cava on coronary sinus 
and is designed to be used only with a compatible Medtronic 
irnplantable tachyarrhythmia control device along with at least one 
other Medtronic defibrillation lead  

Model 6966   page 2 

The Medtronic  TRANSVENE  RV Model 6966 is intended for single 
long term use in the ventricle and is designed to be used only with 
a compatible Medtronic implantable tachyarrhythmia control device 
along with at least one other Medtronic defibrillation lead  

Model 6999   page 1 

The Medtronic  TRANSVENE  SQ Model 6999 is intended for single 
long term use only with a compatible Medtronic irnplantable 
tachyarrhythmia control device along with at least one other 
Medtronic defibrillation lead  

yL 



c  There should be an identifying mark on the package label which 

distinguishes nonthoracotomy leads from thoracotomy leads  

REP NE  

The statement Thoracotomy Not Required been added to the outer 

package of all Transvene  leads  A copy of this label is included in 

attachment C  



d  The Warnings and Precautions in the labeling must be identified and 
reported separately according to FDA s Blue Book memorandum was 

previously sent to you   

REP NE  

Warnings and Precautions have been identified and are presented 
separately is the Transvene  lead manuals  They are presented on the 

following pages  

Model 6963   pages 2 and 3 
Model 6966   pages 3 and 4 
Model 6999   pages 2 and 3 

y 



4  Provide a copy of the Patient s Manual which includes a reference to use of 

the non thoracotomy leads with the PCD  models  

RESP N E  

The patient manual entitled  Restoring the Rhythms of Life  contains a reference 

to the use of non thoracotomy leads  A copy is enclosed in Attachment E  



Additional changes to the TRANSVENE  technical manuals  

Packa e Cont nt 

Each lead will be packaged with an end cap included in the package  This has  therefore  

been added to the  Package Contents  section of each lead manual  This addition is 

found on the following pages of the TRANSVENE  leads manuals  

Model 6963   page 2 
Model 6966   page 2 
Model 6999   page 2 

Contraindications 

The following contraindication has been added to each of the TRANSVENE  technical 

manuals  

The TRANSVENE  lead system is contraindicated for use in any system 

other than a Medtronic implantable tachyarrhythmia control device system 
for which it has been tested  Refer to the appropriate Medtronic technical 

manual for the contraindications to the ICD system  

This contraindication statement is found on the following pages of the TRANSVENE  

leads manuals  

Model 6963   page 2 
Model 6966   page 3 
Model 6999   page 2 
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SPECIFICATIONS 

Programmable Capability 
Functions 

Increments Programmer Tolerance Other Notes 
Default  

Sensing Pacing 

Mode VVI 

Pacing Rate 30 64  65  66 82  2 ppm 
85  86  88  90 ppm 

Pulse Width 

Sensitivity 

0 03   1 59 ms 0 03 ms 

0 3   2 4 mV 0 3 mV 

Pulse 
Amplitude 2 8 and 5 4 V 

Refractory After 
Pace 320 480 ms 

VT Detection 

Enabie 

VT Detection 
Intervaled 

ON OFF 

280   600 ms 

Number of 
Intervals to 4 52 
Detect 

Onset Criterion ON OFF 

40 ms 

10 ms 

4 

R R Percents 56 62  66   87  3  
91   97  

65 ppm 

0 49 ms 

0 3 mV 

5 4 V 

320 ms 

 pe 

400 ms 

16 

OFF 

81  

Onset Counter 

Interval 
Stability  

ON OFF 

OFF  30   130 ms 10 ms 

OFF 

OFF 

Only mode 
available 

  1 ppm 

  0 0    03 ms 
  0 15 mV For 0 3 mV 
  0 20 mV For 0 6 mV 
  0 25 mV For 0 9   1 5 mV 
  0 40 mV For 1 8   2 4 mV 

2 5 4 5 2 V min 

  20   Oms 

  1 ms 
TDI should be 
at least 40 ms 
longer than FDI 

NID value 
applies to all 
VT Detections 

  0 5    

  1 ms  

a  Due to Medtmnic s continuing deveopment  it is not possible to list all currently available programming con5gurations  

See the appropriate Medtronic programmer manual for specific details  
b  Parameter and tolerance values apply at 37  C and 510 ohm load at time of manufacture  Values may vary depending on the 

specific test procedures used  
c  Programmer default values are associated with the Model 9788 MemoryMod  
d  Escape interval equals pulse interval     10    50 ms   
e  With a 40 ms sine waveform  
f  When using the Cenelec waveform  the rated sensing threshold value will be 1 5 times the rated sine sensing threshold value  

g  With a periodic  constant amplitude and wave shape  signal  
h  Does not include an additional   0   10 ms  rounding tolerance associated with each interval measurement  
i  Does not include an additional   5 ms rounding tolerance associated with an R R average calculation  

t 
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Page 100 Specifications 

Programmable Capability 
Functions 

Increments Programmer Tolerance Other Notes 
Default 

VF Detection 

Enable 
VF Detection 
Interval 

ON OFF 

240 400 ms 

Number of Inter  
vals to Detect 6 30 

VT Therapies 0 4 

Burst 

Enable ON OFF 

10 ms 

6 

Number 
of S  Pulses 1   15 1 

S   S   Interval 5 42  66 87  3  
91 97  

Number of 
Sequences 

Decrement per 
Sequence 

Minimum Pulse 
Tnterya14 

Ramp 
Enable 

Initial Number 
of S  Pulses 

First R   S 
Interval 

Decrement per 
Pulse 

Number of 
Sequences 

Minimum Pulse 
interval 

1   15 

0   40 ms 10 ms 

15Q 300 ms 10 ms 

ON OFF 

1 15 1 

5 2  66   87  3  
91   97  

0 40 ms 10 ms 

1   15 

150   300 ms 10 ms 

OFF 

320 ms e 1 ms 
FDI should be 
at least 40 ms 
less than TDI 

18 

OFF 

6 

84    0 59oc 

5 

10 ms   1 ms 

200 ms  1ms 

OFF 

5 

97    0 5    

10 ms   1 ms 

8 

200 ms  1ms 

a  With a periodic  constant amplitude and wave shape  signal  
b  When VF Detection is enabled  the programmed setting for this parameter serves as the minimum interval to identify a VT event  

c  Tolerance does not include rounding tolerances associated with the R R interval measurement   0  10 ms   R   R 

average calculation    5 ms   and the stimulation interval calculation    5 ms   

d  The Minimum Pulse Interval selected applies to both Burst and Ramp therapies and is used for all programmed 
therapies and sequences  
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Specifications Page 101 

Programmable Capability 
Functions 

Increments Programmer Tolerance Other Notes 
Default 

C rdioserswn  

Enable ON OFF 

Current Path Single  Simultaneous  

OFF 

Sequential 
or Sequential 

Pulse Width 0 5   2 0 ms 
2 4   5 9 ms 
6 3   7 8   8 1 ms 

0 5 ms 
0 5 ms 
0 5 ms 

6 3 ms 

Energy  Stored  0 2   1 8 joules 
2 0 15 0 joules 
16 0   34 0 joules 

VF Therapy 

Enable 

0 4 

ON OFF 

0 2 J 
1 0 J 
2 0 J 

Current Path Single  Simultaneous  
Or Sequent alb 

Pulse Width 2 0 A 2 4   5 9 ms 0 5 ms 
6 3   7 8 k 8 1 ms 0 5 ms 

0 6 P 

OFF 

Sequential 

6 3 ms 

Energy  Stored  0 2   1 8 joules  
2 0   9 0 joules  
10 0   15 0 joules 
16 0   34 0 joules 

VT Manual Prescriptions 

0 2 J 
1 0 J 
1 0 J 
2 0 J 

34J 

Burst See Above 
Ramp See Above 
Cardioversion See Above 

VF Manual Prescriptions 
Defibrillation See Above 

Electrophysiological 
Studies 

300   2000 ms 10 ms 
S 15 00 ms 10 ms 
ST ST 150   600 ms 10 ms 

150   600 ms 10 ms 
Number of S  1   20 1 

600 ms 
400 ms 
OFF 
OFF 
8 

20 95 5 
a  Default setting is 34 0 J for therapy  3 and  4 
b  The programmed current path applies to all four VF therapies  
c  Energy range available only for Therapies  1 and  2  
d  Specifications may vary with the specific Medtronic programming system used  

 0 2    0 1 ms 
 0 2    0 1 ms 
 0 2    0 1 ms 

  35  
  15  
  15  

Peak voltage with 
75 ohm load  
  16  
 5  
 5  

 0 2    0 1 ms 
 0 2   0 1 ms 

  35  
  15  
  15  
  15  

Peak voltage with 
75 ohm load  
  16  
 5  
 5  
 5  

Programmer in 
itiated therapies 
 Manual Pre  
scriptions  do 
not involve the 
automatic detec  
tion criteria  
Only one pacing 
sequence or ther  
apy per command  

 2ms 
 1ms 
  1 ms 
 1ms 

Delivered  
in VVI Mode 
Asy nchronously 
Asy nchronously 
Asynchronously 
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Page 102 
Specifications 

Programmable 
Functions 

Capability Increments Programmer Tolerance  ther Notes 
Default 

Electrophysiological 
Studies  continued  
High Rate Pacing  Fib  
Manual   Interval 
Automatic 

Interval Limit 

100 400 ms 10 ms 

100   200 ms 10 ms 
210   250 ms 20 ms 
30 00 ms 50 ms 

Telemetry 

Permanent OFF  1 63 hrs 1 hr 
Continuous 

Type Marker Channel 
EGM   Near Field 

400 ms  1ms 

200 ms  1ms 
  1 ms 
 1ms 

OFF 

Marker Channel 

Based on 4 000 
events per hour 

PACE SENSE to 
SENSE2 

ELM   Far Field PULSE1 to 
COMM bi 

Manual Capacitor 
Charging 0 2   1 8 J 0 2 J 

2 0   15 0 J 1 0 J 
16 0   34 0 J 2 0 J 

  35  
  15  
  15  

Peak voltage with 
75 ohm load 
  16  
  5  
 5  

Nonprogrammable Capability 
Functions 

Tolerance Other Notes 

Blanking leap    b 
320 ms 
300 ms 
300 ms 

  20   0 ms  
  20   0 ms  
  20   90 ms  
  20   0 ms  

After sensed event 
After paced event 
After Charging Period 
After VT VF therapy or 
failure to synchronize 

Refractory 200 ms   20   0 ms  After sense  during CV 
Synchronization Sequence 

400 ms 
520 ms 

  20   90 ms  After Charging Period 
  20   0 msc After VT VF therapy or 

failure to synchronize 

VF Synch Period 500 ms   1 ms If no sensed event  the 
defibrillation shock is 
delivered 

Escape Interval 

Maximum Allowable 
Charging Period 

1000 ms 

34 95 seconds 

 2 mS 

 20   10 ms 

After VT VF therapy 

For cardioversion and 
VF therapy 

a  Using a periodic  constant amplitude and waveform  signal  

b  Measured from the time of the previous sensed event  

c  Based on a 40 ms sine  waveform at twice the programmed sensitivity threshold  

p 
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Specifications 
Page 103 

Nonprogrammable Capability 
Functions 

Tolerance Other Notes 

Time Between 
Sequential Pulses 

Disabling of VT 
Detection 

244 psec 

64 events 

Rate Limit  Pro  
tective Feature  120 ppm 

Input Impedance  min  50 Kohms 

  225 psec 

After a VF detection 

  20ppm Does not apply during 
therapies or programmed 
high rates 

Data Range Tolerance Other Notes 

PCD Status 

Memory Retention OK  Reset  by Power Inadequate  Memory Loss  Both  

Charge Circuit OK  Timeout  Inactive 
Last Charge Time 10 ms   34 95 seconds   20    10 ms 
Battery Voltage Measured Voltage   200 mV 

VT Onset Counter 0   65 535 

VT Episode and Therapy Data 

Episode Count 0 255  
VT Therapy 

Success Count 

Number of VTs PCD 
Ineffective 

0 255  

0 255  
PCD Efficacious 

on Last VT 

Last Therapy Used 

YES NO 

0   4 

Number of Sequences 
in Last Therapy 1   15 

R R Average for 

Reports for each of 4 therapies 

Applies to Burst and Ramp 
therapies only 

Last Pace Therapy None  150 600 ms 
Applies to Burst and Ramp 
therapies only 

a  An increment to a counter that causes the value to exceed the maximum will cause the counter to go to 

the minimum value  

p   
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Page 104 
Specifications 

Nonprogrammable Capability Tolerance Other Notes 
Functions 

VF Episode and Therapy Data 
Episode Count 0   255  
VF Therapy 

Success Count 
Number of VFs PCD 

Ineffective 

0   255  

0   255  
PCD Efficacious 

on Last VF 
Last Therapy Used 
Last Episode 

Sequence 

YES NO 

0 4 

20 intervals 
Cycle Length Intervals 100   2000 ms   12    2 ms 

Reports for each of 4 therapies 

Prior to last VT or VF episode 
detection 

Last Therapy 
Sequence 10 intervals 

Following last VT or VF therapy 
delivered during last episode 

Mechanical Dimensions 

Size  Height 
Length 
Width 

Mass 

Displacement 
Volume 

External Shield 
Battery 

101 mm 
70 mm 
20 mm 

197 grams 

113 cc 
Titanium 
Lithium Silver Vanadium Oxide  6 4 V nominal  

Factory Preset Parameters As indicated on Package Labeling 

a  An increment to a counter that causes the value to exceed the maximum will cause the counter to go to the minimum value  
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Introduction 

Introduction 
Your doctor has asked you to read this booklet to help 

you understand why the Medtronic PCD    

tachyarrhythrnia control device is being recommended 
to treat your rapid heart rhythm This booklet will 

answer many of your questions about the PCD device 

and about which activities you can participate in and 

which to avoid You will learn what the PCD device is 

designed to do and how it treats your rapid heart 

rhythm The booklet discusses how the device might 

affect you and your family  A glossary at the end defines 

words you may hear your doctors or nurses use  

Receiving a PCD device need not be a frightening 
experience  Devices have been in use for several years 
and have helped people like you lead normal fulfilling 

lives  If you have questions after reading this booklet  
write them down and ask your doctor  

PCD and Medtronic are trademarks of Medtronic  Inc  
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Introduction 

The Heart Has A Natural Rhythm 
The normal heart is about the size of your clenc herl  is  
small for the amount of work it does This special 
muscle pumps about five quarts  4 7 liters  of oioo t throughout your body each minute  or 75 gallons  284 liters  every hour  Its steady  rhythmic pumpinc  senr3s oxygen rich blood to all your body s cells  
Your heart has two upper chambers  the atria  and two lower chambers  the ventricles  The atria pump blood into the ventricles  The right ventricle then pumps blood to the lungs while the left ventricle pumps blood to all 
your body s organs  Normally  your heart s pumping is controlled by steady electrical signals produced by your heart s  natural 

pacemaker   the sinoatrial  SA  node  The signals travel through the atria to a junction in the middle of the heart  the atrioventricular  AV  node  The signals then continue throughout the ventricles  The heart then rests until the next pulse begins the cycle over again  

SA Node 

  
 pg 

Left Atrium 

Q 
AV Node 

Rigll l Atl  m 
   g  Left Ventricle   

   Right Ventricle These signals keep your heart beating steadily and rhythmically at about 60 to 80 beats per minute  
 l 

I When The Heart Beats Too Fast 
The heart s electrical system may develop a defect which prevents the electrical signals from reaching the 
pumping chambers regularly or which causes the signals to be generated erratically or too quickly  When the signals are generated too quickly  the heart beats too fast  This rhythm disorder is called a tachyarrhythmia  
Tachyarrhythmias may result from heart disease such as coronary artery disease  heart attack  or heart muscle disease  cardiomyopathy   

The heart s natural pacemaker  the 
sinoatrial node  sends out electrical 
signals that make the heart beat  
These signals move down the right 
atrium and split into two main  transmission  

lines to the 
pumping chambers  the ventricles  
to make them contract uniformly  

IA 
I 

 7 3 



Introduction 

When your lie ir  t   et  too quickly and the impulses 
start n the lamer  i ar iber     tl e tachyarrhythmia is 
called a ventricular tachycardia  VT  

    Y   

SA Node 

0 Left Atrium 

When your heart qc es into VT it may not pump blood as 
efficiently as it doe   during a normal rhythm Rapid 
contractions prevent it from filling adequately with blood 
between beats Les  blood reaches your brain  During 
VT you may feel yoisr heart pound or feel faint or dizzy  
You may even pass out VT can be dangerous  even life  
threatening if not properly treated  

0 AV Node 
r    

um I 

     
  Left Ventricle   

g 

  
I    Right Ventricle 

    k    

When a ventricular lachyarrhythmia becomes unstable 
and irregular  it is called ventricular fibrillation  VF   
During VF  your heart beats in a disorganized manner  It 
quivers  No blood is pumped and your body is quickly 
starved of oxygen  If your heart goes into VF  you usually 
pass out within a few seconds  Your heart s electrical 
activity may become so erratic that your heart no 
longer pumps blood at all  a situation commonly called a 
cardiac arrest 

Cardiac arrest usually occurs without warning  
Emergency medical teams try to revive people from 
cardiac arrest by using the paddies of machines called 
external defibrillators to apply strong defibrillation 
shocks to the chest  These shocks pass through to the 
heart  stop the erratic electrical activity  and allow the 
heart to return to a more regular rhythm 

If your heart s electrical signals 
come from places other than your 
heart s natural pacemaker  an 
abnormal rhythm called an 
arrhythmia may result  If the 
arrhythmia is a rapid one  it is 
called a tachyarrhythmia  

4 



Introduction 

Unfortunately  emergency  earns and their exte i i defibrillators are rarely available in the firsi rr oiner l c cardiac arrest  The PCD device contains an internal defibriflator and pacemaker  The device acts as sn automatic watch dog   during those first cruci    seconds  When your heart goes into a tachyarrhytNniia the PCD device can pace or shock your heart out of 5 T or shock it out of VF 

Why The PCD System Has Been Recommended 

Your cardiologist has studied your tachyarrhythmia and has determined that it could be dangerous and could occur again  The PCD system has been recommended because it automatical y detects this tachyarrhythmia and stops it with a carefully selected electrical therapy  
Although the device is not a cure  it acts as a safety net against cardiac arrest due to VT or VF  You and your family should view the device as a symbo  of security that can restore personal confidence 
Your doctor will tel  you why the PCD has been recommended for you  Patients who have similar devices have experienced one or more of the following conditions  
  At least one episode of VT or VF   Previous cardiac arrest   Life threatening and recurrent tachycardia   Drug therapy that does not control the tachyarrhythmia 

  Severe side effects from drug therapy   An arrhythmia that cannot be controlled with surgery 

5 



What Is The PCD System  

What Is The PCD System  

The PCD devi  e  ir  lar to a pacemaker  It is implanted 
insiav  your body s id  corks automatically The device is 
designed to vonit  r  our heart rhythm and to stop 
dangerous tachyar hvthm as such as VT and VF When 
the PCD detects V or VF  it delivers electrical stimuli to 
return your heart t a more normal rhythm  

Your cardiologist v  ill program the device to deliver the 
best therapy far yoii  The therapies may start with mild 
pacing impulses tc interrupt your arrhythmia and 
progress to strangler impulses  as needed  

Parts Of The PCD System 
The PCD system has three main parts  The pulse 
generator and the leads  which connect the generator to 
your heart  are implanted inside your body The third 
part  an external programmer  remains in your doctor s 
office for use during follow up care  

The PCD pulse generator is 
implanted surgically and 
continually monitors your heart 
rhythm  

Pulse Generator 

The pulse generator continually monitors your heart 
rhythm  watching for your arrhythmia  When it detects 
one  it delivers an electrical therapy to stop the 
arrhythmia and return your heart to a more normal 
rhythm  The pulse generator contains a battery  
microprocessor  small computer   and electronic 
r jrr pilotry 

The pulse generator s memory stores important 
information that your doctor retrieves during follow up 
visits  The device recalls the number and types of 
treatments you receive  how successful each is in 
stopping your arrhythmia  what your heart was doing 
during your most recent episode  and the status of the 
device s batteries  ind programmed settings  

6 



What Is The PCD System  

Leads 
The wires that connect the pulse gener  tor to ycui lic arl 
are called leads They carry eler trical impulses lietvvi er 
the generator and your gaea t 

There are two different lead systems Your cardiologist 
will determine which system is best for you  
The epicardial lead system involves placing wires on the 
outside surface of your heart Two or three oval shaped 
patch leads carry electrical impulses from the pulse 
generator to the heart 

The transvenous lead system consists ot two or thre  
leads placed on the inside surface of your heart and 
a patch electrode  The leads are threaded through a 
vein and into your heart without the need for open  
chest surgery  

Epicardial leads are placed on the 
outside surface of the heart  

Programmer 

Prior to hospital discharge  your nurse will use the 
external programmer to  talk  to your pulse generator   
to fine tune it to detect and treat your arrhythmia 
properly  The nurse will also use the programmer during 
follow up visits to retrieve many useful facts stored in 
the pulse generator s memory  The programmer 
operates with the use of radio signals much like those in 
a television remote control  Follow up sessions last 
about half an hour  

Transvenous leads are placed on 
the inside surface of the heart  

 4 7 



What 1s The PMSystem  

How Your PCD Device Is Implanted 

Your icctor is I  e ice   liat type of surgery is needed to 
implant the pi le   generator and leads  He or she will 
base the deci  inrun c a cour size and shape  whether you 
have already tiaci c iest surgery  and what method is 
safest for you Wh chever method is used  the pulse 
generator will likely be implanted under the skin or 
muscles near your tomach  

If the epicardial le  d system is used  the leads will be 
attached to the outside  epicardial  surface of your 
heart  You will be rinder general anesthesia for this 
open chest operation 

If you receive a transvenous lead system  open chest 
surgery will not be required Instead  a small incision 
will be made so that the doctor can pass the leads into 
your heart through a vein and attach them to the inside 
of your heart  A patch lead may also be implanted under 
the skin  

LJ 
During surgery your cardiologist will test the PCD 
system to ensure that it is working properly  During this 
test  the doctor will start your arrhythmia and allow the 
device to detect the arrhythmia and to correct it on its 
own  This test is done to ensure that the device will do 
its job if when you experience your arrhythmia away 
from the hospital 

The PCD is implanted near the 
stomach  The leads connect the 
generator to the heart  

After the operation your heart rhythm will be carefully 
monitored  

Before you leave the hospital  your doctor may test the 
device by starting the arrhythmia and again having the 
u8V1CB CGfIBCi  iii8 4 i y i i Pil TnfS i it cg  SO l6t jGU 

know what the therapies might feel like  see What The 
Treatments May Feel Like   
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What Is The PCD System  

In the epicardial lead system  the 
leads are placed on the outside of 
your heart  

In the iranvenous lead system  the 
leads are positioned on the inside 
of your heart  

9 P 
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How Your PCD System Works 

How Your PCD System Works 
Aheii your P  E   i   i e cfetvcls your tachyarrhythmia  
t tries to cc rrec t w  h therapies programmed by your 
physician Th  ce  ici can be programmed to deliver 
therapies that bragi i inildli  and become progressively 
stronger  as neede1  It can deliver three types of 
therapy  pacing c iro  oversion  and defibrillation  

Pacing  If your VT is relat  vely slow your doctor may 
program the device to deliver small  rapid pacing 
signals when it detects the VT  If the normal rhythm is 
restored  no further treatment is delivered  

Cardioversion If pacing does not stop the arrhythmia  
the device can be programmed to deliver stronger 
impulses  These cardioversion shocks may progress 
from low energy tci high energy  as needed  

Defibrillation If the device detects VF  it will send a high 
energy shock to your heart  This defidrillation shock 
hgapgc up thy arrhigthgnjp cg g mggg nggmgJ rhythm r p 

be restored  

Bradycardia Pacing  In some cases your heart may beat 
too slowly  If the PCD detects a very slow heart rate  it 
will pace your heart until it maintains a normal rate  

For Your Comfort And Safety  
A Step Approach 

Your physician can program the PCD device to deliver 
therapies in a stepped approach to increase your 
comfort without compromising safety  By first trying 
mild therapies  the device may correct your arrhythmia 
without your even knowing it  and the higher energy 
shocks may seldom be needed  

10 



How Your PCO System Works 

What The Treatments May Feel Like 
Patients who have the PC  i  I    a   o rlescril  i  

  Pacing  Most patients il    fee  tl ese iwpi ls      
A few do and describe r     ipul e   s pairsles 
c i ica  aa  a i clic l  ll  l l     l  r       v      
stopped by pacing 

  Cardioversion  Patient    cfteri describe  this swock a   a thump on the chest ed associ ate it witl  
mild discomfort 

  Defibrillation  Most people lose consciousness when 
their hearts go into VF  so they are not aware of 
receiving this shock  Others who are awake during   
defibrillation shock describe it as feeling like a  kick iri 
the chest   They say it startles them but passes very 
quickly and does not bother them after that  In fact  
they find it reassuring  Some people find the shock 
temporary and fleeting but also distressing  

SECOND TIER  Pacmg 
Pacing is a low energy therapy  
You may not even know thai you 
have experienced an episode of 
arrhythmia  

FIRST TIER  Pacing 
In most cases  the PCD can restore 
a normal heart rhythm with pacing 
therapy  

Cardioversion 
lt pacing does not correct the 
arrhythmia  Ihe PCD automatically 
moves to the next therapy level  
Cardioversion is a stronger therapy 
than pacing  

Cardioversion 
If an episode continues or gets 
worse  the PCO delivers a high 
energy cardioversion therapy to 
reset your heart and restore a 
regular rhythm  

Example of how the PCD may be 
programmed to treat VT  

gO 11 



ILiveg iiD Veer PCD Dewiee 

Uw 
As you rccovrr  follow your doctor s suggestio Is about 
I BSlJDIAg HOI ITI 31 clCllVlflBS EXpBCt d gf B6UBI  BCOVBI p 

over a riumber of rriur ths At timist you may br very aware 
of the device  bui    oui you will begio to think of it as a 
friend and coritiderire huilder  

Because the PCD devi    is a lit  saving aid  you may be 
able to enjoy activities that take you far from emergency 
CRIB  

The PCD device may prevent you from passing out if 
your heart begin   it    fast rhythm  Thr device may also 
eeable you tn take fewer ar rhythmia medicatioos or evrn 
to discootioue them If it does  you  nay feel better as 
any drug side eftect  diminish Your doctor will decide 
which medicatioris you should take  

8 
As you atlapt to living with De PCD  
you will be able to reau e yeu  
nv  el activities andi helhbie   

As you recover free the sur cry  follow your doctor s 
directions ivcludiog 

eportivg arly redriess  swelling  or draiva e from 
 0U I  IHCISIG HFi 

e Avoiding liftir g heavy ehiects   unless your doctor 
says otherwi  e 

e Exercising  bathing  ao6 walking according to your 
doctor s directic    

e Avoiding ti ht belts or other clothing that m y irritate 
the skin over the pi lse cremator 

  Lignitic abc  overeats as directed by your doctor  if 
you have a trav vevous lead system 

e Avoiding cootact ports th t could result in blows to 
your abdomen 

  Telling your doctors md deetist that you have the PCD 
evice  They may need to give you antibiotics before 

and atter decrial work or sur cry to prevent iofectioo  

 II2 



 win i 4 Veer PC evice 

FClfl 8 

DBpBA6IBg OEI  OUI COH6ltlOtl   OUTS EIOCt0t ITlR I  tSk   i iJ 

to avoid situation   where a few second   of 
unconsciousness due to your arrhythmia could he 
dangerous to you or others Such activities may iriclcidv 
driving  swimming or boating alone  or climbing  a 
ladder  

YOU MB  l38 BI318 30 t BSURB 6kIVIAg  68pBHEIIBg OH tl lf   

laws in your area aud os your individual condition  Ynur 
doctor will decide what is hest for your safety and the 
safety of others  

Upon the advice nf your physician  you will grar1  ally 
return to your oormal litestyle without fear of ha ming 
yourself or your PCD device  Such activities 
might include  
e Returvieg to your job 
  Traveling 
  Bathing  showeriog 
e Resumivg sexual activity 
e Pursuing hobbies or recreatiov such as GI 68l I I A g  

walking  bowling  golfing  or fishing 

The key to returning to your daily activities is that i hvy 
should make you feel better  not worse  

A doge vtl gwduallly increvae6 
activWy end heart cenditienin will 
kelp  eeile e your wnfidenre in 
yeuraelll end in  like device  

18 



ILiwin it4 Veer PCD Device 

Pr 

The PCD device    huili in features protect it from most 
interference piodu  ed by electrical appliances You can 
safely operate mori hou  ehold appliances aud tools that 
Bl 8 pl OpBI lp gl OIJIl IB6 BHC  IA g QO6 NpBII  lACILICIIHg  

  Microwwr overi  
e Televisions  At ililI M radios  VCRs 
e tabletop applia    os such as toasters  blenders  and 

electric can oper er   
e Hand held iten      uch as hair dryers ar1d shavers 
e Major appliance   iocludiog washers  dryers  and 

electric stoves 
e Electric blanket    eu heating pads 
e Eleciric knives 
e Spark ignite5 icterical combustinv ee ines such as 

lawo mower     le  f blowers aud automobiles 

Vou can also safely operate the followiog office aod light 
shop equipmeot that is properly gmunded aod io good 
78p 8 1 I   

  Electric typewriters aud copying machines 
e Machine shop tools such as drills aud table saws 
e Pe oval computer   

Ver can safely operate kiillchen 
appliances such ax mieewave 
wens llhaL are pmperly geun6e l 
BALI Ifl gOG ll f8p8II   

Avoid strov magnetic os electric fields which car 
interfere with the it nctiov of the PCU device  To 
virilize ivterte evce  stay au arm s length aw y from 
the follnwio  nurses of stmvg electric or magnetic 
fields  
e Magnets 

f8780 Sp83kBI S 

e Airport security wards 
e Industrial equipmevt 

14 



itN Vms PCD Deviice 

   Arc or resistance welder  
e Induction furoaces 
e Largs generators avd power plants 
e Antennas typically used in the operatiorl ot ham oi 

citizens bar 5  C8  r dios 

Avoid the maintenance or repair of any electrical or  tas  
powered appliance or iool  

If you Awe re  iona col ay eBuetien er piiece vi  
equip eat  c nteet yes 6ecLe   

Pour implanted pulse generator may set oft airport 
security system     The ha d held scarfpin tool used by 
airport security persnt nel could temporarily suspend 
the PCs s arrhythmia detectioo So  when ye  iravei  

ake sure to present your PCD identification card t   
airport security aud ask them to clear you after orally a 
haodse rch see Dllleetitiv  tice or    
Hospitals sometimes have magnetic rcsanarice imar ers 
which covtaiv strong magnets that can temporarily 
suspend the PCD device s arrhythmia detectiiev 1 hey 
are housed iv rooms that are clearly m eked with sights 
to notify you about the strnn ma nets ir side Do    t go 
past these si ns  

Preeenil your PCD i leeli icetien 
eertl le airport ueeurity antl vak tv 
Ihe slewed fe  package with a Aen6 
aeerc4 nelly  

SOA18  86ICB I pt OCBQLII BS  SOCIAL BS t B6IBtlOA t4BI Bp   
ma netic resonance ice ing  cautery  or rJliathermy may 
interfere with the PCD device  If you are to u  dergn   
deotal or surgical treatment  tell your devtist or doct  r 
that you have the PCD device aud have them contact 
y0ur pl ysic 8P LO PITS   USS 

 ll 
le b I  WRy io I lariat le 

the teatmel  t  
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Oe C  6 

  8       f        
eyp        Q       X   4   

 pe 
  

tA     A    

You will he given  I      D idet titicatiori card before you 
leave the ho  pital Carry this with you at all times Irl 
case of ac accident  the card will tell those attendiog you 
that you have the I CD device It will give them important 

     ggV   Pike y5        jg c  
  

   E hf   
tgut   

   EP 

lAfOIfABtlOH 8400  tllP  68VICB BHCI BII BUl8kgBI 1Cp p5OHB 
number to call if tlierv are questions or problems  

i     i    
 g   

1  

li you need a nevi ideotificatioo card  seed the 
information trom yot r prrssnt card along with any 
cha ges in  

Device Registration Services 
q o i  

pal  
jP  

      I   
  pi  

Medtronic  Inc  
7000 Central Avenue  kl E  

C  
  

  Cl 
   ic ib  

  

  g5       y   

    gfA  

  gi     
    

     1C 

P O  8ox 1399 
Minr eapolis  MKI 5543 USA 

Ask your doctor or vurse ter ieformatiov aod an orle  
form for the Medic Alert chain  bracelet  or necklace  If 
you  ecnme  nc   r so aus  r very i   a s cea wn  e  
those caring for you that you have the PCD device  
Medic Alert is a world wide program  robot associated 
with Medtrooic or thi    hospital  which ives emergency 
ivformatioo about people who have medical cooditior1s 
that are riot rasily een  

Carry your PCQ iden iilfketien caM 
with yea at vill times en6 wee  e 

educ Aller  chair  



iD Veer P 0 Oevice 

Follow up visits are important to ensure that your device 
continues to work properly  During the  e visit   Your 
doctor checks the battery status  monitors any  rug   
you ae taking  aud check   for possible ioteractioos vsith 
the PCD device Also  as your cooditior  change  your 
doctor may reprogram the device to better treat 
your arrhythmia  

         I     ij  

I 

Your first follow up vi  it will likely be one  arith atter 
 OU tBCBIVB tPB CIBVICB  ttlBH TWO EOHttlS IBtBI Bill 8VPI I 
three months after that  i e  at 1  3  6  9  aud 
12 mouths   

coarse the pulse enervator ruvs or a battery that i  
sealed inside it  the device will have to be replaced in 
three to tive years  This procedure is typically much 
easier and quicker than the first implant was  How loi 
the PCD device lasts depends or the riumber ai r1 types 
of treatments it delivers  

Be sure tv keep yeu  regullar 
appoint ento ter faille  up visite  
They a e imporllavl to ensu e that 
your device is urking properly  

At replacement time  the doctor will make a new incisiori 
over the old scar ir  yuur abdomen  remove the old pulse 
generator  aud disconnect aud cheek the impleaded 
leads  If the leads are working properly the doctor will 
then convect them to the new pulse groerator  U   ually  
the leads will rot have to he changed  

F4 
17 



ILiwin itN Veer PCD Device 

i BRiee 
Although the PCB oevicc monitors yore heart 
automatically you   hould follow your doctor s directions 
BH6 kBBp Bll  OUI  3ppOIBtl ABHtS  MBkB SUI 8 f0  

e Ask your doctor  bout anything unusual or anything 
you do tarot ur der    and about your therapy  

  Follow your doctor    chedule for any medicines 
prescribed 

e Carry your identification card with you at all times  
e Tell your family doctor  dentist  and local emergency 

medical team that you have the device  
e Ask your doctor al out the activity level that is best for 

 OLI  

f Ill r c  r 
Phoo  your ca diulc  ist if you  
e Receive a shock from the device  see et 

 lie 
e lit 

Ver e ive A 84nck  
e Have symptom  ot your ar hyth in that last lounger 

thar three minute    or the length of time specified 
by your doctor 

e Notice any swelling   warmth  or drainage at 
BAp IHCISIOA 

evelop a fever that does  nt y iv two or 

Ask your doctor or nurse elheuI 
anyDing you do mt undle e nn6  

three days 
e Have any questie     about the device os 

your medicatin     
e Pla   to tr vel or move 

Notice aoythiog u  usual  such as oew uvexplaived 
symptoms or symptoms such as those you had before 
you received the device 



It is a good idea to have ari emergency pleo There i  
space in the back of thi   booklet to  local emergeoc  
medical phone numbers and information about yot   curreot medicatiovs  Keep this information ncaa 
your phoae  
If you feel the symptom    that teil you your arrhythr  isa 
has begun  

Stay calm and move to where you can lie down oi 
sit comfortably  

2  Have someone stay with you throughout the evert  if 
possible  

3 Have a f ievd or family member phoae for a   
ambulance if you receive shocks nod remaio 
unconscious for more thar a minute  

4 If you do rot feel well after the shock  have someone 
call your doctor and help you prepare to be takeo to 
the emergency mom of the nearest hospital 

5  If you feel five after the shock  you do not reed to 
seek medical attention  Instead  call your doctor at 
your earliest convenience  For example  if the sho  k 
occurs at night  call the   sxt morr1ivg Someone 
there wili ask you questions such as  

e What were you doing  i ht before the shock  
e What symptoms did you notice before the shock  
e How did you feel right aftra the shock  
Anyone touching you while the PCD device shocks you might feel ths muscles of your chest ai d upper arms 
contract avd might see you jump as thou h startled  
The discharge will rot harm the person touching you  It is no cause for vcorry  aud is a sign that the dr vier i   
doing its job  

It is a gec6 idee tv Awe en 
e ergency plier and tie keep if near 
your p4ene  

   
M DC   JDDDD 

f 



lb   Veer IF  illy And IFriendle knvil6 Ken 

  kf 8    Hy Frii n 
Recau  e the PCD i1evice i   desiqr ed as a lite saving aid  
your family artcc friends may feel more relaxed about 
being alone with you aud tuvcliog with you away from 
emergency meric il care  

E 
Give yourself a  d Yn  r family a few mouths to adjust to 
living with your PCD device Most people develop a 
positive attitude ioward the device aud view it as a 
friend  At time    arne feel depressed  anxious  
vulnerable  a  gry  or afraid These feelings ae normal  
They may come w d go or may linger tor a few  oaths 
You may also war t to speak to other patients who hwe 
the PCD device  ran   ask them how their famiiies have 
adjusted to the device Ask if there is a support group of 
patients who hwe the device  

With time  any teelings of vulnerability should recede 
and your confidence will return s you resume work 
activities  and a ahull family life  
Your family has likely beer a big support for you duriog 
your hospitalizatio i  Encore e them to learn about your PCD and about hew they can continue to support you at 
tlQM8  If ttl8p hBVB  3A I gUBStlGflS Ol  COACBt AS  tlBVB 
ttl8  CBII  OILIE Cl   Ct 3t  

one trieools ar d Gaily members may wart to receive 
trainiv in canliopufmooary resuscit tioo  CP    

0 



ketVee lFa ilyAndlF iendle keel me 

With your doctor s perrnis  imari  you will be free to travel 
with the PCD device  Whee pcs I lan a trip  remember 
to  
e Contact your doctor for instructions oui whom to c  ll i   

BH BITlBlgBACp  

  Show your ID e ad to airport security to woid beinr  
searched with a hard held magnetic scanner  

e Arrange with your doctor to sec another physic ion it 
you will be way fur more thw three months  

e Wear your Medic Alert bracelet at all times  

iive yourself end ywr lfamily seve 
 ice iie a6jlual tv Illume P device  

21 



Adldlitiwell Infwee iw 

illl I nc iiee tike 6eviee ence i  a n i pll nterl  
A  Burin the first few rnovths you may be aware of the 
device s presence  nd weight io your body  but you will 
soon grow u  ecJ to it as it allows you to live a fuller 
lifestyle  

iillll I Ihe e lie le 6c  I i e II vjey  lliike alki  
n liielhiin   

A As you feel better  avd with the advice et your doctor  
you should be able to go back to work avd resume the 
activities yuan ertioy 

iilll  he PC levy cure y rt lice se  
A  No  it will robot  The PCD device is desi red oddly to 
detect your tachya  rhythmi arid to try to correct it where 
it occurs It will oui prevent the arrhythmia from 
happening  7he uoderlyiog disease th t causes your tachyarrhythn ia c  n be treated separately  7he device 
will not rare the Pi  ease or prevent its pro ression  

ill f4 evince sike un6e  y eIeDee  
A  Must penple will not notice you have the device  You 
will be able to wea  all your normal clothes  If you wear 
form titties clothe     uch as a swimsuit  the device will 
appear as a bulge ries  your brltlioe  

ill I Elle tv ate linking re e ence I I eve 
1 e vie  
A  our cardiologist will det rmine which  if any  drugs 
you will have to take     Some people are able to reduce the 
dosage of dru 1s or ever to stop taking them altogether  

I et e t4e z4ecke t el lliik   
A  People describe  the experience of receivio a shock io 
many differeot way  A cardioversiov shock may feel like 
a thu p in your chest  You will out feel the defibritlatiov 
shock if  like most people  you pass out whee your heart 
goes into VF  People who receive this shock whee they 
ae awake sometimes describe it as fe ling like a kick in 
the chest  They say it  i  ties them but the feeling 
passes very quickly 

22 





MdlBiewll llnfer alien 

E 

Use this page to record questions you want to ask 
 QLII p4pSICIBI1  

24 



Mldliitiiewl lln ereatien 

li li kpltll IIB   BAp Bt t1QI fTI81 Etlpt4lTI Of tll8 tl88El  
Fast arrhythmias are called tachyarrhythmias or 
tachycardias  low arrhythmias are termed 
bradyarrhythmias or bradycardias  

 ri re   the heart is divided into two upper ch  rnbers 
and two lower chambers  Each upper cha her is calle8 
an atrium  Each lower chamber is called a veotricle  

t a6ycer i    a   low heart rate  usually less than 6   
beats per rnioute  

nor etio   the shnrlenio at the heart muscles which 
forces blood out of the heart aud into body tissue    
E or EC   lee reem lie     a recording of your 
heart s rhythm printed  on a paper strip  The recordir  is 
made by ac electrocardio raph  Cardiolo ists use tlute 
EC to determine how electrical impulses flow thmugh 
the heart  

llecfmcautery   au electrical current used to stop 
bleeding or to make a cut thmu h tissue  
Ell care the exposed metal tip or coil at the cod oi 
a lead  

Eleetm netic 1 III a ma retie field deduced by a 
device th t relies or electric current as its power suurcs  
Ac electmma netic tield does rot interfere with thr 
operation of the PC device unless it is troog ennuph to 
cause electro agrestic ivterfe evce  EMI   Some soccer 
ot EMI ivclude are welders  radio transmission 
antennas  aud power plants  
llectr ale I ie  P  etu y testsusedto measure 

the electrical s nals of the heart  The results of w EP 
study help the electrophysiologist dia wse 
tachyarrhyth ias  decide which treatments will hest 
prevent or control them  and assess whether the 
treatments are doin their job  

25 





A 6itiemll linker  tier 

u en c iiec Heef4       cardiovascular collapse 
Pate to an electrical problem io the heart such as 
ventricular fib  illation The PC system is designed 
to reduce the risk uf s  6de  rardiac death by detecting 
av6 stoppio arrhythmias before they been e litv   
threateoiv   

yncepe   loss of consciousness due to a lack et hlood 
reaching the brain  

7 c year i a cupid heart rhythm  use lly more t4  v 
120 beats per in tv  lachycardia symptom  m ay 
include lizzie ss  faivtvess  pal itatioos  chest pairs 
nd shortness of breath  

 irons ennea   passed through a vein  To implant a lead 
travsveeously  the serg un akes a  all ivcisio   i var 
the coilar on and threa s the lea iodide the vein and 
into the heart  see endocardial   

Ventriiclle   the heart is divi ed into twu u 
BA6 tWG IGWPI  C4B t Bli S  EBCtl lQW8P Ct18 

ventricle  

r ch hers 
her i   called a 

Vee riic I et filhrilll lien   F    a very fast  irregular heart 
rhythm cause by e normal electrical  i eels cum ing 
pro several areas ut the ventricl   The he rt does vol 
beat rhyth 

 cally  
Instead  it quivers rapidly su that net 

enough blood caches the braiv or other or ass   hi   
rapidly causes uvcuvsciousr1ess  An e is de et VF is the 
must cornrnoo explanation for car ice a est  A pere a 
who experiences VF reeds immediate medical attwtio   
in survive  

Ven ricullerte yc r6ie  7   avery  st but re ulna 
heart rhyth cause6 by abvormal electrical signals  The 
heart be ts so quickly that it carrot pe p evou h blot 
to the brain  ad other orgoes  V7 ay cause symphonies 
of dizziness  Mistress  palpitations  or shortness of 

reath in some patients  

 lr 
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Addlii iwel IIMer elise 

l   g U      V8 B     8l  fi  iB PCD 68VICB plBRSB note  
e The date aud time of the treatrnerlt 

hat you wee doin just before and after the 
treat ent 

e hat physical  creations you ha just before and after 
the treatrr ent 

28 
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ASk gGU1 CBI UIGIOgtSi  Gf PiUf SB iQ CQPiipl8t8  P3 MpGf   BIJOU 

information on this page  

PCD device mo5el vumber 

PCD device serial number 

Bate implanted 

Programmed lower rate 

Progra  ed values  

Bates above 

R3t8S 8t3QVB 

bpm are treated a   V II 

4p  
gag 

 cappy  
pc  

 gE 

III you receive a treat eat from the devic  or notice 
aoythio unusual  call your doctor or EP verse  

Electrophysiologist Phoae 8 

tl tvnppyc igloo 
y  g vp ptagpg g 

Cardiologist 

et e ey e leetServie  

edications 

Phoebe kn  

ee 11 

Hospital 

Address 

Phone 
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l3iselceure 

Intewled Uzee 
The Model 72 l7B PCD device is intended for use in patients who are at risk 
of sudden  death due to ventricular tachyarrhythmia  See the technical 
manual for detailed iniorination regarding the intended use of the device  

Ccntlein6iee ivne 
Thc Morsel 72178 VCI  5vvict  is coritraiodicated  

e for patients with transic nt venericular tachyarrhythmias due to reversible 
CBLISBS  

e for patients with transit  nt ventricular tachyarrhythmias due to other 
factors  e g   myocardial infarction and Electrocution  

as for treatment of atrial arrhythmias  

ernie elPrewutiene 
The physician shoi la be ware of the following considerations  

e Lloderlying cardiovasciilar disease may alter the heart s 
electrophysiological characteristics and the efficacy of the programmed 
parameters of the IViod  I 72178 PCD device  

e Concomitant pa  emal   rs should be explanted  
e Electromagnetic inter    rerice  EMI  may prevent VTfVF detection or cause 

inappropriate detectior and delivery ok therapy  The delivery of therapy 
may result in inc  uctinn of VTIVF  Therefore  keep patients away from 
sources of EMI  

e Dopendiog oil prograrximed paraineters  supravcntricular arrhythmias 
m y be detectoo as VT VF nod result in the delivery at therapy  

e Do rot use diathermy   n PCD patients  
e The Model 721 7  PCD r evice may be damaged by direct or transthoracic 

defibrillatory discharge  Do not directly contact the exposed metal 
surface of any electro le vs ith the paddies  When performing 
tran thoracic dcfibrilla or   do not place a paddle diectly over the PCD 
IBVICB  

e Electrosurgical units sliould not be used in the vicinity of a Model 72178 
PCD device and its a     ciated lead system See the technical manual for 
specific warnings aiid  recautions  

Pe ent ll Ce plliieetiwe 
Poteneial complications related to the use of the Madel 72178 PCD device 
include  but are recit limits d to  ehe folloviiing  

e Failue to detect an 3  o terminate ventricular tachycardia or ventricular 
fibrillation  

e Acceleratioo of i ventr co ar tachycardia  and 
e Lead system relatec3 cc mpiications  

Consequently  no repress ntation or warranty is made that failure or 
cessation of function oi tlute Model 72178 PCD device or leads will not 
occur  that the bocly will  iot react adversely to the leads  that medical 
complicatioiis will iiot foi ow that the Model 72178 PCD device aud leads 
will effectively restore acid quate cardiac tunctiorI  or that use of the Model 
72378 PCD device will paar vent sudden death  

See the technical enure fur cueplelle labeling inforrnaiIion  



Certain antitachycardia pacing modes of this tlevice  inverted by Dr  Fred 

Zacouto of Paris  France  fall under one or mors patent claims ot U S  

Patents 3 857 399 and 4 052 991 ao5 correspooIiog patents in other 

couotrics  which are licsose5 exclusively to MeItrooic  Inc 

The primary reference for background information is Zacouto Fl  Guize LJ  

Fundamentals of orthorhythmic pacing  In  Luderitz 8  ed  Cardiac Pacing 

Diagnosticand Therapeutic Tools NewYork Springer Vsrlag  976 212 218  

See these additional etereoces for more background iotormatioo 

1  Theisen K  Zacouto F  et al  Refraktarzeitmessuog hei ahsolUt8r 

Arrhythmie mit orthorhythmischer Serienstimulation  Klin  N schr  

i 974  52 i 082 1 084  

3 6riz L  2acorts I   st I Stimclrtioo rc5ocr 5iaqcss 
orthorhythmiques  La Nouvelle Presse medical  1974 3 33  2083 2086 

3 Effort S  Automatische Llberwachungsgeratc und loIikatiori zur 

Implantation von elektrischen Schrittmachern  Thoraxchirurgie und 

VBSkUIBI 6 CI1tfUlgl8  1963 l1 lb8 165 This describvs ttie automatic 

defibrillation equipment of Dr  F Zacouto  
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Medtronic  Inc  
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MODEL 6963 LEAD 
TECHNICAL MANUAL 
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Page ii PCD Model 7217B Technical Manual 

Before implanting a Model 7217B PCD device  it is strongly recommended that the 

physician do the following  

  Thoroughly read this manual  the systems applications manual for the programmer 
MemoryMod  cartridge  the External Tachyarrhythmia Control Device  ETCD   
technical manual  and the technical manuals for the leads used with the device  

  Provide a copy of the patient manual to the patient and discuss it with him or her and 

any other interested parties  
  Medtronic requires physicians to attend an education seminar on the complete PCD 

system  This includes the following topics  

  Indications for use 
  Overview of the PCD system functions 

  Implant procedure 
  Patient management 

Automatic defibrillation was invented and patented in 1953 by Dr  F  Zacouto  who 

designed an external device that delivered a defibrillation impulse to the heart upon 
detection of very rapid ECG activity in combination with the absence of arterial 

pulsations  

Certain antitachycardia pacing modes of this device  invented by Dr  Fred Zacouto of 

Paris  France  fall under one or more patent claims of U S  Patents 3 857 399 and 
4 052 991 and corresponding patents in other countries  which are licensed exclusively to 

Medtronic  Inc  

The primary reference for background information is Zacouto FI  Guize LJ  Funda  

mentals of Orthorhythmic Pacing  In  Luderitz B  ed  Cardiac Pacing Diagnostic and 

Therapeutic Tools  New York  Springer Verlag  1976  212 218  

See these additional references for more background information  

1  Theisen K  Zacouto F  et al  Refraktarzeitmessung bei absoluter Arrhythmie mit 
orthorhythmischer Serienstimulation  Klin  Wschr  1974  52  1082 1084 

2  Guize L  Zacouto F  et al  Stimulation endocardiaques orthorhythmiques  La 
JVouvelle Presse medicale  1974  3 33   2083 2086  

3  Effert S  Automatische Uberwachungsgerate und Indikation zur Implantation von 
elektrischen Schrittmachern  Thoraxchirurgie und Vaskulare Chirurgie  1963  11  
158 165  This describes the automatic defibrillation equipment of Dr  F  Zacouto  

ETCD and Marker Channel are trademarks of Medtronic  Inc  PCD  MemoryMod  
Transvene  and Medtronic are registered trademarks of Medtronic  Inc  

I 
g  
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GENERAL DESCRIPTION 

The Medtronic Model 7217B PCD   Pacer Cardioverter Defibrillator  Device is an 
implantable  multiprogrammable  automatic tachyarrhythmia control device  The PCD 
device is designed to automatically detect episodes of ventricular tachycardia  VT  or 
ventricular fibrillation  VF  and  upon detection  deliver the appropriate programmed 
pacing  cardioversion  or defibrillation therapies  The device has two independently 
programmable detection and therapy procedures  one for VT and a second for VF  

The VT Detection circuitry can use up to four separately programmable detection modes 
as it monitors the cardiac cycle length to identify the presence of a tachycardia  Upon 
detection  the PCD device delivers its first programmed VT therapy  If the VT episode 
persists and is again detected  up to three additional independently programmable VT 
therapies may be delivered to restore the patient s normal cardiac rhythm  This 

progression 6f four VT therapies can be tailored to each patient s needs  The therapies 
may be selected from two methods of overdrive pacing  Burst and Ramp  and 
synchronized Cardioversion  

The VF Detection circuitry uses three programmable parameters as it monitors the 
cardiac cycle length to identify a VF episode  Upon detection  VF therapy provides a 
programmable high energy defibrillation shock  Up to a maximum of four VF therapies 
may be delivered for ongoing detected VF episodes  Each defibrillation therapy consists 
of a single shock or two simultaneous or sequential high voltage pulses designed to 
restore the normal cardiac rhythm  

The PCD device provides bradycardia therapy via ventricular inhibited  VVI  pacing  

The PCD device requires an appropriate lead system  consisting of up to five electrodes  
Cardioversion and defibrillation occur between the PULSE1 and or PULSE2 and 
COMMON electrodes   The optional PULSE1 electrode and the PULSE2 electrode 
serve as anodes for the cardioversion and defibrillation therapies  Pacing stimuli occur 
between the PACE SENSE  pacing cathode  and COMMON  Sensing of cardiac 
activity occurs between the PACE SENSE and SENSE2 electrodes  

The PCD device is to be programmed wi4 an appropriate Medtromc programmer  e g   
the Model 9710 or other equivalent unit   Instructions for programming the PCD device 
may be found in the Model 9788 MemoryMod  Software Cartridge Technical Manual 
 or equivalent   Programmers from other manufacturers are NOT compatible  

The physician may use the PCD device to conduct noninvasive electrophysiologic 
studies  EPS  via the Programmer and appropriate MemoryMod cartridge  The physician 
can also manually deliver various therapies via the Programmer to manage an induced or 
spontaneous tachyarrhythmia  

The PCD device will provide the physician with information  via the Programmer  about 
its present programmed parameters  status  and data on its operation accumulated 
between office visits  This information may be printed and retained in the patient s file  

I  See the Lead Technical Manuals for details on the lead system 
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PRESCRIBING THE MODEL 72178 PCD DEVICE 

Intended Uses 

The Model 7217B PCD device is intended for use in patients who are at high risk of 
sudden death due to ventricular tachyarrhythmia  Current medical research indicates that 
such patients should  

  have survived at least one episode of a cardiac arrest  presumably due to a 
ventricular tachyarrhythmia as evidenced by resuscitation using a transthoracic 
defibrillator  The ventricular tachyarrhythmia should not be caused by an acute 
myocardial infarction  OR 

  in the absence of a prior cardiac arrest  have poorly tolerated sustained VT and or 
VF  which occurs spontaneously or can be induced despite the best antiarrhythmic 
drug therapy  

The natural history of patients with hemodynamically stable sustained VT is not well 
defined  While this patient population was included in PCD clinical studies the study 
objectives did not include stratification of this specific patient group  

The PCD device may be used as a replacement for a previously implanted  commer  
cially available Automatic Implantable Cardioverter Defibrillator  The PCD device is 
intended for use only with the defibrillation lead systems with which it has been tested  
which are Medtronic epicardial patch leads and Cardiac Pacemakers  Inc   patch leads  

Prior to implant  it is strongly recommended that patients undergo a complete cardiac 
evaluation  which should include extensive electrophysiologic testing  Also  extensive 
electrophysiologic evaluation and testing of the safety and efficacy of the proposed 
pacing  cardioversion  or defibrillation therapies are recommended during and after the 
implantation of the Model 7217B PCD device  

Before permanently programming the PCD device to the automatic detection and 
delivery of the VT and or VF therapies  the patient should have demonstrated a 
satisfactory response to the proposed therapy  For more information  see  Programming 

Considerations  and  Pre Hospital Discharge  in  Post Implant Information   

Contraindications 

The Model 7217B PCD device is contraindicated for patients  
  with transient ventricular tachyarrhythmias due to reversible causes  e g   drug 

intoxication  electrolyte imbalance  sepsis  or hypoxia  
  with transient ventricular tachyarrhythmias due to other factors  e g   myocardial 

infarction and electrocution  

The Model 7217B PCD device is contraindicated for the sole use of detection and 
treatment of atrial arrhythmias  

Because of the potential for damage to the PCD device and or induction of life  
threatening arrhythmias  the use of the following techniques and or therapies is 
contraindicated in patients who have an implanted Model 7217B PCD device  

  Magnetic Resonance Imaging  MRI  and 
  Hydraulic Shock wave Lithotripsy 
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LONGEVITY EXPECTATIONS 

The longevity of the Model 7217B PCD device depends upon several factors including 

programmed bradycardia pacing parameters  the percentage of paced to sensed events  
the pacing load  and the frequency of high voltage capacitor charging  The longevity 

projections found in Table 1 apply under the following conditions  

  65 ppm pacing rate  
  5 4 V pacing pulse amplitude  
  0 49 ms pacing pulse width  and 
  500 ohm pacing load  

Table 1  Projected Longevity  

34 Joule 
Pacing Sensing 
100  sensing 
15  pacing 
100 lo pacing 

Charging frequency 
Quarterly 
Monthly 
Monthly 

The longevity of the device decreases with the following  

  an increase in pacing rate  
  an increase in pacing amplitude  
  a decrease in pacing impedance  

Average 
Longevity 
5 0 years 
4 2 years 
3 4 years 

  an increase in pacing pulse width  
  an increase in the percentage of bradycardia paced to sensed events  or 
  an increase in the charging frequency  

Each 34 joule charging cycle will typically decrease the longevity of the device by 
approximately six day s  

For information on when to replace the PCD device  see  Elective Replacement and 
Potential Loss of Function Indicators  in  Post Implant Information   

1  These preliminary longevity projections are based upon accelerated battery discharge data and device 
modeling  They include an estimate of five months between time of manufacture of a PCD device and its 
implant  If a device was stored for the full twelve month shelf life  the average longevity would be reduced an 
estimated 4 3 to 5 9 months  depending on device use  With the stated conditions  100  pacing and monthly 
34 joule charging cycles  the minimum longevity of the device will be 2 5 years  Average refers to the 
projected mean longevity of the modeled run of PCD devices at the stated conditions  Minimum longevity 
means that virtually all  i e  99 9   of all modeled production runs of PCD devices will attain the value given  

  0 
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PRINCIPLES OF OPERATION 

Overview 

The Model 7217B PCD device is designed to detect two types of sustained ventricular 
tachyarrhythmia  ventricular tachycardia  VT  and ventricular fibrillation  VF   The 
sensing circuitry used for detection employs a bipolar electrode configuration 
 PACE SENSE to SENSE2  to maximize rejection of myopotentials  far field P waves  
and other electrical signals  Separately programmable detection criteria are designed to 
allow the PCD device to differentiate between VT and VF  

Once either VT or VF is detected  the PCD device will deliver the first programmed VT 
or VF therapy and up to three additional programmed therapies if the episode persists and is repeatedly detected  Three kinds of VT therapy are available  two different types 
of overdrive pacing therapy and a synchronized cardioversion therapy  VF therapy 
consists of high energy defibrillation shocks  the stored energy level is separately 
programmable for all four VF therapies  

If required  the PCD device will provide bradycardia therapy with pacing 
 PACE SENSE to COMMON  at the programmed lower rate in the VVI mode  

Figure 1 summarizes the detection and therapy features of the PCD device  

Complete details of these operations are found in the sections that follow  
  Features Used in Sensing and VT VF Detection 
  Ventricular Tachycardia  VT  Detection 
  Ventricular Tachycardia  VT  Therapy 
  Ventricular Fibrillation  VF  Detection 
  Ventricular Fibrillation  VF  Therapy 
  VVI Therapy 

Detection Therapy 
Ventricular 

Tachycardia 
Antitachycardia Pacing Up to 4 Therapies 

Cardioversion 

Ventricular 
Fibrillation Defibrillation 

Bradycardia VVI Pacing 

U to 4 Thera ies 

Figure 1  Detection and Therapy in the PCD Device 
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Features Used in Sensing and VLF Detection 

Proper sensing is essential for the safe and effective use of the PCD device  The device s 
sensing function should be regularly verified by means of Marker Channel  telemetry 
 see 

 Telemetry Reports  and Figure 26   If sensing or detection are inappropriate  VT 
and VF Detection should be programmed OFF until verification studies are performed  

Auto Adjusting Sensitivity Threshold 

The Model 7217B PCD device automatically adjusts its sensitivity following signal 
detection on the bipolar electrogram  between the PACE SENSE and SENSE2 
electrodes   This feature is designed to prevent the sensing of T waves when very low 
sensing threshold levels are used  When the amplitude of the sensed event exceeds the 
programmed setting  the PCD device notes that a sensed event has occurred  The sensing 
level is raised to about 75  of the electrogram peak  or about 6 times the programmed setting  whichever is less  and gradually returns to the programmed value with a 560 ms 
exponential decay time constant  Figure 2 illustrates how the sensing level is changed by 
increasing or decreasing the Auto Adjusting Threshold  

NOTE  The Auto Adjusting Sensitivity level is not increased by pacing  VT therapy  
or VF therapy outputs  The physician should be aware that the programmed sensitivity setting and the associated blanking periods are also used to detect a 
VT or VF episode and  therefore  Auto Adjusting Sensitivity is active during 
VT and VF detection  

Epicardial 
Electrogram 

Filtered and Rectified 
Epicardial Electrogram 

75  of R Wave Amplitude 

Auto Adjusting 
Sensitivity Threshold 

J 

Programmed 
Sensitivity 

Figure 2  Auto Adjusting Sensitivity Threshold 
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Blanking Periods 

Nonprogrammable blanking periods follow paced and sensed events  capacitor charging 

periods  and therapy deliveries  These blanking periods prevent the sensing of device 

outputs or multiple sensing of the same event  Signals on the sensing electrodes during a 

blanking period are not used by the PCD device  The blanking period following a pacing 

output is longer than that following a sensed event  This feature is designed to avoid 

sensing the polarization signal on the electrodes  There are four blanking periods  

  120 ms after a sensed event  

  320 ms after a paced event  i e   either VVI bradycardia pacing or VT pacing level 

Burst or Ramp stimuli   

  300 ms after a cardioversion or defibrillation charging period and aiso aiter delivery 

of a cardioversion or defibrillation therapy  and 

  During a charging period  

Refractory Periods 

Refractory periods follow some events  The PCD device assumes that signals detected on 

the sensing electrodes during a refractory period are caused by noise  lead polarization  

the trailing edge of an R wave  or a T wave  There are five refractory periods  

  400 ms after a cardioversion or defibrillation charging period  

  200 ms following sensed events in the automatic cardioversion synchronization 

period  
  520 ms following the delivery of any VT or VF therapy  

  320 to 520 ms after a therapy is aborted  and 

  320 to 480 ms  programmable  after paced events  Refractory After Pace   

No additional refractory period extends beyond the blanking period after sensed events  

During VVI operation  the PC  device wiit not revert to asynchronous operation n 

the presence of noise  

Both the VT and VF detection criteria ignore an event sensed within a refractory period  

An event sensed in the refractory period will not inhibit a pacing output  Such an event  

however  does restart the sensed event blanking period of 120 ms  

Programming the Refractory After Pace to more than 320 ms may impair the PCD 

device s ability to detect VT or VF  Events sensed within the refractory period restart a 

120 ms blanking period but are ignored by both VT and VF detection criteria and for 

bradycardia pacing inhibition  Therefore  a short bradycardia escape interval  i e   a 

pacing rate greater than 50 ppm  combined with a long Refractory After Pace  360 ms or 

longer  may prevent a VT event from inhibiting a pacing output  In such circumstances  

the VT could remain undetected  

     1 
t 

To avoid this possibility when the Refractory After Pace is programmed to 360 ms or 

longer  ensure that at least one of the following is true   1  the difference between the 

bradycardia escape interval and the effective refractory period should be greater than the 
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Tachycardia Detection Interval  TDI   or  2  the bradycardia escape interval must be 
greater than twice  2X  the effective refractory period   The effective refractory period for a programmed refractory of 360 ms or longer is the programmed value plus 120 ms   The following example and table show how programmed refractory periods of 360 ms and greater affect VT detection at various pacing rates above 50 ppm  
For example  if the Refractory After Pace equals 360 ms  then the effective refractory 
period could be 480 ms  If the escape interval equals 670 ms  90 ppm   then intrinsic rhythms with 190 480 ms intervals may not be detected if the rhythm initiates during VVI pacing  

Programmed Refractory VT or VF Interval Lengths That Could Remain Undetected After Pace   At 70 m 860ms At 90 m 670ms 
360 ms 
400 ms 
440 ms 
480 ms 

380   480 ms 
340  520 ms 
300  560 ms 
260   600 ms 

190   480 ms 
150   520 ms 
110   560 ms 
70  600 ms 

In order for the programmed refractory period to have any effect on VT detection  the VT episode must initiate during VVI pacing at rates over 50 ppm and with the Refractory After Pace greater than 320 ms  

Measurement of Intervals 

The PCD device measures cardiac cycle lengths in multiples of 10 ms  Intervals are rounded down to the nearest 10 ms multiple  e g   457 ms becomes 450 ms   The PCD device uses this rounded intervaI value when applying the programmed criteria and calculating interval averages  

 0 
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Ventricular Tachycardia  VT  Detection 

Overview of VT Detection 

With VT Detection enabled  the PCD device monitors the cardiac cycle length for the fulfillment of the programmed VT detection criteria  When the programmed criteria are 
fulfilled  the PCD device detects a VT episode and delivers the first programmed VT 
therapy  If this therapy is ineffective and the VT is again detected  the next programmed VT therapy is delivered  This progression continues until the PCD device confirms VT 
termination or delivers all programmed VT therapies  VT Detection is suspended if all 
programmed therapies are ineffective in terminating the arrhythmia  VT Detection is re  
enabled when VT termination is confirmed or if VT Detection is manually 
reprogrammed ON  

AE programmed VT detection criteria must be fulfilled for a rhythm to be detected as a VT episode  Whenever VT Detection is enabled  ON  there are three available criteria  
the Interval Criterion is automatically enabled  the Interval Stability Criterion and 
the Onset Criterion are optionally programmable  The number of detected episodes is 
stored in the device s memory  The data for previously detected VT episodes may be 
accessed with the programmer  

NOTE  VF Detection must be programmed ON before VT Detection can be 
programmed ON  

VT and VF Detection may be programmed ON to permit the PCD device to function 
solely as a tachyarrhythmia monitor with all tachyarrhythmia therapies programmed OFF  

VT Detection Criteria 

Interval Criterion 

The Interval Criterion is designed to detect a sustained high ventricular rate by 
measuring each cardiac cycle length and comparing it to the Tachycardia Detection 
Interval  TDI   If an interval is less than the TDI  then that cycle is potentially a count toward the fulfillment of the Number of Intervals to Detect  VT NID   The Interval 
Criterion is activated when VT Detection is enabled and  therefore  requires 
programming both the TDI and VT NID parameters  

The Interval Criterion requires that the measured cardiac cycle length be less than the 
programmed TDI value and greater than or equal to the programmed Fibrillation 
Detection Interval  FDI   The VT event counter counts the number of intervals that meet the Interval Criterion  The VT event counter is reset to zero if an interval is greater than 
or equal to the TDI  The count is not increased nor reset if an interval is less than the 
FDI  When the curnulatjve VT event count i   null to the VT i5iQ  ice Interval Criteripn 
for VT detection is fulfilled  

  t 
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Thus  fulfillment of VT Detection when only the Interval Criterion is enabled requires both of the following  

  Measured cardiac cycle lengths be less than the programmed Tachycardia Detection Interval  TDI   and greater than or equal to the programmed Fibrillation Detection Interval  FDI   and 
  The cumulative number of these intervals be equal to the programmed Number of Intervals to Detect  VT NID   

Counting is reset to zero when an interval is greater than the programmed TDI and is interrupted when the interval is less than the FDI  

The Relationship Between the TDI and FDJ 

Figure 3 illustrates how the relationships between the blanking period  120 ms  after a sensed event  FDI  TDI  and bradycardia escape interval determine whether a sensed event is a VF event  B   a VT event  C   or a normal sensed event  D   In addition  all these events inhibit the bradycardia output pulse  

A 
Events detected after the blanking period and before the end of the FDI are considered VF events  

Blanking Period 

Fibrillation Detection interval 

C 
Events detected after the FDI and before the 
end of the TDI are considered to be VT events  

Fibnllation Detection Interval 

Tachycardia Detection Interval 

A 

D 

Tach cardia Detection Interval 

Events detected after the TDI 
and before the end of the 
Bradycardia Escape Interval are 
neither VT nor VF events  

Bradycardia Escape Interval 

All events  at B  C  and D  will inhibit the next bradycardia escape pulse  

Fiaure 3 The Relationship of the TDI and iDf 

NOTE  Programming the FDI to a value greater than or equal to the TDI effectively disables VT Detection  When programming these two values  the physician should keep the TDI at least 40 ms longer than the FDI to allow for variability of the clinical VT cycle length  
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750 ms 
Detection 

A B 

VT Event 
Count 0 1 2 3 4 5 6 7 8 

350 ms Intervals 

Programmedto  TDI   400ms  FDI   250ms  VTNID   8 

In this example  Interval  B   and the intervals 
following B increment the VT event counter  

Figure 4  Interval Criterion  Example  

Figure 4 illustrates how the PCD device could use the Interval Criterion to detect a 
tachycardia  The interval at  B  is 350 ms  i e   50 ms less than the programmed TDI 
value of 400 ms  Because it is less than the TDI and greater than the FDI and since no 
other VT Detection Criteria are programmed  the VT event count  in this example  
begins  When the VT event count reaches 8  VT detection occurs  

NOTE  Some of the timing diagrams provided in this manual depict representative 
surface ECGs and are illustrative of the operation being discussed  The PCD 
device actually uses epicardial or intracardiac electrograms  EGMs  for 
measurement and analysis of the cardiac cycle lengths  Detection and delivery 
of therapies are based on EGMs  not on surface ECGs  

 y 

 I 
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Interval Stability Criterion 

The Interval Stability Criterion is a programmable option that provides an additional 
restriction to the Interval Criterion  It is intended  for example  to prevent VT detection 
when rapid ventricular rhythms with irregular intervals due to conduction of atrial 
fibrillation or flutter would otherwise fulfill the Interval Criterion  

When enabled  this criterion analyzes only those measured cardiac cycle lengths that 
fulfill the Interval Criterion  A measured cardiac cycle length is considered unstable 
when the difference between the current measured cycle length and any of the three 
previous cycle lengths is greater than the programmable Interval Stability value  in milliseconds   Note that the VT event count must be at least  3  before the PCD device 
can apply the Interval Stability Criterion  If the current cardiac cycle length varies more 
than the programmed Interval Stability value  then the VT event count is reset to zero  
The measurement and counting of cardiac cycle lengths then begins anew  

Thus  w ittr Interval Stabiiity and intervai Criteria enabled  VTDetection requires all of 
the following  

  Measured cardiac cycle lengths be less than the programmed Tachycardia Detection 
Interval  TDI  and greater than or equal to the programmed Fibrillation Detection 
Interval  FDI   

  Each of these measured cardiac cycle lengths vary from each of the three previous cycles by a value less than or equal to the programmed Interval Stability value  and 
  The cumulative number of these intervals be equal to the programmed Number of 

Intervals to Detect  VT NID   

Counting is reset to zero when an interval is greater than the programmed TDI or is 
considered  unstable   The count is suspended when the interval is less than the FDI  
When this criterion is enabled and a VT therapy is unsuccessful in treating a detected 
VT  Interval Stability must be fulfilled before the episode can be redetected  

NOTES  Choosing a small Interval Stability value may not allow for normal variation 
in a VT cycle length  

Decreasing the programmed interval stability increases the specificity of the 
Interval Stability Criterion to detect the targeted stable tachycardia  but may 
also decrease the sensitivity of the detection algorithm  

 el 
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600 ms A B Detection 

l 
VT Event 
Count 0 1 2 3 4 5 6 7 8 

All VT intervals above are 350 ms  except  A  and  B   which are 300 ms  

Programmedto  TDI   400ms  FDI   250 ms  
VT NID   8  and Stability   60 ms 

Figure 5  Interval Stability Criterion Fulfilled  Example  

Figure 5 illustrates how the Interval Stability Criterion may be fulfilled  Interval  A  is a 
 stable  interval  i e   only 50 ms shorter than the three previous intervals and less than 
the programmed Stability of 60 ms  Interval  B  similarly qualifies as a stable interval  
because it is equal to one of the three previous intervals and is 50 ms shorter than the 
other two  VT detection occurs when the VT event count reaches the programmed VT 
NID value  8   

600 ms 350 ms 350 ms 300 ms 370 ms 370 ms 280 ms 320 ms 270 ms 

A B C D 

VT Event 
Count 2 3 0 1 2 3 0 

Programmedto  TDI   400 ms  FDI   250ms  
VT NID   8  and Stability   60 ms 

Figure 6  Interval Stability Criterion Not Fulfilled  Example  

Figure 6 illustrates how an  unstable  interval is identified  Interval  B  is 70 ms longer 
than  A  and therefore exceeds the programmed Stability value by 10 ms  As a result  
the VT event count is reset to zero  Interval  C   though 90 ms less than the previous 
interval and greater than the programmed Stability of 60 ms  does not reset the VT event 
count  because the counter has not yet reached  3  Interval  D   however  is an unstable 
interval  it occurs after the event count reaches  3   and thus also resets the VT event 
count to zero  

    i  
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Onset Criterion 

The Onset Criterion  a programmable option  monitors the cardiac cycle length for a 
sudden onset ot a high ventricular rate  It is intended to avoid VT detection of an episode 
of sinus tachycardia with gradually increasing  e g   exercise induced  high ventricular 
rates  

This criterion  when enabled  must first be satisfied before the device begins counting 
VT events that otherwise satisfy the Interval Criterion and  if programmed  the Interval 
Stability Criterion  When the Onset Criterion is enabled  the PCD device evaluates each 
cardiac cycle for a decrease in cycle length from previous intervals  The Onset Criterion 
is fulfilled when both of the following conditions are met  

  If the current interval is less than a programmed percentage of the average of the 
previous four intervals  and 

 R ther the second andior third interval preceding the current interval is equaI to or 
greater than the programed TDL  

If two consecutive intervals after the Onset Criterion is satisfied are greater than or equal 
to the TDI  the Onset Criterion is reset and must again be satisfied before a VT can again 
begin to be detected  When a VT is detected  however  the Onset Criterion is not 
required again for redetection until the PCD device confirms VT episode termination  

NOTES  If the Onset Criterion is ON and not met at the beginning of a ventricular 
tachycardia  the VT episode could remain  undetected   such as with an 
exercise induced VT  For example  if VT Detection uses the Onset Criterion 
and is enabled after the start of a VT  the VT inay not be detected  

A low programmed onset percentage value will increase the specificity of the 
Onset Criterion to detect the targeted tachycardia  but may also decrease the 
sensitivity of the detection algorithm  

Intervals that are shorter than the programmed FDI may also fulfill the Onset 
Criterion  even though they are not VT events  Such an interval does not 
increase nor reset the VT event counter  
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700 ms 560 ms 540 ms 560 ms 420 ms 

A B C D E Detection 

l 
VT Event 
Count 0 0 0 0 0 1 2 3 4 

350 ms Intervals 

Programmed Values  TDI   400ms  FDI   250ms  VTNID   4  andOnset   81  

Figure 7  Onset Criterion Fulfilled  Example  

Figure 7 illustrates how the PCD device uses the Onset Criterion to identify a VT 
episode  nterval  H  mee   the programmed Oncoct Crite  cn because it i  e  than 81  
of the average of intervals A through D and because B  and or C  is greater than the TDI  
The VT event count begins with the next interval because it is less than the programmed 
TDI  

700 ms 560 ms 520 ms 490 ms 380 ms 630 ms 350 ms 

A B C D E F G H Detection 

l 
VT Event 

p p p p p Count 0 1 2 3 4 

350 ms 350 ms Intervals 

Programmed Values  TDI   400ms  FDI   250ms  VTNID   4  andOnset   81  

Figure 8  Onset Criterion Fulfilled  Example  

In Figure 8  interval E satisfies the Onset Criterion  i e   it is less than the programmed 
81  of the average of intervals A through D  with interval B  and or C  greater than the 
TDI  Interval G by itself  though longer than the TDI  does not reset the Onset Criterion  
since two such consecutive intervals are required for a reset of the Onset Criterion  
Interval G  however  does reset the VT event count  thus  the event count begins at F  
MSitS iO ZCfu Bt 6  and then begins again at K 

 Jt  
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1000 ms 800 ms 750 ms 800 ms 600 ms 850 ms 950 ms 500 ms 
Detection A B C E F G 

VT Event   
Count 0 0 0 1 0 0 0 1 2 3 4 

350 ms 350 ms Intervals 

Programmed Values  TDI   400ms  FDI   250rns  VTNID   4  andOnset   81  

Figure 9  Onset Criterion Reset and Fulfilled  Example  

In Figure 9  a situation occurs that resets the Onset Criterion  which is first satisfied by 
Interval E  Two intervals  G and H   longer than the TDI  reset both the Onset Criterion 
and the  VT event count  7hus  a second interval  ij must fulfill the Onset Criterion 
before the VT event count can begin counting toward VT detection  

500 ms 470 ms 440 ms 420 ms 400 ms 370 ms   350 ms  

VT Event 
Count 

0 0 0 0 0 0 0 0 0 

Programmed Values  TDI   400ms  FDI   250ms  VT NID   4  and Onset   81  

Figure 10  Onset Criterion Not Fulfilled  Example  

Figure 10 illustrates a sinus rhythm with a gradually accelerating rate  No interval is less 
than 8    of the  aerage of the faur previous intervais  Thus  this rhythm would not be 
detected by the PCD device as a VT  This example demonstrates how the Onset Criterion 
may be used to help differentiate between a sinus tachycardia  possibly exercise  
induced  and a pathological VT 

ll 
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350 ms 260 ms 400 ms 350 ms 

VT Event 
Count 

Programmed Values  TDI   400 ms  FDI   250ms  VTNID   4  andOnset   81  

Figure 11  Onset Criterion Not Fulfilled  Example  

In Figure 11  all intervals  except  E  and  F   are 350 ms  Interval E  which is 260 ms  appears to satisfy the Onset Criterion  Although Interval E is indeed less than 81  of the average of Intervals A through D  neither Interval B or C is greater than the TDI  Both requirements must be satisfied to fulfill the Onset Criterion  

Subsequent Reconfirmation Redetection of an Ongoing VT Episode 

After initially detecting a VT episode and delivering the first programmed therapy  the PCD device monitors the cardiac cycle length for the continued fulfillment of the 
programmed detection criteria  Reconfirmation  i e   redetection  is required before the next programmed therapy is delivered  The Onset Criterion is only used for the initial detection of a VT episode and is not used for redetection of the same VT episode  

VT detection begins immediately with the first cardiac cycle after VT therapy delivery  However  the first event detected may have a longer cycle than the programmed TDI due to the 520 ms refractory period following VT therapy  

1VOTE  Programming high VT NID counts will result in correspondingly longer 
delays between VT therapies  when the previous therapy is ineffective in 
terminating the VT episode   due to the need to reconfirm the VT episode 
between therapies  The physician should understand that the programmed VT 
NID count applies to both initial detection and redetection of an ongoing 
episode after therapy delivery  

VT Episode Termination and Determination of Therapy Efficacy 

The PCD device defines a VT episode as terminated when eight consecutive cardiac cycles  paced or sensed  all have intervals greater than or equal to the TDI  

The PCD device defines a VT therapy  effective  if VT termination occurs prior to any further VT detection  The PCD device is considered  ineffective  if  after all 
programmed therapies  VT detection occurs before VT termination  Once the PCD device detects a VT  it considers the episode as ongoing until a termination occurs  After episode termination  a subsequent VT detection marks the start of a new VT episode  See  Device Reporting Features  in  General Device Information  for information about how effectiveness is reported    f 
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NOTE  A rhythm following a therapy that does not satisfy the VT termination 
definition is considered part of an ongoing episode  However  the next VT 
therapy will not be delivered unless the programmed VT detection criteria are 
again fulfilled  

If all programmed therapies prove ineffective in terminating the arrhythmia  only a later 
VT termination  either spontaneous or via a programmer activated therapy  or 
manually programming VT Detection ON will restart the programmed VT detection 
criteria and automatic therapy delivery  

Suspending and Disabling VT Detection 

When the PCD device is  suspended   its detection functions are temporarily inactivated  
 Disabled  is a permanently programmed state in which detection and or therapies are 
not available  OFF condition   These functions can only be re enabled via a 

programming sequence  

The programmed VT Detection criteria are temporarily suspended during 

  Magnet application  unless a  Cancel Magnet  is programmed   
  Delivery of high rate pacing  
  Capacitor charging  in preparation for the delivery of a cardioversion or 

defibrillation shock or during a programmed charge period  
  Delivery of VT therapies  
  The period after all programmed VT therapies have proved ineffective  i e   until VT 

episode termination is confirmed or VT Detection is again programmed ON   

  Delivery of VF therapies  
  The first 64 ventricular events  pace  sense  and therapy  after VF detection  and 

  The period following VT and VF therapies that are manually initiated via the 

programmer  e g   following programmed emergency or manual therapies  removing 
the programming head enables VT Detection   

The programmed VT Detectinn crderia are disabled whenever 

  Three consecutive 35 second charge intervals have failed to reach the programmed 
energy level and the  Charge Circuit Inactive  condition occurs  

  Nominal or VVI option under Emergency VVI is programmed  and 

  Power on reset  an electrical reset  or a detected memory error occurs  

ll 
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Ventricular Tachycardia  VT  Therapy 

The PCD device has three programmable VT therapy types  Burst  Ramp  and Cardioversion  Up to four separate therapies may be programmed in any combination of the three types  Here are four examples  read across   
Example Therapy One Therapy Two Therapy Three Therapy Four 

No  1 
No  2 
No  3 
No  4 

Ramp 
Ramp 

Cardioversion 
Cardioversion 

Burst 
Ramp 

Cardioversion 
OFF 

Cardioversion 
Burst 

Cardioversion 
OFF 

Cardioversion 
OFF 

Cardio version 
OFF 

NOTES  Programming a therapy OFF disables all subsequent therapies  
For example  if the PCD device is programmed to Therapy  1 OFF  Therapy  2 Ramp  Therapy  3 Burst  and Therapy  4 Cardioversion  none of the VT therapies is enabled  and none will be delivered  

The PCD device cannot be programmed to deliver automatic VT therapies 
without VF detection and therapies programmed ON  

The physician may elect not to program any VT therapy  If VT Detection alone is enabled  the PCD device will only monitor the cardiac rhythm and record the number of detected VT episodes for subsequent interrogation via the programmer  

Burst Therapy  

A Burst sequence consists of a rate adaptive  equal interval set of pulses  A single Burst Therapy consists of one to 15 burst sequences  The physician programs the following  number of S I pulses  adaptive percentage  number of sequences  millisecond decrement 
per sequence  and minimum pulse interval  

Burst Therapy is rate adaptive  The PCD device determines the pulse interval of the first burst sequence as a programmable percentage of the tachycardia cycle length  The cycle length is determined by calculating the average of the last four intervals preceding VT detection  

The first pulse of the Burst sequence is delivered at the calculated  percentage   and is timed from the sensed event at which the VT event count equaled the programmed VT NID Subsequent pulses in the same sequence are delivered at the same interval  
If a Burst sequence is ineffective in terminating the VT  and VT detection is recon med  tAe pulse  nter  al for the next sequence  willi be deierminea by calculating a percentage of the newly measured tachycardia cycle length and shortening that interval by a programmable value  

  fr 
4 

1  Certain antitachycardia pacing modes of this device  invented by Dr  Fred Zacouto of Paris  France  fall under one or more patent claims of U S  Patents 3 857 399 and 4 052 99 I and corresponding patents in other countries  which are licensed exclusively to Medtronic  Inc  

1 
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The calculated pulse interval can never be less than a programmed 
 minimum  interval   

If the calculated interval is shorter than the programmed minimum  then the pulses will 
be delivered at the programmed minimum interval  

If the last programmed sequence of a Burst Therapy is ineffective in terminating the VT 
and the VT is again detected  the PCD device initiates the next therapy  if programmed   

During Burst Therapy  the PCD device operates in the VVI mode  although the 
programmable Refractory After Pace may affect this operation  R waves  sensed outside 
the Refractory After Pace  are counted as individual pulses of the burst train  even 
though they are not output pulses   Whenever a sensed R wave inhibits the scheduled 
pulse  the next pulse is scheduled at the calculated or minimum interval from the time of 
the sensed event  

A Burst sequence has the following characteristics  

  The pulse width and amplitude for an individual Burst pulse are the same as those 
programmed for bradycardia pacing output pulses  

  Burst sequences can be programmed as to the number of pulses  from one to 15  in 
steps of one   

  The average of the last four intervals leading to VT detection and the resultant rate  
adapted burst interval are both rounded to the nearest 10 ms  e g   387 ms is rounded 
to 390 ms  

  Following a Burst sequence  a 300 ms blanking period  a S20 res refractory period  
and a bradycardia escape interval of 1000 ms begin  The circuitry resumes 
monitoring the cardiac cycle for detection of a new old VT episode  a VF episode  or 
bradycardi a  

1  The  minimum 
pulse interval is the same for all Burst and Ramp therapies  
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Detection A A A 

l 
A Redetection B B B B 

l 
350 ms 

R   R Average     320 ms Intervals 
350 ms 

R   R Average B   310ms Intervals 

Redetection C C C C 

l 
Redetection D D D D 

l 
320 ms 

R   R Average C   270 ms Intervals 
320 ms 

R R Average D   270 ms Intervals 

Programmed Values  Number of S1 Pulses   4 
Number of Sequences   4 
R R    91  

Decrement per Sequence   10 ms 
Minimum Interval   270 ms 

Figure 12  Burst Therapy  Example  

In the example in Figure 12  a VT episode is detected in which the R   R average interval is 350 ms  Note the programmed settings for the example  

The PCD device determines that the calculated pulse interval for the first Burst sequence  A  should be 320 ms  i e   the R   R average interval of 350 ms X 91  
 rounded   The first pulse is delivered at 320 ms from the R wave that fulfilled the 
programmed VT NID  All subsequent pulses of this sequence are separated by 320 ms intervals  

Assuming the VT is redetected and that the R   R average interval remains at 350 ms  the calculated pulse interval for the second Burst sequence  B  is 310 ms  320 ms minus the 10 ms programmed decrement   

Before the third Burst sequence  C   the average R R interval shortens to 320 ms  Thus  the calculated pulse interval is 270 ms  i e    320 X 91  o    20 ms   290   20 ms   270 ms  rounded   

The R R average for the detected VT prior to the fourth and final Burst sequence  D  remains at 320 ms  The calculated pulse interval  with a decrement of 30 ms  would have been 260 ms  but  by definition  it cannot be shorter than 270 ms  the programmed minimum interval   Therefore  the pulse interval is 270 ms  

4 
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Ramp Therapy 

A Ramp sequence consists of a rate adaptive  set of pulses delivered at decreasing 
intervals  A single Ramp Therapy consists of from 1 to l5 Ramp sequences  

Ramp Therapy is rate adaptive  The PCD device calculates the interval for the first 
pulse of the Ramp sequence as a programmable percentage of the average cycle length of 
the last four cycles prior to VT detection  Each subsequent interval in the Ramp 
sequence is shortened from the preceding interval by a programmable value  

The number of pulses in the first ramp sequence is programmable  up to 15   If 
additional sequences are programmed and the VT is redetected  the PCD device 
automatically increases the number of pulses by one in each successive sequence  to 
a maximum of 29 in the fifteenth sequence  if programmed to 15 pulses for the first 
sequence and to the maximum 15 sequences   

If a Ramp sequence is ineffective in terminating the VT and the VT is again detected  the 
first interval of the next sequence will be a programmed percentage of the newly 
measured tachycardia cycle length  As described above  each subsequent interval is 
shortened from the preceding interval by a programmable value  After each VT detection 
that initiates a Ramp sequence  the initial interval of the sequence is recalculated  

NOTE  If the tachycardia cycle length has not changed  the first interval of the next 
programmed sequence will be the same as the previous sequence  This is in 
contrast to Burst Therapy  in which the intervals of each sequence are 
shortened by a programmed value  even v hen the tachycardia cycle length is 
unchanged  

If the last programmed Ramp sequence proves ineffective in terminating the VT and the 
VT is redetected  the PCD device will deliver the next therapy  if programmed   

During Ramp Therapy  the PCD device operates in the inhibited mode  although the 
programmable Refractory After Pace may affect this operation  This means that R  
waves  sensed outside the Refractory After Pace  are counted as individual pulses of the 
ramp sequence  even though they are not output pulses   Whenever a sensed R wave 
inhibits the scheduled pulse  the next pulse is scheduled at the calculated or minimum 
interval from the time of the sensed event i e   the interval is shortened  if possible  as if 
the sensed R wave was an output pulse  A Ramp Therapy has the following 
characteristics  

  Each Ramp Therapy can be programmed from l to 15 pulses  in steps of one  for the 
initial sequence  Each successive sequence adds one pulse  

  The pulse width and amplitude for an individual Ramp pulse are the same as those 
programmed for the pacing output pulses  

  The average of the last four detected intervals and the resultant rate adapted Ramp 
interval are both rounded to the nearest 10 ms  e g   387 ms is rounded to 390 ms   

  The calculated pulse interval during any Ramp sequence can never be less than the 
programmed 

 minimum  interval  If the calculated interval is shorter than the 

ill 
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programmed 
 minimum   the pulses will be delivered at the programmed  minimum interim    

  The PCD device operates in the VVI mode during Ramp Therapy  This means that 
sensed R waves are counted as individual pulses of the Ramp sequence  even 
though they are not output pulses   A sensed R wave inhibits the scheduled pulse  and the next pulse is scheduled at the calculated or minimum interval from the time 
of the sensed event  

  Following a Ramp sequence  a 300 ms blanking period  a 520 ms refractory period  and a bradycardia escape interval of 1000 ms begin  The circuitry resumes 
monitoring the cardiac cycle for detection of a new old VT episode  a VF episode  or 
bradycardia  

Figure 13 shows a detected tachycardia episode with an R   R interval of 350 ms  

320 310 300 290 320 310 300 290 280 
Detection 1 2 3 4 

l 
350 ms 

Ramp Sequence A R   R Average 

290 280   270   
Redetection 1 2 3 4 5 6 

l 

Redetection 1 2 3 4 5 

l 
350 ms 

Ramp Sequence B R   R Average 

280 270   
Redetection 1 2 3 4 5 6 7 

320 ms 
R   R Average Ramp Sequence C 

310 ms 
R   R Average Ramp Sequence D 

Programmed Values  Number of S1 Pulses   4 
Number of Sequences   4 
R R    91  

Decrement per Pulse   10 ms 
Minimum Interval   270 ms 

Figure 13  Ramp Therapy  Example  

The PCD device determines that the calculated pulse interval for the first Ramp 
sequence  A  should be 320 ms  i e   350 ms X 91 c munded    The f ra pul     
delivered at 320 ms from the R wave that fulfilled the programmed VT NID  with each 
interval thereafter shortened by 10 ms so that the fourth interval equals 290 ms  

Assuming that the VT is redetected and the R   R average interval remains at 350 ms  the 
calculated initial pulse interval for the second Ramp sequence  B  is again 320 ms  
Subsequent intervals are shortened as described above  In this sequence  however  a fifth 
pulse is delivered at 280 ms  

Before the third Ramp sequence  C   the average R R interval shortens to 320 ms  
Thus  the initial interval is 290 ms  320 ms X 91  rounded   due to the 10 ms 
decrement  Intervals three  four  five  and the additional sixth are all delivered at the 
programmed minimum of 270 ms  

l  jt 
4 

D 
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The R   R interval shortens to 3 10 ms prior to the fourth Ramp sequence  D   In this case  the initial intervaI is 280 ms  All subsequent intervals  including the additional seventh  are delivered at 270 ms  since this is the programmed minimum value  
VT Acceleration During a Burst or Ramp Therapy 

If  after the delivery of a Burst or Ramp sequence  the average cycle length for the four intervals preceding redetection has decreased by a value equal to or greater than 60 ms compared to the average cycle length for the initial VT detection of the episode  the PCD device determines that the VT has accelerated  Subsequent sequences  of a Burst or Ramp therapy  will not be delivered  

For example  assume the programmed therapies were Burst  with multiple sequences   Ramp  with multiple sequences   Cardioversion  and Cardioversion  If the VT vvne to accelerate after the f rst sequence of the Burst therapy  the PCD device would cancel the remaining sequences and initiate the programmed Ramp therapy  Similarly  if the VT was still considered accelerated after the initial sequence within the Ramp therapy  the PCD device would go immediately to the next programmed therapy  Cardioversion  
NOTE  This progression to the next therapy applies only when two or more sequences are programmed for a Burst or Ramp therapy  If at any time the detected rhythm satisfies the programmed VF criteria  the PCD device wilI deliver the first  or next  programmed VF therapy  
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Cardioversion Therapy 

Overview 

Cardioversion therapy may be programmed as any one of the four VT therapies  The pathway for the Cardioversion pulse s  may be separately programmed for each of the four therapies as  

  a SINGLE pulse delivered over one pathway  i e   from the PULSE2 anode to the COMMON cathode  
  two SIMULTANEOUS pulses delivered over two pathways  i e   one from the PULSE J anode and the other from the PULSE2 anode  with both flowing to the COMMON cathode  
  two SEQUENTIAL pulses  separated by a very short period and delivered over the same two pathways as the SIMULTANEOUS pulses  

In all three pathway options  the Cardioversion pulse s  must be synchronized to a ventricular sensed event  

The physician also separately programs the stored energy  and pulse width of the pulse s  for each of the programmed cardioversion therapies  

When a VT is detected and Cardioversion is the next programmed therapy  the PCD device will initiate a Charging Period  During this period  the device charges the high voltage capacitors to the programmed stored energy  

NOTE  The Cardioversion pulse may be programmed to the same range of stored energies as a defibrillation shock used in VF therapy  

Following the completion of charging  the device initiates a Synchronization Sequence  During this period the device attempts to confirm the continued presence of the VT  by ensuring that the first interval is less than the TDI  and to synchronize the delivery of the Cardioversion pulse s  to an R wave   

1  The Programmer displays stored energy in  Joules  as the programmable value  The cardioversion  defibrillation output capacitors are charged in the PCD device to a corresponding voltage value  See Table 4 for the conversion of stored energy to volts  The physician should be aware that the delivered energy for both cardioversion and VF therapies depends on the total impedance  of the system and cardiac interface  and the programmed pulse width 
2  Since the Model 7217B cardioversion pulses are synchronized to events sensed on the PACE SENSE to SENSE2 electrodes  monitoring by surface ECGs will exhibit morphologies and timing that do not necessarily coincide exactly with those taking place at the electrode sites  

C  
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The differences between cardioversion and defibrillation in the PCD device are  

  A cardioversion pulse is delivered in response to VT detection  whereas a 
defibrillation shock is delivered only when VF detection criteria are fulfilled  

  Following the VT charging period  the PCD device reconfirms that the rhythm still 
has an interval defined as VT  After the VF charging period  no such reconfirmation 
is attempted  

  Cardioversion requires synchronization to a sensed R wave for delivery to occur  In 
VF therapy  the PCD device attempts to deliver the defibrillation shock in synchrony 
with a sensed event  but does not require such synchronization  

  Current pathways are separately programmable for each programmed cardioversion 
therapy  All VF therapies must be programmed to the same current pathway  

Charging Period 

After a VT detection that is to be followed by cardioversion therapy  there is a Charging 
Period during which the high voltage capacitors in the PCD device are charged to the 
programmed stored energy   eading edge mltage   

Several points should be noted about the Charging Period  

  Electrogram sensing does not occur during this time  
  Bradycardia therapy does not take place  
  Marker Channel and electrogram telemetry are not available  
  Programming is disabled during this period  However  if a magnet is placed over the 

PCD device and is kept in position until the end of the charging period  the device 
will recognize the presence of the magnet and the Cardioversion therapy will not be 
delivered  

The capac tor charg ng period usually varie  kem ess lhan one mond to ten  8   
seconds at beginning of life power source status  depending on the programmed stored 
energy  This time will lengthen as the power source is depleted or as time increases from 
the last charging period  If the Charging Period reaches a maximum duration of 35 
seconds  charging is terminated  the cardioversion therapy attempt is aborted  and the 
device returns to its programmed mode  This situation presents a potential loss of device 
function  see 

 Potential Loss of Function Indicators     
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Synchronization Sequence 

The SynchroniZatiOn Sequence is designectio ensure the continued presence of the VT 
after completion of the Charging Period and to synchronize the delivery of the 
cardioversion pulse s  to an R wave  sensed on the implanted electrodes  To do this  the 
PCD device monitors the cardiac cycle for a sensed R wave within the timing 
requirements described below  When these timing requirements are met  the VT is 
confirmed and the delivery of the cardioversion shock is synchronized to the sensed 
event  

Following completion of the Charging Period  the Synchronization Sequence requires 
that the interval from the first non refractory sensed event to the next sensed event be  1  less than the programmed TDI plus 60 ms and  2  greater than 200 ms   

VT detection is not confirmed and the cardiovn sion therapy s aborted under the 
following conditions  

  The timing requirements are not met  
  The initial three events after the Charging Period are sensed during refractory 

periods  or 

  No sensed event occurs within a synchronization period following completion of 
capacitor charging  

If  after an aborted cardioversion therapy  there is a subsequent VT detection within the 
same VT episode  the PCD device will again attempt to deliver the same therapy  

If some energy remains on the capacitors after a therapy or because a therapy was 
aborted  the capacitors are discharged internally when VT episode termination is 
identified unless they were charged by a programmer initiated charge command or a VF 
episode is ongoing  

Timing Periods After Non Confirmation of VT 

If no R wave is sensed during a synchronization period  the PCD device returns to the 
programmed settings after a single cycle with a 300 ms blanking period  a 520 ms 
refractory period  and a 1000 ms escape interval 

If the Synchronization Sequence is terminated by three consecutive refractory sensed 
events  the PCD device returns to the programmed settings after a single cycle  The 
single cycle has a 320 ms blanking period  a programmed Refractory After Pace  and the 
programmed pacing escape interval  

1  When cardioversion is manually initiated via the programmer  the Synchronization Sequence timing requirement simply requires the period from the first non refractory sensed event to the next sensed event to be less than the programmed bradycardia escape interval    P 
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Cardioversion Timing 

Figures 14 through 17 are timing diagrams that illustrate what may occur during the Synchronization Sequence  

Cardioversion 
Pulse Delivered 

Charging 
Complete 

Electrog ram 

Blanking  300 ms  
Refractory  400 ms  

Sync Period  TDI   360 ms  

 300 ms  

 520 ms  

Blanking  120 ms    
Refractory  200 ms  

Sync Period  TDI   60 ms  

Figure 14  Cardioversion  Scenario  A   

Figure 14 depicts the simplest scenario in which the PCD device delivers the programmed cardioversion pulse s  at the time of the second non refractory sensed ventricular event folIowing the Charging Period  The Synchronization Sequence consists of both sets of blanking  refractory  and synchronization periods  During the Synchronization Sequence  the PCD device confirms the continued presence of the tachycardia and identifies the R wave to which it synchronizes delivery of the programmed cardioversion pulse s   
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Cardioversion 

Charging 
Complete 

Pulse Delivered 

Electrog ram 

Blanking  3QO ms  

Refractory  400 ms  
  30 its  

 520 ms  
Sync Period  TDI   360 ms  

Blanking  120 ms    

Refractory  200 ms  

Sync Period  TDI   60 ms  

8lanking  120 ms    

Refractory  200 ms  

Sync Period  TDI   60 ms  

Figure 15  Cardioversion  Scenario 
 B   

In Figure 15  the first ventricular event after the end of the thirst blanking period is a 
refractory sensed event  As a result  the PCD device initiates a second set of periods in 
an attempt to identify an initial event outside the refractory period  Such an event is 
sensed and the resulting operation is the same as that in Figure 14  In this case  all three 
sets of periods comprise the Synchronization Sequence  
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Charging 
Complete 

RV 
Electrog ram 

Blanking  300 ms  

Refractory  400 ms  

Sync Period  TDI  360 ms  

Blanking  120 ms  

Refractory  200 ms  

Sync Period  TDI  60 ms  

Blanking  120 ms      
Refractory  200 ms    

Sync Period  TDI   60 ms  

Blanking  320 ms  
320 400 460 

Programmed Refractory 

Programmed Escape Interval 

Figure 16  Cardioversion  Scenario 
 C   

In Figure 16  the PCD device fails to sense any ventricular events outside of a refractory 
period and  therefore  the VT cannot be confirmed Thus  the cardioversion cannot be synchronized to a known R wave  The therapy is aborted  After the third refractory 
sensed event  a pacing escape interval starts  
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Charging 
Complete 

Sinus Rhythm 

RV 
Electrogram 

  
Blanking  300 ms  

Refractory  400 ms  
Sync Period  TDI   360 ms  

 120 ms    

 200 ms    
Sync Period  TDI   60 ms  

Slanking  300 ms  

Refractory  520 ms  
Programmed Escape Interval 

I 

Figure 17  Cardioversion  Scenario 
 D   

Figure 17 depicts a situation in which the tachycardia terminates spontaneously sometime between VT Detection and completion of the Charging Period  Since the PCD device could not identify two non refractory sensed ventricular events during the synchronization sequence  it aborted the VT therapy and initiated a bradycardia escape sequence  A sensed R wave inhibits the bradycardia output  

Delivery of the Cardioversion Pulse 

Delivery of the programmed cardioversion pulse s  is synchronized to the second non  refractory sensed event following completion of charging  The current pathways for the cardioversion therapy are programmable  i e   single  simultaneous  or sequential  
Following the cardioversion pulse  a 300 ms blanking period  a 520 ms refractory period  and a bradycardia esca  interval of   000 ms begin   The circuitry resumes monitoring the cardiac cycle for detection of a new VT episode  a VF episode  or bradycardia  
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Ventricular Fibrillation  VF  Detection 

Overview 

The PCD device detects ventricular fibrillation using three programmable parameters  Sensitivity of the ventricular sensing circuit  the Fibrillation Detection Interval  FDI   and the Number of Intervals to Detect  VF NID  that must be attained by the VF event counter  Up to four Defibrillation Therapies may be delivered in an attempt to terminate a single VF episode  If the first therapy is ineffective in terminating the arrhythmia and VF is detected again  a second defibrillation shock is delivered  Similarly  a third and fourth shock will be delivered if VF continues to be detected  If all the programmed VF therapies are ineffective  additional VF therapies wilI not be delivered until the PCD device identifies termination of the VF episode  or if VF detection is manually 
programmed ON  

NOTE  VT detection must be programmed OFF before VF detection can be 
programmed OFF  

VF Detection 

The VF Detection Criterion is designed to detect a very fast ventricular rate  This criterion requires that 75  or more of the previous intervals are shorter than the programmed FDI  This is done to ensure detection for two reasons   1  the signal amplitude of events within a VF episode may vary and  2  some intervals may be longer than others  

The Detection Criterion for VF requires that a programmed number of cardiac cycle lengths are less than the programmed FDI  This required number is called the Number of Intervals to Detect  VF NID   The PCD device continuously monitors a number of previous intervals equal to 133  of the programmed VF NID  It analyzes each cycle length to determine if it is shorter than the FDI  If the number of intervals shorter than the FDI equals the number required for VF detection  the VF NID   VF detection occurs  

VF NID 

6 
12 
l8 
24 
30 

VF Detection Window 
8 
16 
24 
32 
40 

pl 
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Surface 
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Programmed Values  FDI   320 ms  
VF NID   12  Window   133  x 12   16 intervals  

Figure 18  VF Detection  Example  

Figure 18 illustrates how VF Detection may be fulfilled  The PCD device is programmed to a VF NID of 12  which means it will evaluate the 16 intervals preceding the current 
interval  133  of 12   Since 12 of the intervals within the 16 interval  window  of 
detection are shorter than the FDI  VF detection occurs  

Relationship of VT and VF Detection 

The PCD device separately processes the measured cardiac cycle lengths against the 
programmed VT and VF Detection Criteria  It is possible that  while a detected VT 
episode is in progress  a VF episode begins  i e   to have both an active VT and an active 
VF episode   In such cases  when VF detection occurs  the PCD device will deliver the 
next programmed VF therapy  
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When VT detection occurs  the fibrillation event count is not reset and interval data that 
occurred prior to the VT therapy will be used  However  when VF is detected  the VT 
event count is reset  

VF Episode Termination and Efficacy Determination 

The PCD device defines a VF episode as terminated when eight consecutive cardiac 
cycles  sensed or paced  have intervals greater than or equal to the FDI  

The PCD device det nes a VF therapy  effective  if VF termination occurs prior to any 
further VF detection  The PCD device is considered  ineffective  if after delivery of the 
last programmed VF therapy  VF detection occurs before VF termination is detected  See 
 Device Reporting Features  in  General Device Information  for information about 
how effectiveness is reported  

NOTE  A rhythm following a therapy that does not satisfy the VF termination 
definition is considered part of an ongoing episode  However  additional VF 
therapies will not be delivered unless the VF Detection Criterion is again 
fulfilled  

If all programmed therapies proved ineffective in terminating the arrhythmia  only a 
later VF termination  either spontaneous  or via a programmer activated therapy 
or transthoracic defibrillation  or manually programming VF Detection ON will 
restart VF detection and automatic therapy delivery  

Suspending and Disabling VF Detection 

When the PCD device is  suspended   its detection functions are temporarily inactivated 

 Disabled  is a permanently programmed state in which detection and or therapies are 
not available  OFF condition   These functions can only be re enabled via a program  
ming sequence  

The VF Detection Criterion is temporarily suspended during 

  Magnet application  unless a  Cancel Magnet  is programmed   
  Capacitor charging  i e   in preparation for the automatic delivery of a cardioversion 

or defibrillation shock or during a programmed charge period   
  Delivery of high rate pacing  
  Delivery of VT therapies  
  Delivery of VF therapies  
  The period after all programmed VF therapies are proved ineffective  i e   until VF 

termination is confirmed or VF Detection is programmed ON   and 

  The period following VT and VF therapies that are manually initiated via the 

programmer  e g   following programmed emergency or manual therapies  removing 
the programming head enables VT and VF Detection   

 9p 
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The VF Detection Criterion is disabled whenever 
  Three consecutive 35 second charge intervals have failed to reach the programmed energy level and the  Charge Circuit Inactive  condition occurs  
  Nominal or VVI option under Emergency VVI is programmed  and 
  Power on reset  an electrical reset  or a detected memory error occurs  

Ventricular Fibrillation  VF  Therapy 

Overview 

For each detected VF episode  the PCD device can deliver up to four defibrillation therapies  Each therapy consists of a high energy defibrillation shock separately 
programmable as to stored energy and pulse width  The current pathway  i e   single  simultaneous  or sequential  is programmable but must be the same for all VF therapies  

NOTES  A therapy programmed OFF disables all subsequent therapies  For example  if the first VF therapy is programmed OFF  all therapies are effectively 
disabled  

VF therapy cannot be programmed OFF if the PCD device is programmed to deliver automatic VT therapies  

After detection of a VF episode  the PCD device initiates a charging period for the first 
programmed therapy  During this period the device charges the high voltage capacitors to the programmed stored energy level  After completion of the charging  the device initiates the Synchronization Sequence  During this sequence  the device attempts to synchronize the defibrillation shock to the leading edge of a sensed event  If synchron  ization is not possible  an asynchronous shock will be delivered  Defibrillation Therapy  unlike Cardioversion  is  committed   

i e   once the charging cycle has begun  a shock will be delivered   

If the first and or subsequent VF therapies prove ineffective and the VF arrhythmia is again detected after each therapy  the PCD device repeats the above operation up to a total of four times  

NOTE  It is recommended that the physician program the second  third  and fourth VF therapy to the maximum stored energy of 34 joules  
Charging Period 

After a VF detection  the high voltage capacitors are charged to the programmed stored energy  leading edge voltage  level for the next VF therapy  This period has the same function and range of durations as the cardioversion charging period  

1  See the section titled  Cardioversion 
and Defibrillation Charging Periods  under  Programming 

Considerations  for a complete description of charging periods  
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NOTE  If a cardioversion shock is programmed to a stored energy level higher than that for VF therapy and cardioversion is aborted  leaving the energy stored on the capacitors  the delivered energy of a subsequent VF shock could be higher than the programmed value  if VF is detected prior to the end of the VT episode  

The capacitor charging period usually varies from less than one second to ten  10  seconds at beginning of life power source status  depending on the programmed stored energy and the elapsed time since the previous charging cycle  This time will lengthen as the power source is depleted or as time increases from the last charging period  If the charging period reaches a maximum duration of 35 seconds  charging is termin  ated  the VF therapy attempt is aborted  and the device returns to its programmed mode  This situation presents a potential loss of device function  see  Potential 
Loss of Function Indicators     

Synchronization Sequence 

Upon completion of the capacitor charging period  the Synchronization Sequence follows during which the device attempts to synchronize the defibrillation shock to a sensed cardiac event  The defibrillation shock is delivered at the time of the first non  refractory sensed event following completion of the charging period  If there is no non  refractory sensed event within the Synchronization Sequence  then the defibrillation shock is delivered at the end of the Synchronization Sequence  

In Figure 19  a non refractory event is sensed during the first synchronization period  As a result  the PCD device synchronizes the delivery of the VF therapy to this event  
Defibrillation 

Charging 
Complete 

Pulse Delivered 

RV 
El ectrogram 

Blanking  300 ms  

Refractory  400 ms  
Blanking  300ms    Sync Period  500 ms  

 300 ms  

 520 ms  

Figure 19  Defibrillation  Scenario  A   
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Defibrillation 
Charging 
Complete 

Pulse Delivered 

RV 
Electrogram 

Blanking  300 ms  

Refractory  400 ms  
Blanking  300ms    Sync Period  500 ms  

Figure 20  Defibrillation  Scenario 
 B   

 300 ms  

 520 ms  

Figure 20 illustrates an absence of sensed events during the synchronization period  As a result  the PCD device delivers the VF therapy at the end of the synchronization period  

Defibrillation 
Charging 
Complete 

Pulse Delivered 

RV 
Electrogram 

Blanking  300 ms  

Refractory  400 ms  
Blanking  300ms    Sync Period  500 ms  

Blanking  120 ms  

Sync Period  500 ms  

Figure 21  Defibrillation  Scenario 
 C   

 300 ms  

 520 ms  

Figure 21 shows how the PCD device might synchronize the delivery of a VF therapy to the second of two sensed events  the first of which is a refractory sensed event  Note the Synchronization Sequence that starts after the charging period  The refractory sensed event starts a second synchronization period as the PCD device attempts to synchronize the VF therapy to a non refractory sensed event  

f 
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Programmable Current Pathways 

All four VF therapies must have the same pathway  programmable between  
  a SINGLE pulse delivered over one pathway  i e   from the PULSE2 anode to the COMMON cathode  
  two SIMULTANEOUS pulses delivered over two pathways  i e   one from the PULSEI anode and the other from the PULSE2 anode  with both flowing to the COMMON cathode  or 
  two SEQUENTIAL pulses  separated by a very short period and delivered over the same two pathways as the SIMULTANEOUS pulses  

The PCD device delivers sequential and simultaneous pulses with three cardioversion  defibrillation electrodes  Single pulses can be delivered with two or three electrodes  

The physician also programs the stored energy and pulse width of the pulse s  for each of the four VF therapies  or as many as are programmed ON   

Operation Following VF Therapy 

After a VF therapy  there is a 300 ms blanking period  a 520 ms refractory period  and an escape interval of 1000 ms for one cycle  The device returns to the programmed settings and  if enabled  automatically begins to evaluate the cardiac cycle for the possible detection of VF or bradycardia  

VT detection is automatically suspended  for 64 events  including paced events  sensed events  and therapy  except during a Charging Period  after each VF detection that initiates a VF therapy  This operation is designed to avoid detection of a transient VT which may follow such a VF therapy  After 64 events have occurred  the VT detection process is re enabled and  if the Onset Criterion is programmed ON  then this criterion is considered fulfilled 

If some energy remains on the capacitors after a therapy  the capacitors are internally discharged when VF episode termination is detected  unless they were charged by a 
programmer initiated command or a VT episode is ongoing  

1  During the 64 events following an automatic defibrillation therapy  the algorithm for detecting VT episode termination is also suspended  
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VVI Therapy 

The Model 7217B PCD device provides backup bradycardia therapy  i e   pacing in the ventricular inhibited  VVI  mode  Thus  unless a sensed event occurs and resets the 
pacing interval  the bradycardia escape interval   the PCD device will pace at the 
programmed rate  

These parameters are programmable  
  Rate  rates from 30 to 90 ppm for backup bradycardia pacing  
  Pulse width  keep in mind that this programmed setting also applies to VT Burst 

and Ramp therapies  When programming this parameter  ensure an adequate safety 
margin above the stimulation threshold  

  Pulse Amplitude  choose one of two settings that ensures an adequate safety margin above the stimulation threshold  The setting selected also applies to VT Burst and Ramp therapies  
  Sensitivity  this programmed setting will also be used to detect VT or VF  

Therefore  program a setting that will sense R wave and VF wave amplitudes  but not sense P  or T waves or electromagnetic interference  Sensitivity should be 
programmed to 0 3 mV to maximize the probability that VF will be detected  A value greater than 1 2 mV may be too insensitive for VF detection  Values less 
sensitive than 1 2 mV are not recommended except for testing and troubleshooting  
If undersensing is observed in normal sinus rhythm  verify that VF sensing and detection are appropriate  Repositioning the lead or implanting a new pacinglsensing lead may be necessary  

  Refractory period  the PCD device has a blanking period and Refractory After Pace after a paced event  and only a blanking period after a sensed event   See  Refractory Periods    The Refractory After Pace is usually the same duration as the 320 ms blanking period but may be programmed to a longer duration  Events sensed after the 320 ms blanking period are noted on Marker Channel telemetry as refractory sensed events  There is a 120 ms blanking period  nonprogrammable  after sensed events  

Events sensed within the programmed refractory period do not inhibit the pacing output  The PCD device does not revert to asynchronous operation  VOO  in the presence of continuous electrical  noise   Also  placing a magnet over the device does not Inhibit VVI therapy 

A combination of wide pacing pulse width  high pacing amplitude  and high sensitivity 
 low sensing threshold  may cause inappropriate sensing after pacing  Programming a narrower pulse width  a lower amplitude pulse  a longer refractory period after pace  or a higher sense threshold may eliminate this inappropriate sensing  If sensitivity is reprogrammed to eliminate inappropriate sensing  VF should be reinduced and the PCD device should be allowed to automatically detect and treat the arrhythmia to ensure 
proper sensing and detection  

A long refractory period  coupled with a high programmed pacing rate  may impair the PCD device s ability to detect VT or VF and may cause asynchronous pacing  
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IMPLANTING THE PCD DEVICE 

Handling and Storage 

Dropping the PCD device onto a hard surface  e g   dropped from a height of 12 inches 
 30 cm  or more onto a concrete floor  could damage the device  Should this occur  the 
unit should not be implanted  

Environmental temperature limits for transportation and storage are  
Maximum   52  C  125  F  
Minimum 18  C  0  F   

Resterilization 

Medtronic has sterilized the PCD device with ethylene oxide prior to shipment  The 
sterile package is designed to maintain the device in a sterile condition  If the device was not used  it may be resterilized in ethylene oxide  

DO NOT AUTOCLAVE OR STERILIZE THE PCD DEVICE BY GAMMA 
IRRADIATION  DO NOT ATTEMPT TO CLEAN THE DEVICE IN ULTRA SONIC CLEANERS  

Avoid the application of certain organic cleaning agents  e g   alcohol and acetone  prior to resterilization  because they may have a detrimental effect on the device s connector 
assembly  

When resterilizing  place the device in an ethylene oxide permeable package  Due to the variability between sterilizers  precise resterilization instructions must come from the 
sterilizer manufacturer  However  the process should not exceed temperatures of 55  C 
 130  F  nor 15 psi  Use some acceptable method for determining sterility  such as biological indicators  

Prior to implantation of the PCD device  aerate the packaged device to ensure that 
ethylene oxide residues are no longer present  

Resterilization of a PCD device does not change the use before  date established at the time of manufacture  
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Implantation Procedure 

Overview 

Patients should undergo the following procedures before implant of the PCD device to 
help determine if they are appropriate candidates for a PCD system  

  Electrophysiologic evaluation to determine the patient s ventricular arrhythmia and 
how it responds to different therapies  

  Exercise stress test to determine the patient s maximum sinus rate  and 
  Cardiac catheterization to determine if there is a need for concomitant surgery  

If patients do not meet the implant criteria  demonstration of a 10 Joule safety margin  
for a transvenous lead system  physicians should consider implanting an epicardial 
cardioversion defibril ation lead system  If an epicardial system is to be implanted after 
testing a transvenous system  consider performing the procedure at a later date  The 
Transvene  clinical study showed a 9 3  perioperative death rate for patients failing the 
implant criteria for a Transvene  system and receiving an epicardial system  This 
compares to 0 7  for those patients receiving a Transvene  system without the 
additional epicardial surgical procedure  

Implanting the PCD device and corresponding lead system involves seven main steps  

  Operative Set Up 
  Lead System Implantation and Evaluation 
  Defibrillation Efficacy Testing 
  Connecting the Leads to the PCD Device 
  P ac ng tge pc n nev cc 

  PCD System Evaluation 
  Closing 

During implantation  the PCD system requires an appropriate Medtronic programmer 
and MemoryMod cartridge and the Medtronic External Tachyarrhythmia Control Device 
 ETCD  to evaluate and monitor the implanted lead system and therapy efficacy  

Each of the above steps is explained in the following sections  At the end of this chapter  
instructions for replacing a PCD device and implanting a PCD device with a chronically 
implanted lead system are also given  
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Operative Set Up 

The preparation and procedures before implanting the lead system are grouped into four main steps  assembling the necessary equipment  setting up the equipment  pre  programming and testing the PCD device  and pre programming and teeing the ETCD and auxiliary equipment  

Necessary Equipment 

The equipment listed below should be available for each implant  Duplicates of sterile items should also be on hand  
  Model 7217B PCD device 
  External Tachyarrhythmia Control Device  ETCD  
  Appropriate Medtronic programmer and printer 
  Appropriate MemoryMod software cartridge 
  Cardioversion defibrillation and pacinglsensing leads 
  Appropriate adaptors 
  External defibrillator 
  Pacing system analyzer  PSA  
  Patient cable for connecting lead system to the ETCD 
  EGM cable to connect the programmer to the ETCD 
  Cable  and connector pins if necessary  to connect a pacing system analyzer to the ETCD or a surgical cable to connect the PSA directly to the leads 
  Test load for discharging high voltage shocks from the ETCD 
  Cables for connecting the EGM output of the ETCD and Marker Channel output of the programmer to a hospital monitor r rder 
  Appropriate batteries for the pacing system analyzer and ETCD 
  Extra printer paper for the pacing system analyzer and programmer printer   Sterile bag to place over programming head and cable 
  Implant documentation forms 

Some optional equipment includes an external fibrillation source or stimulator  tape or multi channel recorder  dual channel oscilloscope  and appropriate cables  
Equipment Set  Up 

Set up the ETCD programmer with the appropriate MemoryMod cartridge  an external defibrillator  and auxiliary equipment such as monitors  recorders  a fibrillator  and their related cabling  Also  connect the test load to the ETCD 
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Pre Programming and Testing the PCD Device 

Check the  use before  date printed on the package  It is recommended that you do not use the product after its expiration date  

Prepare the PCD device for implant by doing the following 

1  Interrogate the device while it is still in its sterile package and print out a full report  

2  Review the battery status  Devices with an initial battery voltage less than 6 1 volts before charging should not be implanted  U the deViCv iS CBBl gC f A 1tlIOUC Of TBlBlllg the initial voltage  it should be implanted only if the battery voltage reaches 6 1 volts or more within thirty minutes after charging  

3  Test the charge circuit by charging the capacitors to the maximum output  The charge time must meet the following requirements  
  If the charge time is less than or equal to 10 seconds  implant the device  If it is greater than 10 seconds  wait 5 minutes  discharge  dump  the capacitors  and then perform a second charge  
  If the second charge time is less than or equal to 10 seconds  implant the device  If it is greater than 10 seconds  do not implant the device  

4  While still in the sterile package set the device parameters for implant as appropriate for the patient  

5   Ensure that V7 and VF Detection are programmed OFF  

Pre Programming and Testing the ETCD   Auxiliary Equipment 

To prepare for lead system evaluation and defibrillation efficacy testing  do the following  

1  Verify that the ETCD s battery status is acceptable  

2  While recording the ETCD s output signals and the Marker Channel output from the printer  calibrate the hospital s monitoring recording equipment  
3  Test the ETCD s high energy output capability using the test load  

Lead System Implantation and Evaluation 

The PCD lead system uses electrodes designed to carry high current for cardioversion or defibrillation The cardiov rsion de   br Hation  electrodes i PULSE i  PUE SE2  and COMMON  must be specifically suited for this purpose and have a large electrode surface area to reduce cardioversion defibrillation thresholds and minimize tissue damage possibly caused by the high cardioversionldefibrillation currents  

While the PCD is connected to the leads  no metal portion of any electrode should contact the metal of any other electrode  If the electrodes are in contact during a cardioversion or defibrillation therapy  the current will bypass the heart and may also damage the PCD device  
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Pacing occurs between a pacing sensing lead and one of the cardioversion defibrillation 
leads  COMMON   Sensing is accomplished through two pacinglsensing electrodes  
Either epicardial or endocardial leads may be used  To reduce the effects of electro  
magnetic interference  EMI   the PACE SENSE and SENSE2 electrodes should be 
positioned adjacent to each other  and where separate leads are used  the lead wires 
should be routed together with several loose twists  

Depending on what kind of operative approach is used to implant the leads  the PCD 
Device can use two different kinds of lead systems  an epicardial lead system or a 
Transvene  lead system  Each system is described briefly below  See the appropriate 
Lead Technical Manual for more details  

The physician chooses the lead system that best meets the patient s needs  Patient factors 
that affect the decision include the following  

  Overall size of the patient s heart  
  Size and location of previous infarcts  aneurysrns  or bypass grafts  and 
  Surgical approach 

The epicardial lead system uses two or three epicardial patch leads for 
cardioversion defibrillation  Three patch sizes allow the physician the flexibility to meet the varying patient conditions  Clinical experience has shown that approximately half of al  patients receive a three patch system  the other half receives two patches  Three 
patches may be required initially if the physician expects difficulty in meeting 
defibrillation implant criteria  Adding a third patch to a two patch system may be 
required if the implant criteria cannot be met with the two patch system  

The Transvene  non thoracotomy lead system can use two or three leads in four different 
areas  

  A tripolar lead in the right ventricle  RV   
  A unipolar lead in the coronary sinus  CS  and or superior vena cava  SVC   
  A subcutaneous  SQ  patch lead  

Clinical experience with the Transvene  lead system has shown that most patients 
 65 6   received an RV SVC SQ system  an additional 29 3  received an RV CS SQ 
system  and the remaining 5 1  recieved an RV CS SVC system  The majority of 
patients were programmed to Sequential Pulse  75 3    23 4  were programmed to the Simultaneous Pulse  and 1 3  were programmed to Single Pulse  

Cardioversionldefibrillation occurs between the COMMON electrode  cathode  and one or two anodes  These electrodes can be any of the following the CS lead  the SVC lead  the RV coil  or the SQ patch  Sensing occurs between the tip and ring of the tripolar RV lead  Pacing occurs between the tip of the RV lead and the COMMON electrode  

The RV electrode was COMMON in the majority  75 3   of the clinical implants  the SQ patch in 13 9   the CS in 7 6   and the SVC electrode in 2 4  of the clinical 
implants  The overall efficacy in terminating spontaneous episodes of VF was 
approximately 98  for all pathways  pulsing techniques and choice of cathode  
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Lead system implantation and evaluation consists of placing the lead system  connecting the leads for pacing and sensing measurements  performing pacing and sensing measurements  and verifying lead connections  Each step is explained in the following sections  See the appropriate lead technical manual for more details  

Placing the Lead Systems 

Placin the E icardial Lead S stem 

Depending on the physician s preference  a variety of surgical approaches can be used to implant the lead system  such as a limited thoracotomy or median sternotomy  

Placing Pacing Sensing Leads  
The pacinglsensing leads should be placed close to the ventricular apex to avoid sensing P waves  Approximately 1 cm should separate the electrodes from each other  

Placing Epicardial Patch Leads  
Suture two or three patch leads to the epicardium or pericardium in locations that 
produce optimal defibrillation  pacing  and sensing  In all locations  place the leads so that they encompasses the maximum amount of cardiac mass and they have approximately equal amounts of mass between them  

For a two patch system  a typical approach is to use an anterior right ventricular patch as COMMON and a posterolateral left ventricular patch as PULSE2  For a three patch system  a typical approach is to use a posterior ventricular septal patch as COMMON  an anterior right ventricular patch as PULSE1  and an anterolateral left ventricular patch as PULSE2  The PULSE1 and PULSE2 patches should be the same size  

Placin Transvene Leads 

CAUTION  Given the body diameter of transvenous defibrillation leads  insertion via a subclavian approach should be done as far lateral as possible to avoid clamping the lead body between the clavicle and the first rib  Clamping the lead can eventually cause the conductor to fracture  can cause damage to the insulation  or can cause other damage to the lead  This can result in complications such as loss of detection  loss of pacing therapies  or loss of cardioversion defibrillation therapy  Certain anatomical abnormalities  such as thoracic outlet syndrome  can also precipitate pinching and subsequent fracture of the lead  If the subclavian approach is required  avoid techniques that can damage the lead  Specifically  do not force the lead if significant resistance is encountered  Do not use techniques such as adjusting the 
patient s posture  i e   raising the arm or putting a towel behind the person s back  to facilitate the passage of the lead  If resistance is encountered  it is recommended that an alternate venous entry site be used  e g  the cephalic vein  

3  There are several possible lead systems that can be evaluated depending on the desired 
pathway and physician placement preference  
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Two Lead System 

  Right ventricle  coronary sinus  
  Right ventricle  superior vena cava  
  Right ventricle  subcutaneous patch 

Figure 23 shows a flowchart for lead system evaluation that begins with the two lead system and adds an additional lead if the implant criteria is not met with the two lead system  The decision to evaluate a two lead system is based on the desire to achieve the simplest transvenous defibrillation system  

Three E ead System  

  Right ventricle  superior vena cava  and subcutaneous patch  
  Right ventricle  coronary sinus  and subcutaneous patch  
  Right ventricle  coronary sinus  and superior vena cava  

Clinical results do not indicate superiority of any pulsing technique  lead system  or choice of cathode for transvenous defibrillation  The choice of lead system for initial evaluation can therefore be based on other factors including simplicity  SVC vs CS lead placement  and physician preference  

The RV  CS  and SVC lead should be implanted using standard transvenous implant techniques  Follow the general guidelines below for initial positioning of the Transvene lead system  the final positions will be determined by defibrillation threshold tests   
  Position the RV lead tip in the right ventricular apex  
  Advance the CS lead tip to just under the left atrial appendage  if possible    Place the SVC lead tip approximately 5 cm proximal to the right atrium and SVC 
junction  

  Place the SQ patch lead along the left midaxillary with the center over the fourth to  fifth intercostal space  

Other positioning recommendations to consider  
  The CS lead position should be considered unacceptable if the proximal end of the CS defibrillation coil is at or outside the CS ostium  
  A cutaneous patch electrode may also be used during acute testing to minimize invasive procedures  Once defibrillation efficacy has been demonstrated  a 

permanent subcutaneous can be implanted  
  The subcutaneous patch may be placed subcutaneously  submuscularly  or directly on the periosteum of the ribs  The patch may be repositioned on the left lateral chest wall  if necessary  to meet the implant defibrillation efficacy criteria  
  If the Transvene lead system implant criteria cannot be met  an epicardial lead system may be evaluated  as described in this section  
  If the CS lead is proving difficult to position  a temporary pacing catheter can be positioned in the coronary sinus ostium  This can be used as a guide to cannulate the coronary sinus with the permanent lead 
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Connecting the Leads for Pacing and Sensing Measurements 

Depending on the physician s preference  two approaches can be used to connect a 
pacing system analyzer  PSA  to the implanted leads  passing through the ETCD or by direct connection  See the appropriate ETCD or PSA technical manual for connecting instructions  

Performing Pacing and Sensing Measurements 

For a Transvene lead system  the pacing connections should be the RV tip electrode as cathode     and the defibrillation COMMON electrode as anode      Sensing 
measurements should be made between the RV tip and RV ring electrodes  

For an epicardial lead system  the PACE SENSE electrode serves as the cathode     for 
pacing and the COMMON patch electrode serves as the anode      Measure between this 
patch electrode and each pacinglsensing electrode to obtain the best pacing threshold Designate the best pacinglsensing electrode as PACE SENSE  The other  e ectrade  
should be SENSE2  

Listed below are the acceptable PCD system implant values for acute and chronically implanted lead systems  

Acceptable Implant Values 
Measurements Required Acute Lead System Chronic Lead System 
Capture threshold 

 at 0 5 ms pulse width  
Impedance 
Filtered R wave amplitude 
Slew rate 

  1 5 V   epicardial 
  1 0   endocardia  
200   800 ohms 
  5 mV  during sinus rhythm  
  0 75 V s 

  3 0 V   epicardial 
  3 0 V   endocardial 
200   800 ohms 
  3 mV  during sinus rhythm  
  0 45 V s 

Also  check that P  and T wave oversensing are not occurring by pacing at the maximum output  5 4 V  1 59 ms  and sensing at the maximum sensitivity  0 3 mV   

Defibrillation Efficacy Testing 

Verifying Lead Connections 

After connecting all of the leads to the ETCD  confirm that the sensing leads are connected properly by observing sensed events on the Marker Channel telemetry  Verify the cardioversion defibrillation lead connections to the ETCD by delivering a low energy shock  0 6 joules  synchronously into sinus rhythm  
The path resistance should be approximately 20 to 100 ohms for epicardial leads  or 40 to 150 ohms for Transvene leads  
If the path resistance measurements  ohms  do not fall within these ranges  check the lead connections and lead placements and tighten or reposition if necessary  

CAUTION  Implanting the PCD device when the path resistance is less than 20 ohms may damage the device  
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Performing Defibrillation Effi cacy Testing 

After checking the lead connections  test defibrillation efficacy to show the ability to properly treat ventricular fibrillation  Before testing defibrillation efficacy  ensure an external defibrillator is charged for a rescue shock  Use the ETCD to perform the following  

1  Program the ETCD to properly detect VF with an adequate safety margin  sensitivity   1 2 mV  VF NID   18  FDI   320 ms   
2  Program the VF therapy parameters  energy  pathway  and pulse width  to the desired settings  See Table 5 in  General 

Device Information  for information on choosing optimal pulse widths  
3  Induce VF using AC stimulation or the fibrillation induction feature present in the ETCD  See the appropriate programmer manual for specific instructions on inducing VF with the ETCD 
4  Convert the arrhythmia using the ETCD and lead system  

To demonstrate reliable defibrillation efficacy with acute or chronic leads  it is recommended that VF be initiated and terminated three out of four times at a stored output energy of 24 joules or less  The protocol shown in Figures 22 and 23 are suggested  If more than one of the four VF inductions are not terminated by the ETCD and lead system  the decision to implant the PCD device should be re evaluated  
In order to keep patient morbidity and mortality to a minimum  patients should be rescued promptly with an external device if the lead system and ETCD fails to terminate the VF episode md at east 5 minutes should elapse between VF inductions  
At their option  physicians may also test for ventricular tachycardia therapy efficacy after testing for defibrillation efficacy  

V 
Induce VF No Change pathway  lead Success at 24 J  550 V   

induce VF 

success at 18 J  500 V   

size  position  or number 

No Repeat testing 
2 times at 24 J 

T 

Criterion 
met 

Induce VF No 
Success at 12 J  400 V   

Repeat testing  Criterion 
1 time at 24 J met 

Yes 

Induce VF 
Success at 6 J  300 V   

Y dH cil 
met 

Figure 22  Defibrillation Efficacy Protocol Flowchart 
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Evaluating VF Sensing 

While testing for defibrillation efficacy  evaluate VF sensing by reviewing the Marker 
Channel symbols and electrograms and checking for post shock T wave sensing  If VF 
sensing is not appropriate  it may be necessary to reposition the leads and repeat the VF 
inductions  

Two lead system   
RV      SVC 

Implant 
Criterion 

met  

No 

Three lead system   
RV      SVC  SQ 

Implant 
Criterion 

met  

No 

Sim  Yes 
Seq  Yes 

Always try both pulsing methods before going on 
Oi Qs 

Switch to 
SQ cathode 

Atlempt 
RV   CS  SVC 

anempt 
RV   CS  SQ 

Implant 
Criterion 

met  9 Sim  Yes No 

Figure 23  Transvene Lead 

Implant Implant 
Criterion Criterion 

met  met  

Sim  Yes No Sim  Yes No 
Ssq  Yes No Seq  Yes No 

System Evaluation Protocol Flowchart 

Connecting the Leads to the PCD Device 

CAUTION  Use of a chest tube is suggested in tunneling the lead connector to the pulse 
generator to prevent damage to the lead  DO NOT use surgical instruments 
to grasp the lead or connector pin when tunneling  

The Model 7217B PCD device is connected to a lead system consisting of either two or 
three cardioversionldefibrillatinn electrodes  Figures 24 and 25 11ustrate he w two  
connection configurations  Both the PULSE2 and COMMON electrodes are used in either 
configuration  The PULSE1 electrode is required in a lead system that uses the sequential 
or simultaneous therapy current pathway  but it is not required when the single pulse 
therapy is used  When the PULSE1 electrode is not used  the 6 5 mm plug provided with 
the PCD device must be positioned in the lower left port of the connector block  

The COMMON  PULSE2 and PULSE1 lead connectors must be of the 6 5 mm style  If 
the lead connector is not the correct size  an adaptor designed for use in a 6 5 mm port 
must be positioned on the lead connector  

In either configuration shown in Figures 24 and 25  both a PACE SENSE and a SENSE2 
electrode are required  The PACE SENSE and SENSE2 lead connector must be either 
the Medtronic low profile bipolar or the IS 1  bipolar style  The PACE SENSE electrode 
must be on the pin of the lead connector and the SENSE2 electrode must be on the ring 
of the lead connector  If two unipolar myocardial leads are used for pacing and sensing  
insert their connectors into an appropriate adapter that will fit into the PCD device s 
bipolar pacinglsensing port  See the appropriate lead technical manual for more details  

1  IS 1 refers to the International Connector Standard  ISO 5841 3  f 992  whereby generators and leads so 
designated are assured of a basic mechanical fit  
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CAUTION  For questions about lead   pulse generator compatibility  consult your Medtronic representative or call Medtronic Technical Services at our 24 hour toll free number  1 800 328 2518  

PACE SENSE SENSE2 

lMdl i L P foal 
IS 1 Connector  

1 COMMON  6 5 mm  
PULSE1  6 5 mm  

PULSE2  6 5 mm  

Figure 24  The Three CardioversionlDefibrillation Electrode System 

PACE SENSE SENSE2 

I Md  

iL P A 
IS 1 Connector  

COMMON  6 5 mm  
PLUG  6 5 mm C 

PULSE2  6 5 mm  

Figure 25  The Two CardioversionlDefibrillation Electrode System 

It should be noted that the insertion depth of an IS 1 lead pin is less than the insertion depth of a low profile leaclpin  The 
insertion mark for the IS 1 lead connector on the connector 
module  Figure 26  indicates that the IS 1 lead pin may not be inserted any further than the bar  Since the pin cavity is longer 
than the IS 1 requirement  the front part of the pin cavity will be empty when using an IS I lead  

Figure 26 
To connect each of the leads and plug  if required  to the PCD device  

1  Place a lead or plug into the appropriate port as shown in Figure 24 or 25  
2  Ensure full insertion of the connector pin by observing it protrude into the pin viewing area  i e   beyond the metal block of the connector   

k 
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3   Pass the hex wrench  ugh the associated grommet and brighten the  tscre v 

securely by turning clockwise until tight  For the PACE SENSE and SENSE2 
connector  tighten both setscrews  

If there is difficulty with lead insertion due to the setscrew obstructing the port  turn the 

setscrew counterclockwise   but only until the port becomes clear  

CAUTION  Counterclockwise rotation beyond this point may disengage the 
setscrew from the connector block  

The setscrews must be tightened securely using the hex wrenches provided with the PCD 

device  The hex wrenches are designed to yidd at the handle when ove orqued  thus 

preventing damage to the socket of the setscrew  Do not use Medtronic blue handled  

right angle  or allen type wrenches since they possess torque capabilities far greater 
than intended for this device  

PCD System Evaluation 

Airier conneciing ihe leads either PCB device   test the def br Hation efhcacy of  the PC  

system  Before testing defibrillation efficacy  ensure an external defibrillator is charged 

for a rescue shock  Perform the following  

1  Program the PCD device to appropriately detect and treat the VF episode  

2  If using external fibrillation equipment  place the PCD device in magnet mode  VT 
and VF Detection are suspended   

3  Induce VF using external fibrillation equipment or the fibrillation feature present 
in the PCD device  If using external fibrillation equipment  apply the signal 

between the PACE SENSE terminal of the PCD and an indifferent electrode 
attached to body tissue  The SENSE2 terminal may be used instead of the 
PACE SENSE terminal with an indifferent electrode  See the appropriate 

programmer manual for specific instructions on inducing VF with the PCD device  

CAUTION  When using external fibrillation equipment  make only one 
connection to the PCD lead system  This connection should be 
disconnected immediately after VF is induced  

CAUTION  DO NOT MOVE THE PROGRAMMING HEAD from the beginning 
of detection through delivery of the shock  If the head is moved  
remove it from the PCD device to allow the device to operate 
automatically  Replacing the head during the sequence may suspend 
VF Detection or abort the therapy  

4  After verifying sustained VF  press the CANCEL MAGNET key and then the 
PROGRAM key to allow automatic VF detection and therapy delivery to convert 
the arrhythmia   

1  When using the fibrillation feature present in the PCD device  pressing the CANCEL MAGNET key and 

then the PROGRAM key prior to induction of VF will cause VF Detection to be enabled immediately after the 

end of the fibrillation sequence  
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5  Observe the ECG signal and Marker Channel symbols for proper detection and 

therapy  Proper sensing following therapy delivery must be observed  Wait ten 

seconds after VF has been terminated before interrogating the device and printing a 

partial summary report of the data  

6  Program VT and VF Detection OFF before closing  

Placing the PCD Device 

To ensure telemetry and programming function post implant  the Model 7217B PCD 

device must be placed within 5 cm of the skin and with the engraved side facing toward 

the skin  

The Model 7217B PCD device has two suture holes located in the connector assembly  

Use of these suture holes may help secure the device in the subcutaneous pocket  thus 

minimizing rotation and or migration of the device post implant  Penetration of the holes 

can be achieved with normally available surgical needles  

Closing 

At closing perform or verify the following  

  All leads are sutured or positioned for chronic implant  

  All leads are fully inserted into the PCD device connector and all setscrews are tight  

  Place the PCD device in the pocket within 5 cm of the skin and with the engraved 

side toward the skin  

  Ensure that there are no kinks in the leads  

  Close the pocket  
  Program VF Detection and Therapies ON  

  Interrogate the device and print a full summary to document the post operative 

programmed status of the PCD device  
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Replacing a PCD Device 

To replace a Model 7217B PCD device  

1  Program VT and VF Detection OFF  

2  Carefully dissect the leads and the PCD device free from the surrounding tissues in 
the pocket  Be especially careful not to nick or breach the lead insulation 
inadvertently during the process of exposing the PCD system  

3  Insert the proper hex wrench through the slits in the rubber grommet and loosen 
the setscrew by turning counterclockwise  

4  Gently retract the lead connectors from the connector ports  
5  If any lead pin shows signs of pitting or corrosion  the entire lead should be 

evaluated and tested to assure the integrity of the system  

6  Take pacing  sensing  and defibrillation efficacy measurements  

7  Connect the leads to the replacement device  

8  Evaluate the defibrillation efficacy of the PCD system  

9  Place the PCD device and close  

10  Interrogate the device and print a full summary to verify and document that the 
programmed status of the device is as desired  

11  Return the explanted device after cleaninglgas sterilizing to your Medtronic 
representative for device evaluation  

Implanting a PCD Device With a Chronic Lead System 

When implanting a PCD device that connects to a chronically implanted lead system  
evaluate the following to ensure the device will detect and treat ventricular arrhythmias 
appropriately  

1  Integrity of the chronic patch leads  Evaluate by chest X Ray  inspection  or test 
shock  

2  Chronic pacing and sensing measurements  see 
 Performing Pacing and Sensing 

Measurements   in  Implantation Procedure    Repositioning the chronic leads or 
implanting new pacinglsensing or patch leads may be necessary  

3  Defibrillation efficacy  see 
 Defibrillation Efficacy Testing  in  Implantation 

Procedure    Repositioning the chronic leads or positioning a third patch lead may 
be necessary to meet the defibrillation efficacy protocol  Figure 22   

4  VF sensing  see 
 Evaluating VF Sensing  in  Defibrillation Efficacy Testing    

Repositioning the chronic leads or implanting new pacing and sensing leads may 
be required  

5  Fit of the connectors in the PCD device  see 
 Connecting the Leads to the PCD 

Device  in  Implantation Procedure    The leads must be properly inserted into the 
connector block for the device to function properly  
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POST IMPLANT INFORMATION 

Programming Considerations 

The following suggestions have been developed to assist the physician in programming 
the Model 7217B PCD device  These suggestions should be used to help program the 

proper detection and therapy parameters for the patient s clinical arrhythmias  They are 

only considerations based on the review of the clinical experience and are not the result 

of unanticipated adverse results or complications  The programming choices will also 

depend on the patient s specific clinical arrhythmia and the results of pre  and post  
implant electrophysiologic testing  

NOTE  Always interrogate the device at the beginning and end of each follow up 
session and print a full summary to verify and document that the programmed 
status of the PCD device is as desired  

The suggestions are divided into six main areas  VT Detection  VT Therapy  VF 

Detection  VF Therapy  VVI Therapy  and General  

VT Detection 

The PCD device uses two primary parameters to detect ventricular tachycardia  the 

Tachycardia Detection Interval  TDI  and the Number of Intervals to Detect  VT NID   

The two optional detection methods are the Onset and Stability Criteria  Keep in mind 

the following when programming VT Detection  

Tachycardia Detection Interval  TDI  

The choice of the TDI is based on the cycle length of the patient s clinical ventricular 

tachycardia  To provide a safety margin that allows the VT cycle length to vary 
somewhat and still be appropriately detected  the TDI should be programmed at least 40 

ms longer than the clinical VT cycle length  since a single cycle length greater than or 

equal to the TDI resets the VT event counter to zero   However  it must also be short 
enough to avoid inappropriate detection of sinus tachycardia and atrial fibrillation or 

flutter with rapid ventricular response  

Programming the FDI to a value greater than or equal to the TDI effectively disables VT 
Detection  When programming these two values  the physician should keep the TDI 

at least 40 ms longer than the FDI to allow for variability of the clinical VT cycle 
length  

Number of Intervals to Detect  VT NID  

The choice of the VT NID is based on the hemodynamic consequences of the clinical 
VT  Smaller VT NIDs will allow rapid detection of hemodynamically unstable VT  
Larger VT NIDs may be indicated in patients with a history of non sustained but well  

tolerated VT  For patients other than these  programming an initial VT NID of 16 is 

appropriate  
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Programming larger VT NID counts will result in correspondingly longer delays between 
VT therapies  when the previous therapy is ineffective in terminating the VT episode   
due to the need to redetect the VT episode after each unsuccessful VT therapy  

The physician should understand that the programmed VT NID applies to both initial 
detection and redetection of an ongoing episode after each therapy is delivered  

Onset Criterion 

Onset Criterion is indicated only if inappropriate detection of sinus tachycardia resulting 
in inappropriate VT therapy delivery has occurred  Treadmill testing  beginning at 81  
Onset  is suggested to evaluate the appropriate function of this algorithm  

This algorithm was used safely in 8 5  of 434 patients in the clinical study  Its use has 
demonstrated its safety and effectiveness  

If the Onset Criterion is ON and is not met at the beginning of a spontaneous ventricular 
tachycardia  the VT episode could remain  undetected   such as with an exercise  
induced VT  If VT Detection uses the Onset Criterion and detection is enabled after the 
start of a VT  the VT may not be detected  

A low programmed onset percentage value will increase the specificity of the Onset 
Criterion to detect the targeted tachycardia  but will also decrease the sensitivity of the 
overall VT detection algorithm  

Stability Criterion 

Stability Criterion is indicated if atrial fibrillation or atrial flutter with a rapid ventricular 
response has caused inappropriate detection and therapy delivery  A stability value of 
60 ms is suggested initially  

This algorithm was used safely in 17 9  of 434 patients in the clinical study  Its use has 
demonstrated its safety and effectiveness  

Decreasing the programmed interval stability value increases the specificity of the 
Interval Stability Criterion to detect the targeted stable tachycardia  but may also 
decrease the sensitivity of the detection algorithm  

Programming VT Detection ON 

VT Detection can be programmed ON only after VF Detection has been programmed 
ON  
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VT Therapy 

VT Therapy consists of four independently programmable therapies that can be delivered 
to restore the patient s normal cardiac rhythm  The physician can tailor these four 
therapies to each patient s needs by choosing from two methods of overdrive pacing 
 Ramp and Burst  and synchronized Cardioversion  Since the actual programmed 
parameters used will be patient dependent  the suggestions below may help in 

programming them appropriately  

The physician should be aware that even when there has been a satisfactory response to 
VT therapies  i e   Burst  Ramp  or Cardioversion  during clinically conducted EP 
studies  underlying or accompanying disease may over time alter the heart s electro  

physiologic characteristics  Thus  over time  the programmed automatic therapies may 
not only be ineffective but also deleterious to the patient  e g   initiate an atrial 
tachyarrhythmia or accelerate a ventricular tachycardia to flutter or fibrillation   

Ramp and Burst Therapy 

Clinical experience has shown that the most commonly programmed values for Ramp 
Therapy are the following  

Initial   of S Pulses  
First R S Interval 
Per Pulse Decrement 
tt of Sequences 
Minimum Interval 

5 
91   
10 ms 
5 
250 ms 

Clinical experience has shown that the most commonly programmed values for Burst 
Therapy are the following  

  of S1 Pulses  
FffSt S 1   1  BitCfVRl  

Per Sequence Decrement 
4 of Sequences 
Minimum Interval 

6 

84   
10 ms 

5 
250 ms 

The values selected for Ramp and Burst Therapies will depend on the patient s clinical 
VT cycle length  electrophysiologic testing results  and antiarrhythmic drug therapy  

Evaluating VT Therapies 

For evaluation of VT therapies  the exact number of inductions and successful termin  
ations that should be completed is primarily dependent on a patient s hemodynamic 
response to their ventricular tachycardia  In patients with poorly tolerated VT  it is 
recommended that at least ONE episode of VT be induced and successfully terminated 
using any of the VT therapies selected  For patients with well tolerated VT  it is 
recommended that at least FOUR episodes of VT be induced and successfully 
terminated  This testing should be conducted whenever the following are performed  

  Initial selection of VT therapies  
  Permanent reprogramming of VT therapies  and 
  Modification of antiarrhythmic drug therapy  

 P 
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Detecting VF as VT 

In cases where VF may be detected as VT  consider using one pacing sequence and three 
high energy cardioversion shocks for the VT therapies  

VT Therapy  4 

The last VT therapy should be high energy cardioversion  

Programming VT Therapies ON and OFF 

VT Therapy cannot be programmed ON unless VF Therapy is also programmed ON  
Also  programming one of the four VT therapies OFF will disable all subsequent VT 
therapies  For example  if VT Therapy  1 is programmed OFF  all VT therapies are 
effectively disabled  

lit  
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VF Detection 

The PCD device detects ventricular fibrillation using three programmable parameters  
the Sensitivity of the ventricular sensing circuit  the Fibrillation Detection Interval  FDI   
and the Number of Intervals to Detect  VF NID  that must be attained by the VF event 
counter  The programming suggestions for VF Detection are the following  

Sensitivity 

Sensitivity should be programmed to 0 3 mV to maximize the probability that VF will be 
detected  Values of 0 6 or 0 9 mV should be used only if oversensing  such as P  and T  
waves  would cause inappropriate shocks or inhibit pacing therapies  If sensitivity is 
reprogrammed to eliminate inappropriate sensing  VF should be reinduced and 
appropriately treated to ensure proper sensing and detection  Repositioning or implanting 
new pacinglsensing leads may be necessary  Use of values less sensitive  higher 
threshold  than 1 2 mV are not recommended except for testing and troubleshooting  

In the event of post pace oversensing  consider increasing the Refractory After Pace if it 
does not interfere with VT Detection or reducing the pacing pulse width or amplitude if 
it does not affect proper pacing capture  See  Refractory Periods  in  Principles of 
Operation for more information on programming the Refractory After Pace  

Fibrillation Detection Interval  FDI  

FDI should generally be programmed to at least 320 ms  If VT therapies are required for 
faster VTs  then a shorter FDI should be programmed only if repeated inductions of true 
VF are detected as VF at the shorter FDI  Using the Last Episode Detection Sequence 
memory  the FDI should be lengthened if 3 or more of the intervals from the start of VF 
detection are greater than or equal to the programmed FDI  Some drugs  such as 
Amiodarone  may slow the VF intervals to greater than 320 ms  which would require the 
FDI to be increased  

Number of Intervals to Detect  VF NID  

For most patients a programmed VF NID of 18 should be used  VF NIDs greater than 18 
may be indicated for some patients  for example  those with non sustained rapid 
tachyarrhythmias  However  in general  VF NIDs greater than 18 should be avoided to 

prevent prolonged detection and redetection times  

Programming VF Detection OFF 

VT Detection must be programmed OFF before VF Detection can be programmed OFF  
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VF Therapy 

VF Therapy delivers up to four high energy defibrillation shocks to treat ongoing 
detected VF episodes  The stored energy and pulse width for each therapy is separately 
programmable  see Table 5 in  General Device Information  for information on how to 
program the optimal pulse width   the electric current pathway is also programmable but 
must be the same for all VF therapies  

Current Pathways 

The multiple pathway options the PCD device offers  sequential  simultaneous  and 
single  allow the physician to provide an adequate defibrillation efficacy safety margin 
for most patients  For example  the simultaneous pathway may be indicated for patients who have difficulty meeting the defibrillation implant criteria with a different pathway  

Stored Energy 

Although the Transvene clinical study provided evidence that defibrillation thresholds 
remain stable in the study population  individual patients may experience threshold 
changes relative to changes in their underlying disease state  Therefore  VF therapy 
number 1 should be programmed to at least twice the lowest energy of defibrillation or 
34 Joules  

The second  third  and fourth VF therapies should be programmed to the maximum 
stored energy of 34 joules  

Programming VF Therapies OFF 

VF Therapy cannot be programmed OFF unless VT Therapy is programmed OFF  Also  
programming one of the four defibrillation therapies OFF will disable all subsequent 
defibrillation therapies  For example  if VF Therapy   I is programmed OFF  all 
defibrillation therapies are effectively disabled  
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VVI Therapy 

Pacing Parameters 

Rate  VVI pacing may be required for underlying conduction disease and after delivery 
of cardioversion defibrillation therapy  Program the rate for appropriate bradycardia 
support  but allow for contribution of the patient s intrinsic rate  

Pulse Width  keep in mind that this programmed setting also applies to VT Burst and 
Ramp therapies  When programming this parameter  ensure an adequate safety margin 
above the stimulation threshold  

Pulse Amplitude  choose from two settings  The setting selected also applies to VT 
Burst and Ramp therapies  the value selected should ensure an adequate safety margin 
above the stimulation threshold  

Sensitivity  this programmed setting will also be used to detect VT or VF  Therefore  
sensitivity should be programmed to 0 3 mV to maximize the probability that VF will be 
detected  A threshold greater than 1 2 mV may be too insensitive for VF detection  
Values less sensitive than 1 2 mV are not recommended except for testing and 
troubleshooting  If undersensing is observed in normal sinus rhythm  verify that VF 
sensing and detection are appropriate  Repositioning or implanting new pacinglsensing leads may be necessary  See also the programming considerations for VF Detection 
above  

A combination of wide pacing pulse width  high pacing amplitude  and high sensitivity 
 low sensing threshold  may cause inappropriate sensing after pacing  Programming a 
irarrower puise width  a lower amplitude pulse  a longer refractory period after pace  or a 
higher sense threshold may eliminate this inappropriate sensing  If sensitivity is 
reprogrammed to eliminate inappropriate sensing  VF should be reinduced and the PCD 
device should be allowed to automatically detect and treat the arrhythmia to ensure 
proper sensing and detection  

Long Refractory After Pace 

A long refractory period  more than 320 ms   coupled with a high programmed pacing rate  may impair the PCD device s ability to detect VT or VF and may cause 
asynchronous pacing  Events sensed within the refractory period restart a 120 ms 
blanking period but are ignored by both VT and VF detection criteria and for bradycardia 
paciig inhibition  Therefore  a  or  bradycmdia escape interval  re   a pacing rate 
greater than 50 ppm  combined with a long Refractory After Pace  360 ms or longer  
may prevent a VT event from inhibiting a pacing output  In such circumstances  the 
VT could remain undetected 

To avoid this possibility when the Refractory After Pace is programmed to 360 ms or longer  ensure that at least one of the following is true   1  the difference between the 
bradycardia escape interval and the effective refractory period should be greater than the Tachycardia Detection Interval  TDI   or  2  the bradycardia escape interval must be 
greater than twice  2X  the effective refractory period  The effective refractory period 

1   
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for a programmed refractory of 360 ms or longer is the programmed value plus 120 ms   See  Refractory Periods   in  Principles of Operation   for more information  

General 

Estimates of Time to Device Therapy 

The time to device therapy depends on several factors including programmed detection 
parameters  the PCD device s remaining battery life  and the time since the last charge of the device capacitors  For all therapies  the time to device therapy increases with higher 
programmed NIDs  For cardioversion and defibri lation therapies  the time also increases as the device s battery voltage decreases and as the time since the last charge of the capacitors increases  

The time to device therapy projections found in Table 2 apply under the following 
conditions  

  The episode interval lengths to be detected are all less than the programmed TDI for VT episodes or FDI for VF episodes  
  A programmed TDI of 400 ms and VT NID of 15  
  A programmed FDI of 320 ms and VF NID of 18 
  A beginning of life charge time to 34 J of 6 00 seconds  
  A cardioversion or defibrillation therapy of 34 J  

Table 2  Estimated Time to Device Therapy from Onset of Episode 
Therapy 
Ramp or Burst 
Cardioversion 
Defibrillation 

Time to Therapy 
6 4 seconds 
12 4 seconds 
11 8 seconds 

Cardioversion and Defibrillation Charging Periods 

The PCD device cannot be programmed during the cardioversion or defibrillation charging periods or during delivery of VT and VF therapies  Positioning  i e   applying or removing  the programming head during a charging period has no immediate effect on the operation of the PCD device  However  if such positioning changes between the time the charging period begins and ends  the PCD device will abort the scheduled 
cardioversion or VF therapy   

If the capacitors are not fully charged after three consecutive 35 second charging 
periods  the PCD device disables all VT and VF detection parameters and charging cycles and all VT pacing therapies  

l  VF therapy is aborted only if a refractory event is sensed at the end of charging    jl 
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Permanent Telemetry Enable 

This feature  which appears on the 9710 Programmer  is designed for future applications  
At that time  it may be used to provide continuous telemetry  after removal of the 
programming head  for a programmable number of hours  or continuously  This feature is normally programmed OFF  

Conditioning the PCD Device Output Capacitors 

The cardioversion defibriIIation output capacitors function more efficiently if they 
periodically receive an electrical charge  The charge conditions and helps maintain the efficiency of the capacitor function  The electrical charge should be used to condition the capacitors at every PCD follow up visit  See the appropriate MemoryMod cartridge technical manual for charging instructions  

Elective Replacement and Potential Loss of Function Indicators 

See Table 3 on the next page for a summary of voltage and charge time requirements at implant  elective replacement  and potential loss of function  

Elective Replacement Indicators 

Replacement of the Model 7217B PCD device is recommended when any of the following occur  

  The telemetered voltage for the battery is 4 97 V or less  or 
  The capacitor charging time is greater than or equal to 11 00 seconds  

These are elective replacement indicators only  They do not indicate that the PCD device has altered its operation in any way  

Potential Loss of Function Indicators 

Whenever any of the following are observed an immediate replacement of the PCD device is recommended  

  The potential for altered or loss of function is present when the telemetered voltage for the Battery is 4 74 V or less  
When the telemetered battery voltage is less than this value  the PCD device may be unable to successfully complete a charging cycle to the programmed energy  That is  a charging period may terminate prematurely and result in the  Reset Parameter Value    see Table 4   

  As the battery depletes  the charging time will generally increase  typically less than 25 seconds   but a single charging period should not exceed 35 seconds  If the output capacitors have not reached their full programmed charge in this time  the charge circuit  times out    This data is available via telemetry   After such a timeout  the PCD device will again attempt to confirm VT VF detection before resuming with an 
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additional 35 second charging period  If after three successive charging periods the capacitors do not reach their programmed level  the PCD device identifies a  Charge Circuit Inactive  state   This data is also available via telemetry   In this state  the PCD device disables the following  
AIl automatic VT and VF detection and therapies 
Programmer initiated therapies  except emergency Burst Pacing  Programmer initiated charpng per od   

Table 3  Voltage and Charge Time Requirements 

Event 

Implant 
Elective Replacement 

Potential Loss 
of Function 

Requirements 
Voltage Charge Time 
  6 10 V and   10 00 seconds 

  4 97 V or   1 i 00 seconds 
 4 74 V 

 Not applicable 

Time from Elective Replacement Indicator to Potential Loss of Function 
The time from the Elective Replacement Indicator to potential loss of function should be used to determine the frequency of follow up and the schedule for replacement of the unit  

The time from the Elective Replacement Indicator to potential loss of function is four months  minimum    based on the following conditions  
  100  pacing at 65 ppm  
  5 4 V pulse amplitude  
  0 49 ms pulse width  
  500 ohm pacing load  and 
  two 34 joule high voltage capacitor charging cycles per month  

This time may be shorter with increased pacing rates  increased pacing pulse widths  lower pacing impedances  or an increase in high voltage capacitor charging frequency  Potential loss of function means the PCD device may be unable to successfully complete a charging cycle to the programmed energy  

I  The preliminary projection of the time from Elective Replacement to potential loss of function is based on accelerated battery data and device modeling  Minimum projection means that virtually all  i e  99 9 lo  of the modeled production run of PCD devices will attain the values given at the stated conditions  
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Pre Hospital Discharge 

Monitor the patient appropriately post implant and take X rays as soon as possible to 
document  and asm the ocation of the eads  

While the patient is in the hospital  interrogate the device after each spontaneous episode 
to assess the appropriateness of the detection and delivered therapy Depending on the 
physician s judgment  the clinical tachyarrhythmia should be induced and terminated if 
no spontaneous episodes have occurred to confirm the appropriateness of the pro  
grammed values  Induction can be performed using the noninvasive electrophysiologic 
study  EPS  features present in the PCD device  See the appropriate MemoryMod 
cartridge technical manual for instructions  

Pacing and sensing values should also be tested and adjusted if necessary  

CAUTION  The physician should be aware that even when there has been a 
satisfactory response to VT therapies  i e   Burst  Ramp  or Cardioversion  
during clinically conducted EP studies  underlying or accompanying 
disease may over time alter the heart s electrophysiologic characteristics  
Thus  over time  the programmed automatic therapies may not only be 
ineffective but also deleterious to the patient  e g   initiate an atrial 
tachyarrhythmia or accelerate a ventricular tachycardia to flutter or 
fibrillation   
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Patient S 8ew Up 

Regular patient follow up testing should be scheduled every three months post implant 
to confirm that the programmed parameter values are appropriate and to monitor the 
condition of the implanted system and of the device s battery  After the battery voltage 
falls below 5 25 volts  patient follow up should be scheduled every month 

Perform the following during each follow up visit  

  Evaluate the patient s clinical status  
  Interrogate the device at the beginning and end of each follow up session and print a 

full summary to verify and document that the programmed status of the PCD device 
is as desired 

  Observe the battery voltage before charging the device s capacitors  
  Review device experience and status  
  Evaluate pacing and sensing perforniance  
  Perform a programmer initiated 34 joule charge of the capacitors and interrogate for 

the charge time Do not  dump  the energy from the capacitors so as to allow them 
to reform  

If the charge time is greater than or equal to 11 00 seconds  wait five minutes before 
dumping the energy on the capacitors and then perform another programmer initiated 34  
joule charge and interrogation  If the second charge time is again greater than or equal to 
11 00 seconds or if the initial battery voltage is 4 97 volts or less  the device should be 
replaced  

If the battery voltage is not observed before the device s capacitors are charged  it must 
reach its required value within thirty minutes after charging 

The patient should have X rays and pacinglsensing thresholds taken every three months 
for the first year after implant and every six months thereafter to verify proper lead 
position and check for conductor fractures  

See the section titled  Elective Replacement and Potential Loss of Function Indicators  
for more information about when to replace the PCD device  

1  Under unique conditions  a charge time of 2 33 seconds or its multiple may be reported as 2 33 seconds less 
than its actual value  e g  a reported charge time of 0 00 seconds could actually be 2 33 seconds   If this occurs  
wait five minutes before dumping the energy on the capacitors and perform another programmer initiated 34 J 
charge and interrogation  

fbi i 
t 
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GENERAL DEVICE INFORMATION 

Magnet Programming Head Operation 

Applying and holding a magnet  Part No  174105  and or programming head over the device temporarily suspends the automatic detection and therapy capabilities  Using the  Cancel Magnet  function on the programmer will restore these detection capabilities 
while the magnet programming head is in position  
CAUTION  Telemetry communication with the PCD device may cause inappropriate 

sensed events resulting in brief inhibition of bradycardia therapy  These 
sensed events may also count toward detection of VT or VF  Removing 
the programming or transtelephonic monitor head restores the device to 
normal function  

Placing a magnet over  the PCD device does not  inhibit V vY  erapy  

Turning Off the PCD Device 

To turn OFF the VT and VF capabilities of PCD device  press the  Nominal VVI  key and then the  Program  key on the programmer  This turns OFF VT and VF Detection 
and programs other parameters to the values listed in Table 4 below  This programming takes effect after any therapies in progress are delivered  This keystroke sequence can be used at any time after the device model number has been selected or a successful 
interrogation has been performed  The physician should interrogate the device after 
pressing the key to ensure that VT and VF Detection have been turned OFF  

To turn the PCD device back ON  follow the usual programming steps  

The table below lists the settings the PCD device is programmed to at the following events  
  At factory shipping  
  When  Nominal VVI  is programmed  
  When the VVI option under  Emergency 

VVI  is programmed and   When a  power on reset   an electrical reset  occurs  
Table 4  Nominal VVI Settings  Reset Parameter Values  Emergency VVI Option 

Settings  and Factory Shipped Settings 

Parameter 
Mode 
Pulse Width 
Sensitivity 
Amplitude 
Refractory After Pace 
Pacing Rate 
VT Detection 4 
Therapies 
VF Detection k 
Therapies 

Value 
VVI 
0 49 ms 
0 6 mV 
5 4 V 
320 ms 
65 ppm 

OFF 

OFF 
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Device Reporting Features 

The PCD device has a number of reporting features that provide current programmed settings of pacing  sensing  and VT and VF Detection and Therapy  It also provides current functional status of the device and information about previous detected and treated VT and VF episodes   

Programmed Parameters PACING AND SENSING 

PACING MODE Pacing and Sensing 
PACING RATE 
PACING PULSE WIDTH The PCD device reports the pacing 

mode  rate  pulse width  and amplitude  
It also gives the programmed sensitivity 
and refractory after pace  

PACING AMPLITUDE 

SENSITIVITY 

REFRACTORY AFTER PACE 

VT DETECTION AND THERAPIES 

VT Detection and Therapy 

The PCD device reports the following 
about VT Detection and Therapy  

VT DETECT  

VT DETECTION ENABLE 
  INTERVALS TO DETECT 
VT DETECTION INTERVAL 
INTERVAL STABILITY 
ONSET CRITERIA ENABLE   VT Detection ON or OFF 
ONSET VALUE  R R     Interval Criterion settings  TDI and 

VT NID  
ONSET COUNTER ENABLE 

VT THERAPY  1    Interval Stability Criterion ON or 
OFF 

  Interval Stability Criterion settings 
  Onset Criterion ON or OFF 
  Onset Criterion settings 
  Onset Counter ON or OFF 
  VT Therapy types  Ramp  Burst  or 

Cardioversion  and their respective 
settings  

THERAPYTYPE 

VT THERAPY ENABLE 
INITIAL   OF S PULSES 
FIRST R S INTERVAL 
PER PULSE DECREMENT 
  OF SEQUENCES 

MINIMUM INTERVAL 

VT THERAPY  2  
THERAPYTYPE 

VT THERAPY ENABLE 
4 OF S1 PULSES 

S1 S1 INTERVAL 

PER SEQUENCE DECREMENT 
  OF SEQUENCES 

MINIMUM INTERVAL 

VT THERAPY  3  

VVI 

65 PPM 

0 49 MS 

5 4 V 

03 MV 

320 MS 

ON 

16 

400 MS 

OFF MS 

OFF 

81    

OFF 

RAMP  

ON 

5 

97   

10 MS 

8 

200 MS 

BURST  

ON 

6 

84    

10 MS 

5 

200 MS 

THERAPYTYPE 

VT THERAPY ENABLE 
CV PULSE WIDTH 
CV ENERGY  JOULES  
CV CURRENT PATHWAY 

VT THERAPY  4  
THERAPY TYPE 
VT THERAPY ENABLE 
CV PULSE WIDTH 

CARDIOVERSION 

ON 

3 9 MS 

3 0 J 

SEQ 

CARDIOVERSION 

ON 

39 MS 

f r 
1  The data str pw    own are examples  

CV ENERGY  JOULES   
CV CURRENT PATHWAY 

34 0 d 

SEQ 
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VF Detection and Therapy 
VF DETECTION AND THERAPIES 

The PCD device reports the following 
about VF Detection and Therapy  

VF DETECT 

VF THERAPY ENABLE 
VC l3ETFC   T  QQ   QTI Q l QQ 

  VF Detection ON or OFF 
  VF Detection settings  FDI and VF 

NID  
  Defibrillation Therapy settings 

  INTERVALS TO DETECT 

VF DEFIBRILLATION THERAPY  1  

VF THERAPY ENABLE 

DEFIB PULSE WIDTH 

DEFIB ENERGY  JOULES  
nEFIB r   L RRERT  P4THVVAY 

ON 

320 MS  

18 

ON 

3 9 MS 

34 0 J 

 EA 

VF DEFIBRILLATION THERAPY  2  
VF THERAPY ENABLE 

DEFiB PULSE WID i H 

DEFIB ENERGY  JOULES  
DEFIB CURRENT PATHWAY 

ON 

3 9 MS 

34 0 J 

SEQ 

VF DEFIBRILLATION THERAPY  3  
VF THERAPY ENABLE 

DEFIB PULSE WIDTH 

DEFIB ENERGY  JOULES  
DEFIB CURRENT PATHWAY 

ON 

3 9 MS 

34 0 J 

SEQ 

VF DEFIBRILLATION THERAPY  4  

VF THERAPY ENABLE 

DEFIB PULSE WIDTH 

DEFIB ENERGY  JOULES  
DEFIB CURRENT PATHWAY 

ON 

3 9 MS 

34 0 J 

SEQ 

4 



Page 68 General Device Information   Reports 

Status and Data 
DATA 

These reports provide the physician with 
the capability to acquire data on the 
device s activitiesloperations between 
office visits  

PCD STATUS  

MEMORY RETENTION 

CHARGE CIRCUIT 

LAST GHARBFT  ME 
BATTERY VOLTAGE 

  The PCD device will determine and 
report its own internal status  e g   
what it has retained in memory  
error messages  battery status  last 
charging time  and charging circuit 
status  

  The VT Onset Counter reports the 
number of instances when the Onset 
Criterion associated with VT 
detection was fulfilled  It only 
counts when VT Detection is also 
ON and either the Onset Criterion 
or Onset Counter is enabled  

  Following detection of a VT 
episode  the PCD device s VT 
gpIS E   QllBfCE R   JS nBC TQt 

counter does not increase for 
subsequent detection s  of the same 
VT episode  It keeps track of the 
number of detected VT episodes  

VT ONSET COUNTER 

VT EPISODE AND THERAPY DATA  
EPISODE COUNT 

VT THERAPY 41 5UCCESC CQIJgl 
VT THERAPY  2 SUCCESS COUNT 
VT THERAPY  3 SUCCESS COUNT 
VT THERAPY  4 SUCCESS COUNT 
  OF VT S PCD INEFFECTIVE 
PCD EFFICACIOUS ON LAST VT 
LAST THERAPY USED 
  SEQ IN LAST PACE THERAPY 
R R AVG FOR LAST PACE THRPY 

VF EPISODE AND THERAPY DATA  
EPISODE COUNT 
VF THERAPY  1 SUCCESS COUNT 
VF THERAPY  2 SUCCESS COUNT 
VF THERAPY  3 SUCCESS COUNT 
VF THERAPY  4 SUCCESS COUNT 
  OF VF S PCD INEFFECTIVE 
PCD EFFICACIOUS ON LAST VF 
LAST THERAPY USED 

LAST EPISODE DETECTION SEQUENCE  
 19 R R INTERVAL 920 MS 
 18  R R INTERVAL 910 MS   If the PCD device determines the 

VT therapy was effective  see 
 VT 

Episode Termination and 
Determination of Therapy 
Efficacy    the VT Therapy 
Success Counter  corresponding to 
the last delivered therapy  is 
increased by one  A counter exists 
for each of the four possible 
programmed therapies   

 17  R R INTERVAL 230 MS 
 16 R R INTERVAL 210 MS 

 0  R R INTERVAL 210 MS 
 0 VF DETECTED 

EVENTS AFTER LAST THERAPY  
 0 VF THERAPY  2 DELIVERED 
 1 R R INTERVAL 650 MS 
 2  R R INTERVAL 920 MS 
 3 R R INTERVAL 920 MS 

  The Number of VTs That the 
PCD was Ineffective  in 
terminating  increases by one each 
time all programmed VT therapies 
are ineffective in terminating a 
detected VT episode  

 10  R R INTERVAL 920 MS 
 10  THERAPY WAS SUCCESSFUL 

OK 

OK 
1 J DE  

6 19 V 

14 

6 

2 

1 

0 

0 

YES 

 3 

5 

370 MS 

5 
3 
2 
0 
0 
0 

YES 
 2 

1  This counter is also incremented if the VT therapy accelerated the rhythm to VF and the corresponding VF therapy is successful in terminating the VT episode prior to the next VT detection  

Jr 
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The number of effective therapies plus the number of VT episodes in which the PCD 
was ineffective should equal the VT episode count  Exceptions to this may occur if a 
therapy is aborted  e g   by a magnet application or by spontaneous termination of 
the VT episode during the first therapy s charging period   if therapies are initiated 
by the programmer during the episode  or if the device is interrogated prior to 
identification of VT termination  

  The PCD Efficacy on the Last VT Episode is also available  that is  whether the 
device was successful  8 consecutive paced or sensed beats greater than or equal to 
the TDI  on the last detected VT episode  

  The Last VT Therapy Used notes which programmed therapy was delivered last  
  The Number of Sequences in the Last Pacing Therapy reports which sequence 

within the last Burst or Ramp Therapy was delivered last  This information is useful 
because  from it  and with the next report   the physician can determine the interval 
and number of pulses of the last delivered therapy   

  The R R Average for the Last Pacing Therapy discloses the average of the last 
four intervals prior to delivery of the last Burst or Ramp sequence  When this 
information is coupled with knowledge of the programmed settings for the last 
pacing therapy and sequence counter of the therapy  the physician can determine the 
pulse intervals delivered during the last pacing therapy   

  Following detection of a VF episode  the PCD device s VF Episode Counter is 
increased by one  This counter does not increase for each detection within the same 
VF episode  

  If the PCD device determines a VF therapy was effective  see 
 VF Episode 

Termination and Efficacy Determination     the Successful VF Therapy Counter 
corresponding to the last delivered therapy is incremented by one  A counter exists 
for each of the four possible therapies  

  The Number of VF Episodes in which the PCD device was Ineffective is 
incremented by one each time all programmed VF therapies are delivered and 
determined to be ineffective in terminating a detected VF episode  
The number of effective therapies plus the number of VF episodes in which the PCD 
device was ineffective should equal the total VF episode count  Exceptions to this 
may occur if a therapy is aborted by a magnet application  if therapies are initiated 
manually by the programmer during a VF episode  or if the device is interrogated 
prior to identification of VF termination  

  The PCD Efficacy on the Last VF Episode is also available from the PCD device  
  The Last VF Therapy Used notes which programmed VF therapy was last 

delivered  
  The Last Episode Detection Sequence retains data from 20 intervals just prior to 

the last detected VT VF episode  
  The Events After Last Therapy section retains data from 10 intervals following the 

last VT VF therapy of the last VT VF episode  

1  These two counters are also updated by a manually programmed Burst or Ramp therapy  
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Electrophysiological Study  EPS  Features 

With programmer initiated commands  the PCD device will produce up to four 

independently programmable premature stimuli  These stimuli may be used to induce a 

tachycardia for determining the patient s susceptibility to ventricular tachyarrhythmias 

and the efficacy of the device s programmed therapies  i e   Burst  Ramp  or 

Cardioversion  to treat the induced tachycardia  

Also  a ramp or burst pacing sequence with very short intervals for more aggressive 

stimulation may be used to establish the efficacy of Defibrillation Therapy  

The PCD device has these manually controllable therapies  

  Emergency therapies  including Defibrillation  Cardioversion  Burst  and VVI 

nominal pacing parameters  
  Defibrillation therapy  VFRx   programmable as to pulse width  stored energy  and 

current pathway  and 

  VT therapies  VTRx   programmable as to Burst  Ramp  or Cardioversion  

i 
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Telemetry Features 

The physician can acquire information about the present and past operation of the PCD 
device  

  Programmed Parameter Report  i e   the programmed values to which the PCD 
device is currently set  See  Device Reporting Features  in  General Device 
Information  for more information on reports  

  Continuous  Real Time Marker Channel  telemetry  including the timing and 
categorization of sensed  paced  and therapeutic events  i e   VF VT Normal   Refer 
to Figure 27 and the programmer technical manual for additional details  

  Continuous  Real time Electrograms from either of two different sets of leads  
EGM Near Field is taken from the PACE SENSE to SENSE2 leads and EGM Far  
Field is taken from the PULSE1 to COMMON leads   Far Field electrograms are 
not available in two electrode cardioversionldefibrillation systems because a plug is 
used in the PULSEI connector port   

20 ms 

Pace Sense VT Sense Refractory VF 
Sense Sense 

60 ms 

 60 ms       

LI U 
End of Charging 

Period  
Cardioversionl 

Defibrillation 

Output Pulse  

Telemetry 

oa a  

Figure 27  Representative Marker Channel Symbols 

I  Interference generated during charging or pulse delivery may occasionally prevent these markers from 
appearing  

2  This indicates data transmission other than Marker Channel telemetry  Other markers may not appear or may falsely appear within 300 ms either side of this Telemetry Data marker  
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Permanent Telemetry Enable 

This feature  which appears on the 9710 Programmer  is designed for future applications  At that time  it may be used to provide continuous telemetry  after removal of the programming head  for a programmable number of hours  or continuously  This feature is normally programmed OFF  
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Radiopaque Identification 

A radiopaque code block is visible on a standard X Ray as black characters on a white 
background  This code block may be used to identify the PCD device  Model 7217B  as 
follows  

Manufacturer  
Model Identification  

Engineering Series Number  

Medtronic 
ZB  Model 7217B  
Follows the Model Identifier 

Figure 28  Radiopaque I D  
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Output Voltage and Delivered Energy 

Programming Output Voltage For Cardioversion Defibrillation 

Table 5 converts stored energy  joules  to pulse amplitude  volts   based on a 75 ohm load  

Table 5  Converting Joules to Volts 
Programmed 
Stored Energy 

 Joules  

Pulse 
Amplitude 

 Volts  

Programmed 
Stored Energy 

 Joules  
34 0 
32 0 
30 0 
28 0 
26 0 
24 0 
22 0 
20 0 
18 0 
16 0 
15 0 
14 0 
13 0 
12 0 
11 0 
10 0 

753    5   
732    5   
708    5   
684    5   
660    5   
633    5   
606    5   
579    5   
549     5   
516  w 5   
50 I    5   
483  w 5   
465    5   
447    5   
429    5   
408    5   

9 0 
gn 
7 0 
6 0 
5 0 
4 0 
3 0 
2 0 
18 
i 6 
lA 
l 2 
1 0 
0 8 
0 6 
0 4 

Pulse 
Amplitude 

 Volts  
387    5   
366    5   
342    S c  
315    5   
288    5   
258  w 5   
225     5   
183    5   

174    16   

0 2 

162    16   
153    16   
141    16   
129    16   
114    16   
99     16   
81    16   
57    16   

Programming Pulse Width For Defibrillation 

To achieve the most effective defibrillation therapy for the most patients  the output pulse should have approximately a 65   tilt   which means the amplitude at the end of the pulse should drop 65  of the initial amplitude  Tilt values are dependent on the pulse width and pathway resistance  Table 6 below suggests what the pulse width should be programmed to as a function of the pathway resistance to obtain a 65  tilt  For example  when programming for SEQUENTIAL pulses where the two path resistances are 80 and 60 ohms  calculate the mean resistance  70 ohms  and use the SEQUENTIAL table to choose a pulse width of 4 4 ms  If programming for SIMULTANEOUS pulses where the path resistances are 90 and 70 ohms  approximate the resistance by using the product of the two path resistances divided by their sum  6300    160   39 Q   Then look at the SIMULTANEOUS SINGLE table for 39 ohms and choose 4 9 ms  For a SINGLE pulse with a path resistance of 40 ohms  for example  use the SIMULTANEOUS SINGLE table  look under 40 ohms  and choose 4 9 ms  

   1 
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Clinical experience has shown that the most commonly used defibrillation pulse width is 3 9 ms for SEQUENTIAL pathway and 6 3 ms for SIMULTANEOUS and SINGLE pathways  

Table 6  Pulse Widths for 65  Tilt 
SEQUENTIAL 

Resistance  ohms   Pulse Width  ms  
20 34 2 0 
35 42 2 4 
43 50 2 9 
51 58 3 4 
59 66 3 9 
67 74 4 4 
75 82 4 9 
83 89 5 4 
90 97 5 9 
98 102 6 3 

103 110 6 8 
111 118 7 3 
119 126 7 8 

8 1 

SIMULTANEOUS SINGLE 
Resistance  ohms    Pulse Width  ms  

 19 2 0 
20 21 2 4 
22 25 2 9 
26 29 3 4 
30 33 3 9 
34 37 4 4 
38 41 4 9 
42 45 5 4 
46 48 5 9 
49 52 6 3 
53 56 6 8 
57 59 7 3 
60 63 7 8 

64 100 8 1 

 Use the mean of the two path resistances    For simultaneous  approximate the resistance   use the formula R  x R  

R  R  
Stored and Delivered Energy 

Cardioversion and defibrillation therapies have three programmable parameters  stored energy  pathway  and pulse width  The stored energy determines the pulse amplitude  as shown in Table 5   The percentage of programmed surged energy that is applied to the lead system  that is  the delivered energy  depends on the programmed pathway  the programmed pulse width  and the pathway impedance  The percentage of programmed stored energy that is delivered increases when the programmed pulse width increases or the pathway impedance decreases  
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The percentage of delivered energy vs  programmed stored energy may be seen by referring to Figures 29 and 30  Increasing the programmed stored energy will have a 
proportional effect on the delivered energy  For example  if the pulse width  pathway  and pathway impedance are unchanged  doubling the adored  mergy doubles  e deiivered energy  

Figures 29 and 30 demonstrate the effect on the delivered energy with respect to the 
programmed stored energy  pulse width  pathway  and pathway impedance  One should not conclude  however  that two different settings delivering the same energy have the same effectiveness  Always verify the effectiveness of the new settings when reprogramming pulse width or current pathway  

110  

100  

90  

80  

70  

60  

50  

40  

30  

20  

10  

0  
0 2 4 

Pulse Width  ms  25 ohms 

50 ohms 
        75 ohms 

100 ohms 

6 8 

Figure 29  Percentage of Programmed Stored Energy Delivered 
Over a Single Pathway 

If  for example  the programmed pulse width is 3 9 ms and the pathway impedance is 50 ohms   the percents of deHvered energy  compared to programmed stored energy   is about 72   Increasing the pulse width to 6 3 ms with the same impedance will result in about an 88  delivered energy figure  
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110 lo 

100  

90  

80  

70  

  
J  

6Q   

50 lo 
   

40  

  
30  

  
20  

1 Q   

0  
0 2 

25 ohms 
  50 ohms 

        75 ohms 
        100 ohms 

4 

Pulse Width  ms  

6 8 

Figure 30  Percentage of Programmed Stored Energy Delivered 
Over Sequential or Simultaneous Pathways 

Programming a sequential or simultaneous pathway may change the percentage of 
deEvered energy    th  he mme examples as werc used to  Hustrate Figure  Q where 
each pathway is 50 ohms  the percentages are about 93  and 99  respectively  

Output Waveforms 

The illustrations that follow depict examples of waveforms that can be delivered by the 
PCD device during its programmable VT and VF therapies  Figures 31 33 represent the 
three programmable waveforms delivered during Cardioversion and Defibrillation 
Therapy  Figure 34 displays the waveform for Burst and Ramp therapies and bradycardia 
therapy  which are delivered at pacing energy levels   Dashed voltage waveforms 
represent detected poEemiais generaied from oiher leads  The exa es assume 7  ohms 
as the resistance for cardioversion and VF pathways   
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Cardioversion and Defibrillation 
Sequential Current Pathway 

Electric Potential  PULSE1 to COMMON 

800 10 

Current  PULSE1 to COMMON 

200 

0 0 
0 2 4 6 8 10 

Time  ms  

Electric Potential  PULSE2 to COMMON 

800 10 

8 600 

6 
Volts 400 Amps 

4 

200 
2 

0 
0 2 4 6 8 10 

Time  ms  

0 

0 2 4 6 8 10 

Time  ms  

Current  PULSE2 to COMMON 

0 2 4 6 8 10 

Time  ms  

Figure 31  Output Waveforms  Sequential  

NOTES  1  Dashed waveforms indicate potential reflected through the heart from the 
active electrode  

2  Current through the PACE SENSE and SENSE2 electrodes will 
normally be less than 10 mA  

1 
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Cardioversion and Defibrillation 
Simultaneous Current Pathway 

Electric Potential  PULSEl to COMMON 

800 10 

8 600 

6 
Volts 400 Amps 

4 

200   

2 

0 
0 2 4 6 8 10 

Time  ms  

0 

Electric Potential  PULSE2 to COMMON 

800 10 

8 600 

6 
Volts 4    

Am ps 

4 

200 
2 

0 
0 2 4 6 8 10 

Time  ms  

0 

Current  PULSE1 to COMMON 

0 2 4 6 8 

Time  ms  

10 

Current  PULSE2 to COMMON 

n 2 4 6 

Time  ms  

8 10 

Figure 32  Output Waveforms  Simultaneous  

NOTE  Current through the PACE SENSE and SENSE2 electmdes wiE normally 
be less than 10 mA  
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Cardioversion and Defibrillation 
Single Current Pathway 

Electric Potential  PULSE1 to COMMON 
Current  PULSE1 to COMMON 800 

10 

8 
600 

6 Volts 400 

Am ps 
l    

200 

4 

2  f   
I 

0 0 2 4 6 8 10 
Time  ms  

Electric Potential  PULSE2 to COMMON 
800 

8 

6 Volts 400 

Amps 

4 

200 

2 

0 

0 2 4 6 8 10 
0 

Time  ms  

 1 2 4 6 8 10 

Current  PULSE2 to COMMON 

10 

Time  ms  

Figure 33  Output Waveforms  Single  

NOTES  1  Dashed waveforms indicate potential reflected through the heart from the active electrode  

2  Current through the PACE SENSE and SENSE2 electrodes will normally be less than 10 mA  

 l  
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20 ms 

Recharge 

Programmed Pulse Width 

Figure 34  Output Waveform  Pacing  
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WARNINGS AND PRECAUTIONS 

Lead Systems 

The Medtronic 7217B has been proven safe and effective when combined with 

Medtronic epicardial patch electrodes  Medtronic Transvene non thoracotomy leads  or 

commercially available electrodes manufactured by Cardiac Pacemakers Incorporated 

 i e  C10   No claims of safety and efficacy can be made with regard to other acutely or 

chronically implanted lead systems  

Disease Progression  Detection and Automatic VT and VF Therapies 

The physician should be aware that even when there has been a satisfactory response to 

VT or VF therapies  i e   Burst  Ramp  Cardioversion  or Defibrillation  during clinically 

conducted EP studies  underlying or accompanying disease or change in antiarrhythmic 

drug therapy may over time alter the heart s electrophysiologic characteristics  Thus  

over time  the programmed automatic therapies may not only be ineffective but also 

deleterious to the patient  e g   initiate an atrial tachyarrhythmia or accelerate a 

ventricular tachycardia to flutter or fibrillation   In addition  changing cardiac electrical 

characteristics may prevent detection of a tachyarrhythmia or may cause the pulse 

generator to misinterpret a normal rhythm as a clinically significant arrhythmia  

Implanted or Temporary Pacemakers 

Previously implanted bradycardia pacemakers  tachyarrhythmia devices and leads should 

be explanted  The output pulses of an implanted device may adversely affect the 

tachyarrhythmia detection capabilities of the PCD device  If leads must be abandoned 

rather than removed  they should be capped to ensure they will not become a pathway for 

currents to or from the heart  If a patient requires a separate atrial or dual chamber 

pacemaker for hemodynamic reasons  either permanent or temporary  consider the 

following to minimize potential interaction between the pacemaker and the PCD  

  Use only bipolar pacemakers that remain bipolar after exposure to high voltage 

shocks  
  Use pacemaker leads with close interelectrode spacing  

  Allow adequate space between the pacing lead electrodes and the defibrillation lead 

electrodes  
  Test the PCD device to determine if output pulses from the pacemaker are sensed by 

the PCD  
  Induce all the patients ventricular tachyarrhythmias and ventricular fibrillation with 

the pacemaker programmed to an asynchronous mode at maximum output to 

evaluate possible inhibition of detection by the PCD due to pacing artifacts  

  Program the pacemaker to the lowest amplitude allowable for capture chronically  

the maximum sensitivity  and the minimum rate acceptable to the patient  
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Electromagnetic Interference  EMI  

Exposure to EMI may  under certain circumstances  prevent VT VF detection or cause 
the PCD device to falsely detect a VT or VF and deliver an unneeded VT or VF therapy  
The delivery of the therapy could  in turn  provoke an actual VT or VF  Additionally  
since the PCD device communicates with the programmer by means of radio frequency 
telemetry  EMI may cause short telemetry interruptions  Under unique circumstances  
EMI may cause an electrical reset of the device  see Power On Reset   Keep PCD 

patients away from EMI sources  when and as long as any detection criteria are 
enabled  Physicians should carefully weigh their decision to program the device to 
maximum sensitivity  0 3 mV   as it will increase the susceptibility to EMI sources  EMI 
sources include  but are not limited to  the foitowing  

  Nuclear Magnetic Resonance Imaging  MRI  equipment 

  Therapeutic diathermy 
  Defibrillation equipment 
  Electrocautery 
  High  voltage systems 
  Radio transmitters 
  Theft prevention equipment 
  Current carrying conductors 
  High powered electromagnetic fields 

Preventing Accidental Exposure to Maximum Voltage 

To prevent an accidental discharge during implantation or explantation  the Model 
7217B PCD device should be programmed so that VT and VF detection are both OFF 

In the event of a patient s death while the Model 7217B PCD device is implanted  the 
device should be explanted and returned to Medtronic  Prior to the explant procedure  
both VT and VF detection must be programmed OFF to prevent the delivery of 
potentially hazardous shocks to medical or mortuary personnel  Medtronic requests that 
such individuals INTERROGATE THE PCD DEVICE AND PRINT A FULL REPORT 
BEFORE TURNING OFF DETECTION AND EXPLANTING THE DEVICE   

Supraventricular Tachyarrhythmias 

Depending on programmed detection and therapy settings  patients with supraventricular 
tachyarrhythmias  despite a drug regimen  may be inappropriately paced  cardioverted  
or defibrillated  If the PCD device cannot distinguish such rhythms from ventricular 
tachyarrhythmias with available criteria  the physician must judge whether the use of the 
PCD device is advisable  

1  Consult the Technical Manuals for the Programmer and MemoryMod for details on turning OFF VT and VF 
detection  

iP 
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Because of the nature or frequency of conducted rapid atrial rhythms  the physician 
should carefully evaluate such rhythms and weigh the patient s needs against the benefits 
before implanting the PCD device  If the determining factor hinges on which therapies 
must be used  the physician should be aware that the total designed capacity for 
cardioversion and VF therapies is finite  The use of pacing level therapies  i e   Burst and 
Ramp  will not appreciably alter the device s longevity  

Repeated  Multiple VTIVF Episodes 

The physician must weigh the risks versus the benefits for patients who display a history of 
repeated and multiple VT episodes  Use discretion in the treatment of such episodes  since 
it may quickly deplete the battery of the PCD device  

The PCD device has a finite capacity for its high energy therapies  i e   cardioversion and 
defibrillation  The use of pacing level therapies  i e   Burst and Ramp  will not appreciably 
alter the device s longevity  

Diathermy 

Therapeutic diathermy should not be used at the implant site on patients who have a PCD 
device because of possible damage to the circuitry due to heating effects on the device  

Defibrillation 

The Model 7217B PCD device may be damaged by direct or transthoracic defibrillatory 
discharges  When performing direct heart defibrillation  do not directly contact the 
exposed metal surface of any electrode with the paddies  When performing transthoracic 
defibrillation  do not place a paddle directly over the PCD device  Interrogate the PCD 
device after the use of direct or transthoracic defibrillation to determine the functional 
integrity of circuits and programmed parameters  Reprogramming may be necessary  

Patch electrodes  because they  insulate  a portion of the heart tissue  may unavoidably 
reduce the effectiveness of transthoracic defibrillation  

Use of a Magnet 

Use only a Medtronic magnet  Part No  174105  or programming head over the PCD 
device  

Positioning a magnet or the programming head of the Programmer over the Model 7217B 
PCD device temporarily suspends VT and VF Detection and makes the device subject to 

programming  Placing a magnet over the PCD device does not inhibit VVI therapy  

Electrocautery 

Electrosurgical units should never be used in the vicinity  i e   six inches  15 em  or 
closer  of a Model 7217B PCD device and its associated lead system  Currents generated 
from electrosurgical units may cause permanent loss of output  induce ventricular 
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fibrillation  or reset programmed parameters in these units  see 
 Effects of 

Electrosurgical Cautery and Defibrillation    Where alternatives to electrocautery are 
available  these should be used  

Peter On Reset 

Certain conditions   including but not limited to  exposure to EMI  electrocautery or 
transthoracic defibrillation  may lead to an electrical reset of the device  The table below 
lists the settings the PCD is reset to when a  power on reset   POR  occurs  Always 
interrogate the PCD device at the beginning and end of each follow up session to 
verify and document that the programmed status of the device is as desired  The 
device may be reprogrammed to desired parameters after the source of interference is 
removed 

If a POR has occurred  then the POWER ON RESET message should be cleared from 
the PCD device memory and the device reprogrammed to desired parameters  To clear 
the POWER ON RESET message  use the DATA key on the main menu of the 

programmer to display and clear the STATUS group  
Table 7  Power On Reset Parameter Values 

Parameter 
Mode 
Pulse Width 
Sensitivity 
Amplitude 
Refractory After Pace 
Pacing Rate 
VT Detection   Therapies 
VF Detection k Therapies 

Value 

VVI 
0 49 ms 
0 6 mV 
5 4 V 
320 ms 
65 ppm 
OFF 
OFF 

Nonsterile Package 

The steriie package siiouid be inspected prior iu opemng  U 9m seal or package is 
damaged  contact your local Medtronic representative  

Damage to a PCD Device Prior to Implantation 

The Model 7217B PCD device should not be implanted if dropped on a hard surface 
from a height of 12 inches  30 cm  or more  

Random Failures 

All devices will ultimately cease to function due to normal depletion of the battery and 
may also fail at any time due to random component or battery failure which cannot be 

predicted prior to their occurrence  Also  the system may cease to function at any time 
due to lead related problems such as dislodgement  fracture  fibrotic tissue formation  
elevated thresholds  or medical complications  
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Infrequent Charging of the High Voltage Capacitors 

Infrequent charging of the high voltage capacitors may cause the charging period to be longer than desired  The use of the programmer initiated charging command should be performed to 34 joules at every PCD follow up visit  

SIDE EFFECTS 

Possible side effects include  but are not limited to  the following  body rejection 
phenomena including local tissue reaction  muscle and nerve stimulation  pericarditis  infection  lead dislodgement  erosion of the PCD device  leads  or adaptor through the skin  and adverse psychological effects  which may include psychologic intolerance to the PCD device  imagined pulsing  dependency  fear of inappropriate pulsing  and fear that pulsing capability may be lost  

POTENTIAL ADVERSE EFFECTS 

The following potential adverse effects may arise during and after implantation of a PCD device  myocardial irritability at implant  which might cause premature ventricular contractions  PVCs   supraventricular tachycardia  or fibrillation  cardiac tamponade or loss of sensing due to perforation of the myocardium at implant  acute hemorrhage due to venous perforation  infection  thrombus formation and subsequent pulmonary embolization caused by the presence of intravascular leads  loss of system function due to battery failure or other component failure  inability to reprogram the pulse generator because of programmer failure  false sensing  inappropriate pulsing  and or inhibition of normal electrical conduction due to dislodged or fractured leads  case fracture  or electronic component failure  interruption of desired function due to electrical or magnetic interference  including nuclear magnetic resonance  NMR  and diathermy and lithotripsy when used near the site of the pulse generator and leads  and system failure due to ionizing radiation  erosion or extrusion of the pulse generator  fibrotic tissue growth  fluid accumulation  keloid formation  and formation of hematomas or cysts  

EFFECTS OF ELECTROMAGNETIC INTERFERENCE 

The Model 7217B PCD device is designed to limit the effects from most common sources of electromagnetic interference  EMI   Because many forms of EMI exist  it is impossible to characterize all of them here  In general  VT and VF Detection should  if possible  be programmed OFF before subjecting the patient to procedures that induce strong electromagnetic fields  

t f 

Paired sensing between the PACE SENSE and SENSE2 leads makes the Model 7217B PCD device relatively insensitive to signals of non cardiac origin  It is important to maintain a distance no greater than one  1  cm between the two electrodes to minimize EMI effects  The patient should be advised to avoid strong electromagnetic fields such as those listed in Table 8  Such signals could be interpreted by the device as being of cardiac origin and be detected as a tachyarrhythmia with subsequent delivery of VT or VF therapies  
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Table 8  Potential Complications 

Source 

Standard fluoroscopy 
radiation for imaging 

Effects Precautions 

No Effect 

Microwave diathermylovens No Effect  

Therapeutic diathermy Heating of circuitry  Must be avoided directly over the 
device  program VT VF Detection OFF  

Transthoracic defibrillation Effectiveness of transthoracic defibrillation may be 
affected by the implanted PCD system  possible circuit 
damage or loss of output if   400 J or   15 cm from the 
PCD device  increased pacing threshold  decreased R  
wave amplitude  resetting of programmed parameter 
values  see 

 Power On Reset  on page 82   

Direct defibrillation Effectiveness of direct defibrillation may be affected by 
the implanted PCD system  potential circuit damage to the 
PCD device  loss of output  increased pacing threshold  
decreased R wave amplitude  resetting of programmed 
parameter values  A   id direct c nyct of the paddies with  
the exposed coils of the patch electrodes  

Electrosurgical cautery Possible triggering of VT VF detection and or therapies  
within 15 cm of the PCD system  the complications may 
include  potential circuit damage to the PCD device  loss 
of output  increased pacing threshold  decreased R wave 
amplitude  or resetting of programmed parameter values  
Program VT VF Detection OFF to avoid inadvertent 
detection  

Ionizing radiation Possible damage to circuitry  Should be avoided or device 
shielded  see  Hospital or Medical Environment   May 
mimic R waves and inhibit output or initiate VT VF 
detection and therapies  Program VT VF Detection OFF 
to avoid inadvertent detection  

Domestic electrical 
equipment  car engine  
airport screening equipment 

No adverse effect with conventional  properly 
grounded and operating devices  However  excessive 
levels of EMI may cause VT VF detection  

Pulsed energy  leakage 
current 

May mimic R waves and inhibit output or cause VT VF 
detection  

l  Up to 200 Volts peak meter  
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Potential Complications  Continued  

Source Effect Precautions 

Continuous strong 
interference 

May mimic R waves and inhibit output or cause VT VF 
detection  

Continuous strong 
magnetic field 

Undesired suspension of VT VF detection  possible 
damage to PCD circuitry  if charging occurs  

Metal portions of the 
electrodes touching each 
other 

A short circuit may occur during defibrillation or 
cardioversion resulting in permanent damage 
to the device s high energy output circuitry  

Effects of Electrosurgical Cautery and Defibrillation 

The use of electrocautery  within 15 cm  or direct defibrillation may cause permanent 
damage to the device  

Under certain conditions  the use of direct defibrillation or electrosurgical cautery in the 
vicinity of a Model 7217B PCD System  i e   device and lead electrodes  may cause the 
device to be set to its reset parameter values  see Table 4 in  General Device 
Information      

Program VT VF Detection OFF during electrosurgical cautery to avoid triggering of 
VT VF therapy  

Following the use of direct or transthoracic defibrillation or electrosurgical cautery  
interrogate the device and print a full summary to verify and document that the 
programmed status of the device is as desired 

NOTE  Always interrogate the device at the beginning and end of each follow up 
session and print a full summary to verify and document that the programmed 
status of the PCD device is as desired 

Hospital or Medical Environment 

Exposure to normal diagnostic levels of x ray and fluoroscopic radiation should not 
affect the Model 7217B PCD device  

The Model 7217B PCD device SHOULD NOT BE DIRECTLY IRRADIATED by 
therapeutic levels of ionizing radiation  such as produced by cobalt or linear accelerators 
used for cancer treatment  because of risk of permanent damage to the device s circuitry  
If such therapy is required in the vicinity of the device  the device should be shielded 
 with VT VF detection OFF  and its operation and various functions confirmed 
following treatment  
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Home or Job Environment 

The Model 7217B PCD device should not be affected by the normal operation of electrical equipment such as household appliances  electrical machine shop tools  microwave ovens  spark ignited internal combustion engines  radio frequency transmitting systems  or microwave frequency transmitting systems  

iNOi K  Such effects wiE normally not be observed if proper electrode spacing  i e   no 
greater than 1 cm between the PACE SENSE and SENSE2 electrodes and with the corresponding leads routed together  is provided at implant  

Medtronic should be consulted when device wearers will be in areas where contact with current carrying conductors is possible or when they must come near high powered  
electromagnetic fields radiated by are welding units  induction furnaces  resistance 
welders  etc  

4 
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General Warning dc Service 

GENERAL WARNING 

The Medtronic  Implantable Pacer Cardioverter Defibrillator Device  the 
 Device   

and the Medtronic Implantable Leads  the 
 Leads    are implanted in the extremely hostile environment of the human body  This environment places severe limitation on the design and function of the Device and Leads  These limitations unavoidably reduce the effectiveness and longevity of the Device and Leads despite the exercise of due care in design  component selection  manufacture  and testing prior to sale  

The Device includes a nonseparable power source that will ultimately cease to function due to exhaustion or premature failure thereby necessitating removal of the Device  The Leads are necessarily very small in diameter and very flexible  which unavoidably increases the likelihood of breakage or breach of their insulation  Other reasons for failure of the Device or Leads include  but are not limited to  body rejection phenomena  physiological variations in patients  medical complications  including antiarrhythmic drugs  Lead displacement  Lead fracture  fibrotic tissue formation  erosion of the Device or Lead through body tissue  infection  perforation of an artery or heart  random component failure  or interference from transmitters  tools  appliances  instruments  equipment  electrocautery  external defibrillators or other devices that use electricity  ionizing radiation  or electromagnetic wave transmission  
Complications that may be associated with the use of the Device and Leads include  but  are not  limited to  failure to detect ventricular tachycardia or ventricular fibrillation  failure to terminate ventricular tachycardia or ventricular fibrillation  delivery of a pacing or shock therapy when no ventricular arrhythmia is present  which could precipitate an episode of ventricular tachycardia or ventricular fibrillation  acceleration of a ventricular arrhythmia  failure to capture after a shock delivery  constrictive pericarditis  discomfort or pain during or following the delivery of electrical shock  or tissue or muscle burns at the site of the electrodes  

Consequently  no representation or warranty is made that failure or cessation of function of the Device or Leads will not occur  that the body will not react adversely to the implantation of the Device or the Leads  that medical complications will not follow the implantation of the Device or the Leads  that the Device and Leads will effectively restore adequate cardiac function  or that implantation of the Device and Leads will prevent sudden death  See the Medtronic Warranty packaged with the product for the terms and conditions of the warranty  

SERVICE 

Medtronic employs highly trained representatives and engineers located throughout the world to serve you and  upon request  to provide training to qualified hospital personnel in the use of Medtronic products  In addition  Medtronic maintains a professional staff of consultants to provide technical and medical consultation to product users  For supplemental information  contact your local Medtronic representative  or call or write Medtronic at the appropriate address or telephone number listed on the back cover  
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GLOSSARY OF TERMS 

The following definitions and or descriptions are used in this manual  
Anode  Positive  pole  of the current pathway  PULSE1 and or PULSE2 are the anodes for delivery of cardioversion and defibrillation therapies  

Auto Adjusting Sensitivity  The device automatically adjusts the programmed sensitivity to a less sensitive value following signal detection on the sensing leads  This prevents the sensing of T waves when sensitive thresholds are used  
Acceleration  The criteria for determination that a VT has accelerated after delivery of a therapy  Acceleration is defined as a decrease by 60 ms or more in the average cardiac cycle length from the initial VT detection cycle length  

Automatic  When the desired detection and therapy are programmed ON  the device delivers the therapy  without manual intervention  after all detection criteria are met  
Blanking Period  The period during which the PCD device does not sense events  Blanking periods occur after each paced  sensed  or therapy event and during and after a charging period is completed  

Burst  A VT therapy in which the device delivers a sequence of rate adaptive  equal  interval pulses  The first pulse in the sequence is delivered at a programmable percentage of the tachycardia cycle length  Subsequent pulses in the same sequence are delivered at this same interval  

Cancel Magnet  A programming command that overrides the effect  on VT and VF De tion  of positioning a programming iiead over the device  This command reinstates automatic VT and VF Detection while the programming head is in place  
Cardioversion  Describes the VT therapy type in which the PCD device delivers a programmable pulse that is synchronized to a ventricular sensed event  
Cathode  Negative  pole  of the current pathway  COMMON is the cathode for delivery of cardioversion and defibrillation therapies  

Charge  A programming command that allows the manua  initiation of the capacitor charging cycle  The length of this cycle is an indication of the condition of the PCD device battery  

Charge Circuit Inactive  A change in device function after three consecutive Charging Periods are equal to 35 seconds  In this state  the device disables  
  All automatic VT and VF Detection and Therapies  
  Programmer initiated therapies  except Emergency Burst Pacing     Programmer initiated EPS  premature stimuli  and fibrillation stimuli    Programmer initiated Charging Periods  

Charging Period  The period during which the PCD device stores the programmed energy  charge  in capacitors so that it can rapidly deliver a cardioversion or defibrillation therapy  
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Committed  Once a charging cycle is initiated for defibrillation therapy  a shock will be 
delivered  The therapy may be aborted by applying a magnet  however  timing of magnet 
application will determine whether therapy is aborted  

COMMON  The electrode that serves as the cathode for cardioversion and defibrillation 
therapies  and as the anode for pacing therapies  

Current Pathway  The path followed by a Cardioversion or Defibrillation pulse s  
when discharged across cardiac tissue  i e   between an anode and cathode  

Defibrillation  A therapy consisting of electrical shock to terminate ventricular 
fibrillation  The device attempts to synchronize the shock to a ventricular depolarization  
and if unsuccessful  delivers the shock asynchronously  Automatic VF Therapy can be 
programmed up to a series of four attempts to terminate a VF episode  

Detection  The condition in which the device has determined the presence of electrical 
events that fulfill all programmed VT or VF criteria  

Disabled  A permanently programmed state in which detection and or therapies are not 
available  OFF condition   These functions can only be re enabled via a programming 
sequence  

Dump  A programming command that discharges the manually charged capacitor into a 
load circuit in the device  

Effective Therapy  The PCD device considers a VT or VF therapy effective if  after the 
therapy  the device recognizes the termination of the episode prior to redetection  i e   the 
continuation of the original arrhythmia  

EGM  Electrogram   The signal  transmitted via telemetry  of an electrogram taken 
from the device s lead system  

Elective Replacement Indicator  The telemetered battery voltage at which replacement 
of the device is recommended  It does not indicate that the device has altered its 
operation in anyway  

Emergency VVI  A programming step that allows quick access to manual initiation of 
Defibrillation  Burst  Cardioversion  or VVI Nominal Therapy  

Enable  Allows or turns ON the function  e g   allows VT and VF Detection and 
Therapies to carry out the designed capacity for detecting and terminating VT VF 
episodes  

ETCD  External Tachyarrhythmia Control Device  

ig  
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Fibrillation Detection Interval  FDI   The interval in milliseconds that measured 
cardiac intervals must be less than or equal to in order to meet the ventricular fibrillation 
detection criteria  

Interval Criterion  The programmable VT Detection Criterion that is designed to detect 
a sustained high ventricular rate by measuring each cardiac cycle length and comparing it 
to the programmed Tachycardia Detection Interval  

Interval Stability Criterion  The programmable VT Detection Criterion that allows the 
PCD device to screen out irregular ventricular rhythms and or unstable VTs  

Marker Channel  A programmer generated set of symbols that allows real time 
visualization of sensing  pacing  detection  and therapy events occurring within the device  

Number of Intervals to Detect  NID   The programmable number of measured cardiac 
intervals that must meet the FDI or TDI criteria for detection to occur  Displayed on the 
programmer screen as  INT 

Non Committed  Post completion of charging for cardioversion  the device attempts to 
confirm the presence of VT and synchronize to an R wave  if this is not possible  therapy 
will not be delivered  

Onset Criterion  The programmable VT Detection Criterion that permits the PCD 
device to differentiate between a sudden or abruptly starting tachycardia and one with a 
gradually increasing rate such as sinus tachycardia  

Paced Events  Output pulses  of pacing energy levels  from the PCD device  

Pacing Therapies  Two VT therapies  Burst and Ramp  are pacing therapies designed to 
deliver pulses at pulse widths and amplitudes the same as those programmed for 
bradycardia therapy  

PCD Ineffective  The PCD device is considered ineffective for VT or VF if  after all 
therapies have been delivered  the device redetects the arrhythmia prior to recognition of 
the episode s termination  

Potential Loss of Function Indicator  The telemetered voltage at which immediate 
replacement of the PCD device is recommended  In this situation the potential for altered 
or loss of function is present  

PULSE1  PULSE2  The defibrillation electrodes that serve as anodes for cardioversion 
and defibrillation therapy  

Ramp  A VT Therapy in which the device delivers a sequence of rate adaptive  
decreasing interval pulses  The first interval is a programmable percentage of the 
detected VT cycle length  Each subsequent interval is decremented from the preceding interval by a programmable value  For each sequence the device automatically increases 
the number of purses by one  

Redetection  After the delivery of VT VF Therapy the device monitors the cardiac cycle 
length for continued fulfillment of the programmed detection criteria  Fulfillment of this 
criteria  redetection  is required before the next therapy will be delivered  

 0 
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Refractory Period  The period after paced  sensed  or therapy events during which 
events are not used for detection  synchronization  etc   but are used to restart a blanking 
period  The PCD device can sense events during this time  but not during the related 
blanking period  Events sensed during the refractory period are called  refractory sensed 
events   

Rounding  When attempting to detect a tachyarrhythmia  the PCD device rounds down 
to the nearest 10 ms while measuring the cardiac cycle length  However  it rounds up or 
down to the nearest IO ms interval when using the measured interval to average or 
calculate percentages of intervals  e g   during Burst or Ramp Therapies or when the 
Onset Criterion is active  

Sensed Event  The recognition by the PCD device circuitry of electrical activity on the 
paired leads  PACE SENSE to SENSE2  that exceeds the programmed sensitivity 
threshold  Sensed events are either refractory ennead event   r non refractory s msed 
events  i e   events sensed outside a refractory period  Non refractory sensed events may 
also be categorized as VT  VF  or normal sensed events  

Sequence  The programmable feature that indicates the number of attempts that will be 
made by a given Ramp or Burst therapy to terminate the tachycardia  

Sequential Pulse Cardioversion or Defibrillation  The programmable therapy 
designed to terminate a VT VF episode  consisting of two high voltage pulses delivered 
one after the other across two different pathways  

Simultaneous Pulse Cardioversion or Defibrillation  The programmable therapy 
designed to terminate a VT VF episode  consisting of two high voltage pulses delivered 
at the same time across two different pathways  

Single Pulse Cardioversion or Defibrillation  The programmable therapy designed to 
terminate a VT VF episode  consisting of one high voltage pulse delivered across one 
pathway  

Suspend  Temporary inactivation of detection functions by placing the programming 
head over the device  Cancel Magnet or lifting the programming head reactivates 
detection if it was previously programmed ON  Detection functions are also suspended 
after all therapies are delivered  

Synchronization Sequence  In both Cardioversion and Defibrillation Therapy  the 
process conducted after the completion of charging when the PCD device attempts to 
identify the leading edge of an R wave or ventricular event with which to synchronize 
the delivery of a high energy output  In Cardioversion therapy  this period is also used to 
confirm the continued presence of the VT  
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Tachycardia Detection Interval  TDI   The interval in milliseconds that measured 
cardiac intervals must be less than to meet the ventricular tachycardia detection criteria  
Note  The intervals must also be greater than the FDI  

Termination  The PCD device considers a VT of VF episode  terminated  whenever it 
detects eight consecutive cardiac cycles longer than the TDI or FDI  respectively  

Therapy Type  Defines the kind of delivered therapy  i e   Burst  Ramp  Cardioversion  
or Defibrillation  

Therapy Sequence  A single attempt to terminate a VT with pacing level stimuli  The 
term applies to VT therapy types in which a single therapy can consist of a program  
mable number of Burst or Ramp sequences  

Therapy  The device operation to treat a detected VT or VF  A single therapy consists 
of a cardioversion or defibrillation shock or a sequence of pacing level treatments  i e   
Burst or Ramp  

VF Episode  The period during which the device considers VF in progress  i e   from the 
time of initial VF detection until the criteria for VF termination are recognized by the 
PCD device  

VT Episode  The period during which the device considers VT in progress  i e   from the 
time of initial VT detection until the criteria for VT termination are recognized by the 
PCD device  
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SPECIFICATIONS 

Programmable Capability 
Functions 

Increments Programmer Tolerance Other Notes 
Default  

Sensing Pacing 

Mode VVI 

Pacing Rate4 30 64  65  66 82  2 ppm 
85  86  88  90 ppm 

65 ppm 

Pulse Width 
Sensitivity 

0 03   1 59 ms 0 03 ms 
0 3   2 4 mV 0 3 mV 

0 49 ms 
0 3 mV 

Pulse 
Amplitude 2 8 and 5 4 V 

Refractory After 
Pace 

VT Detection 
Enable 

VT Detection 
Intervaled 

Number  of  
Intervals to 
Detect 

Onset Criterion 
R R Percent  

320   480 ms 

ON OFF 

280   600 ms 

4 52 

ON OFF 

56 62  66 87  
91   97  

Onset Counter 
Interval 

ON OFF 

5 4 V 

40 ms 320 ms 

OFF 

10 ms 400 ms 

4 16 

OFF 
3 Old 

81  0 

OFF 

Stability  OFF  30   130 ms 10 ms OFF 

Only mode 
available 

  I ppm 

  0 0    03 ms 
  0 15 mV For 0 3 mV 
  0 20 mV For 0 6 mV 
  0 25 mV For 0 9   1 5 mV 
  0 40 mV For 1 8   2 4 mV 

2 5 k 5 2 V min 

  20   Oms 

  1 ms 
TDI should be 
at least 40 ms 
longer than FDI 

NID value 
applies to all 
VT Detections 

  0 57o   

  ms  

a  Due to Medtronic s continuing deveopment  it is not possible to list all currently available programming configurations  See the appropriate Medtronic programmer manual for specific details  b  Parameter and tolerance values apply at 37  C and 510 ohm load at time of manufacture  Values may vary depending on the specific test procedures used  
c  Programmer default values are associated with the Model 9788 MemoryMod  
d  Escape interval equals pulse interval     I 0    50 ms   
e  With a 40 ms sine  waveform 
f  When using the Cenelec waveform  the rated sensing threshold value will be 1 5 times the rated sine  sensing threshold value  g  With a periodic  constant amplitude and wave shape  signal  
h  Does not include an additional   0   10 ms  rounding tolerance associated with each interval measurement  i  Does not include an additional   5 ms rounding tolerance associated with an R R average calculation  

q4 
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Programmable Capability 
Functions 

VF Detection 
Enable 

VF Detection 
Interval 

ON OFF 

240 400 ms 

Number of Inter  
vals to Detect 6 30 

VT Therapies 0 4 
Burst 

Enable 
Number 

of S  Pulses 
S   S  Interval 

ON OFF 

1   15 

50 62  66 87  
91   97  

Number of 
Sequences 

Decrement per 
Sequence 

Minimum Pulse 
Interva14 

Ramp 
Enable 

I   15 

0   40 ms 

150   300 ms 

ON OFF 
Initial Number 

of S  Pulses 1 15 

Specifications 

Increments Programmer Tolerance Other Notes Default 

OFF 

10 ms 320 ms   I ms 
FDI should be 
at least 40 ms 
less than TDI 

6 18 

OFF 

1 

3  
6 

84  

5 

10 ms l0 ms 

10 ms 200 ms 

OFF 

5 

  05 c 

  I ms 

 1ms 

First R   S 
Interval 

50 2  66   87  3  

Decrement per 
Pulse 

Number of 
Sequences 

Minimum Pulse 
interva14 

97   0 5 foe 91   97  

0   40 ms 10 ms 10 ms  1 ms 

I   15 8 

150   300 ms 10 ms 200 ms   I ms 

a  With a periodic  constant amplitude and wave shape  signal  b  When VF Detection is enabled  the programmed setting for this parameter serves as the minimum interval to identify a VT event  c  Tolerance does not include rounding tolerances associated with the R   R interval measurement     0  10 ms   R   R average calculation    5 ms   and the stimulation interval calculation    5 ms   O Tpe Minimum Pulse Interval selected applies to both Burst and Ramp therapies and is used for all programmed therapies and sequences  
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Programmable Capability 
Functions 

Increments Programmer Tolerance Other Notes 
Default 

Cardioversion 

Enable 

Current Path 

ON OFF 

Single  Simultaneous  
or Sequential 

Pulse Width 0 5   2 0 ms 0 5 ms 
2 4   5 9 ms 
6 3   7 8 4 8 l ms 

0 5 ms 
0 5 ms 

OFF 

Sequential 

6 3 ms  0 2    0 1 ms 
 0 2    0 1 ms 
 0 2    0 1 ms 

Peak voltage with 
75 ohm load  

Energy  Stored  0 2   1 8 jou les 
2 0   15 0 joules 
16 0   34 0 joules 

VF Therapy 

Enable 

0   4 

ON OFF 

0 2 J 
1 0 J 
2 0 J 

Current Path Single  Simultaneous  
Or sequentialb 

Pulse Width 2 0 k 2 4   5 9 ms 0 5 ms 
6 3   7 8   8 1 ms 0 5 ms 

0 6 P 

OFF 

Sequential 

6 3 ms 

Energy  Stored  0 2   1 8 joules  
2 0   9 0 joules  
10 0   15 0 joules 
16 0   34 0 joules 

VT Manual Prescriptions 

0 2 J 
1 0 J 
1 0 J 
2 0 J 

34J 

Burst See Above 
Ramp See Above 
Cardioversion See Above 

VF Manual Prescriptions 
Defibrillation See Above 

Electrophysiological 
Studies 

300   2000 ms 10 ms 
150   600 ms 10 ms 

ST ST 150   600 ms 10 ms 
S   S4 150   600 ms 10 ms 
Number of S  1   20 1 

600 ms 
400 ms 
OFF 
OFF 
8 

20 95 5 
a  Default setting is 34 0 J for therapy  3 and  4 
b  The programmed current path applies to all four VF therapies  
c  Energy range available only for Therapies  1 and  2  
d  Specifications may vary with the specific Medtronic programming system used 

  35  
  15  
  15  

  16  
  5  
 5  

 0 2    0 1 ms 
 0 2    0 1 ms 

  35  
  15  
  lac 
  15  

Peak voltage with 
75 ohm load  
  16  
  5  
 5  
 5  

Programmer in 
itiated therapies 
 Manual Pre  
scriptions  do 
not involve the 
automatic detec  
tion criteria  
Only one pacing 
sequence or ther  
apy per command  

 2 ms 
  1 ms 
  1 ms 
  1 ms 

Delivered  
in VVI Mode 
Asynchronously 
Asynchronously 
Asynchronously 
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Programmable 
Functions 

Capability Increments Programmer Tolerance Other Notes 
Default 

Electrophysiological 
Studies  continued  
High Rate Pacing  Fib  
Manual   Interval 
Automatic 

intervai i immit 

100 400 ms 10 ms 

100   200 Es 10 its 
210 250 ms 20 ms 
300   400 ms 50 ms 

Telemetry 
Permanent OFF  1 63 hrs 1 hr 

Continuous 

TYpC Marker Channel 
EGM   Near Field 

400 ms  1ms 

200 ms 1 qp 

 1ms 
 1ms 

OFF 

Marker Channel 

Based on 4 000 
events per hour 

PACE SENSE to 
SENSE2 

EGM   Far Field PULSE1 to 
COMMON 

Manual Capacitor 
Charging 0 2   1 8 J 0 2 J 

2 0   15 0 J 1 0 J 
16 0   34 0 J 2 0 J 

  35  
  15  
  15  

Peak voltage with 
75 ohm load 
  16  
 5  
 5  

Nonprogrammable Capability 
Functions 

Tolerance Other Notes 

Blanking 12Q ms  
320 ms 
300 ms 
300 ms 

Refractory 200 ms 

400 ms 
520 ms 

  20   0 ms  
  20   0 ms  
  20   90 ms  
  20   0 ms  

After sensed event 
After paced event 
After Charging Period 
After VT VF therapy or 
failure to synchronize 

  20   0 ms  

  20   90 ms  
  20   0m  

After sense  during CV 
Synchronization Sequence 
After Charging Period 
After VT VF therapy or 
failure to synchronize 

VF Synch Period 500 ms  1ms If no sensed event  the 
defibrillation shock is 
delivered 

Escape Interval 

Maximum Allowable 
Charging Period 

1000 ms 

34 95 seconds 

 2 mS 

 20    10 ms 

After VT VF therapy 

For cardioversion and 
VF therapy 

a  sing a periodic  constant amplitude and waveform  signal  
Measured from the time of the previous sensed event  

ased on a 40 ms sine waveform at twice the programmed sensitivity threshold  
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Nonprogrammable Capability 
Functions 

Tolerance Other Notes 

Time Between 
Sequential Pulses 
Disabling of VT 
Detection 

244  sec 

64 events 

Rate Limit  Pro  
tective Feature  120 ppm 

Input Impedance  min  50 Kohms 

  225 psec 

After a VF detection 

  20 ppm Does not apply during 
therapies or programmed 
high rates 

Data Range Tolerance Other Notes 

PCD Status 
Memory Retention OK  Reset  by Power Inadequate  Memory Loss  Both  

Charge Circuit OK  Timeout  Inactive 
K ast Crige Time 10 111S   34 95 SCCOJK1S   20    10 lllS 
Battery Voltage Measured Voltage   200 mV 

VT Onset Counter 0   65 535 
VT Episode and Therapy Data 

Episode Count 0 255  
VT Therapy 

Success Count 
Number of VTs PCD 

Ineffective 

0 255  

0 255  

Reports for each of 4 therapies 

PCD Efficacious 
on Last VT 

Last Therapy Used 
YES NO 
0   4 

Number of Sequences 
in Last Therapy 1   15 

Applies to Burst and Ramp 
therapies only 

R R Average for 
Last Pace Therapy None  150   600 ms 

Applies tw erst and Ramp 
therapies only 

a  An increment to a counter that causes the value to exceed the maximum will cause the counter to go to 
the minimum value  

yb 
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Nonprogrammable Capability Tolerance Other Notes 
Functions 

VF Episode and 
Episode Count 
VF Therapy 

Success Count 
Number of VFs PCD 

Ineffective 
PCD Efficacious 

on Last VF 
Last Therapy Used 
Last Episode 

Sequence 
Cycle Length Intervals 
Last Therapy 

Sequence 

Therapy Data 
0 255  

0 255  

0 255  

YES NO 

0 4 

20 intervals 
100   2000 ms   12    2 ms 

10 intervals 

Reports for each of 4 therapies 

Prior to last VT or VF episode 
detection 

Following last VT or VF therapy 
delivered during last episode 

Mechanical Dimensions 

Size  Height 
Length 
Width 

Mass 

Displacement 
Volume 

External Shield 
Battery 

101 mm 
70 mm 
20 mm 
197 grams 

113 cc 
Titanium 
Lithium Silver Vanadium Oxide  6 4 V nominal  

Factory Preset Parameters As indicated on Package Labeling 

Pf 



Europe 

Medtronic Europe S A IN V  
Woluwe Office Garden 
Woluwedal 26 
1932 St  Stevens Woluwe 
Belgium 
Telephone   32 2  716 88 11 
FAX   32 2  716 88 15 

Asia Pacific 

Japan 
Medtronic Asia Pacific 
Shuwa Kioi cho Park Building  SF 
3 6 Kioi cho  Chiyoda ku 
Tokyo 102  Japan 
Telephone   81 3  3230 2701 
FAX   81 3  3230 0446 

Australia 
Medtronic Australasia Pty  Ltd  
22 Clarke Street 
Crows Nest  Sydney  N S W   2065 
Australia 
Telephone   61  2 437 6066 
FAX   61  2 437 6869 

Asia 
Medtronic International Ltd  
2002 CC Wu Building 

Latin America 

Medtronic  Inc  
450 Fairway Drive 
Suite 103 
Deerfield Beach  FL 33441 
USA 
Telephone   305  428 8556 
FAX   305  428 8984 

North America 

Canada 
Medtronic of Canada Ltd  
6733 Kitimat Road 
Mississauga  Ontario L5N 1W3 
Canada 
Telephone   905  826 6020 
FAX   905  826 6620 
Toll free  1 800 268 5346 
 24 hour consultation service  

United States 
Medtronic  Inc  
7000 Central Avenue  NE 
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Medtronic rI1 

August 26, 1992 

Medtronic, Inc. 
7000 Central Avenue, N.E. 
Minneapolis, MN 55432-3576 
Telephone: (612) 574-4000 
Cable: Medtronic Telex: 29-0598 
FAX: (612) 574-4879 

Office of Device Evaluation <b\ 
PMA Document Mail Center (HFZ-401) ~ ~ 
Center for Devices and Radiological Health ..,-\ --l ~~:~. ~O 
Food and Drug Administration ~ g" ; (j 

~) flj 
1390 Piccard Drive .~~ ~g ,': 
Rockville, MD 20850 ~~ • £ . ~,~ 
Re: Response to OCS Request for Additional Manufacturing ~~ c::> ~"1'1 

Information for the Medtronic® PCD'" Transvene'" System ~ c::::> ~=' 
. (Document Control Number P920015) 1 A-. A'.0'€ 

f ,c H/' ;S' 
This Amendment addresses deficiencies in the above rejt:£)t~ PMA that were 
described in your letter dated May 14, 1992 (Attachm~ A). The response to 
each deficiency follows this cover letter. 00 

This information is submitted in triplicate in acc~ance with 21 CPR Part 812. 
This submission contains confidential or co~ia1 trade secret information and 
we request that it be given the maximu~~ction provided by law. If further 
information is required, please contact ~~ndersigned. 

Sincerely yours, vO 
~ 

MEDTRONIC, INC. " #" 
/(1/:, :~ ,0 .~ C. -.. 

Chip Whitacre ~0 
Cardiac Pacin~.mess 
Product Regu1f4ion Manager 
(612) 574-1~ 
(612) 5~~24 FAX 

Attachment 
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1. The Design Assurance Plan, Project I (b) M<4) l dated 217/91 for the 
new helix electrode, part" 136250-001, is not representative of the 
manufacturing operations. The qualiflcation report dated 4/16/91 does 
not address the effects of the sterilization process on the integrity of the 
helical electrode. [vol. 2, pp. 153-156] 

RESPONSE: 

The Design Assurance Plan and subsequent Design Assurance Report 
presented in Volume 2, pp.153 - 156 was intended to be representative of 
the validation of the steps in the manufacturing process. In this case the 
assurance plan· and the res.uItS- of the crimping of the helix coil to the· 
conductor coil was presented as an example of the validation of a single 
step in the manufacturing process, which did not involve any materials or 
other changes that would effect the function of the lead. Since the 
dimensions of the helix that pass through the seal were not changed, there 
was no need to readdress the possible effects of the sterilization process on 
the helix electrode. 

The effects of the sterilization process on the integrity of the lead were 
examined in the original design assurance evaluation for the Model 
6884/6966. Results of design assurance testing, i.e., electrical, 
mechanical, and environmental testing on I (b) ~!(4) I complete leads, 
following sterilization, are presented in Volume 4, pp. 464 - 481 of the 
PMA application (copy provided in Attachment B of this submission for 
reference). AlII (b) (~!l~ 1 leads were subjected to multiple,1 (b/bMI: I hour 
cycles of EtO sterilization, examined for visual defects and then subjected 
to the functional testing regime (see Attachment B). Aut (b) (~)l4) I leads 
met the specifications in the design assurance plan. 



(b, (4) 

2. Provide the locations of the biological indicators used during the 
steriIization validation and routine production for the 6966 lead. [vol. 
2, p. 207] 

RESPONSE: 

For the sterilization validation of the Model 6884/6966, test samples 
(innoculated leads) were evenly distributed among the locations in the 
sterilizer as shown in Figure 1. Tests were carried out using a fully loaded 
sterilizer chamber, which consisted ofCS "\ ) each containing I (J::(&)M) I 
Each ('(bJ\ll11 was fully loaded with [ e j _ . J The test samples were 
loaded into thel (et»14i 41 as shown in Figure 2. 

FIGURE 1 

(b)(4) 

FIGURE 2 

Location of Test Samples Within ~ 

(b)(4) 



3. Provide the product density and configuration pattern for the 6966 
sterilization cycle~ [vol. 2, p. 207] 

RESPONSE: 

The 6884/6966 sterilization cycle includes I (b) (4(~)(4) I (see Figure 1, 
Deficiency #2), each containing I (b) ~4) (b)(4~ ..1 leads packaged in 
standard lead trays. The product density is I (6) ('tb1(4) I 



4. Provide the maximum parameter of the humidity specification for the 
sterilization cycle of the 6966 lead. [vol. 2, p. 211] 

RESPONSE: 

specified for the exposure period in the sterilization 
f""7'I'""\'~-~ 

pl"'r.~o::;:ce;:;:SS::...:l:.::..S ===;--_-.1 The humidity during exposure is typically between 
Il""rbl (1\ 

\ ; 'i '(b)(4) 



5. The f"mished device evaluation for the 6966 lead does not address the 
effect of sterilization.on device performance. [vol. 2, p. 174] 

RESPONSE: 

The effect of the sterilization process on the performance of the Model 
6884/6966 has been evaluated in the original design assurance testing. 
Results show that the. lead continues to perform to design specifications 
after multiple, Cb .~ ~xposures to EtO. Results of the design assurance 
testing, followmg sterilization, on I (b) (,;<ti)(4) I Model 6966 leads are 
presented in Volume 4, pp. 464 - 481 of the PMA application (copy 
provided in Attachment B of this submission for reference). 



6. The validation plan for 6963 lead does not address the effects of the 
sterilization cycle on device performance. [vol. 3, p. 327] 

RESPONSE: 

The effect of the sterilization process on the perfonnance of the Model 
688116963 was evaluated in the original design assurance testing. Results 
show that the lead continues to perfonn to design specification after 
multiple,U)"\ :texposures to EtO. Results of design assurance testing, 
following sterilization, on the lead are presented in Volume 4, pp. 446-463 
of the PMA application (copy provided in Attachment C of this submission 
for reference). 

Ptlr--t i- Pa~-e t OJ- Lp 



7. The process qualification report, I (b) (4 {b){4) :], does not address .the 
effects of the sterilization cycle on the performance of the 6999 lead. 
[vol. 3, p. 335] 

RESPONSE: 

The process validation plan, I (h) (4hb)(4) J was intended to describe the 
plan for validating the processes in the manufacture of the 6897/692116999 
leads. 

The effect of the sterilization process on the performance of the Models 
6897/6921/6999 was addressed in the Design Assurance Plan for those 
leads. . The results of design qualification testing for the Models 
6897/6921/6999 are presented in Volume 4, pp. 482-498 of the PMA 

. application (see copy of the applicable pages in Attachment D of this 
submission for reference). I (h) ~6+) I leads were subjected to multiple, 

[ \bJ.. . .]bour cycles of EtO. All the leads were then tested for electrical, 
mechanical and environmental performance. All leads performed within 
established specifications. . · 



(b) (4, 

8. Provide tbe product location of biological indicator and spore 
inoculation for the validation and production sterilization cycles of tbe 
6963 and 6999 leads. [vol. 3, p. 372] 

RESPONSE: 

All sterilization cycles are validated and monitored with the inoculated 
product and biological indicators. Figure 1 shows the locations of 
inoculated product in the load. Figure 2 shows the locations of biological 
indicators in the load .. 

FIGURE 1 

(b)(4) 



FIGURE 2 

(b) (4) 

(b)(4) 

Part .i - PMe loJCf 



9. Provide the maximum parameter of the 12/88 ethylene oxide gas 
exposure for the 6999 lead. [vol. 3, p. 376] 

RESPONSE: 

The maximum exposure time il~inutes for the 6897/692116999 lead. 
The range of time necessary to assure anTb ____ !lJi.'!l' _______ ~inutes. 

\\ 



10. Explain the difference in the sterilization gas exposure parameters of 
the J:b i (4/b)(4) I Control Device between the two manufacturin 
facilities. The gas exposure parameter at the Rice Creek facility is 

[(/fl~4i4Iminutes; the gas exposure parameter at the Kerkrade facility is~ 
minutes minimum. The Kerkrade facility does not specify a maximum 
gas exposure. [vol. 4, p. 415 and p. 432] 

RESPONSE: 

The difference in the sterilization gas exposure times is due to the 
difference in the use of the sterilization chambers at the two facilities. At 
the Rice Creek facility as many as 1(~~11 product families may be in the 
chamber at one time. Therefore, the exposure time is determined by the 
requirements of the product family that is most difficult to sterilize. And 
for Rice Creek product the exposure parameter is I (b/b)!~) I minutes. The 
gas exposure time for the Kerkrade facility is I ({e~4j4Jminutes. However, a 
review of the results of the lethality testing for the[~qM~) l(Table 1) shows 
that the mean D - value for the process at the two facilities is identical. 

TABLE 1 

COMPARISON OF D-VALUES FOR PULSE GENERATOR FAMILY 

Kerkrade 
(b)(4) 

Rice Creek 



11. Provide the manufacturing methods, controls, and evaluation 
procedures for· the facility identified as Medtronic Milaca, 900 6th 
Avenue N.E. Milaca, l\1N 56353. [vol. 4, p. 437] 

RESPONSE: 

Production and Process Controls -Milaca Facility 

The manufacturing processes for the Model 5355 printed circuit boards are 
similar to all other printed circuit boards manufactured ~t Milaca. Written 
assembly processes are utilized which also contain the necessary quality 
requirements. In-line inspection steps are intended to verify the previous 
operators' work and these steps are specified within the process. 
Manufacturing assembly and inspection operations are performed by 
certified operators. Below is a summary of the primary manufacturing 
steps utilized in manufacturing a printed circuit board (PCB) assembly. 

Manufacturing: PCB 



-~l 
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Manufacturing process procedures (work instructions) are written and 
. controlled to assure the device/component conforms to the original design. r . ... . -:--1 
\ bC'f) I \ I 

J 
Responsibilities and requirements for initiation, review, approval, 
distribution, retrieval, and disposal of process are defined in Milaca's 
Policies/Procedure manual. 

All process changes are reviewed. and 
, /. '\ 

'If" I tlJ l,b)~ ______ -1 



Process development format, identity, distribution and~ maintenance are 
defined in the Manufacturing Documentation Standards Manual and 
Milaca's Policies and Procedures Manual. Each process and each page 
wi~in a process is issue-level controlled, as well as the trace 

_ _ _ _ _ ~ -1 Variances are noted . 
[n the product traceform (Device History Record). 

? - - ----r - ------ -.,,; 

~ . RRI's are- noted on the Device Hist~ry &Record f~r p~~~ct I 
with rework performed. 

'" 
..-- ---~-- .. ] 

Non-conforming assemblies which can not readily be reworked by the 
operator are submitted to the ~10. .JThe non
conforming assembly is reviewed and dispositioned by the responsible 

r'~(b1£() I \ . J. 
L-. for corrective action and completeness. p~ 

are also noted on the Device History Record. 

Non-conforming assemblies are recorded on ther (b)(~) • j 
which is reviewed by the product assembly 'Fam, engineering, and 
management for corrective action and effectiveness of that corrective action. 





DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Food and Drug Administration 
1390 Pi.ccard Drive 

Ms. Jennifer M. Marrone 
Manager, Regulatory Affairs 
Cardiac Pacing Business 
Medtronic, Inc. 
7000 Central Avenue, N.E. 
Minneapolis, MN 55432-3576 

Re: P920015 
PCD Transvene System 

Dear Ms. Marrone: 

MAY I 4 1992 
Rockville, MD 20850 

The Center for Devices and Radiological Health (CDRH) of the Food and Drug 
Administration (FDA) is continuing to process the above named premarket approval 
application (PMA). Simultaneously with a review by the Office of Device 
Evaluation (ODE), the Office of Compliance and Surveillance (OCS) must review 
the manufacturing information in your PMA to determine that it is sufficiently 
complete and appropriately organized to permit FDA to determine whether your 
firm (or your contract manufacturer) has the capability of manufacturing your 
PHA device in accordance with (1) the conditions specified in the PMA 
application and (2) the requirements of the medical device GMP regulation. 

-- The Division of Compliance Programs (DCP) of OCS has reviewed the manufacturing 
section of your PMA and believes that it lacks the information necessary to 
effectively complete a review and determine whether to initiate a PHA inspection 
(see enclosed). While the deficiencies outlined in the enclosure do not 
preclude further review of your PMA, if left uncorrected they may delay or 
preclude evaluation of your manufacturing process and final approval of your PMA 
application. We request that you respond as indicated. Please be advised that 
continued review by ODE of your application (including the manufacturing 
section) may identify additional deficiencies. Also, the OCS review of your 
response to this letter may identify additional deficiencies.· 

For your information a Guidance for Preparation of PMA Manufacturing Information 
was published on March 22, 1991 (a notice of availability was published in the 
August 20, 1991 Federal Register). It is also available as part of the PMA 
Manual Supplement which may be obtained from the Division of Small 
Manufacturer's Assistance at 1-800-638-2041. 

Information supplied in response to the enclosed request should be submitted in 
the form of an amendment AND BE CLEARLY IDENTIFIED AS A RESPONSE TO AN OCS 
REQUEST IN YOUR REFERENCE BLOCK. FDA will consider the PMA to have been 
withdrawn voluntarily if you fail to respond in writing to this request for an 
amendment within 180 days of the date of this letter as provided under 21 CFR 
814.44(g). You may, however, amend the PMA within the 180 day period to request 
an extension of time to respond. Any such request is subject to FDA approval 
and must justify the need 

., 



Page 2 - Ms. Jennifer M. Marrone 

for the extension and provide a reasonable estimate of when the requested 
information will be submitted. If you do not amend the PMA within the 180 day 
period to (1) correct the above deficiencies, or (2) request an extension of 
time to respond and have the request approved, any amendment submitted after the 
180 day period will be considered a resubmission of the PMA and will be assigned 
a new number. A resubmission should be complete and self-contained without 
reference to earlier submissions because of potential difficulties in assembling 
files from storage. 

All correspondence regarding this PMA should be submitted in three (3) copies in 
the form of a PMA amendment to the address below and reference the above PMA 
number to expedite processing. 

PMA Document Mail Center (HFZ-401) 
ATTN: MQAB 
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville, Maryland 20850 

This letter reflects the current progress of our review of your 
application. Please be advised, however, that continued review of your 
application or questions arising from any response to this letter, may 
result in additional deficiencies being identified. 

If you have any questions concerning this deficiency letter, please contact 
Frank Twardochleb at (301) 427-1128. 

Pcu-+ i - Pu-~e. \b3'l 

Sincerely yours, 

.~~~~ 
Director, Program Operations Staff 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 



Deficiency List 

The Office of Compliance and Surveillance (OCS) in the center for 
evices and Radiological Health (CDRH) has completed an initial review 

~f your premarket approval application (PMA), P920004, with regard to 
the Good Manufacturing Practice (GMP) regulations. Please address the 
following issues and provide the requested documentation: 

1. The Design Assurance Plan, I !b) (4) (b)(4) J dated 2/7/91 for the 
new helix electrode, part r]?114)(b)(4) I is not representative of the 
manufacturing operations. The qualification report dated 4/16/91 does 
not address the effects of the sterilization process on the integrity 
of the helical electrode. [vol.2, pp.153-156] 

2. provide the locations of the biological indicators used during the 
sterilization validation and routine production for the 6966 lead. 
[vol.2, p.207] 

3. Provide the product density and configuration pattern for the 6966 
sterilization cycle. [vol.2, p.207] 

4. Provide the maximum parameter of the humidity specification for the 
sterilization cycle of the 6966 lead. [vol.2, p.211] 

5. The finished device evaluation for the 6966 lead does not adress 
the effect of sterilization on device performance. [vol.2, p.174] 

6. The validation plan for 6963 lead does not address the .effects of 
the sterilization cycle on device performance. [vol.3, p.327] 

-7. The process qualification report, I (0) :4) (b)(4) I does not address the 

---

effects of the sterilization cycle on the performance of the 6999 lead. 
[vo 1. 3, p. 335 ] 

8. Provide the product location of biological indicator and spore 
inoculation for the validation and production sterilization cycles of 
the 6963 and 6999 leads. [vol.3, p.372] 

9. Provide the maximum parameter of the n~) (4) (b)(4) 

exposure for the 6999 lead. (vol.3, p.376] 

10. Explain the difference in the sterilization gas exposure 
parameters of the I (0) (4(fJ)(4) :J Control Device between the two 
manufacturing facilities. The gas exposure parameter at the Rice Creek 
facility is [(b)(~W4l I minutes; the gas exposure parameter at the Kerkrade 
facility is ~ minutes minimum. The Kerkrade facility does not specify 
a maximum gas exposure. [vol.4, p.415 and p. 432] 

11. Provide the manufacturing methods, controls, and evaluation 
procedures for the facility identified as Medtronic Milaca, 900 6th 
Ave. N.E. Milaca, MN 56353. [vol.4, p. 437] 

Petri i - Pa.qe. (D3)? 
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ATTACBl\tlENT B 

Copy from PMA Application 
dated March 31, 1992, Volume 4, pp. 464-481. 

Design Assurance Testing 
Model 6884/6966 
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2. Model 6966 

The Model 6966 is apermanent, tripolar, endocardial, pacing, 
sensing and defibrillation lead intended for use in the right 
ventricle. The lead has a distal, extendable/retractable helix 
electrode and a medial ring electrode for bipolar sensing. 
The lead also has a single, 5 cm long coil electrode just 
proximal to the pacing ring that is intended for defibrillation. 
The lead circuits are of coaxial design insulated with 

Q~J::4(b){4) . I tubing over each coil. See the figures on the 
following pages for illustration of the Model 6966. 

Parameter 

Lead length: 

Lead diameter: 

Body diameter: 

Fixation: 

Connector: 

Pacing 

Defibrillation 

Insulation: 

Inner 

Middle 

Outer 

Model 6966 

110 cm 

11 French 

10 French (3.3 mm) 

2 mm helix 
(pacing cathode) 

3.2 mm in-line 
bipolar 
6.5 mm unipolar 

(b){4) 



Parameters 

Conductors: 
Inner 

Middle 

Outer - Defib. 

Electrode Material: 
Pacing Helix 
Sensing Ring 
Defibrillation Coil 

Conductive Surface 
Area 

Model 6966 

(b)(4) 
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a. Model 6966 Electrical Testing 

Electrical Testing 

1) D.C. Resistance 

a) Test Method 

Electrode resistance is measured between 
the connector pins and each electrode. 
The high voltage circuit is measured 
between the connector pin and the 
proximal end of the defibrillation 
electrode coil. 

b) Rationale 

Electrical D. C. resistance is measured to 
ensure proper functioning of the Model' 
6966 lead. 

c) Test Equipment 

(b) (4) 

d) Samples Tested 

I <lJi ('M:4) complete leads were 
measured for electrical resistance. 

e) Results 

Inner Coil Assembly (pacing helix) 

Specification: L:): (4 ~(b)(4) 
(b; (4) 

(b)(4) 
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Middle Coil Assembly (sensing ring) 

S 'fi . 11b )(4) peCI cation: (b)(4) 

\b) (·1) 

(b)(4) 

Outer Coil Assembly (defibrillation coil) 

(bl (4) 

(b)(4) 

The results are within the specified limit 
and therefore are considered acceptable. 

b. Environmental Testing 

1) Thermal Shock 

a) Test Method 

Leads were subjected to IJ.Eilcycles from 
(b) (4) (b)(4) with a soak time of ~ 

minutes at each extreme and a maximum 
transfer time of one minute. 

b) Rationale 

Thermal shocking is used to determine 
the resistance of the lead system to 
alternate exposure extremes of high and 
low temperatures as when transported 
from extremes of climate. 

c) Test Equipment 

(b)(4) 



d) Samples Tested 

lib) (0;)/4) I complete Model 6966 leads 
were subjected to thermal shock. 

e) Results 

There were no visual defects. The 
electrical D. C. resistance, Hipot and 
intermittency were tested and all samples 
met specification. 

c. Mechanical Testing 

The purpose of the mechanical testing was to 
determine the mechanical integrity of the Model 6966 
to ensure that the devices are suitable for their intended 
use and conform to design specifications. 

1) Flex Testing of Insulated Conductor Coils and 
Non-insulated Electrode Coils* 

a) Test Method 

Samples are mounted in !e~d flex 
fixtures, then flexed under ambient room 
conditions at I ~§)(1)4!1 over specified radii 
at the rate of [(b) (6lt41 I Samples are 
flexed until failure. 

b) Rationale 

Insulated conductor coils and non
insulated electrode coils are flex tested to 
assess longevity under accelerated use 
conditions. 

c) Test Equipment 

Medtronic Lead Flex Test Fixture. 

* See Appendix 2 for additional information regarding development of the 
Medtronic flex test and information relative to the Transvene lead system. 
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d) Insulated Conductor Coils 

1. Samples Tested 

[~~M4?) J samples of lead bodies 
(inner, middle and outer 
insulations and coils) were tested. 
See figure below. 

Model 6966 
Insulated Conductor Coil 

11. Results 

At~ inch radius, 
Median = I :6{b~.$.l) I cycles 
Spec = [ ~~M~) I cycles 

Individual failure times are: 

1. (b) (4) 7. (bY,4) 

2. 8. 
3. 9. (b){4) 

4. 
(b)(4) 

10 
5. 11 
6. 

Flex life measurements exceed 
specification and therefore are 
considered to be satisfactory. 
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e) Electrode Coil 

1. Samples Tested 

l:'A.::JUWU UL:.A.JUU U UUUL.:) f. .. .7 
"";4 ; r." 

I :§~)(~~ samples of the electrode 
coil ~turns/inch) were tested. 

ii. Results 

At ~ inch radius, 
Median = I: ~b) (4 {b)(4) I cycles 

No specification exists for 
electrode coils, see Appendix 2. 

2) Lead Joint Tensile Strengths 

t..~~ -1 of the various lead joints is 
conducted 10 ensure that the integrity of each 
joint meets the design specification and is 
therefore adequate for its intended application. 
The testing conducted consists of a composite 
pull test which evaluates the overall pull 
strength of the lead and crimp/weld testing that 
evaluates the crimped/welded connections of the 
leads to assure specification conformance. 

a) Composite Pull Strength 

Leads were soaked at I (iJt4f 4J and pull 
te~ted, while wet, utilizing a [ B if "1 
testing machine. [(b\b)(4l) Iproximal emit 
were soaked in normal saline solution 
while [(?) (4;)(4) I distal ends were 
soaked in I (b) (4) (b)(4) I 
Fluid). The samples were pulled until 
failure at a rate of ~ inches per 
minute. The initial failures were then 
analyzed statistically for the confidence 
level in meeting the specification for the 
composite lead which is ~k414l minimum 
for the distal end and ~iI.£:J minimum 
for the proximal end. The current 
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The helix electrode to inner conductor 
~ crimp testing consisted of pulling 
I liitiHlf! ~ I samples. All samples tested met 
the specification ofl (bM4l)) I 
(b) (4) 

(b)(4) 

Lower limit is I (b)(J)f4t I with 95 % 
confidence and ~5 % probability. 

The above data demonstrate that with a 
99% confidence, at least 99.9% of the 
leads will meet or exceed the 
specification. 

The electrode ring to middle conductor. 
gill crimp testing consisted of pulling 
I (l:(J)(lf-) I samples. All samples tested met 
the specification ofO:?~)!4) , 

(bl (4} 

(b)(4) 

Lower limit is [(b~(~M I with 95% 
confidence and 95 % probability. 

The above data demonstrate that with a 
99 % confidence, at least 99.9 % of the 
leads will meet or exceed the 
specification. 

The transition sleeve to electrode. coil 
weld testing consisted of pulling ( :li~)M) I 
samples. All samples tested' met the 
specification of I {b(h)14! I 
(b) (4) 

(b)(4) 



-' 
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Lower limit is I (b~MM I with 95% 
confidence and 95 % probability. 

The above data demonstrate that with a 
99 % confidence, at least 99 % of the 
leads . will meet or exceed the 
specification. 

The transition sleeve to outer conductor 
coil crimp testing consisted of pulling E0~)1 
samples. All samples tested met the 
specification of I : b /b)(41 ~ I 
\b) \4) 

(b)(4) 

Lower limit is [1El{~~)) I with 95 % 
confidence and 9_5 % probability. 

The above data demonstrate that with a 
99% confidence, at least 95 % of the 
leads will meet or exceed the 
specification. 

The fixed connector pin to outer 
conductor coil crimp testing consisted of 
pUllingl (b) ~~)l4) lsamples. All samples 
tested met the specification ofl (b(~){4) I 

(b)(4) 

Lower limit is I (B)(J)(lI! with 95 % 
confidence and 95 % probability. 

The above data demonstrate that with a 
99 % confidence, at least 95 % of the 
leads will meet or exceed the 
specification. 
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The connector ring to middle conductor 
~ crimp testing consisted of pulling 
I (qtl)(Ij1: I samples. All samples tested met 
the specification ofl (bM~) I 
(b) (4) 

(b)(4) 

Lower limit is I (b) ('*l I with 95 % 
confidence and 95 % probability. 

The above data demonstrate that with a 
99% confidence, at least 98% of the 
leads will meet or exceed the 
specification. 

The rotating connector pin to inner 
conductor coil crimp testing consisted of 
pulling I ~b(il){4) Jsamples. All samples 
tested met the specification of[Ib(41)) I 
(b) (4) 

(b)(4) 

Lower limit is I ~b)(J)(lIj I with '95% 
confidence and 95 % probability. 

The above data demonstrate that with a 
99 % confidence, at least 99.7 % of the 
leads will meet or exceed the 
specification. 
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3) Lead Stiffness 

Stiffness of the Model 6966 is measured to 
detennine tip pressure exerted by the lead 
without a stylet. The specification is I (b(b)i4) I . 
maXImum. 

(b)(4) 

The lead tip stiffness is less than the maximum 
and therefore meets the specified requirement. 

4) Anchoring Sleeve Testing 

I (q~)Ml I Model 6966 lead segments with silicone 
rubberA (6) (4) (b)(4) :J anchoring sleeves were 
evaluated as to the effects of suture force on the 
lead body and sliding force (lubricity) on the 
lead body. 

Sliding Force 

Anchoring sleeves were sutured on lead bodies 
with a force of [(l:{b)(41l ) I using f(t4~~ suture. The 
force to slide the anchoring sleeve on the lead 
body was measured 
after injecting canine blood into the lead 
body/anchoring sleeve interface. All samples 
met the specification. 

Suture Force 

Anchoring sleeves were sutured on the . lead 
bodies with a force ofl (b~)14! I using 1(~/4)Jsuture. 
After suturing, lead bodies were visually 
examined, grossly and microscopically, for 
insulation and conductor coil damage or 
deformation. No lead bodies evaluated at I ('Wlil 
lbs. suture force demonstrated any insulation or 
conductor coil damage/deformation. 
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Silicone rubbed (b) (4) (b)(4)] anchoring 
sleeves are used in a variety of commercially 
available Medtronic cardiac pacing leads. 

5) Leak Test--Lead Body 

a) Test Method 

Complete leads are immersed in water 
and pressurized to Db j (<t8)(4)' I for a 
period of I (b)(~l I minutes. A visual 
examination is then . done' at 6X 
magnification for any evidence of water 
leakage into the space between the inner, 
middle and outer tubing. No visible 
leakage is permitted. 

b) Rationale 

Leak testing of the lead body is done to 
assure leak resistance to fluid enteri.ng 
the space between the inner, middle and 
outer tubing. Fluid leakage could result 
in an electrical leakage path between the 
inner, middle and outer conductors. 

c) Test Equipment 

Pressure chamber, pressure gage, stop 
watch, microscope and water. 

d) Samples Tested 

I (b(~)/41) I insulated coil assemblies were 
tested. Each assembly includes the 
middle and outer conductors which are 
sealed between the inner, middle and 
oute!~ubings. This test is performed on r." v.. )of productio~ devices. 
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e) Results 

No leakage was observed in any of the 
thirty samples tested. 

6) Leak Test--Sleeve Head 

a) Test Method 

Complete leads are immersed in water. 
An air pressure of( (bM~) ] is applied to 
the distal end of the sleeve head for ~ 
minutes minimum. The lead body and 
connector pin end are observed for signs 
of air bubbles. 

b) Rationale 

Leak testing of the sleeve head seal is 
done to assure the leak resistance is 
sufficient to prevent the excessive ingress 
of blood into the lead during implant. 
Excessive blood could impair the 
operation of the helix electrode 
mechanism during initial fixation or· 
repositioning. 

c) Test Equipment 

Air pressure regulator and a container of 
water. 

d) Samples Tested 

I \tJ(b>i4) I complete Model 6966 .lead 
assemblies werer.;tested. This test is 
performed on ~~ ~ of production 
devices. 

e) Results 

No leakage was observed in any of the 
I ~fBii4141 samples tested. 
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d. Model 6966 Biostability Testing 

1) Background 

Medtronic has developed an accelerated bench 
test to reproduce in-vitro a condition seen in
vivo, relative to Lb~ (4(lJ)(4) I leads. This 
c· ,,--' - - J oxidation 
L~~\ ~ . -.js test, which serves as a predictor 
of \ i \ lti)(4) lead ~rformance with respect 

C ~>\ . _ known aSL-~ '-\ .J 
has been presented to FDA in several 
submissions to support biostability of 

I: Ib) (4)(b)(4) I leads, (e.g., reference 
Model 4004/4504 leads, Document Control 
Number P83OO611S6, FDA approved on 
February 10, 1989, a copy of this document is 
provided -in Appendix 3). 

[t\ - (b)(4)] solution 
to which '-----_.....1 is added to make it 
L~H4]saline. 

2) Test Method/Rationale 

Test samples were Placed. in [ ~ "l 
O>\\, - J was. changed tIJe; 1.\ • -J 
During the firsr~" :.1.s of testing, test samples 
were removedG", -l and subjected to a total of 
[ (~~) 1 defibrillation pulses at [ ~b I (4) (b)(4) I 
pulse width each in fresh C ~ '-\ ] Samples 
were pulsed from the defibrillation coil to an C .~-\ - _.] Samples 
were subjected to L ~~_ A J; testing 
(' 'Y>'-\ ] This afforded 
electrical evaluation of the inner and outer 
insulations. In addition, microscopic 
evaluations were conducted on the outer 
insulation atl~~/4]andl(l,r)/41days (at I (b~b\<'*<J. 



3) Test Equipment 

[Cs,; If..;) ·]test set-up, Medtronic Model 2376 
External Cardioverterl Defibrillator and a 
[ ~~ -J 

4) Samples Tested 

I lfiiM)4JI Model 6966 distal lead subassemblies. 

5) Results 

No failures (insulation breaches) or visual 
evidence (cracks) of MIO degradation were 
observed on the subassembly bodies. All 
samples were still functional after 1(I:lJ~j days in 
C~" , Jexceeding the impedance 
specification of [ib) (4)(b)(4)I between the 
circuits. 

6) Conclusion 

Model 6966 subassemblies satisfied lead 
integrity requirements relative to G ~-~ -. -~ 
testing. Therefore, the Model 6966 lead is 
acceptable for its intended use relative to 
biostability. 
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ATTACHMENT C 

Copy from PMA Application 
dated March 31, 1992, Volume 4, pp. 446463. 

Design Assurance Testing 
Model 688116963 
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A. Laboratory (Bench) Testing of the Non-Thoracotomy Lead System 

1. Model 6963 

The Model 6963 Unipolar Coronary Sinus/Superior Vena 
Cava Lead is a permanent lead whose design is based on the 
Model 10285 Temporary Lead (Document Control Number 
G850153/S9). The Model 6963 is comprised of silicone 
insulation, a silver-cored inner conductor and an external coil 
electrode of platinum-iridium. See the figure on the following 
page for an illustration of the Model 6963. 

Parameter 

Lead length: 

Lead diameter: 

Body diameter: 

Insulation material: 
thickness: 

Conductor material: 

wire diameter: 

External coil electrode: 

External coil length: 
wire diameter: 

Conductive surface area: 

Connector: 

Model 6963 

110 em 

7 French (2.26 mm) 

.072 inch 

(b) (4) 

(b)(4) 
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a. Model 6963 Electrical Testing 

Electrical Testing 

1) D.C. Resistance 

a) Test Method 

Electrical resistance is measured between 
the connector pin and distal end of the 
defibrillation coil. 

b) Rationale 

Electrical D. C. resistance is measured to 
ensure proper functioning of the Model 
6963 lead. 

c) Test Equipment 

(b) (4) 

d) Samples Tested 

I (b) (~,h I complete leads were measured 
for electrical resistance. 

e) Results 

Distal End of Defibrillation Coil to 
Connector Pin 

Specification: I (b) (bit4\ I maximum 

IIbl141 
(b)(4) 

The results are within the specified limits 
and therefore are considered acceptable. 
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b. Environmental Testing 

1) Thermal Shock 

a) Test Method 

Leads were subjected to ~ cycles from 
I (n) (4) (b)(4) I with a soak time ofl(tJ)(:4~ 

minutes at each extreme and a maximum 
transfer time of one minute. 

b) Rationale 

Thermal shocking is used to determine 
the resistance of the lead system to 
alternate exposure extremes of high and 
low temperatures as when transported 
from extremes of climate. 

c) Test Equipment 

d) Samples Tested 

I (~~Mt) . I complete Model 6963 leads were 
subjected to thermal shock. 

e) Results 

There were no visual defects. The 
electrical D . C. resistances were tested 
and all samples met specification. 

c. Mechanical Testing 

The purpose of the mechanical testing was to 
determine the mechanical integrity of the Model 6963 
to ensure that the devices are suitable for their intended 
use and conform to design specifications. 
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ii. Results 

At ~ inch radius, 
Median = [ (b) (4)(b)(4) I cycles 
(no failures) 
Spec = ~I (~b~) (bl"l"'ft~'1""'· ---'Icycles 

Flex life measurements exceed 
specification . and therefore are 
considered to be satisfactory. 

e) Electrode Coil 

i. Samples Tested 

I (b(b)(4) I samples of the electrode 
coill(J;~)J tums/~nch) were tested. 

ii. Results 

At ~ inch radius, 
Median = I (b) (4 tb)(4) 

(no failures) 
I cycles 

No specification exists for 
electrode coils, see Appendix 2. 

2) Lead Joint Tensile Strengths 

Pull testing of the various lead joints is 
conducted to ensure that the integrity of each 
joint meets the design specification and is 
therefore adequate for its intended application. 
The testing conducted consists of a composite 
pull test which evaluates the overall pull 
strength of the lead and the crimp/weld testing 
that evaluates the crimped/welded connections 
of the leads to assure specification conformance. 

a) Composite Pull Strength 

I (b(b)(4) I leads were soaked and pull __ \ 
tested, while wet, utilizing a[Ib'\' .. .......1 
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c~'\. .=:J The proximal ends 
were soaked in normal saline solution (at 

(,)4 while the distal ends were boiled 
in b (b~) solution. The samples were 
pulled until failure at a rate of~inches 
per minute. The initial failures were 
then analyzed statistically for the 
confidence level in meeting the 
specification for the composite lead 
which is I (q~)(4fi) I minimum for the distal 
end and I (b)(~)(4i I minimum for the 
proximal end. The current reliability 
goal is for the design and process to 
demonstrate that with 95 % confidence, at 
least 95 % of the leads will meet or 
exceed the specification. The actual test 
results (mean and standard deviation) and 
the confidence intervals/levels generated 
by statistical analysis of the composite 
joint strength results are provided as 
follows. 

Distal Proximal 

Ilbl (4) 

(b)(4) 

Distal lower limit is ,,:1 i_b l;::::;bf<~:;::' );::.;:!..---. 
Proximal lower limit is I lb)(J)(4i 

I 

(With 95 % confidence and 95 % 
probability, since the specification is one
sided, only the lower limit is of 
relevance.) 

The above data demonstrates that with a 
95 % confidence, at least 97 % (distal) 
and 99.9% (proximal) of the leads will 
meet or exceed the specification. 
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b) Crimp/W eld Pull Stren~ths 

Lead crimps and welds were tested for 
joint pull strength by gripping the 
opposite ends of each connection in a 
tensile testing machine and pulling until 
failure at a rate of ~ inches per 
minute. The test results (mean and 
standard deviation) and the confidence 
intervals/levels generated by statistical 
analysis of the individual crimp and weld 
strengths are provided as follows: 

." 
The distal crimp sleeve to conductor coil 
crimp testing consisted of pulling I (11~)(4f1 j I 
samples. All samples tested met the 
specification of I (£@)(4f1) I 

(b)(4) 

Lower limit is I (b) (bM) with 95 % 
confidence and 95 % probability. 

The above data demonstrates that with a 
99 % confidence, at least 99.9 % of the 
leads will meet or exceed the 
specification. 

The distal side of double crimp core to 
conductor coil crimp testing consisted of 
pulling 11lil)(4)41 I samples. All samples 
tested met the specification of I (bM~) I 

(b)(4) 

Lower limit is I ~b)(J)tl!J with 95% 
confidence and 95 % probability. 



The above data demonstrates that with a 
95 % confidence, at least 99.3 % of the 
leads will meet or exceed the 
specification; 

The electrode coil to distal side of double 
crimp core weld testing consisted of 
pulling I (l(b)(4)4) I samples. All samples 
tested met the specification of 11l:~~)M ~ I 
(b , (4) 

(b)(4) 

Lower limit is I (?)(~)(i4~ with 95% 
confidence and 95 % probability. 

The above data demonstrates that with a 
95 % confidence, at least 95 % of the 
leads· will meet or exceed the 
specification. 

The electrode coil to distal crimp sleeve 
weld testing consisted of pulling I 1i:;tli(4)4) I 
samples. All samples tested met 
specification ofI 1b(b)14) I 
(b) (4) 

(b)(4) 

Lower limit is I ib)(b)M I with 95% 
confidence an@®probability. 

The above data demonstrates that with a 
99 % confidence, at least 99.5 % of the 
leads will meet or exceed the 
specification. 

The proximal side of double crimp core 
to conductor coil crimp testing consisted 
of pulling Cl{Mf j I samples. All samples 
tested met the specification of I (b(b){4) I 



lb) (4) 

(b)(4) 

Lower limit is I (~! M(4) I witl@)(0U 
confidence and 9S % probability. -

The above data demonstrates that with a 
99 % confidence, at least 99.9 % of the 
leads will meet or exceed the 
specification. 

The tip crimp sleeve to conductor coil 
crimp testing consisted of pulling I (l:(Ml') I 
samples. All sam les tested met the 
specification of ( )(4fo push force. 

(b) ,4) 

(b)(4) 

Lower limit is Ub)(ti)~~ I with 9S % 
confidence and 9S % probability. 

The above data demonstrates that with a 
95 % confidence, at least 97 % of the 
leads will meet or exceed the 
specification. 

The connector pin to conductor coil 
crimp testing consisted of pulling I (6(&)14 j I 
samples. All sam les tested met the 
specification of'--_---' 

(D) (4) 

(b)(4) 

Lower limit is I (bj ~'k.i) 1 with 95 % 
confidence and 9S % probability. 
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The above data demonstrates that with a 
99% confidence, at least 99.9% of the 
leads will meet or exceed specification. 

3) Lead Stiffness 

Stiffness of the Model 6963 is measured 
to determine tip pressure exerted by the 
lead without a stylet. The specification 
is pt\~)(~~ ~J maximum. 

Results 

(b)(4) 

The lead tip stiffness is less than the 
maximum and therefore meets the 
specified requirement. ' 

4) Anchoring Sleeve Testing 

I (b) (~JH!) I Model 6963 lead segments 
with silicone rubbed (b) (4) (b)(4) 

anchoring sleeves were evaluated as' to 
the effects of suture force on the lead 
body and sliding force (lubricity) on the 
lead body. 

Sliding Force 

Anchoring sleeves were sutured on lead 
bodies with a force ofl ~q~)M) ~ using I(J*,~ 
suture. The force to slide the anchoring 

. sleeve on the lead body was measured 
after injecting canine blood into the lead 
body/anchoring sleeve interface. All 
samples met specification. 

Lf" ,~ 
~UU 
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Suture Force 

Anchoring sleeves were sutured on the 
lead bodies with a force of! (b(b)M) I using 
~ suture. After suturing, lead bodies 
were visually examined, grossly and 
microscopically, for insulation and 
conductor coil damage or deformation. 
No lead bodies evaluated at I (b) (J)jl41 I 
suture force demonstrated any insulation 
or conductor coil damage/deformation. 

Silicone rubberl lEl (4) (b)(4) 

anchoring sleeves are used in a variety of 
commercially available Medtroruc cardiac 
pacing leads. 

d. Biostability Testing 

1) Historical Overview . 

Silicone rubber was first used in implantable 
devices in 1950. Implantable cardiac pacing 
leads insulated with silicone rubber were first 
implanted in 1960. This rubber was applied to 
the lead in liquid fonn, then cured in situ. The 
silicone rubber in use today is initially a 
(b, (bj{4) I composed of I (E) (4) (b)(4) I 

I (b) (4 l (b)(4) I 
,ib) (4, (b)(4) J 

I (b) (4) (b)(4) 'I This I (E) (of(J) lIS 

either molded Of extruded into useful shapes, 
then heated. Silicone was first used in 
Medtronic implantable cardiovascular leads in 
1962 (Model 5814). Because of the excellent 
demonstrated biostability (and other properties) 
of this material in cardiac pacing leads, it is still 
in· use throughout the industry today. Human 
actuarial data on newer Medtroruc leads are 
available in product performance reports that 
are distributed three times a year. This report 
contains information on the clinical performance 
of Medtronic pacing leads. This information 



consists of returned product analysis, telephone 
monitoring of lead performance as well as a 
retrospective/prospective study of Medtronic 
leads followed at I (l(b1(4j4) I institutions (Chronic 
Lead Study). Based on the. infonnation 
presented in the Chronic Lead Study Section of 
the report, Models 6961 and 6962 leads 
(silicone rubber insulated) have 94.4% actuarial 
survival at 12.5 years. These data include all 
complications, i.e., the data include not only 
leads whose integrity has failed, but also leads 
which dislodge, perforate, or experience exit 
block or sensing problems that are not due to 
lead integrity failure. Similar statistics based on 
telephone monitoring (CardioCare study) of 
patients yields a 98.2% survival at 12 years. 
Analysis of returned products shows not one 
insulation failure, i.e., due to environmental 
stress cracking and/or chemical reaction inl ((ii)~4i41 
silicone rubber insulated lead models 
representing about I ~b!b!(it)) I implants. These 
I (/BX4) 4Jlead models. have been in service from 
about 20+ years (Models 6907 and 6901) to 
seven years (Models 6961 and 6962). Thus, 
silicone rubber has an excellent history of long
term biostability in cardiac pacing leads. 

2)· Rationale for Using Silicone Rubber . 

The rationale for using silicone rubber is stated 
above. It is a known safe and reliable polymer 
for cardiac pacing leads with excellent 
biocompatibility, biostability and 
physical/electrical properties. 

3) Biostability of Silicone Rubber Leads 

a) Analysis of Canine Explants 

1. Test Methods 

Several unipolar and bipolar 
silicone rubber leads have been 
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implanted in canines over the 
years to evaluate electrical 
properties, i.e., pacing thresholds. 
Standard implant procedures were 
used. The studies generally were 
conducted for twelve weeks. At 
approximately the twelve week 
interval, the canine(s) was 
terminated and the lead(s) 
removed for analysis. 

Explanted leads were examined by 
optical microscopy (up to 30X). 

ii. Rationale 

Even though canine implant times 
are relatively short compared to 
permanent human use, one would 
expect to see evidence of very 
severe degradation mechanisms, if 
present. 

One possibility, for example, 
would be dehiscence (splitting 
along mold lines) due to lipid 
absorption. 

111. . Test Equipment 

• Surgical suite, instruments, 
anesthesia, etc. 

• Binocular microscope 
(30X) 

IV. Samples Tested 

Several models were examined (at 
least ~ leads of each type) such 
as the Models 6917A, 6917, 
6961, and 6962. 



v. Results 

No evidence of degradation was 
obsetved. 

vi. Conclusion 

Molded and extruded parts made 
from silicone rubber show no 
evidence of lack of biostability 
based upon examination of 
explanted leads. 

b) Analysis of Human Explants 

1. Test Meth0;9s 

Human explants are typically
received dry in envelopes. The 
returned leads are then examined 
by optical microscopy (up to 
30X). 

11. Rationale 

Routine analysis of explanted 
pacing leads is conducted as 
standard operating procedure. 

111. Test Equipment 

• Binocular microscope 
(3 OX) 

IV. Samples Tested 

Several silicone pacing leads 
and/or segments, totaling 
approximately I l§iMf> U leads or 
portions thereof, have been 
examined, e.g., lead models such 
as 6917A, 6961, 6962, 6901, 
6917, 6901R, 6907, and 6901R. 





stress cracking phenomenon-dehiscence. 
This has never been seen on Medtronic 
silicone rubber insulated leads. Standard 
silicone rubber was used as 
controls in tests to evaluate the stress 
cracking resistance of other polymers. 
Stress cracking was accelerated in these 
tests by using excessive strains. 

Stress cracking phenomena require some 
combination of material strained beyond, 
a critical value, in contact with an active 
surface or plasticizing agent (in this 
scene, the biologic environment). The 
application of high fixed strains and 
sequential explants helps to determine 
what critical strain and induction times 
exist in polymers susceptible to stress 
cracking. If the material or part is not 
susceptible in vivo stress cracking, of 
course, it will not crack at any practical 
strain or implant time. 

c) Test Equipment 

• Specimens as described above 

• Surgical suite, instruments, 
anesthesia, etc. 

• Binocular microscope 

d) Samples Tested 

Silicone rubber tUbing. This tubing is 
the same material as used in currently 
marketed leads. rIb! 1(~(4) I specimens 
approximately ~ inches in length were 
tested. 
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e) Results 

No stress cracking or other unexpected 
untoward results were observed. Some 
cases of ligature cut-through were 
discounted as a well known consequence 
of excessively tight ligation of silicone 
rubber insulation. Extruded silicone 
rubber tubing as used in cardiac pacing 
leads is not susceptible to stress crackin 
phenomena at static strains up to (q )(l!~ 
elongation. 

f) Overall Conclusion 

Based on literature, in vivo' analysis of 
explants (animal and human), strain 
testing in rabbits, and 30 years of 
successful and widespread human clinical 
use, silicone rubber is an acceptable 
material for use in implantable cardiac 
pacing leads. 
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3. Model 6999 

The Model 6999 unipolar, subcutaneous patch lead features 
an electrode for the delivery of cardioversion and 
defibrillation therapies. The lead is comprised of I ~b~(b~M I 
I (&/)j4f}J electrode coils partiall~ embedded in a silicone patch 
body and covered with al (E) 4)(b){4) I The lead body is a 
silicone insulated I (b~b~~) I conductor coil with a I (bhb\(fi)) =] 
.unipolar connector. See the figure on the following page for 
an illustration of the Model 6999. 

Parameter Model 6999 

Lead length: 50 cm 

Body diameter: .098 inch (2.5 mm) 

·Insulation Material: 
(b) (4) 

Thickness: 

Conductor Material: 

Wire Diameter: 

External Coil Electrode: 
(b){4) 

Patch dimensions: 

Conductive Surface Area: 

Fixation: 

Connector: 
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a. Model 6999 Electrical Testing 

Electrical Testing 

1) D,C, Resistance 

a) Test Method 

Electrode resistance is measured between 
the distal end of each electrode coil and 
the manifold. 

b) Rationale 

Electrical D. C. resistance is measured to 
ensure proper functioning of the Model 
6999 lead. 

c) Test Equipment 

\h) (4) 

d) Samples Tested 

lIb) ~~4\ I complete patch leads were 
measured for electrical resistance. 

e) Results 

Lead Body 

Specification: I :b) (4 j (b)(4) 

[b1141 
(b)(4) J 

All samples tested met the specification. 
The results are within the specified limits 
and therefore are considered acceptable, 
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Distal End of Electrode Coils to 
Connector Pin 

Inner Electrode 

2nd Electrode 

Specification: I ~~) <'1#2 I maximum 

(b) (4, 

(b)(4) 

3 rd Electrode 

(b) (4) 

(b)(4) 

4th Electrode 

Specification: I ~?) &1<~) Jrnaximum 

(b) (4) 

(b)(4) 

All samples tested met specification. 
The results are within the specified limits 
and therefore are considered acceptable. 
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b. Environmental Tt<sting 

1) Thermal Shock 

a) Test Method 

Leads were subjected to I :AA<.h J cycles from 
[~b) (4) (b)(4) Iwith a soak: time of~ 
minutes at each extreme and a maximum 
transfer time of one minute. 

b) Rationale 

Thermal shocking is used to determine 
the resistance of the lead system to 
alternate exposure extremes of high and 
low temperatures as when transported 
from extremes of climate. 

c) Test Equipment 

\.b) (4) 

d) Samples Tested 

( ::b ~ (t11(4) I complete Model 6999 leads 
were subjected to thermal shock. 

e) Results 

There were no visual defects. The 
electrical D.C. resistance and 
intermittence were tested and all samples 
met specification. 





U\JUt...:lL:..J U Ul..l\.--IUUUo........l ""--'J_ .... _ ..... ----- - __ _ 

ii. Resul ts . 

Individual failure times are: 

1. (b) (4) 5. (n) \4J 

2. 6. 
(b)(4) (b)(4) 

3. 7. 
4. 8 '''':'ffi=ffi9=:=!, 
9-11. Test suspended aq ~~) «(13)/4) 

Flex life measurements exceed 
specification and therefore are 
considered satisfactory. 

e) Electrode Coil 

1. 

11. 

Samples Tested 

I (b(1)(.tj ~) samples of the two 
electrode coils were tested. One 
coil is ~b'ff)1 turns per inch, the other 
is I (6W111 turns per inch. Both 
electrode coils are used in the 
Model 6999 lead. 

Results 

~turns/inch, at lJ!BI]inch radius 
Median = I (b ) (tI)M I 

Individual failure times are: 

1. ,b, ,4) 7. (b) (4) 

2. 8. 
3. 9. (b)(4) 

4. 
(b)(4) 

10 
5. 11 
6. 
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~turns/inch, at ~inch radius 
Median = I (b) (4)(b)(4) I cycles 
(no failures) 

No specification exists for 
electrode coils, see Appendix 2. 

2) Lead Joint Tensile Strengths 

Pull testing of the various lead joints is 
conducted to ensure that the integrity of each 
joint meets the design specification and is 
therefore adequate for its intended application. 
The testing conducted consists of a composite 
pull test which evaluates the overall pull 
strength of the lead and crimp testing that 
evaluates the crimped connections of the leads 
to assure specification conformance. . 

a) . Composite Pull Strength 

Q2U4 1] leads were soaked and pull 
tested, while wet, utilizing a tensile 
testing machine. The proximal ends 
were soaked in normal saline solution (at 

I ~i(b\(44ll while the distal ends were boiled 
in ' (b)~)J solution. The samples were 
pulled until failure at a rate of~inches 
minute. The initial' failures were then 
analyzed statistically for the confidence 
level in meeting the specification for the 
composite lead which isl (~(;Z;4 )1 minimum 
for the distal end and C:::~)@ ) I minimum 
for the proximal end. The current 
reliability goal is for the design and 
process to demonstrate that with rZi:S(,1~ 7 
confidence, at least FbX.l\~Jof the leads wilr 
meet or exceed the specification. The 
actual test results (mean and standard 
deviation) and the confidence 
intervals/levels generated by statistical 
analysis of the composite joint strength 
results are provided as follows: 
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Distal Proximal I {5i14i 

Distal lower limit isl ~b)(~)(4Y I 
Proximal lower limit is I (b)(~)(4t . 

] 

(With 95 % confidence and 95 % 
probability, since the specification is one
sided, only the lower limit is of 
relevance. ) 

The above data demonstrate that with a 
99 % confidence, at least 99.9 % of the 
leads will meet or exceed the 
specification. 

b) Crimp Pull Strengths 

Lead crimps were tested for joint pull 
strength by gripping the opposite ends of 
each connection in a tensile testing 
machine and pulling at a rate of llEi] 
inches per minute until failure. The test 
results (mean and standard deviation) and 
the confidence intervals/levels generated 
by statistical analysis of the individual 
crimp strengths are provided as follows: 

The connector pin to conductor coil 
crimp testing consisted of pulling IlqMfo) I 
samples. All samples tested met the 
specification Of[bM.4)l I 

(b)(4) 

Lower limit is [ffi i lt$j(4) :1 with 95 % 
confidence and 95 % probability. 
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The above data demonstrate that with a 
99% confidence, at least 99.9% of the 
leads will meet or exceed the 
specification. 

The manifold crimp sleeve to conductor 
coil crimp testing consisted' of pulling 

Ob)(ii) Jamples. All samples tested met 
the specification ofl (bM.fI) I 

(b)(4) 

Lower limit is I (b ~ (J:J1(J) , with 95 % 
confidence and 95 % probability. 

The above data demonstrate that with a 
99% confidence, at least 99.9% of the 
leads will meet or exceed the 
specification. 

Manifold crimp sleeve to electrode coil 
~ turns per inch) crim testing 
consisted of pulling (b) bi<) samples. 
All samples tested met the specification 
of@d»)MI I 

(b)(4) 

Lower limit· is ~b: (6i4! I with 95 % 
confidence and 9S % probability. 

The above data demonstrate that with a 
99 % confidence, at least 99 % of the 
leads will meet or exceed the 
specification. 

Manifold crimp sleeve to electrode coil 
~ turns per inch) crimp testing 
consisted of pulling [(b) (11)14) ] samples. 
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All samples tested met the specification 
ofl (bM4ll) I 
(D) (4, 

(b)(4) 

Lower limit is I (b) MJ) J with 95% 
confidence and 95 % probability. 

The above data demonstrate that with a 
99% confidence, at least 99.9% of the 
leads will meet or exceed the 
specification. 

d. Biostability Testing 

1) Historical Overview 

Silicone rubber was first used in implantable 
devices in 1950. Implantable cardiac pacing 
leads insulated with silicone rubber were first 
implanted in 1960. This rubber was applied to 
the lead in liquid form, then cured in situ. The 
silicone rubber in use today is initially a 

comoosed of tbJ 4) (b)(4) 

(b)(4) 

(b)(4) 

(b)(4) ( 4i) IS 

either molded or extru ed into useful shapes, 
then heated. Silicone was first used in 
Medtronic implantable cardiovascular leads in 
1962 (Model 5814). Because of the excellent 
demonstrated biostability (and other properties) 
of this material in cardiac pacing leads, it is still 
in use throughout the industry today. Human 
actuarial data on newer Medtronic leads are 
available in product performance reports that 
are distributed three times a year. This report 
contains information on the clinical performance 
of Medtronic pacing leads. This information 
consists of returned product analysis, telephone 
monitoring of lead performance as well as a 



'-

retrospective/prospective study of Medtronic 
leads followed at I iflb\(1)4), institutions (Chronic 
Lead Study). Based on the information 
presented in the Chronic Lead Study Section of . 
the report, Models 6961 and 6962 leads 
(silicone rubber insulated) have 94.4% actuarial 
survival at 12.5 years. These data include all 
complications, i.e., the data include not only 
leads whose integrity has failed, but also leads 
which dislodge, perforate, or experience exit 
block or sensing problems that are not due to 
lead integrity failure .. Similar statistics based on 
telephone monitoring (CardioCare study) of 
patients yields a 98.2 % survival at 12 years. 
Analysis of returned products shows not one 
insulation failure, i.e., due to environmental 
stress cracking and/or chemical reaction inl (~4/41 
silicone rubber i"nsulated lead models 
representing about I ~b)(thrh) I implants. These 

I (lfi~4{ 41 lead models have been in service from 
about 20 + years (Models 6907 and 690 I) to 
seven years (Models 6961 and 6962). Thus, 
silicone rubber has an excellent history of long
term biostability in cardiac pacing leads. 

2) Rationale for Using Silicone Rubber 

The rationale for using silicone rubber is stated 
above. It is a known safe and reliable polymer 
for cardiac pacing leads with excellent 
biocompatibility, biostability and 
physical/electrical properties. 

3) Biostability of Silicone Rubber Leads 

a) Analysis of Canine Explants 

1. Test Methods 

Sev'eral unipolar and bipolar 
silicone rubber leads have been 
implanted in canines over the 
years to evaluate electrical 
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properties, i. e., pacing thresholds. 
Standard implant procedures were 
used. The studies generally were 
conducted for twelve weeks. At 
approximately the twelve week 
interval, the canine(s) was 
terminated and the Iead(s) 
removed for analysis. 

Explanted leads were examined by 
optical microscopy (up to 30X). 

ii. Rationale 

Even though canine implant times 
are relatively short compared to 
permanent human use, one would 
expect to see evide~ce of very 
severe degradation mechanisms, if 
present. 

One possibility, for example, 
would be dehiscence (splitting 
along mold lines) due to lipid 
absorption. 

lll. Test Equipment 

• Surgical suite, instruments, 
anesthesia, etc. 

• Binocular microscope 
(30X) 

IV. Samples Tested 

Several models were examined (at 
least I (Jlt4illeads of each type) such 
as the Models 6917 A, 6917, 
6961, and 6962. 
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v. 

. 
VI. 

Results 

No evidence of degradation was 
observed . 

Qonclusion 

Molded and extruded parts made 
from silicone rubber show no 
evidence of lack of biostability 
based upon examination of 
explanted leads. 

b) Analysis of Human Explants 

1. Test Methods 

Human explants are typically 
received dry in envelopes. The 
returned leads are then examined 
by optical microscopy (up to 
30X). 

11. Rationale 

Routine analysis of explanted 
pacing leads is conducted as 
standard operating procedure. 

111. Test Equipment 

• Binocular microscope 
(30X) 

lV. Samples Tested 

Several silicone pacmg leads 
and! or segments, totaling 
approximately Q§J)(ltl) I leads or 
portions thereof, have been 
examined, e.g., lead models such 
as 6917A, 6961, 6962, 6901, 
6917, 6901R, 6907, and 6901R. 



v. 

. 
VI. 

Results 

No evidence of degradation, i.e., 
environmental stress cracking, 
chemical reaction, dehiscence, 
was observed. 

Conclusion 

Molded and extruded parts made 
from silicone rubber show no 
evidence of lack of biostability 
based upon examination of 
explanted leads. 

4) Biostability of Silicone Rubber Under Strain 

a) Test Methods 

[:?) (4£)(4) ] wire was bent into figure 
I ~/B*4)4r shaped [(b(bX4l)) I long mandrels. 
Tubing samples were then strained over 
the mandrels to various percent 
elongations. Strain was firmly fixed 
usingl (b) (4) (b)(4) I Specimens 
were tied together in strings, color coded 
with beads, cleaned, sterilized and 
implanted subcutaneously in rabbits 
under general anesthesia. 

Fixed strains included I (b) ("\J)(4) , and 
, (iii)(41I4~1 elongations. I !1e*4)4Jspecimens at 
each elongation were explanted weekly 
for twelve weeks. Specimens were 
examined by optical microscopy (30X) to 
find changes in surface morphology or 
defects. 

b) Rationale 

Certain early implanted medical devices 
(heart valve poppets) made from silicone 
rubber were found to be susceptible to a 
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stress cracking phenomenon-dehiscence. 
This has never been seen on Medtronic 
silicone rubber insulated leads. Standard 
silicone rubber was used as controls in 
tests to evaluate the stress cracking 
resistance of other polymers. Stress 
cracking was accelerated in these tests by 
using excessive strains. 

Stress cracking phenomena require some 
combination of material strained beyond, 
a critical value, in contact with an active 
surface or plasticizing agent (in this 
scene, the biologic environment). The 
application of high fixed strains and 
sequential explants helps to determine 
what critical strain and induction times 
exist in polymers susceptible to stress 
cracking. If the material or part is not 
susceptible in vivo stress cracking, of 
course, it will not crack at any practical 
strain or implant time. 

c) Test Equipment 

• Specimens as described above 

• Surgical suite, instruments, 
anesthesia, etc. 

• Binocular microscope 

d) Samples Tested 

Silicone rubber tubing. This tubing is 
the same material as used in currently 
marketed leads. ~: (t*~ I specimens 
approximately 8] inches in length were 
tested. 
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Results 

No stress cracking or other unexpected 
untoward results were observed. Some 
cases of ligature cut-through were 
discounted as a well known consequence 
of excessively tight ligation of silicone 
rubber insulation. Extruded silicone 
rubber tubing as used in cardiac pacing 
leads is not susceptible to stress cracking 
phenomena at static strains up to I (%\(£)4) , 

elongation. 

Overall Conclusion 

Based on literature, in vivQ analysis of 
explants (animal and human), strain 
testing in rabbits, and 30 years of 
successful and widespread human clinical 
use, silicone rubber is an acceptable 
material for use in implantable cardiac 
pacing leads. 
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MEMORANDUM 

From: Doris Terry (HFZ-450) 
To: File # P9110015. 
Subject: Medtronic Transvene Lead System 
Date: December, 8, 1992 
Office: DCRND/ODE 

The sponsor has responded to our deficiency letter dated August 
6, 1992. 

Update of Patient population 

The update of the clinical experience of the Model 7217B and 
Transvene system is as of June 24, 1992. The Medtronic Models 
7216A and 7217B PCD with epicardial leads underwent panel 
approval in February, 1992 •. Th,e System presented for review in 
the referenced file is the Models 7216A and 7217B with non 
thoracotomy leads (Transvene'IM System). The review will 
concentrate on the study of the Transvene leads in conjunction 
with the PCD models. 

The patient population consists of 757 patients, three hundred 
and twenty-nine patients have implant durations greatep than or 
equal to 6 months. Identical data pertaining to the spontaneous 
VT and VF efficacy, overall success rate, complications and 
p~~~tions and dea~ were rev~ewe~ in the expansion request 
L:,/ ("i (b)(4) J To rel.terate there were 22 deaths 
(sudden caraiac-- j,-no~~acen cardiac - 15 and noncardiac - 4). 

A total of 854 patients were evaluated for the Transvene System. 
The patients were divided into the following groups: (1) patients 
who received a Transvene System (757) and (2) patients screened 
for a Transvene System and received an epicardial lead system 
(97). Of the 757 patients who received the Transvene System, 543 
patients (71.1%) met the implant criteria and 214 patients 
(28.3%) did not. Of these 214 patients, 170 had an LED of less 
than or equal to 24 J and 194/214 had at least one successful 
termination of an induced ventricular tachyarrhythmia at 24 
Joules or less. In 20 patients, their condition precluded 
further testing. Of the 97 patients who received the epicardial 
system, 81 patients met the implant criteria for the epicardial 
system and 16 patients did not. The overall survival for 
patients who met the implant criteria for the Transvene System 
was 94.9% and for the patients who did not was 97.4%. For the 
patients who received the epicardial system who met the criteria, 
the overall survival was 92.9% and for those who did not meet the 
implant criteria for the epicardial system was 80.7%. 

It was stated that 737/757 (97.4%) received the Transvene System 
with at least a 10 Joule safety margin. The cardiovascular 
cpndition of 20 patients (2.6%) precluded an adequate definition 
of the safety margin. The investigators in these cases felt that 
the benefit of the Transvene System outweighed the risks of 



further inductions and a thoracotomy. In mo~t cases, the venous 
entry site for the placement of the Transvene Leads was the left 
subclavian vein. The majority of the investigators placed the SQ 
patch subcutaneously and laterally near the mid axillary line. 
The choice of the lead system was at the physician's discretion. 
The RV-SVC-SQ configuration was the selection in most cases. 

A comparison between-the PCD Transvene study and the PCD 
Epicardial Lead system and Ventak P AICD studies was made. The 
comparison entailed looking at patient demographics, clinical 
performance (DFTs, incidence of spontaneous VT and VF episodes, 
incidence of complications) 'and one year survival. Overall 
there were no issues that rendered the groups significantly 
different and could be of concern in the eval~ation of the data. 

The pace/sense performance of the PCD Transvene versus the PCD 
Epicardial System was compared. In both systems sensing is 
performed in a standard bipolar configuration and pacing is 
performed in the integrated bipolar configuration. The 
pace/sense implant criteria are as follows: pacing threshold -
less than or equal to 1.5V at 0.5 ms; R-wave amplitude - greater 
than or equal to 5 mv: slew rate - greater than or equal to 0.75 
vol t/ sec; .and.- res istance -{ 2.00 -8 8 0 ohms. There was a 
statistically significant difference in all of the pace/sense 
parameters of the Transvene versus the epicardial lead system. 
This was anticipated·due to reportedly better endocardial 
pace/sense parameters. However, it was stated that the 
difference had no impact on the pacing and sensing performance of 
the PCO Transvene System. The PCD Transvene System reported a 
higher mean implant OFT (14.8J versus 9.8J for the PCD Epicardial 
System). There was a statistically significant difference 
between the mean OFT "obtained with the RV-CS-SQ System and the 
mean DFT obtained with the other lead systems (RV-CS-SVC and RV
SVC-SQ). 

There was also a higher incidence of lead related complications 
in the peD Transvene. System (6.6% versus 2.8% in the epicardial 
population). Observations of interest included: inappropriate 
therapy - 8.2% for the Transvene - 10.6% for the Epicardial 
System; pace/sense related - 4.1% for the Transvene and 10.2% for 
the epicardial. 

Statistical Analysis 

The applicant provided a justification for pooling the U.S. and 
foreign data. The patient selection criteria, investigational 
protocol procedures 'and indications for implant of the Transvene 
System were identical in all of the studies. Even though there 
were statistically significant differences in the patient groups 
(u.s. and foreign), they were not considered to be clinically 
sitgnificant enough to require stratification of the U.S. and 
foreign populations. This ~ssue will be left to the discretion 
of the reviewing statistician. 



Patient Data 

The applicant provided a list of the primary indications for use 
which are identical to those for the PCD Epicardial System. The 
patient demographics of the PCD Transvene. Lead System were 
presented and discussed in detail. A.description of the implant 
and follow-up procedures and a di$cussion of the data obtained at 
each interval were provided. The procedures performed at 
implant and follow-up were identical to those for the PCD 
Epicardial System. 

Response to Deficiencies 

The deficiencies relating to the leads were adequately addressed, 
as per the consulting review. I have the following concerns 
about the life testing. I have repeatedly questioned the 
sequence of testing flexing - soaking - high' energy pulsing -
soaking - electrical and visual inspection. Th~ testing should 
have involved more than Db{b(4)) I c cles per lead. ) leads 
I(L~HMOdel 6963, Model 6966 and Model. 6968 vers~on of 
the Model 6966 w ~ch is not a subJect of the P question 
the use of only Model 6966 leads quring the life testing. How 
many Model 696 eads were used during the course of bench 
testing and life testing? The data obtained from testing only ~ 
leads during life testing appears to be inadequate. It was 
stated that the leads were placed back onto the test and flexed 
until failure, and that the data would be used only for 
improvement of the leads. It seems as if only the defibrillation 
segment of the leads were flexed to failure. Data from the 

. rillation electrode segment of each lead model flexed at 
radius was report as follows for the Model 6963 lead, 

e =m~e~~ was greater than cycles, for the Model 6966, 
the median was greater th cycles and for the Model 
6999, median greater than cycles. A justification 
for the use 0 (4) a ~us tor lexing should be discussed. 
It is unclear how eac s gment (other than the defibrillation 
coil) n~ 6966 lead was tested. The Model 6963 which 
has a lead body has the job of 
both pac~n ~ tion. In light of the 
recent failure of brady leads, alot of 
concentration shou each of the segments of the 
Model 6966 were tested. Some background about the failure and 
mechanism of the failure of the brady leads should be 
proviqed for our review. 

An update of the animal studies which addressed the tumorigenesis 
issue was included. These findings were reviewed during the IDE 
study. There are no new findings to report. 

The results of chronic animal studies which assessed chronic 
performance of the lead system were provided. Data, such as 
defibrillation thresholds, pacing thresholds, slew rates and R-
wave amplitudes, the amount of energy delivered through the lead

J system for each shock delivered and the amount of current and 

Pavf i - Pcc')e flu I .- , 



voltage across the lead system for each delivered shock were used 
in the chronic assessment of the Transvene Lead System. 
According to the manufacturer, the results of testing 
demonstrated the acceptable stability and performance for its 
intended use. 

The manufacturer provided information regarding the improvement 
of perioperative and long term patient. morbidity with use of the 
Transvene Lead System. The perioperative mortality of the 
patients implanted with the Transvene and the epicardial leads 
were compared and discussed. Undoubtedly, there is a decrease in 
perioperative mortality with ·use.of the Transvene System. For as 
it was discussed, the majority of ICD patients are patients in 
which a thoracotomy poses an additional risk. The study has shown 
that the use of the Transvene L~ad System which is implanted via 
a non-thoracotomy approach results in a decrease of perioperative 
death. 

Treatment efficacy, complications and survival analysis on the 
patients followed for 6 months were provided for our review. 
There were 329 patients followed for 6. months. The primary 
indication for this group was recurrent sustained VT without an 
episode of suqden cardiac death. Sixty-six percent of the 
patients were' implanted with'the RV-SQ-SVC lead orientation. 
mean LED was [[~J::(4:r~) ::: I and the mean OFT was (b) (4) (b)(4) 

Percent success of VT· spontaneous episodes was 99.0% an 
success of spontaneous VF episodes was 98.7% The one year 
overall survival for patients followed for 6 months was 99.4% and 
the one year survival from sudden cardiac death was reported to 
be 100.0%. 

There were 115 patients followed for one year. The primary 
indication was VT in 56 natients (48.7%). The mean LED and OFT 
were I ~b) (4) (b)(4); ; I and 21 (4) (b)(4) :J respectively. The treatment i"'f" 

efficacy was 9 • 9 for spontaneous VT and 98.8% for spontaneous /v'·· 

VF episodes. The overall and sudden cardiac deathfiE'-6rie' yeai:'" ... ' 
was reported as 100%. It was stated that-one qeath which was 
classified as non-sudden occurred 22.5 months post implant. It 
was reported that 24 of the 115 patients followed for a year had 
as complication. Specific information will be requested 
regarding the patient deaths. 

complications and Observations 

Complications were reported in 138 patients and 157 patients 
experienced clinical observations. The incidence of 
complications was 18.2% (18/757) and 20.8% (157/757) for the 
observations. 

Complications included: increased defibrillation requirements -
0.8%: pace/sense performance related - 0.'8%: infection related
explant required - 2.0%; infection related - 1.5%; lead related 
12.4%: and device related - 0.5%. The observations were 
increased defibrillation requirements 0.5%, . inappropriate 



therapy delivery- 8.2%, pace/sense performance related- 4.1%, 
infection related - 4.9% and lead related 2.6%. Of the 
observations related to inappropriate therapy delivery, there 
were 49 observations which involved inappropriate VT therapy 
delivery . . 

and 13 observations of inappropriate VF therapy delivery. The 
manufacturer made a comparison of the Transvene complications and 
observations to those reported for the PCD Epicardial System. of 
interest, the comparison showed that the lead related 
complications for the Transyene we:;-e 6.6% versus 2.8% for the PCD 
epi and pace/sense related complication which were considerably 
less (0.9%) for the Transvene and 3.5% for the epi. there were 
more infection related observations with the Transvene (5.3%) 
versus 2.2% for the epi and more lead related observations with 
the Transvene (2.2%) than with the epi (1.2%). 

Lead dislodgement which has been a problem in the study, has been 
addressed in earlier IDE supplements. IDE approval was granted 
for the use of new anchoring sleeves. It was requested that the 
results of the experience of at least 50 patients with the new 
sleeves implanted for 30 days be provided in the PMA for our 
review According to the manufacturer the lead dislodements have 
occurred within the first 30 days of implant. However, the 
frequency pf dislodgement ~reater than 30 days is also of 
interest. The majority of the dislodgements were reported as 
complications since reoperation was necessary.Most of the 
dislodgements involved the Model 6881/6963 CS/SVC lead. 

Patient Deaths 

As of 6/24/92, there have been 22 deaths (15 U.S. and 7 foreign). 
Three of the deaths were sudden cardiac, non-sudden cardiac 16 
and noncardiac 3. The PCD Transvene sudden cardiac death 
survival at one year is 99.8% which is comparable to that of the 
PCD Epicardial System (98.7%) and the commercially available AICD 
(98.6%). There were 5 perioperative deaths out of the total 
deaths with a resultant perioperative mortality of 0.7% (sudden 
cardiac 2, non-sudden 2 and non-cardiac 1). A Table which 
included the clinical characteristics of the patients who expired 
was submitted for our review. Death classifications were also 
provided by primary indication. There was no difference in 
patient survival based on the Transvene configuration or the 
indication for implant. The PCD Transvene one year actuarial 
survival is as follows: sudden cardiac 99.8%; non-sudden cardiac 
96.8%; all cardiac 96.6%: noncardiac 99.4%; and overall 95.3% 
(includes perioperative deaths). 

My concerns regarding the referenced will be relayed in the form 
of deficiencies which should be fully addressed and documented in 
a PMA Amendment for our review. 



Questions and Concerns 

1. For documentation and purposes of the PMA application, 
please reiterate and outline the following: 

a. 

b. 

c. 

d. 

the hypothesis and the objectives of the study; 

a discussion of the use of the AleD~ as a 
historical control, and how your study addressed 
the concept of a control which is pertinent in 
clinical trials, and the practicality, at this 
time, of the use of a concurrent control during an 
implantable defibrillator study (IeD); 

the endpoints of the study; and 

and how the data provided in the PMA application 
support the specified endpoints.' 

2. Based on data provided in your PMA application"please 
prepare Tables which will include a ~ide~by-side comparison 
of the PCD~ Transvene~ and,the peD~ Epicardial System and 
the peD~ Transvenem and VentakP AleD~ populations. The 
data should also include inclusion a'nd exclusion cri t'eria 
which were used in each study. A discussion of how these 
data mayor not represent a valid comparison and other 
comments which justify, and 'support the use of these groups 
as controls should be included. 

3 • An update of the PMA population should be provided. The 
update should include the data as presented ,in the PMA 
application. Your update should also include the clinical 
experience in the use of the new anchoring sleeves which are 
aimed at decreasing the incidence of dislodgement, and a 
summary of the clinical experience (spontaneous treatment 
efficacy of VT and VF, observations and complications, 
number of patient deaths and overall survival) of the 
patients followed for' a year or more. 

4. For purposes of documentation in the PMA, please clarify and 
reiterate how you identified the "patient who did not meet 
the implant criteria." Please discuss your implant criteria 
and how implant testing attempted to satisfy protocol 
requirements. 

5. Of the 214 patients who did not meet the implant criteria, 
170 patients had successful defibrillation with 24 Joules 
(J). Please provide a updated summary of the clinical 
experience (as referenced in item # 2) on these patients. 

6. There were 20 patients among the 214 who did not meet the 
implant criteria who were implanted without the 10 J safety 
margin. An update of the spontaneous episode experience in 



7. 

8. 

9. 

10. 

11. 

12. 

13 • 

the treatment of VT and VF in these patients and the overall 
survival should be provided. 

Table IK-4, page 151, compares the patients meeting the 
implant criteria to those who did not met the criteria. 
However, many of the percentages were presented without 
numerical support. Please provide the appropriate numbers. 

Please provide an update on the patients who are implanted 
with the Transvene~ System and were not counted in the PMA 
population. The update should include a summary of the 
clinical experience as referenced in item # 2. 

Based on your study protocol, please, differentiate between 
defibrillation threshold (OFT) testing and lowest energy to 
defibrillate (LED) testing. Based on the iUdividual patient 
report forms, of the 757 patients, how many patients 
underwent what is described as OFT testing and how many had 
LED testing? Samples of the patient report 'forms showing 
the scheme of testing which was categorized as OFT and LED 
testing should be provided. Please discuss how the OFT and 
LED data were reported and presented in the PMA application. 

There' is ·'a statistica~IY significant difference between the 
mean OFT obtained with the RV-CS-SQ lead configuration and 
the mean OFT obtained with the other lead configurations. 
How do you account for this difference? Was the OFT as 
reported and discussed for all lead configurations obtained 
using an identical or similar scheme? Please discuss. It 
should be documented that there were no significant 
differences between the scheme for performing OFT and LED 
testing between the PCD Transvenem and peD Epicardial 
patient populations. 

Please elaborate on how the comparison of OFTs obtained from 
the PCO~ Epicardial Lead study and the Transvene~ study can 
be considered as a valid comparison in that the majority of 
the patients (574 (75.3%» in the Transvenem study were 
programmed with the sequential pathway and 178 (23.4%) were 
programmed via the simultaneous pathway. The majority of 
the patients (496 (65.2%» in the PCO~ Epicardial study were 
programmed with the single pathway. Based on your PCO~ 
Epicardial study, please discuss the OFTs or energy 
requirements obtained with the use of the single 
defibrillation pathway versus the sequential and 
simultaneous pathways. 

Please discuss the time between detection 'and delivery of 
therapy of the Transvene~ PCOm System versus the PCOm 
Epicardial System. · 

On page 125 of the application, please explain and/or 
. discuss what is meant by ®~ VF sensing margin", how 



'-

is determined and if the patients met the criteria. 

14. Of the 329 patients who were followed for 6 months, 130 
patients had spontaneous episodes, . what was the average 
number of VT and VF episodes per patient? Of the p~tients 
followed for a year, how many had spontaneous episodes of VT 
and VF and what was the mean' number of episodes per patient 
in this group? . 

15. On page 130, Table IF-4, it was reported that there were 
5362 episodes of VT successfully terminated. On page 131, 
paragraph 2, it was stated that 25 patients experienced 45 
(0.8%) episodes of sinus tachycardia or atrial fibrillation. 
Are these patients included in the success or failure 
category? Nine hundred and sixty-four epispdes of VF were 
reported, however, 75 episodes were not actual VF. It 
should be clarified how the" successful and ineffective 
therapies and failures are discerned and categorized. 
Please prepare a Table which includes a category of 
ineffective therapies with actual patient numbers and 
percentages. . 

16. Table'IM~6, page 173 ~hould be modified to.include a column 
on inappropriate therapy or therapies d~livered as device 
was programmed so that the percentage can add up to 100%. 

17. On page 162, Table IL-2 lists a category "Fail to 
cardiovert/Defibrillate" as 0.8%, plaase clarify. If a 
patient survives an episode of an inappropriate therapy, is 
it categorized as a success? Please discuss. The Tables 
should include percentages with the representative numerical 
support. 

18. There were 38 inactive patients reported in Table IH-1, 
however, 34 patients were reported to be no longer 
active. Please clarify. 

19. Please discuss how the one year sudden cardiac death 
survival, as reported in Table IF-2 page 128, was 
calculated. The numbers and an explanation of patient 
classification should be included. Was every patient who 
had a prior cardiac arrest regardless of the arrhythmia 
included? 

20. On page 177, the number of patients should be provided so 
that the percentages an calculated p-values can be 
confirmed. 

21. Table IV-C shows a comparison of patient variables for the 
three lead systems. Please state the hypothesis of the 
study. The p-values obtained when reporting by primary 
indication should be discussed. The chi-square test of the 
data set and how it was computed should be discussed. 



22. For purposes of justification of data pooling and data 
analysis of Table IV -C, please discuss. why the multiple 
statistical significant difference was not adjusted at a 
\ )(4)4 significance level using a more widely accepted 
procedure such as the Hochberg procedure (Dunnett and 
Tarnhoue: A step-up Multiple Test Procedure, Journal of the 
American statistical Association, March, 1992, Vol 87: 
pp.162-170). 

23. A comparison was made between the mo~tality between the PCD~ 
and AICO~ populations. What was the cqnfidence interval? 

24. Please clarify and/or discuss the following regarding Table 
XB-l, page 378, Volume 2: 

a. the total n~mber of patients in the Ventak P 
population (292) versus those reported by primary 
indication (291): 'and 

b. ~J:.eJ~st of Erimary indication, using the 
L ,.'± (b)(4)--, yields' a p-value of 
nearly~ This ~s sta~cally significant, 
indicating the PCOm and Ventak P populations are 
significan~tY different. 

25. Please discuss the incidence of inappropriate therapies 
reported as observations in the Transvene~ study. It appears 
as if there has only been a slight improvement over the PCD~ 
Epicardial study as it relates to programming and patient 
management (drug therapy). Please discuss the experience of 
both studies and how the labeling supports effective 
programming of the device parameters and the use of the 
Onset and stability algorithms. How many patients in the 
Transvenem study have the onset and Stability algorithms 
programmed ON? At what interval 'during the study were the 
majority of patients programmed with the algorithms? Your 
experience in the treatm'ent induced and spontaneous episodes 
with use the algorithms should be discussed. 

26. Please discuses the "device related ll complications reported 
for the Transvene~ and the PCOm epicardial System. 

27. Please describe in detail the complications reported in the 
patients followed for a year. 

28. There was a substantial increase in the number of infections 
reported in the Transvenem study. Even though you discussed 
why there was an increase, based on your experience, how 
will your labeling address the reduction in the number of 
infections? 

29. A discussion of your experience in the use of the different 
entry sites for the placement of the Transvenem leads and 
how your labeling assist in the selection of an entry site 
should be provided. 

PClv-t i - r~-e. 1\ Dl 



30. 

31. 

32. 

33. 

Of the 22 deaths, 15 systems were explanted and returned for 
analysis. The results of the analyses (PCD~ and Transvene~ 
leads should be provided. What did device interrogation 
reveal? How many of the 41 Transvene~ lead. systems which 
were explanted were returned and analyzed? How long were 
the leads implanted? A description of the protocol for 
analysis and the results of the analyses on all leads and 
devices should be provided. The PMA application should 
document how your study has addressed the need for the 
return and analysis of all Transvene~ 
leads and the PCD~. 

Please discuss the circumstances surrounding the death in 
the patient who died 22.5 months post implant. What did 
interrogation of the device reveal? 

Of the peri operative deaths, how many devices were 
programmed OFF. Please discuss the circumstances 
surrounding each death .. The number of perioperative deaths 
should be reported in a Table. The deaths should also be 
reported as sudden cardiac, non-sudden cardiac and cardiac 
non-cardiac. Were there other deaths when the device was 
progr~mm~d OFF? 

It was stated that there have been no reported patient 
deaths in the group with a one year sudden cardiac death 
survival and overall actuarial survival of 100%. Does this 
include the patients who have been followed out for a year 
and the perioperative deaths? 

34. An engineering drawing of each Transvene~ lead model which 
identifies the segments of the lead and a description of the 
tests that each segment and the full lead body underwent 
should be provided. 

35. Since flex testing exerts a considerable amount of stress on 
the lead, and is essential to life testing, why was it 
considered thatOb)(t{J(lJV ] cycles at a bend radius of [~~i"h?""j -r:(4n(b~)(4:-:-) ~--.. 
per lead model over a 12 month period would be sufficienr:-
Describe how the lead and different segments were flexed. 

36. the failure of your Ib) 4, (b)(4) 

~~~~~_..,J bradycardia pacing leads, __ : ana s~nl;,;~ \.u 

rIT.:f'7'3ff=;..:..;::;.:..:.:::.-.....:::..::;ead Model 6966 is also a _~~b) (4) (b)(4) • I 
~~~~~ __ ~lead, please provide documentation regarding 

mechanism of the pacing leads and all relevant 
information pertaining to these cases. How can we be 
assured that the failure may be restricted to the 
bradycardia pacing leads. Based on your testing to date 
regarding the pacing leads and the testing of the Model 6966 
lead, discuss the potential and the probability of failure 
of the Model 6966 lead. A side by side comparison of the 
Model 6966 and the 4,000 series bradycardia pacing leads 
should be provided. The comparison should include material, 

It D~ \ \ 



design, dimensions, +,unction, tests performed and a 
schematic drawing. 

The deficiencies also include the cO,ncerns as per the consulting 
reviews. See memos. 

, , 
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Memorandum 

January 25, 1993 

To: Doris Terry, Reviewer, DCRND 

From: Jeffrey D. Jones, M.D., F.A.C.C., Medical Officer 

RE: Medtronic PCD Transvene, Clinical Review 

At your request I have reviewed the clinical data 
Amendment to the Medtronic PCD Transvene System. 
your specific questions but will then expand to a 
with specific comments. 

found in the PMA 
I will first answer 
more general evaluation 

In response to your questions regarding the data presented by the company 
concerning the patients that did not met the recommended defibrillation 
implant criteria but who received a device anyway. Apparently each 
individual investigator who implanted such a device was given the 
latitude to make such a decision if he/she felt it was clinically 
appropriate. .Reportedly, wheq tpe implant criteria could not be met but 
the patient was felt to be at increased risk for an arrhythmic death the 
device was subsequently implanted. Medtronic claims that regardless of 
the implant criteria that almost all of the patients had a 10 j safety 
margin. This "safety margin~ has not been established in the literature 
by a well control.led prospective study. The reference sited by Medtronic 
on page 145 of the PMA does not discuss safety margins at all. It was 
however discussed in a subsequent reference of theirs. In addition, 20 
patients had no OFT trial performed because they were judged to be in 
"poor condition~. One could argue that if their general medical status 
was so poor that they could not undergo testing of the device then 
perhaps their short term survival was such that they should not have 
received the device at all. However, with such a high risk group of 
patients with a high likelihood of cardiac death perhaps it is acceptable 
to proceed in this fashion. It does unfortunately give the impression 
that Medtronic has little control over its investigators. Regardless, 
the reported overall survival in this group is 97.4% This is presented 
on pg. 153. We are not informed as to the average time of follow-up and 
maximum time of follow-up in these patients. 

Therefore, my recommendations are as follows. We insist that Medtronic 
restrain investigators from implanting devices in patients that do not 
meet the implant criteria. This is not only bad science but it will 
decrease the actual patient population cohort that will be available and 
potentially prolong their study and subsequent approval. If Medtronic 
wishes to change their implant criteria they should provide data to 
support their position. I spoke to James D. Maloney, M.D. who was 
recently appointed Chief of Cardiovascular Electrophysiology at Baylor 
College of Medicine in Houston. He claims that no standard for 
defibrillation threshold exists but that the recommendations that he 
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recently presented at the NASPE Board Review Course in Cardiac 
Electrophysiology are based on his experience in electrophysiology. We 
need a more scientific approach. This burden should be placed on the 
manufacturer. I would also like to see up to date data on the overall 
survival between those meeting implant criteria and those patients not 

-meeting implant criteria along with statistical analysis of those 
data. They should include the average and total time of follow-up. 

Medtronic uses three historical control study populations in evaluating 
the safety and effectiveness of the PCD Transvene. They utilize the 
Ventak-P data, obtained through the freedom of information act, for 
comparison of patient characterists, clinical performance, and survival 
analysis (to include perioperative death). 

The comparison is acceptable and favors the PCD Transvene in several 
ways. 92% of VT's were successfully treated with anti-tachycardia pacing 
and did not require further therapy. This represents an advantage with 
translates into better tolerance by the patient. My concern as explained 
below is that this figure may be artificially inflated. It requires that 
we assume that the attending physician is correct 100% of the time when 
he reports the device functioned properly after treatment. All that is 
available to the physician is the R-R interval and it would be relatively 
easy to misinterpret SVT as VT. For this reason we should refrain 
Medtronic from boldly proclaiming 99+% success rate (also see #4 and #5 
below). f 

Perioperative mortality was lower in the peD Transvene population at 0.7% 
compared to 2.7% with[I'f?IJj~I[~: ~ DFT's were reported as similar although 
we are not told how Ventex-P determined the DFT's, this is necessary to 
make an accurate comparison. 

In addition to the specific questions you asked I would like to take this 
opportunity to comment in general on the presentation of the clinical 
data. A recurring difficulty I encountered was the presentation in table 
form of percentages when comparing two or more variables. It is very 
frequently unclear how these percentages are calculated. For example, in 
the table on pg. 128 it is unclear how the "One Year SCD Survival" 
percentages presented are calculated. They repeatedly place the burden 
on us to manipulate the numbers to achieve their percentages. In 
addition, an accompanying P value is often presented and again, it is 
unclear how this number is calculated. Frequently the number of patients 
is very small and representing this information as a-percentage is 
misleading (eg; the number of patients in several categories followed for 
one year). In future submissions, all data presented as percentages 
should be accompanied by the number of patients so that the numbers can 
be easily verified and all P values can be easily confirmed by our 
statisticians. This would also allow us to easily add up all patients at 
a glance to confirm that all patients are accounted for and 
appropriately classified. 

The general presentation of the data is also disorganized and very often 
redundant. I would suggest that for future submissions we insist on a 
clinical study mainframe for presentation of their data. For example, 
all tfie clinical data is presented in a section called "Clinical Data" in 



table form where all the information can be easily review and compared 
and all calculations confirmed. They should save their comments and 
conclusions for those specific sections. This would greatly reduce our 
review time. There were also several occasions in which I came upon a 
term that had not yet been defined and I had to "stumble" through the 

-data until I eventually came upon a definition (eg: OFT and LED). A 
section entitled, "Definitions" would have been helpful. We should 
insist on the same standards that a peer review journal would insist upon 
prior to publishing a manuscript. 

In addition, when a manufacturer sites a specific reference and/or author 
to support their position they should not only provide a copy of the 
reference but also highlight the pertinent portion of the document. This 
would greatly reduce our reviewing time and speed up the review process 
in general. I spent approximately 6 hours looking up references cited by 
the authors in this current clinical section. The librarian had to call 
several other libraries to find one particular reference which was 
subsequently faxxed to me. 

To continue, I have several additional recommendations to make and 
specific questions to pose. 

1) ~125, #2 near the bottom of the page. It is unclear to me 
what "a ~VF sensing safety margin" is. This is not defined. How is 
it determined and did the pati~nts meet the criteria. 

2) Pg. 128, at the bottom of the table. How was "One year SeD 
Survival" calculated? We need the specific numbers and an explanation 
of patient classification. Was every patient that had a prior cardiac 
arrest regardless of the arrhythmia included ? 

3) Pg. 129, end of paragraph 2. Do we know what the manufactures 
recommendations are that they reportedly give to institutions "that 
prefer to obtain OFT,s during the implant procedure ?" 

4) Pg. 130, table. The manufacturer claims that there were 5362 
successful episodes of VT termination. On pg. 131, paragraph 2, they 
claim that 25 patients experienced 45 (0.8%) episodes of sinus 
tachycardia or atrial fibrillation. Are these patients included in the 
success or failure category. They should not only clarify this but 
restructure the table to include a category of ineffective therapy with 
actual patient numbers and percentages. 

5) As in #4 above, 964 successful episodes of VF are reported but on 
pg. 131 at the bottom they claim that 75 episodes were not VF. It 
appears to me that they count these episodes as successes when they 
should place them in the category of ineffective therapy. I would also 
like to know how they definitively confirm that an episode of VT or VF 
was definitely an episode. Is there a blinded third party interpreter of 
the interrogated retrieved events or is this based solely on the opinion 
of the attending physician ? 

9) Pg. 136, Table H. There are a total of 38 patients who are 
inactive according to the chart but this does not correlate with the 34 



patients as listed in the paragraph above the table. 

7} There should be a similar table for periopeative deaths as the 
one shown on pg. 138. Perioperative deaths should be classified in chart 
form with numbers and percentages into sudden cardiac, non-sudden cardiac 

-'and non-cardiac deaths. I realize this is done in sentence form on page 
451 but it would lend itself to more efficient review and comparison if 
it was present with the rest of the clinical data. 

8) Pg. 139, The table at the top of the page relates a value for 
overall one year actuarial survival and again it is unclear how many 
patients actually were followed for a year. As I mentioned previously, 
every percentage should have an associated number of patients so we may 
verify the calculations immediately and not spend unnecessary time trying 
to confirm their calculations. '/ J 

9) Pg. 151, The table compares the patients meeting and those not 
meeting implant criteria but again many percentages are presented without 
numerical support. 

10) Pg. 156, They claim that there have been 'no reported patients 
deaths in the patient group with a resultant one year sudden cardiac 
death survival and overall actuarial survival of 100%. The real 
important data is the number of patients followed out this far. Ooes 
this also include perioperativ~, deaths ? 

11) Pg. 160, The OFT of the Ventak-P is compared to the DFT of the 
Transvene but we are never told how the OFT of the Ventak-P is 
determined. This is a worthless comparison without that knowledge. This 
mistake is repeated when the PCO-Transvene is compared to the PCD 
Epicardial device in chart form on pg. 171. 

12) Pg. 162, The chart lists a ~Fail to Cardiovert/Oefibrillate" as 
0.8% but for the reasons I provided above this is a gross 
misrepresentation. If a patient survives an episode of inappropriate 
therapy it should not be classified as a success. Again, tables of 
percentages are not acceptable without the numbers of patients in an 
adjacent column. 

13) Pg. 173, The chart lists efficacy of termination of spontaneous 
episodes of VT and VF. The chart should be modified to include the total 
number of episodes out of the total and a column on inappropriate therapy 
so that the percentages all add up to 100% in each column. 

14) Pg 177, Again, the number of patients should be provided so that 
the percentages and calculated P~Value can be confirmed.~~ 

In general, the comparison of the Transvene clinical data to data 
collected from three ,different historical sources gives the impression of 
manipulation to selectively compare in a manner aimed at maximizing the 
advantage of the Transvene. In the future, a single historical source 
should be used unless the manufacturer can convincingly argue to the 
contrary. Lastly, I would suggest that you obtain statistical input from 

'- our statistician in those areas that I have suggested above. 
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DEPARTMENT OF HEALTH &. HUMAN SERVICES Public Health Service 

Memorandum 
Date DEC 9 1992 
From Engineer, DCRND, ICDB 

Subject Platinum-Iridium Mesh Leads 

To Doris Terry, DCRND, PEDB 

This memorandum is a formal response to your question regarding the 
possibility that[ ~b) (4) (b)(4) ::J could be a contributing factor in the 
observation of tumor growth in canines in which epicardial patch 
defibrillation leads were implanted. It should be noted that my comments are 
purely speculative and are not based upon a review of the leads in question or 
any data associated with such. 

The toxicity of elements contained in alloys is related to the solubility of 
their corrosion products and the levels of the element present. Tumors can 
result because of one or severa\, of the following factors: 

1. Presence of a chemical carcinogen. 
2. Generation of a carcinogenic chemical(s) through degradation of the 

material or through a chemical reaction of an ingredient in the 
material. 

3. Cancer through physical effects (referred to as a solid state 
cancer). 

With the defibrillation patch leads, solid-state carcinogenicity is a definite 
possibility. The use of [(~)yl~ ~(4) I in the lead (versus another 
material) could influence this p enomenon since the mechanical/physical 
properties of the patch will be influenced by the materials of construction, 
i.e., stiffness, thickness, etc. 

With respect to the presence of a chemical carcinogen in the I ~~) (4) (b)(4) 

it is doubtful that the metal itself would produce a toxic effect. However, 
the use of ['11:i'J(4) (b)(4) ] in defibrillation leads could present new safety 
concerns. One obvious problem would be the fatigue resistance of the 
~) (4) :~b~.= : :~"~J. This material is. not us~d as a COil. material ~n 
permanent pac1ng leaas so I am unsure of 1ts fatlgue propertles for thls 
application. Given the large amount of current used in defibrillation leads, 
filar breakage could be the cause of the burning/degradation observed in some 
studies. Also if a filar were to break (without complete fracture of the coil 
and subsequent loss of current delivery) the metal is subject to accelerated 
corrosive attack. Products of corrosion will diffuse out and local tissues 
can suffer from both metallic toxicity and electrochemical changes at the 
implant surface. 

The issue of electrochemical reaction at the stimulation electrode
physiological saline interface is significant and the possibility of dangerous 
electrochemical reactions should be eliminated. A conservative requirement 



for any "safe" electrical stimulation is the absence of chemical changes 
adjacent to the stimulating electrode. In electrochemical terms, this means 
that charge transfer processes producing dissolved species or gaseous products 
must be avoided. Possible dissolved species resulting from reactions at the 
Pt/saline interface include chloride oxidation products (CIO-, CI03-, etc.) H+ 
or OH- ions and Pt ions. Little information is available about the body's 
tolerance for the species produced at the Pt/saline interface and I cannot 
provide any estimate of a "safe level". Possible damage resulting from the 
flow of electric current through the physiologic solution produced at the 
interface presents another layer of complexity which may need to be 
considered. 

In summary then, it may be advisable to have the manufacturers of these 
devices explore these areas in more detail to ensure safety and effectiveness, 
particularly long-term. If you have any questions please let me know. 

cc: Nancy Teague 
Christopher B. Sloan 
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To: 
From: 
Date: 

Doris Terry 
Quynh Hoang 
1127/93 

MEMO 

Regarding: Review of the Medtronic PCD Transvene System - P920015 amendment 
dated 9/18/92 

SUMMARY 

This amendment contains the response to the deficiencies of the original PMA. It also 
contains a clinical update on the peD Transvene System. 

Response to Deficiencies 

The amendment have fully addressed a majority of the deficiencies. There remain, 
however, a few items which were notJully answered. Please refer to the Questions section 
below. .' \' 

Clinical update 

The clinical update covers 757 Transvene patients (447 US) in 78 investigational centers 
(35 US), as of 6124/92. For the 757 patients, 762 Transvene systems were used since 5 
systems were explanted and replaced due to infection. The 762 lead systems included 762 
RV leads, 801 CS/SVC leads, and 723 SQ patches. 

By indication: 37.1 % of the implants were due to SCD (281/757), 49.8 % for VT 
(377/757), and 13. 1 % for SCD IVT (99/757). Coronary artery disease existed in 74.1 % 
(561/757). The mean ejection fraction was 35.6% (688/757). Only 1.5% were of NYHA 
class IV (11/757). The patients were primarily male (80.6%, 610/757) with a mean age of 
59.4 years. 

At implant: 71.7% (543/757) met criteria, 97.4% (737/757) had at least a 10 J margin 
safety, and 2.6% (20/757) failed to finish the implant evaluation due to poor conditions. 
The most chosen Transvene configuration included: left subclavian as the entry site, RV
SVC-SQ as the lead system (65.6%, 500/762), and sequential as the shock pathway 
(75.3%, 574/762). The RV always served as the common (-) defibrillation electrode. The 
mean DFT at implant was 14.8J (316/757), and mean LED was 16.0J (702/757). Sixteen 
patients also have each a concomitant pacemaker. 

Follow-up at one year have been performed on 1] 3 patients, and six month follow-up on 
329. Spontaneous VT occurred in 226 patients for a total of 5430 episodes. There were 
68 episodes (1. 3 %, 68/5430) in 30 patients where all four VT therapies were unsuccessful 
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in terminating the problem; none resulted in a patient death. Spontaneous VF occurred in 
198 patients for a total of 973 episodes. Nine episodes ( 0.9%, 9/973) in 2 patients could 
not be terminated by the four VF therapies; no patient died. At 3 month, the mean DFT 
was 15.9 J (54 patients), and mean LED was 19.3 J (88 patients). 

There were L38 complications occurred in 138 patients (18.2%, 138/757) and 157 
observations occurred in 157 patients (20.8%, 157/757). The majority of the 
complications were because of lead dislodgement (77 cases) and pocket related (26 cases). 
Most of the observations were due to inappropriate therapies (62 cases), pocket related (37 
cases), and pace/sense related (31 cases). Of the 295 complications and observations, 
48.1 % (142/295) occurred during the perioperative period; There were 22 patient deaths 
with 5 in the perioperative period. Thirty-eight patients are no longer active in the study 
(22 deaths, 11 explants due to infection, and 5 heart transplants). Forty-one systems were 
explanted. 

As of 6/24/92, there' are also 548 pat~nts who received the Transvene after the cutoff for 
the study population. These patients and the 43 who received non-standard lead systems 
were not included in this clinical update. 

Please refer to the Questions section below, for the clarifications required of this update. 

QUEST,I9NS 
\ tJ{I vVJuf/ "I 1. Please describe the similarities and differences between the 6966 and 6968 to justify 

'I 3. 
I 

J5. 

the use of the 6968 lifetest results in supporting the reliability of the 6966. 

Given their respective defibrillation thresholds, discuss the differences in battery or 
energy requirement of the Transvene and Epicardial systems. 

Clearly identify the objectives, endpoints, and indicators which show that the 
endpoints have been met. Also, discuss the control in this study. 

Provide data to show that the new anchoring sleeve does reduce the number of lead 
dislodgement. 

Please give the time between Detection and Delivery of therapy. Compare the data 
from the Transvene and the patch leads. 

Please provide a breakdown of the electrodes' polarities (cathode or anode) and 
pathways. 
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7. Provide the number of patients who died when their devices were turned off. Please 
breakdown the number by follow-up period. 

8. Provide an update analysis of the explanted devices. 

9. Provide a profile of the exp]anted system: how long were the leads implanted; what 
was found with the leads; and, explanting due to lead or device failure. 

10. Document the comparability of the PCD Transvene and the PCD epicardial systems. 

12. Provide the status (compJications, observations, and death rate) of the "Other" 
patients who were not in the study population, and of the patients with the non
standard lead systems. 

PHONE MEMO 

On 1/26/93, Medtronic is contacted. Jennifer Marrone and colleagues responded. 

]. Please explain the discoloration of the 6999 lead which occurred during lifetesting. 
Was it also observed in the explanted leads from human implants? 

Response: The discoloration was an anomaly induce~ by the lifetest procedure, 
because the lead was in and out of the saline solution for flexing. They attempted 
to dry the lead before flexing, but were not entirely successful. Analysis showed 
that the discoloration was not due to corrosion and there were no electrical problem. 
It is not expected that the lead would discolor while implanted, since the lead would 
not be moved in and out of the liquid environment. 

2. Please identify the sections on the leads where flex testing was performed. Describe 
the comparability of the Transvene lead and the 6907 lead, such that the flexing 
criterion derived from the 6907 data may be applied to the Transvene. 

Response: A section of the defibrillation coil and a section of the cable body were 
flexed. The whole lead was not flexed since the flex equipment can handle a small 
section at a time. It is assumed that the cable body is homogeneous so that one 
section is identical to another. No testing on the distal tip of any of the lead was 
performed because that part is stiff and not expected to flex. 

There does not exist a model to predict the reliability of a lead; thus, data on the 
Model 6907 pacing lead were used because the lead has the worst performance of 
any Medtronic leads. The only determining factor for the choice is the fact that the 



P9200J5 (amendment 9/18/92) Review 4 

Model 6907 is an endocardial lead, and so are the Transvene. The Model 6907 is a 
silicone lead; however, this should not be a factor where the functional specification 
is concerned. 

During benchtesting, the m,qiTrm of flex cycle to failure was [~~n for 6966 where 
~ leads were tested. Only /Jj() 6966 underwent Hfetesting because the 6968 is 
considered equivalent to the 6966 lead, and [~~1I6968 were used in the lifetest. 

3. In this study, is the RV coil always serves as the common electrode. 

Response: No. 

4. Please verify these tables: 

a. Tables E-2 and E-3, the number of patients followed at/(bhitl/does not match . 
. ' i '! 

Resp: @~ is the correct number. 

b. Table E-7, switch the numbers under the "attempts /I and "successes /I 
headings. 

Resp: will modify accordingly. 

c. Explain why the numbers in Table F-2 do not add up to the 18.2% rate of 
complications and 20.7% rate of observations. 

Resp: some data are not included. Will be more complete in the next 
summary 

d. Include all lead-related complications in Table F-3 (and not just those beyond 
the peri operative period), since it is intended to be a summary of clinical 
experience. 

Resp: will modify accordingly. 

5. Discuss how the screening requirements (Transvene leads or epicardial patches) are 
different from the implant requirements. If they are the same, explain the 
Transvene subset that did not meet implant criteria. 

Resp: All study subjects undergo the Transvene implant evaluation (3 out of 4 at 18 
J or less). Those who didn't have a 10J safety margin were screened out to receive 
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the epicardial patches. Of the remaining, they were divided into two groups: one 
which meets the implant criteria and one which didn't meet the implant criteria. 
The ones designated to have the epicardial patches would then undergo the patch 
lead implant evaluation. . 

6. In the cases where inappropriate VT therapy was delivered, was ONSET 
programmed On? If so, please explain why this algorithm fails to detect. 

Resp: Refer to page 417 of the 9/18/92 submission. Out of 49 instances of 
inappropriate VT therapy, 2l was resolved by reprogramming, 26 by drugs, I with 
no action, and I by AV node ablation. In 2 patients with sinus tachycardia, the 
ONSET algorithm was enabled and was successful in resolving the problem. In 3 
patients with atrial fib, the STABILITY algorithm was enabled and resolved the 
problem. 

7. How are those dropped from tHe study (due to infection or heart transplant) 
classified in the survival analysis? 

Those patients who were alive when they received heart transplants, a new peD 
system, etc. were included in the analysis up to the day where the changes took 
place. After which, they were censored out of the data. Those receiving the new 
peD system will be considered as new patients in the survival curve .. 

5 



1992 for the use of new anchoring sleeves which will aid in 
eliminating lead dislodgement. In the last expansion request, we 
requested one month follow-up experience on at least 50 patients 
implanted with the new anchoring sleeves to be reported in the 
PMA application. 

Re'commendation: Approval to add 150 patients to the study. At 
this time, no specific plan of expansion which will allow a 
certain number of patients per month to be added to the study is 
being approved. 



MEMORANDUM 

From: Doris Terry (HFZ-450) 
To: File # G870102/S87 
Subject: Medtronic Transvene System 
Date: December 7, 1992 
Office: DCRNDjODE 

The sponsor is requesting expansion of the Transvene study to 
include an additional 150 patients. 

The following is an overview of the clinical data as of June 24, 
1992: 

Patient population of 757, 329 patients have implant 
durations equal to or greater than 6 months 

744 PCD implants and 18 7216A implants, of these 444 Model 
7217B in U.S. and 300 Model 7217B implants internationally) 

Mean implant duration - 5.6 months 

Defibrillation pathwa~: sequential - 574 (75.3%); 
simultaneous - 178 (23.4%); and single - 10 (1.3%) 

Mean LED 

Spontaneous VT: 226 patients, 5430 episodes % success = 
98.7% 

Spontaneous VF: 198 patients, 973 episodes, % success = 
99.1% 

One year survival 99.8% 

Of the 757 patients who received the PCD Transvene System, 443 
patients (58.5%- 443/757) have either experienced a spontaneous 
VT or VF episode or had VT or VF induced during a post implant EP 
study. 

There have been 138 complications identified in 138 patients (77 
U.S.) and 157 observations identified in 157 patients (68 U.S.) 
in the Transvene patient population. None of the complications 
and observations resulted in patient death. Included among the 
complications were 33 lead dislodgements reported in 33 patients 
at greater than 30 days. The dislodgements were identified 
through fluoroscopic examinations during E~ evaluation and chest 
x~rays and pacing/sensing threshold evaluations during routine 
follow-up. In all cases reoperation was performed and the leads 
were repositioned. Approval was obtained under IDE in September, 



To: 
From: 
Date: 

MEMO 

Doris Terry 
Quynh Hoang, ODE/DCRND/PEDB 
117193 

Regarding: Descriptions of the Transvene leads from Medtronic - P920015 

Parameter 

Intended Use 

Location of use 

Polarity 

Lead length 

Lead diameter 

Distal end 

Model 6963 

cardioversion 
defibrillation 

coronary sinus, 
or superior vena 
cava 

unipolar 

110 em 

7 French 

, ,. 

electrodes 5cm coil 

cardioversionl 
defibrination coil 

pacing 

sensing 

Model 6966 -

cardioversion 
defibrillation 
pacing 
sensing 

right ventricle 

tripolar 

110 em 

II French 

distal 2mm helix 
middle ring 
proximal 5cm coil 

coil 

helix - coil 

helix - ring 

Model 6999 

cardioversion 
defibrillation 

subcutaneous I 
left pectoral 

unipolar 

50cm 

2.5 mm cable, and 
11 cm x 8cm patch 

4 concentric 
coils embedded 
in a siHconel e i'J 0"" J 
coil 
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electrode 
material (b)(4) 

turns per inch 

fixation method passive 

Cable body 

conductor 
material 

insulation 
material 

Proximal end 

connector 

silicone rubber 
inch thick 

unipolar 6.5 mm 

active/screw tip 

diameter; 
middle: ~~'" of 

inch wire 
!-,~..,.II 

diameter; 
outer: [1F"r:: t{~. J)-;-;(lfl~lj of 

inner coils 
are ~ turns per 
inch, B3:outer 
coils are H14i 
turns per inch 

sutured to site 

[!lfi*4)41 inch wire diameter; 

inner: polyurethan silicone rubber 
i-m--dI inch thick inch thick 
middle: polyurethane 
Q~!(4~4 !I inch thick 
outer: I {tjj(4iJ polyurethane 
! (l(bl(~4 :1 inch thick 

bipolar 3.2 mm 
unipolar 6.5 mm 

unipolar 6.5 mm 

2 



Transvene lead descriptions - P920015 J 

connector 
material stainless steel 

connector pin; 
silicone rubber 
sleeve 

bi olar: stainless 
ring and 

rotatable pin; 
uni olar: stainless 
«i>l0)(' pin; 

silicone rubber sleeve 

stainless steel 
connector pin; 
silicone rubber 
sleeve 

anchoring sleeve silicone rubber! silicone rubber/ 
material 

Electrical testing 

Environmental testing 

check the DC 
resistance between 
the connector pin 
and electrode coil 

check the DC resistance check the DC 
between the connector 
pins and each electrode 
(ohms) 
(inner helix: 
(mid ring: 
(outer coil: 

resistance between 
each coil and the 
manifold (ohms) 

flr:@~O~,): ~ 
(inner coil ,n J \ 4 i 

(2nd coil: 
(Jrd coil: 
(outer coil 

(b)(4) 

""--_-...I 

leads were SUb{~ed to cycles from degree C with 
a soak time of b ( minutes at each extreme and a maximum transfer 
time of(8minute. Post temperature cycling, visual and electrical 
tests were given. 

Mechanical tests' passing criteria 

flexing insulated cable body and noninsulated electrode coil were flexed 
under ambient room temperature at degree over a Q/6)(4[1 
inch radius at the ratel(~){lI,)lcpm; samples were flexed until failure. 
Passing criteria was that the median failure cycle should be at least 
nb!(~)M Ibased on Medtronic experience with the Model 6907 
pacing lead which has been in the market for about 20 years and 
has a failure rate of 0.05 %. t v--.?z.-J':-' 2 ./1 ~~~/t. ~ / ft~7 J i Jd-t ,!~----<,1-----
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median flexing 
failure cycle 

composite pun 
test 

(b)(4) ::: =: : 
cable:~=:J 
~ turns/inch coil: 

= QbM4)~:J . . .... < (turns/inch coil: 

./}-l._L~/.~~~_ b, (4d')(4) .I :~) (4~(b)(4) 
proximal erid":,,;a:fsoaked m normafSaline .sQlpti~~ (at \ ,\1b.(4) 

and distal end was boiled in [!n) : 4) (b)(4): : ~] samples were 
pulled until failure at a rate of[ib~]inches per minute; a lead must 
exceed thel ~~t(4!~minimum for the distal end and[O:M(4y1lJ minimum 
for the proximal end. 

crimp/weld pull .J;' ~ 1U L . 
test' crimp and weld were pulled atU~EJinches per minute; the Ib force 

specs v¢e,d from [~~){4i ~, to ~ for ~ch ~~:_mp or wId. I ( 
? '~ttl.<..J t~'''~ 'r~£l Ta~/v- ~ I'~~~ . 

anchoring sleeve w~ q- ~J ~-' t:JI.o....... ,C> ~r 
test (Models 6963 , 
and 6966) anchoring sleeves were evaluated for tolerance of a 12~ suture 

force using F§iI¢j' suture, and of the force necessary to slide the 
anchoring sleeve on the lead body (no minimum slide force 
was given). 

leak test (Model 
6966) 

connector test 

model 6966 leads were immersed in pressurized water at[~) MJ) :::1 
psi for[~b)(~)f41· ]minutes, and examined at 6X magnification for 
evidence of water between the inner, middle, and outer tubing. 
Also while immersed in water, air pressure of [OM(4)4 : I is applied to 
the distal end of the sleeve head for(~)minutes. The lead body and 
connector pin were observed for signs of air bubbles. 

dried leads were inserted to dried connector modules to determine 
maximum the insertion and withdrawal forces. The insertion force 
should be at most []ii){4). 4J and withdrawal force at most m~ 
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Biocompatibility 
testing 

Biostability testing 

Models 6963 and 

except for the )(4) hich is embedded in the 
silicone and wasn't tested for mutagenicity, all of the other 
materials have been tested in accordance with the tripartite 
requirements. 

6999 evidence of degradation such as dehiscence (splitting along mold 
lines due to lipid absorption) was verified by implanting silicone 
rubber leads for 12 weeks in canines and explanting them to 

Model 6966 

examine at 30X magnification. Human explants, approximately 
leads or portions, were examined at 30X magnification. 

Silicone rubber tubings at[(b) ((t*4) I and elongation were 
stretched over figure~ shaped mandrels of 4'). long and 
implanted subcutaneously in rabbits to check for evidence of stress 
cracking; weekly explants over the J 2 weeks were examined at 
30X magnification. All of the human and animal explants did not 
show any evidence of degradation. 

accelerated benchtest, to emulate in-vivo metal induced oxidation 
of polyurethane, was performed by placing the leads in alJ!!§D 

)(4) and~ saline solution (Solution A). During 

5 

the first 6 weeks, each lead was removed weekly and placed in a 
fresh Solution A where it was subjected to ~defibrillation pulses 
at n~1(4~4 J and pulse width. Insulation breach or cracks were 

Life testing 

visually checked at the and [~) , days at a 30-64X 
magnification. At th day, impedance between the lead 
circuits were exceeding the specification of 
Twenty-four week implants of stretched tubings in rabbits resulted 
in only cosmetic environmental stress cracking. 

Cables, electrode coils, and patches were sub'ected to9:cycles of 
tlexin times/cycle), soaking in 

(f§j days/cycle), high ~e~~~§~m=~ 
shocks at shocks/cycle), soaking in b (b)(4) 

4'illl days) and electrical/visual inspection. Discoloration was 
observed on the connector pin and the electrode coil of some 
Model 6999 leads. All the leads passed the impedance 
requirements. The electrode section of the leads were then flexed 
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Crush testing (Models 
6963 and 6966) 

Animal Studies' 

until failure; the median failure cycle for each lead was> 1 
million. 

To simulate the crushing load encountered in the area of the first 
rib and clavicle, a Model 6963 and a Model 6966 were clamped 
together in a cross configuration between I ~b! (4 )(b)(4) . I After 
soaking in f]Ei] solution for ~ hours, the leads were compressed at 
either a I (b )(lMI~ lor I (1o)0)Q force; thus, respectively reducing the 
combined diameters by either Db) ~~) .:oJ, or~. Each lead was 
then given I (~W!lJ shocks at each incremental voltage level of ~ 
LIbl(~~l I and I (b(lJ)(41) I Impedance between the leads was checked 
after each series of I2!ill shocks. Subsequently, a hi pot test at! ~/BX4f 41 
Q~ No failure was observed. 

Four canine stitdies (32 dogs) were performed. Temporary, 
prototype, and the present leads were used in the studies. Induced 
VTs and VFs were successfully terminated during implant, post
implant, and/or EP evaluation. Gross and histopathologic 
examination revealed shock-induced necroses which were described 
as small and negligible in its effects on the function of the 
myocardium. Stability of the lead system was verified by x-ray or 
fluoroscopy. sensing amplitudes, defibrillation and pacing 
thresholds. Problems experienced during the studies include mast 
cell tumors on thigh and shoulder, oversensing, T-wave sensing 
following a pacing pulse of maximum programmable output and 
pulse width, patch lead fracture, helix electrode backing out of the 
tissue, CS lead dislodgement, and shorting of the RV and CS 
leads. Five dogs are still being studied; their average time on 
study is 60 weeks. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

MEMORANDUM 

DATE: JAN 8 ISm 

FROM: Bioresearch Monitoring Branch, HFZ-324 

SUBJECT: Classification of EIR: Compliance Program 7348.811 
Clinical Investigator 

TO: Supervisory Investigator: Bruce W. Williamson 
SEA-DO, HFR-PA3S0 

Firm Inspected: Gust H. Brady, M.D. 
University of Washington Medical Center 
Seattle, Washington 98195 

Sponsor: Medtronic, Inc.; PMA # P920015 

Device: Trarisve'~e' Transvenol'is 'Lead system 

Date Inspected: November 16, 17 and 19, 1992 

Assignment Date: July 14, 1992 

We have reviewed the report for this inspection and are 
hereby sending you its classification status. 

Status Summary 

District conclusion 
Final CORH Classification 
Follow-up planned 

In compliance 
NAI 
None 

~p~ljt. 
Consumer Safety Officer 
Bioresearch Monitoring Branch, CDRH 



ee: 

HFZ-324 (JYGrayson, ESantiago, LBowlding, BStaples, Reading 
file) 

HFZ-450 (DJTerry) 
HFC-132 (JPrego) 
HFC-230 (PLepore) 
HFZ-300 (RJohnson) 
HFZ-320 (WFHooten) 
HFR-PA300 (RLowell) 
HFR-PA350 (WGZuber) 
HFA-224 

Drafted:BStaples:12/15/92 
Reviewed: ESantiago: 12/16/92 
t/f:embraxton:12/23/92 
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DEPARTMENT OF HEALTH &. HUMAN SERVICES Public Health Service 

Memorandum 
Date °December 16, 1992 

From Mathematical Statistician (T. C. Lu) HFZ-l62 
Statistical Branch, Division of Biometric Sciences, OST 

Su~ect Statistical Review of PMA P9200l5 Amendment, Medtronic Multiprogrammable 
Tachyarrhythmia Control System with Non-thoracotomy Cardvioversion and 
Defibrillation Electrodes, Medtronic, Inc. 

To 
Doris Terry - HFZ-4S0 
Division of Cardiovascular, Respiratory, and Neurological Devices,ne 
Through: Director, Division of Biometric sciences,_OST~~ trr 
Through: Chief, Statistics Branch, DBS, OST c'f~rlfr/l 

1. Back,round 

Per our telephone conversation on December 7, 1992, you requested 
a statistical review of this FHA amendment. This amendment was 
received at FDA on September 21, 1992. I wasn't notified of any 
action until December J. This amendment was sent to me on 
December 8, 1992. Yod indicate that you would like to receive my 
comments before December 18, 1992. With the limited time frame, I 
can only concentrate on the sponsor's response to the deficiency 
letter dated August 6 from FDA to the sponsor. 

2. Reviewer's COmments 

2.1. Item 21. Sponsor provided the p-values for Tables IV-B and 
IV-C of the original PHA. This reviewer recomputed the p
values and found them identical to those of the sponsor's. 
However, there is a problem, sample sizes are 18 for 7216A 
and 739 for 7217B. With such a large difference in sample 
size, this will cause very low statistical power, then the 
small difference is very difficult to detect. 

2.2. Table IV-C shows comparisons of patient variables for the 
three lead systems. All the p-values computed by this 
reviewer is identical to those of the sponsor's. The total 
numbers of patients of primary indication are 329 for 
RV/SVC/SQ (of which 187 for SCD, 114 for VT, and 28 for 
SCD1VT), which are not in agreement with a total sample size 
of 496 (403 males and 93 females). The sponsor provided p
values for variables tested in Table IV-C. The hypothesis 
was not clearly stated. After recomputing the p-values 
listed in the table, all are in agreement except primary 
indication. The chi-square test of this data set, computed 
using I (b) (4) (b)(4) I yield a p-value of nearly 
~ which is also different from that of sponsor's computed 
p-value of 0.984. 

\ \3 \ 
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2.3. The sponsor, for the purpose of justification of data 
pooling and data analysis of Table IV-C, adjust the multiple 
statistical significant difference at 0.05 significance 
level using Hochberg procedure (Dunnett & Tarnhoue: A Step
up Multiple Test Procedure, Journal of the American 
Statistical Association, March 1992, 87:162-170). Although 
this is a published, peer reviewed article, the sponsor's 
mUltiple test adjustment procedure is not widely accepted by 
the biostatistical and clinical community. 

2.4. Comparison of Mortality Between One PCD and the AICD 

(i) 

(ii ) 

Item 25. The sponsor compared the end points of the two 
devices. Sponsor claimed that confidence interval analysis 
was performed but that confidence interval was not given. 
Confidence interval should be computed by the sponsor to 
support this claim. 

Sponsor provided a table for the comparison of patient 
characteristics, PCD'versus ventak-P. I have two questions 
apout Table XB-1/ Page 378, Vol. 2: 

The total numbers of patients of primary indication, 291 for 
Ventak-P (49 for SCD, 169 for VT, and 73 for SCDjVT) are not 
equal to the , total number of patients of Ventak-P of 292. 

~ c~~~~~ar~"~~~ primary indication, using 
[(b) (4) (b)(4) jyield a p-value of nearlyrbf('i'fi--.:-.--:-' 
:statistically significant, indicating that PCD 
are significantly different. 

The inclusion and exclusion criteria for patients of peD and 
AICD studies are not discussed by the sponsor. 

ConclusiQn 

The sponsor needs to adequately address the issues raised in Section 2 
above before the safety and effectiveness of the PCD transvene system 
can be evaluated from a statistical perspective. 

cc: Abhijit Acharya, Ph.D. 
Donald F. Dahms 
Lynne A. Reamer 
PMS Group 
DeC 
Medical Device File 
Board File 

T. C. Lu 

- HFZ-450 
- HFZ-450 
- HFZ-4S0 
- HFZ-402 
- HFZ-401 
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Medtronic~ 
September 18, 1992 

Office of Device Evaluation 
PMA Document Mail Center (HFZ-401) 
Center for Devices and Radiological Health 
Food and Drug AdminiStration 
1390 Piccard Drive 

CCVlfl 

t-'~ 
Medtronic, Inc. 
7000 Central Avenue, N.E. 
Minneapolis, MN 55432-3576 
Telephone: (612) 574-4000 
Cable: Medtronic Telex: 29-0598 
FAX: (612) 574-4879 

c~ 
t::~ 

~l 
::t: -. -c:::;t 

••. v.:t •. ~ Rockville, MD ito 
Re: P920015 p. A Amendment to the Medtronic® PCDTM 

Transvene™ System Lead Models 6963, 6966 and 6999 

o 
'C) 
rn -o 
"$'. 
o 

.,-;~t;::: 

The purpose of this submission is to amend the aforementioned PMA application 
as specified ih FDA's letter dated August 6, 1992. 

This includes responses to all deficiencies noted in FDA's letter, an updated 
Summary of Safety and Effectiveness, and an updated clinical experience report, 
inclusive of 757 patients followed for an average of 6 months . 

• - \ . , 
Clinical data continues to demonstrate the PCD Transvene system performs as 
specified and is therefore safe and effective for its intended use. 

The existence of this PMA Amendment and the data and other information it 
contains are confidential, and the protection afforded to such confidential 
information by 18 USC 1905 and other applicable laws is hereby claimed. 

Twelve copies of this PMA Amendment are provided. Should additional 
information be required by the Agency, please contact the undersigned. 

Sincerely yours, 

MEDTRONIC, INC. 

~f-#;M~ 
ennifer M. Marrone 

Cardiac Pacing Business 
Manager, Regulatory Affairs 
(612) 574-4688 
(612) 574-6424 FAX 

Attachment 

:hr 
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DEPARTMENT OF HEALTH &. HUMAN SERV1CES 

Ms. Jennifer Marrone 
Manager, Regulatory Affairs 

.Cardiac Pacing Business 
Medtronic, Inc. 
7000 Central Avenue, N.E. 
Minneapolis, Minnesota 55432-3576 

Re: p920015 
Transvene~ Lead System 
Filed: April 1, 1992 

Dear Ms. Marrone: 

Public Health Service 

Food and Drug Administration 
'390 Piccard Drive 
Rockville MD 20850 

The Center for Devices and Radiological Health (CDRH) of the Food and Drug 
Administration (FDA) has completed an initial scientific review of the 
above referenced premarket approval application (PMA). We .regret to inform 
you that on the basis of this review, we have concluded that the PMA lacks 
information needed to complete the review and determine whether there is 
reasonable assurance that the device is safe and effective for its intended 
use. 

Because of this lack of information, review of the PMA cannot continue and, 
accordingly, we have listed the following significant deficiencies which 
require the responses as indicated: 

1. Discuss how the use of a silicone adhesive prevents-tissue in
growth in the Model 6963 lead. Where is the adhesive placed? 
From experience, discuss the use of polyurethane and silicone in 
leads to prevent tissue in-growth. 

2. he results of mutagenicity testing for the 
mesh and the silicone rubber! (b) (4~ (b)(4) 

=---~ anchor sleeve). If the tests have not been done please provide a 
justification for not doing so. 

3. Provide a description of the helix electrode fixation tool and of 
the tests to verify the torsional force for implanting the helix 
electrode. 

4. Based on your experience, identify the minimum number of flex 
cycles that a lead should withstand. Also, give the stress level 
exerted on the Model 6907 lead (from which the median failure time 
of cycles was observed), and on the Transvene- leads. 

5. Since the electrode coil is flexed separately from the insulated 
conductor, discuss the reliability of the section where the 
electrode is coaxial to the conductor. Is there friction between 
the electrode and the conductor when the section is flexed? 
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Page 2 - Ms. Jennifer Marrone 

6. The Model 6999' s~0~~ turns/inch electrode coil fails at a much 
lower flex cycle than the~ turns/inch electrode coil. Discuss 
the reliability of the ~ turns/in.ch electrode coil, and the 
effects of its failure on the performance of the lead. 

7. Please discuss how patient treatment is affected if one or two of 
the electrode coils of the Model 6999 patch lead becomes damaged. 

8. Please specify the section of each lead assembly that was flexed 
during life testing. Does this section include the electrode 
coil? The results of the tests should be included. 

9. Provide an update of the 12 month life test. 

10. The data indicate that a new lead is used for each (temperature 
tolerance, crush load, or life) test. Correlate the results from 
those tests to the worst case condition where the same lead has to 
face temperature differences, crushing, and flexing:--Why was 
sequential testing not performed? 

11. Discuss the differences in battery life or energy requirements 
between the epi-l~aq system and the Transvene- system. 

12. An update of the chronic animal studies should be provided. 

13. An update of the clinical experience of the Transvene~ Lead System 
should be provided. The update should include all additional 
patients and the clinical experience to date. The data should be 
presented as done in your original PMA application,_ and should 
include, e.g., implant and follow-up data, lead orientations 
including patch location, spontaneous episode experience, analyses 
by different groups, complications/observations, and survival 
analysis. All remaining deficiencies listed below which pertain 
to your patient population should be addressed using the updated 
patient group. 

14. Please discuss your clinical data which support the claim which 
states that the Transvene· Lead System improves both perioperative 
and long term patient morbidity. 

15. Based on your experience and on the data as reported in the 
literature, what is the percentage of patients who have been found 
unable to withstand a thoracotomy? 

16. Data such as treatment efficacy, complications and survival 
analysis on the patients followed for 6 months should be provided. 

2 
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17. Please discuss your clinical experience (treatment efficacy, lead 
orientation, complications and survival rates) of the patients who 
have been followed for 1 year and more. 

18. Provide a detailed discussion of the clinical experience (implant 
duration, lead orientations, spontaneous episodes, treatment 
efficacy, survival analysis, complications, etc.) of the patients 
who did not meet the implant criteria and were implanted with the 
Transvene~ System. Also discuss the experience of the patients 
who were implanted without the 10 Joule safety margin. 

19. A breakdown of the different lead orientations within the patient 
population, and the treatment efficacy reported for each 
configuration should be included. 

20. Based upon your clinical experience, the Physician's Manual should 
recommend the sequence of testing with the different lead 
orientations during implant • 

. 
21. Please provide the P-values as listed in Table IV B and IV C of 

22. 

the original PMA application for the new patient population. 
/ 

Please discuss the reasons why some patients dropped out of the 
study, either withdrawn alive or lost to follow-up. There were 
224 patients at 1 month and only 154 patients at 3 months. Please 
explain the difference of 70 patients during this 2 month period. 

23. For the comparison of complications/observations rates· for the 
PCD- versus the AICD-, please provide the ~ollowin~: 

a. the number of complications and patients for the PCDm and 
AICD'" populations; 

b. the clinical success/failure criteria used for "Failure to 
Cardiovert/Defibrillate and Inappropriate Problematic VT/VF 
Therapy Delivery"; and 

c. a discussion of the pocket infection rate of the PCD'" and the 
AICD'" and the lead related complications of the PCD'" 
Transvene'" System versus the PCD'" Epicardial System. 

24. Some Transvene'" patients were also evaluated,with the Model 10388 
hollow can electrode. Please compare the infection rate of these 
patients to those who did not undergo the hollow can evaluation. 

25. Please discuss and/or provide the following regarding the 1 year 
actuarial survival comparison of mortality between the PCD- and 
the AICD"': 

a. the statistical test that was used to compare survival; and 

b. the two survival or life tables by year of follow-up-

3 
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26. Please discuss the statistical techniques used to derive the 
P-values in Table XI G-2, page 862, Vol. 5 and Table J-2, page 54, 
Vol. 1. 

The following additional deficiencies were noted in this initial scientific 
review and the indicated responses should be provided: 

1. Discuss the properties of polyurethane which make it the ideal 
insulation material for the 6966 lead. Why was silicone not 
chosen? 

2. Discuss the biostability tests (stress cracking, metal induced 
oxidation, etc.) performed on the~ types of polyurethane. 
Why was a different polyurethane chosen for the inner coil? 

3. Based on the results of the life test, what is the life 
expectancy of the leads? Please include your assumptions. 

4. Provide a side-by-side comparison between the Model 6999 and 
the epicardial patch lead. 

5. Discuss the possible interactions between implanted pacemaker 
leads and the Transvene- leads. Also, discuss the effects of 
the leads on the tricuspid valve and the host vein. 

6. The Transvene- leads seem to tolerate crush testing better than 
the pacing leads. Please discuss the properties of the 
Transvene- leads which support this capabifity. 

7. Are there patients currently implanted with the Model 6895 and 
10317 patch leads? If so, please provide a breakdown of the 
clinical data, e.g., complications, survival, etc. for each 
lead. 

8. Please list the reasons for not performing pre-hospital 
discharge testing. 

9. The number of spontaneous episodes of the patients followed for 
6 months and beyond should be provided. 

10. A copy of the Summary of Safety and Effectiveness with the 
updated clinical data should be submitted. 

This is to advise you that an amendment including the above requested 
information will be considered a major amendment and may extend the FDA 
review period up to 180 days. As provided by 21 CFR 814.37(c), you may 
decline to submit a major amendment requested by FDA in which case the 
review period may be extended for the number of days that elapse between 
the date of such request and the date that FDA receives the written 
response declining to submit the requested amendment. 

4 



'-

Page 5 - Ms. Jennifer Marrone 

As provided under 21 CFR 814.44(g), FDA will consider this PMA to have been 
voluntarily withdrawn if you fail to respond in writing within 180 days of 
the date of this request for a PHA amendment. You may, however, amend the 
PHA within the lS0-day period to request an extension of time to respond. 
Any such request is subject to FDA approval and should justify the need for 
the extension and provide a reasonable estimate of when the requested 
information will be submitted. If you do not amend the PM! within the 
ISO-day period to (1) correct the above deficiencies, or (2) request an 
extension of time to respond and have the request approved, any amendment 
submitted after the l80-day period will be conside,red a resubmission of the 
PHA and will be assigned a new number. 

You may amend the PMA to provide the above requested information 12 
copies, voluntarily withdraw the PHA (3 copies), direct CDRH to complete 
processing the PMA without the submission of additional information (3 
copies) or request an extension. The required copies of the amended P}~ 
should include the FDA reference number for this PHA and should be 
submitted to the following address: 

PMA Document Mail Center (HFZ-401) 
Center for Devices and Radiological Health 
Food and Dr~~ 4dministration 
1390 Piccard Drive 
Rockville, Maryland 20850 

Upon receipt of an amendment adequately addressing the above requests or a 
written response declining to submit the requested amendment, CDRH may 
schedule an advisory panel meeting at which your PMA will be reviewed. You 
will be notified of the location and date of this m~eting sheuld one be 
necessary. In order to provide adequate time for CDRH and advisory panel 
review, information received by FDA less than 8 weeks in advance of any 
scheduled advisory committee meeting will not be considered or reviewed at 
the meeting and may delay consideration of your PMA until a subsequent 
advisory committee meeting. 

If you have questions concerning this deficiency letter, please contact 
Doris Terry at (301) 427-1018 or Arnold Alpert, Ph.D., at (301) 427-1186. 

Sincerely yours, 

~J 
~F. Alan Andersen, Ph.D. 

Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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Summaty of Safety and Effectiveness (September 18, 1992) 

A. Indications For Use 

The Medtronic peD Model 7217B Multiprogrammable Tachyarrhythmia 
Control System with Nonthoracotomy Cardioversion and Defibrillation 
Electrodes (hereafter referred to as the PCD Transvene System) is intended 
to treat patients at risk of sudden cardiac death due to ventricular 
tachyarrhythmias. Indications for use include: 

• Patients who have survived at least one episode of cardiac arrest due to a 
ventricular arrhythmia not caused by an acute myocardial infarction; or 

• Patients with recurrent, sustained ventricular tachycardia that remain inducible 
via programmed electrical stimuli or exercise, or occur spontaneously, despite 
the most efficacious antiarrhythmic drug therapy that can be tolerated by the 
patient chronically. 

• Patients undergoing replacement of a previously implanted implantable 
cardioverter defibrillator. 

The patients who meet the above patient selection criteria should have also 
undergone a complete cardiological evaluation that includes 
electrophysiological testing. Electrophysiologic evaluation and testing of the 
safety and efficacy of the proposed pacing, cardioversion, or defibrillation 
therapies are recommended during and after the implantation of the peD 
Transvene System. 

The peD Transvene System components, except for the defibrillation lead 
system, are identical to the peD Epicardial System which was unanimously 
recommended for approval by the FDA Advisory Panel on February 3, 
1992. 

Market approval is not being sought for use of the PCD Device with other 
manufacturers transvenous defibrillation lead systems. In addition, market 
approval is not being sought for the use of the peD Transvene lead system 
with other manufacturers implantable cardioverter defibrillators. 



B. 

-
Description of the Transyene LeadlPCD System 

The Medtronic Tachyarrhythmia Control System consists of two 
fundamental configurations: (1) the implantable configuration and (2) the 
external configuration. Both configurations use the Transvene lead system. 
See Figure III B-1 

The implantable configuration is composed of a Pacer-Cardioverter
Defibrillator (PCD) device, implantable leads, and a programmer. The PCD 
device is an implantable, multiprogrammable, automatic tachyarrhythmia 
control device. 

The external configuration is composed of an External Tachyarrhythmia 
Control Device (ETCD) , a patient cable, implantable leads, and a 
programmer. The ETCD is an externally-operated, multiprogrammable, 
tachyarrhythmia control device. 

Intended Uses - Transvene Leads 

Model 6963 Lead • \. ' 

The Medtronic Transvene Model 6963 Unipolar, Coronary Sinus or 
Superior Vena Cava, Transvenous Lead features an electrode for the 
delivery of cardioversion and defibrillation therapies. It is intended for 
long-term use in the coronary sinus or superior vena cava and is designed 
to be used with an implantable tachyarrhythmia control device along with 
at least one other lead, such as the Model 6966 Tripolar, Right Ventricular, 
Transvenous Lead. 

The lead has application where implantable tachyarrhythmia cardioversion 
or defibrillation systems are indicated. 

Model 6966 Lead 

The Medtronic Transvene Model 6966 Tripolar, Endocardial, Screw-In 
Lead is designed for pacing, sensing, and delivering cardioversion and 
defibrillation pulses in the ventricle. The lead has application where 
implantable tachyarrhythmia control systems are indicated. 

The Model 6966 lead has a helical electrode made of platinum alloy that 
can be actively fixed in the endocardium. The helix can be extended or 
retracted by rotating the lead connector pin with a special fixation tool. 
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Active fixation leads are particularly beneficial for patients who have 
smooth or hypertrophic hearts where lead dislodgement may be potential a 
problem. 

The three electrodes of this lead are the coil, ring, and helix: 

The defibrillating coil electrode is most proxima] to the pulse generator and connects 
electrically to the connector pin of the unipolar leg of the bifurcation. This unipolar leg 
will not accept a stylet. 

The ring electrode is proxima] to the helix and connects electrically to the 
connector ring of the bipolar leg of the bifurcation. 

The helix tip electrode is most distal to the pulse generator and provides active 
fixation in the endocardium. It can be extended or retracted by rotating the lead 
connector pin with a special fixation tool. The helix electrode connects 
electrically to the connector PIN of the bipolar leg of the bifurcation. This 
bipolar leg is the only one that will accept a stylet. 

The helix tip electrode and the ring electrode may be used for bipolar 
pacing and sensing; ~ Goil electrode is intended to be used for delivery of 
cardioversion and defibrillation pulses. 

The lead has application where implantable tachyarrhythmia cardioversion 
or defibrillation systems are indicated. 

Model 6999 Lead 

The Medtronic Model 6999 Unipolar, Subcutaneous, Oval, Patch Lead 
features an electrode for the delivery of cardioversion and defibrillation 
therapies. It is intended for long-term use and is designed to be used with 
an implantable tachyarrhythmia control device along with at least one 
complementary defibrillating electrode and a pacing/sensing lead; a third 
defibrillating electrode may RIso be used. 

The lead has application for patients in whom implantable tachyarrhythmia 
cardioversion or defibrillation systems are indicated. 



-' 

Intended Uses - PCD Device 

The Model 7217B peD device is intended for use in patients who are at 
high risk of sudden death due to ventricular tachyarrhythmia. 

Current medical research indicates that such patients should: 

• have survived at least one episode of a cardiac arrest, presumably due to a 
ventricular tachyarrhythmia as evidenced by resuscitation using a transthoracic 
defibrillator. The ventricular tachyarrbythmia should not be caused by an acute 
myocardial infarction; or 

• in the absence of a prior cardiac arrest, have recurrent, sustained ventricular 
tachycardia that occur spontaneously or can be induced, despite the most 
efficacious antiarrhythmic drug therapy that can be tolerated chronically. 

Extensive electrophysiologic evaluation and testing of the proposed pacing, 
cardioversion, or defibrillation therapies are recommended during and after 
the implantation of the Model 7217B PCD device. Before permanently 
programming the PCD device to the automatic detection and delivery of the 
VT ahd/or VF therapits, the patient should have demonstrated a satisfactory 
response to the proposed therapy. 

Intended Uses - ETCD 

The Model 5355 External Tachyarrhythmia Control Device is intended for 
use in conjunction with an antitachycardia/defibrillation lead system during 
diagnostic studies for implanting the Model 7217B PCD device. 

Indications for use of the ETCD include: 

• Patients experiencing recurrent episodes of ventricular tachyarrhythmia, 

• Patients who survived a cardiac arrest due to a ventricular tachyarrhythmia and 
are at risk for repeated episodes, 

• Patients who are undergoing an assessment of the efficacy of antitachycardia 
pacing, cardioversion, or defibrillation therapies in anticipation of an implantable 
cardioverter-defibrillator. 
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Components of the System 

A list of components used in the system is given below. It is separated into 
a listing of those components for which market approval is sought and those 
components that are now commercially available. Market approval is not 
being sought for use of the PCD Device with other manufacturers 
transvenous defibrillation lead systems or for the use of the PCD Transvene 
lead system with other manufacturers implantable cardioverter defibrillators. 

Seeking AllL)foyal: 

Transvene Leads 
Model 6963 
Model 6966 
Model 6999 

Pacer-Cardioverter~Defibri1lator 
(PCD) Device* ,f 

Model 7217B 

External Tachyarrhythmia 
Control Device (ETCD)* 

Model 5355 ETCD 
Model 5418 Patient Cable 
Model 5419 Patient Cable 
Model 5414 Test Load 
Model 5417 EGM Cable 

Programmer Software Cartridge* 

Model 9788 - Memory Module 

Commercially Ayailable: 

Programmers Model 9710 and 
accessories 

Printers Model 9751/9712 

for 7217B PCD Device and 5355 ETCD Devices 

Lead Accessories* 

Model 6701 Lead End Cap 

* Indicates devices pending FDA approval, P900061 
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Components Used in the Implantable Configuration 

The implantable configuration is composed of a PCD Device, lead system, 
and a 9710 Programmer with applicable software cartridge. The implantable 
device is a Model 7217B PCD Device. The PCD device requires an 
appropriate lead system consisting of up to three cardioversion/defibrillation 
electrodes. See Figure III B-2. The Transvene leads used with the Model 
7217B peD Device are the Models 6963, 6966, and 6999. 

The Model 9710 Programmer is commercially available. Two printers are 
also commercially available. When higher printing speeds are desired, it is 
recommended that the programmer be used with the faster printer, the 
Model 9751. If slower printing speeds are acceptable, as may be the case 
in some follow-up situations, the Model 9710 Programmer can be used with 
the battery-powered Model 9712 Printer. 

Components used in the External Configuration 

The external tachyarrftythmia control system is composed of the Model 
5355" ETCD, a Modbl 5418 Patient Cable, a Model 5419 cable, lead 
system, and a Model 9710 Programmer with applicable software cartridge, 
see Figures IV-A-3, 4. The ETCD uses replaceable batteries as its power 
sourct1. The Model 5418 Patient Cable and Model 5419 Cable are designed 
to connect the Transvene leads to the ETCD. Like the implantable system, 
the ETCD uses the same Transvene leads (Models 6963, 6966, and 6999). 
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Purpose of the System 

PCD System Configuration 

The PCD Device is an implantable device designed to detect episodes of 
ventricular tachycardia (VT) and ventricular fibrillation (yF), and upon 
detection, automatically deliver the appropriate therapy or a progression of 
therapies programmed by the physician for each patient. The available 
therapy types that can be programmed are overdrive pacing, cardioversion, 
and defibrillation. The PCD Device also has bradycardia pacing capability. 
The Transvene leads allow the PCD device to deliver these therapies to the 
heart. 

ETCD System Confi~uration 

The ETCD is an external tachyarrhythmia control device designed to deliver 
overdrive pacing, cardioversion, defibrillation, and bradycardia therapies 
in the same fashion as the PCD device. The ETCD can be programmed to 
~uto~atically deliver ~ve!drive pacing therapy upon detection of VT. When 
used as a component of a system that includes the appropriate Medtronic 
programmer and applicable software cartridge, the ETCD can deliver 
manually-initiated VT pacing, cardioversion, and defibrillation therapies. 
The ETCD allows the assessment of the Transvene lead system 
characteristics and aids in the assessment of lead system pacing and sensing 
characteristics. 

Overview of System Features 

General 

The PCD device is designed to automatically detect episodes of VT or VF 
and, upon detection, deliver the appropriate programmed pacing, 
cardioversion, or defibrillation therapies. The device has two independently 
programmable detection and therapy procedures, one for VT and a second 
for VF. 

When used as a component of a system that includes the appropriate 
Medtronic programmer and dedicated software, the ETCD is designed to 
deliver manually initiated cardioversion and defibrillation therapies. The 
ETCD is also designed to detect episodes of VT and VF. It can 
automatically deliver VT overdrive therapies (burst and ramp) upon 
detection of a VT. 



VI Detection and Therapy 

Both the PCD device and EICD use a VI detection algorithm which can 
use up to three separately programmable criteria as it monitors the cardiac 
cycle length to identify the presence of a tachycardia. Upon detection, the 
devices deliver their first programmed VI therapy. If the VI episode 
persists and is again detected, up to three additional independently 
programmable VT therapies may be delivered to restore the patient's 
normal cardiac rhythm. This progression of four VI therapies can be 
tailored to each patient's need. For the PCD device the therapies may be 
selected from two methods of overdrive pacing (burst and ramp) and 
synchronized cardioversion. 

For the EICD the same overdrive pacing therapies can be automatically 
delivered, with cardioversion therapy being available as a manual therapy. 

VF Detection and Therapy 

The VF Detection algorithm monitors the cardiac cycle length to identify 
a VF episode. Upon ~etection; the PCD device provides a programmable 
high energy defibrillation pulse for VF therapy. Up to a maximum of four 
VF therapies may be delivered for ongoing detected VF episodes. Each 
defibrillation therapy consists of one (single pulse) or two (simultaneous or 
sequential) high voltage pulses designed to restore the normal cardiac 
rhythm. 

For the ETCD, each cardioversion or defibrillation therapy, which must be 
initiated manually via the programmer, also consists of one high-voltage 
pulse or two (simultaneous or sequential) high-voltage pulses in the same 
fashion as the PCD devices. 

Bradycardia Therapy 

For both the EICD and PCD devices, bradycardia pacing is delivered in 
the VVI mode. Asynchronous, (VOO) , pacing is not available, and is 
avoided even with magnet application since this type of pacing has 
increased potential to initiate ventricular arrhythmias in patients receiving 
this system. 
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l&ad Systems 

The PCD Device and the ETCD perform pacing, sensing, cardioversion, 
and defibrillation through multiple electrodes in the lead system. Listed 
below are the electrodes and their function: 

• The PACE/SENSE electrodes are incorporated in the right ventricular 
defibrillation lead. These electrodes function as the sensing circuit and deliver 
pacing pulses. The PACE/SENSE electrodes are used for sensing in conjunction 
with the SENSE2 electrode. 

• The COMMON electrode is an electrode coil that serves as the cathode for 
cardioversion, defibrillation, and pacing. 

• The PULSE2 electrode is an electrode coil that serves as the anode for 
cardioversion and defibrillation. 

• The PULSEI electrode is an optional electrode coil that serves as an additional 
anode for sequential and simultaneous cardioversion and defibrillation. 

Card~oversion and deflbrillation current pathways are between the PULSE2 
and COMMON elecfrode coils and, if the additional lead is implanted, 
between the PULSEl and COMMON electrode coils. 

Other Capabilities 

The physician may use the ETCD or the PCD devices to conduct 
noninvasive electrophysiologic studies (BPS) via the programmer with the 
appropriate software cartridge. The physician can also manually deliver 
various therapies via the programmer to manage an induced or spontaneous 
tachyarrhythmia. 

The PCD device will provide the physician with information, via the 
Programmer, about its present programmed status and data on its operation 
accumulated between office visits. This information may be printed and 
retained in the patient's file. 

The PCD Device and ETCD can also transmit an electrogram to the 
programmer. The electrogram is the electrical signal sensed on the leads. 

A programmer-generated set of symbols, termed Marker Channel"", allows 
real-time visualization of sensing, pacing, detection, and therapy events 
occurring within the device. 
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In addition, the ETCD provides a display of measurements and other 
information related to delivered cardioversion and defibrillation pulses. 
With this information and other features, the ETCD can be used to assess 
the suitability of the lead system and its placement for individual patients. 

PCD Battery Lonaevity Emectations 

The longevity of the Model 7217B PCD Device depends upon several 
factors, including programmed bradycardia pacing parameters, the 
percentage of paced to sensed events, the pacing load, and on the frequency 
of high voltage capacitor charging. The longevity projections found in Table 
IV-A-l apply under the following conditions: 

• 65 ppm pacing rate, 
• 5.4 V pacing pulse amplitude, 
• 0.49 ms pacing pulse width, and 
• 500 ohm pacing lead. 

Projected Longevity 1 

100% Sensing 

15% Pacing 

100% Pacing 

Table IV-A-l 

34 JOtileChar2in2 
. Fteguency 

Quarterly 

Monthly 

Monthly 

5.0 years 

4.2 years 

3.4 years 

The longevity of the device decreases with the following: 

• An increase in pacing rate, 
• An increase in pacing ampl itude, 
• A decrease in pacing impedance, 
• An increase in pacing pulse width, 
• An increase in the percentage of bradycardia paced to sensed events, or 
• An increase in the charging frequency. 

Each 34 Joule charging cycle will typically decrease the longevity of the 
device by approximately four to six days. . 

These preliminary longevity projections are based upon accelerated battery data and 
device modeling. With the stated condition, 100% pacing and monthly 34 Joule charging 
cycles, the minimum longevity of the device will be 2.5 years (7217B). Average refers 
to the projected mean longevity of the modeled run of PCD devices at the stated 
conditions. Minimum longevity means that virtually all (i.e., 99.9%) of all modeled 
production run of PCD devices will attain the value given. 



--

-.-

-' 

c. Alternative Practices and Procedures 

The use of implantable defibrillators in patients with drug refractory 
ventricular tachycardia/ fibrillation (VT/VF) and in survivors of sudden 
cardiac death has reduced the arrhythmic mortality in these patients. Other 
treatments available to treat ventricular tachyarrhythmias include 
antiarrhythmic drug therapy, ventricular tachycardia surgery, transthoracic 
defibrillation and other market released implantable defibrillators with 
epicardial defibrillation lead systems. 



D. Marketin& History 

All of the Medtronic Tachyarrhythmia Control System device components 
which have been implanted in the U.S. to date have been part of the IDE 
clinical study and have followed the FDA approved investigational protocol. 
In November 1991, the Medtronic PCD Transvene System, and respective 
components described in this submission, were market released in Europe. 
In March 1991, the Medtronic PCD Epicardial System, and respective 
components, were market released in Europe. And in February 1992, the 
FDA Advisory Panel recommended the approval of the Medtronic PCD 
Epicardial System. 



E. Adverse Effects 

Potential adverse effects which may be associated with the use of the PCD 
Device include but are not limited to: failure to detect ventricular 
tachycardia or ventricular fibrillation; failure to terminate ventricular 
tachycardia or ventricular fibrillation; delivery of pacing or shock therapy 
when no ventricular tachyarrhythmia is present, which would precipitate an 
episode of ventricular tachycardia or ventricular fibrillation; acceleration of 
a ventricular arrhythmia; failure to capture after a shock delivery; 
discomfort or pain during or following the delivery of electrical shock; or 
infection. 

The following additional, potential adverse effects associated with all 
pacemaker systems include loss of normal pacemaker function due to 
battery failure or other component failure, inability to program a pacemaker 
pulse generator because of programmer failure, infection, erosion, 
undesired muscle or nerve stimulation, and inadequate sensing or pacing. 
Any demand pulse generator can be affected by magnetic, electrical and 
electromagnetic signals of sufficient strength or with characteristics which 
mimic cardiac functioh. 'Possible effects of electrical interference on pulse 
generator operation include reversion to asynchronous pacing, inhibition of 
output pulses and rapid synchronous pacing. Certain environmental sources 
can couple sufficient energy into a cardiac pacing system to damage the 
pulse generator or cardiac tissue adjacent to the electrodes. 

Failure of the pulse generator system to function properly may result in the 
patient experiencing the symptoms for which the pulse generator was 
originally indicated. 

The potential complications related to the use of the PCD Transvene Lead 
System include, but are not limited to, the following patient-related 
conditions: fibrillation, air embolism, cardiac perforation, heart wall 
rupture, cardiac tamponade, pericardial rub, infection, myocarditis, 
constrictive pericarditis, pneumothorax and hemothorax. Other potential 
complications related to the lead system include, but are not limited to, the 
following: lead dislodgement, lead conductor fracture, and insulation 
failure. 

The above referenced information is provided in the labelling of the PCD 
Transvene System. 



F. Summary of Studies 

To validate the performance of the Medtronic Tachyarrhythmia Control 
System nonclinicallaboratory (bench) testing, animal studies and human 
clinical trials were performed. All of the nonclinical bench and animal 
testing demonstrated that the devices are safe and performed according to 
design intent. 

The nonclinical laboratory (bench) testing provides information relative to 
the Model 6966, Model 6963 and Model 6999 Transvene Leads, 
Model 7217B PCD, Model 5355 ETCD, and Model 9788 Memory l\1odule. 

The animal studies were performed to evaluate acute and chronic 
performance PCD Transvene System and to validate that the PCD and 
ETCD System are safe for human use. 

Finally, human clinical trials were performed to evaluate the safety and 
effectiveness of the PCD Transvene System in treating patients with life
threatening ventriculru: arrhythmias. 
. .' " , 

All of the studies have demonstrated that the PCD Transvene System 
functions safely and is appropriate for human use. 

The following summaries are provided in this section. 

1. Model 6966, Model 6963 and Model 6999 Nonclinical Testing 

2. Non-clinical Testing of the Related Components of the Transvene 
Lead system: Models 7217B peD, Model 5355 ETCD and Model 
9788 MemoryMod Model 7217B PCD Nonclinical Testing 

3. Animal Testing 

4. Clinical Study of the PCD Transvene System 
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1. Model 6966. Model 6963 and Model 6999 Defibrillation Leads: 
Summary of Nonclinical Testing 

To validate the performance of the Medtronic Tachyarrhythmia 
Control System nonclinicallaboratory (bench) testing, animal studies 
and human clinical trials were performed. All of the nonclinical 
bench and animal testing demonstrated that the devices are safe and 
performed according to design intent. 

The nonclinical laboratory (bench) testing provides information 
relative to the Model 6963 CSISVC lead, Model 6966 RV lead, 
Model 6999 SQ patch lead, and related system components. 

a. Electrical Testing 

Electrical D. C. resistance testing was performed to ensure 
proper functioning of the Model 6963, 6966 and 6999 leads. 

Sevente~n Model 6963, thirty-five Model 6966 and eighteen 
Model 6999 leads were submitted for testing. Electrical 
resistance was measured utilizing a milliammeter under 
ambient room conditions. All samples measured were within 
the individual design specifications. 

b. Environmental Analysis Testing 

1\ & ~ 

The purpose of the testing was to subject the lead to 
temperature extremes to determine the lead's resistance to the 
thermal stresses when transported from extremes of climate. 

Thermal Shock 

Fifteen Model 6963 and thirty-five Model 6966 leads were 
subjected to five cycles from -45°C to 70°C with a soak time 
of thirty minutes at each temperature extreme with a transfer 
time of one minute. Thirty-five Model 6999 leads were 
subjected to five cycles from -40°C to 66°C with a soak time 
of thirty minutes at each temperature extreme with a transfer 
time of one minute. 



After the thermal shock testing was completed visual 
inspection and electrical resistance measurements were 
performed. There were no visual defects and the electrical 
D.C. resistance of all the samples met the design 
specification. 
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c. Mechanical Testing 

The purpose of the mechanical testing was to determine the 
mechanical integrity of the leads to ensure that the devices are 
safe, reliable, and suitable for their intended use and conform 
to design specifications. The leads and/or assemblies were 
subjected to the following: 

• flex testing 
• composite pull strength testing 
• crimp/weld pull strength testing 
• insertion/withdrawal force testing 
• A.C. impedance/leakage testing 

Flex Testing 

The flex testing consisted of mounting the insulated conductor 
coils and uninsulated electrode coils of the Models 6963,6966 
and 6999, in a lead flex test fixture. The insulated conductor 
coils arid 'uninsulated electrode coils were flexed under 

-ambient room conditions at a specified radius. Eleven 
samples were used in each test. Samples exceeded 
specifications and therefore are considered to be satisfactory 
for their intended use. 

Lead Joint Tensile Strengths 

Pull testing of the various lead joints is conducted to ensure 
that the integrity of the joint meets the design specification 
and is, therefore, adequate for its intended application. The 
testing conducted consists of a composite pull test which 
evaluates the overall pull strength of the lead and crimp pull 
testing that evaluates the 'crimped connections of the leads to 
assure specification conformance. 

Composite Pu]) Strength 

Leads were boiled in Ringer's solution or soaked in normal 
saline and pull tested, while wet (the lead is usually cut in 
half to facilitate fixturing limitations) utilizing a tensile testing 
machine. The samples were pulled until failure at a rate of 
five inches per minute. The initial failures were then 
analyzed statistically for the confidence level in meeting the , 

1\ (P 3 

specification for the composite lead which is 1.0 lb~,. \ 1\. 

minimum. \J} \.{J 



Model 6963 data demonstrates that with a 95 % confidence at 
least 97% (distal) and 99.9% (proximal) of the leads will 
meet or exceed the specification. 

Model 6966 data demonstrate that with a 99 % confidence at 
least 99.9 % of the leads will meet or exceed the specification. 

Model 6999 data demonstrate that with a 99 % confidence at 
least 99.9% of the leads will meet or exceed the specification. 

Therefore, Models 6963, 6966 and 6999 leads, with respect 
to composite pull strength, are adequate for their intended 
use. 

Crimp/Weld Pull Stren2ths 

Crimp and weld pull strength tests were conducted to evaluate 
the strength of the connections to ensure that they meet the 
design specification and are, therefore, adequate for their 
intended'application. The connections tested are: 

• Distal crimp sleeve to conductor coil crimp (6963) 
• Double crimp core to conductor coil crimp (6963) 
• Electrode coil to double crimp core weld (6963) 
• Electrode coil to distal crimp sleeve weld (6963) 
• Tip crimp sleeve to conductor coil crimp (6963) 
• Connector pin to conductor coil crimp (6963 and 6999) 
• Helix electrode to inner conductor coil crimp (6966) 
• Electrode ring to middle conductor coil crimp (6966) 
• Transition sleeve to electrode coil weld (6966) 
• Transition sleeve to outer conductor coil crimp (6966) 
• Fixed connector pin to outer conductor coil crimp 

(6966) 
• Connector ring to middle conductor coil crimp (6966) 
• Rotating connector pin to inner conductor coil crimp 

(6966) 
• Manifold crimp sleeve to conductor coil crimp (6999) 
• Manifold crimp sleeve to electrode coil (24 turns per 

inch) crimp (6999) 
• Manifold crimp sleeve to electrode coil (48 turns per 

inch) crimp (6999) 



Subassemblies were submitted for testing and pull tested by 
using a tensile testing machine. The samples were pulled 
until failure at a rate of four inches per minute. 

Pull strength testing consisted of a minimum of 15 
subassemblies of each crimp connection and a minimum of 7 
subassemblies of each weld connection All samples tested 
exceeded the individual specification. The test results 
indicated that with a 95 % confidence, at least 95 % of the 
leads will have crimp and weld strengths that exceed the 
specification. 

Therefore, the Model 6963, 6966 and 6999 leads, with 
respect to crimp and weld connection pull strengths, are 
adequate for their intended use. 

Insertion/Withdrawal Forces 

Insertion/withdrawal forces are measured to ensure 
compatibility with the implantable device without causing 
damage to the lead. Twenty five each of the lead Models 
6963, 6966 and 6999 were tested with the Model 7217B PCD 
Device connector modules. There were no physical changes 
and all measurements met the design specification. 

A,C Impedance/Leakage Testing 

Fluid leakage tests are conducted on the lead 
assemblies/implantable device connector to determine leakage. 
Ten of each lead model Models 6963, 6966 and 6999 were 
tested with the Model 7217B connector modules. A.C. 
impedance was measured from the PCD device case to the 
lead connections while immersed in fluid. All samples met 
the design specification. 



d. Biocompatibility Testing 

The materials used in the Models 6963, 6966 and 6999 that 
are directly exposed to body tissue are: 

• Polyurethane 
• Silicone rubber (methylvinylpolysiloxane) 
• Silicone rubber/titanium dioxide 
• Platinum/Iridium 

These materials have been shown to be biocompatible through 
many years of use in Medtronic permanent implantable 
endocardial/myocardial permanent pacing leads. ' In addition 
to extensive implant experience with these materials, standard 
biocompatibility tests have been performed to verify the 
biocompatibility of the above-listed materials. Testing has 
demonstrated that all materials are nonhemolytic, 
nonpyrogenic, nontoxic, nonmutagenic and biocompatible. 
Therefo~e, the materials passed the tests and are considered 
suitable'for'human implant. The materials used in the Models 
6963, 6966 and 6999 are identical to those used in other 
commercially available Medtronic pacing leads. 

e. Lead System (Life) Testing 

In addition to the aforementioned tests, the Transvene leads 
were subjected to system, or life, testing. Further testing also 
evaluated the leads with respect to crush resistance. Testing 
included subjecting the leads to soaking, flexing and high
voltage pulsing. A separate test evaluated crush performance. 
The purpose of these tests was to subject the leads to severe 
conditions and assess the overall integrity of the system. 

D.C. resistance values and intermittance data measured before 
and after being subjected to soaking, mUltiple flexing and high 
voltage pulsing, as well as crushing, demonstrated the non
thoracotomy leads satisfied requirements and are therefore 
acceptable for their intended use. 



2. Non-clinical Testing of the Related Components of the Transvene 
Lead system: Models 7217B peD. Model 5355 ETCD and Model 
9788 MemoryMod 

Non-clinical testing of these components was provided Volume 4 of 
the original PMA application (P900061) dated September 27, 1990, 
Volume 3 of the amendment dated March 8, 1991, and Volume 2 of 
the amendment dated August 30, 1991. A summary of the test 
results for each of the components is provided. 

Model 7217B PCD: Summary of NonclinicaI Testing 

Testing of the Model 7217B pulse generators and the peripheral 
devices that comprise the system, i.e., the Pacing System 
Analyzers, the Model 9710 Programmer utilizing the Model 9788 
MemoryMod and the Model 9751 Printer have been tested and found 
to be acceptable. All aspects of system interaction and operation are 
in accordance with the Model 7217B PCD Device and Model 9788 
technical manvals and system specifications. Therefore, the 
Medtronic Ta~hyarrhythmia Control System, in its entirety, is 
acceptable for its intended use. 

Model 9788 Memory Module: Summary of Nonclinical Testing 

The Medtronic Model 9788 MemoryMod Cartridge was designed for 
insertion into the commercially available Model.9710 Programmer. 
When inserted, it becomes an integral part of the non-invasive 
programming system for the implantable PCD devices to establish 
pacing, ventricular tachycardia (VT) detection and therapy, 
ventricular fibrillation (VF) detection and therapy, and 
electrophysiological study (EPS) capabilities of an implanted 
pacemaker! cardioverter/defibrillator (PCD). Both the Model 7217B 
peD device and the Model 5355 ETCD are programmed with the 
Model 9788 MemoryMod cartridge when used with the Model 9710 
Programmer. 

Testing of the Model 9788 MemoryMod cartridge has demonstrated 
conformance to specification requirements. Therefore, the Model 
9788 MemoryMod is acceptable for its intended use with the Model 
7217B peD Devices and the Model 5355 ETCD Device. 
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Model 5355 ETCD: Summary of Nonclinical Testing 

Testing of the Model 5355 ETCD and respective accessories has 
shown conformance to specification requirements. Therefore, the 
Model 5355 ETCD Device/accessories are acceptable for their 
intended use. 



3. 
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Animal Testin& 

The information presented in this section is an accumulation of 
several studies, some of which FDA has previously reviewed in IDE 
submissions (G870102). These studies demonstrate the safety of the 
Transvene lead Models 6963, 6966 and 6999. 

A variety of non-thoracotomy leads were evaluated in a series of 
four canine studies. Descriptions of the leads, as well as the study 
number(s) (1, 2, 3 or 4) in which they were evaluated, are presented 
below. 

Description: Non-thoracotomy Leads 

CORONARY SINUS/SUPERIOR VENA CAVA LEAPS 

Model 6963, evaluated in Study No.4, is a silicone, unipolar, 
coronary sinus or superior vena cava lead with a 6.5 mm connector 
and platinum ~loy electrode for delivery of cardioversion and 
defibrillation therapies. 

Model 6881, evaluated in Study Nos. 2, 3 and 4 is functionally 
equivalent to the Model 6963 except the 6881 has a 3.2 mm 
connector. 

Model 10285, evaluated in Study No. I, is the temporary version of 
the Model 6963/6881. 

RIGHT VENTRICULAR LEADS 

Model 6966, evaluated in Study No.4, is a polyurethane, tripolar, 
extendable/retractable, screw-in lead with a 6.5 mm connector and 
platinum alloy electrode for delivery of cardioversion and 
defibrillation therapies. Additionally, the 6966 has a 3.2 mm 
connector for pacing and sensing. 

Model 6884, evaluated in Study Nos. 2 and 3, is functionally 
equivalent to the Model 6966 except the 6884 has a 3.2 mm 
connector in place of the 6.5 mm connector for the cardioversion
defibrillation electrode. 

Model 10284, evaluated in Study No.1, is the temporary version of 
the Model 6966/6884. 
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SUBCUTANEOUS PATCH LEADS 

Model 6999, evaluated in Study No.4, is a silicone, unipolar, oval, 
subcutaneous patch with a 6.5 mm connector and platinum alloy 
electrode coils that are partially embedded in the silicone patch for 
delivery of cardioversion and defibrillation therapies. Additionally, 
the patch is embedded with polyester/dacron mesh. 

Model 6895, evaluated in Study Nos. 2 and 3, is functionally 
equivalent to the Model 6999 except the 6895 has a 3.2 mm 
connector and is covered with polyester/dacron mesh. 

Model 10317, evaluated in Study No.3, is functionally equivalent 
to the 6895 except it is embedded on the outer edge with 
polyester/dacron mesh. 

Although model numbers differ, all leads in each of the three groups 
are functionally equivalent. The various model numbers reflect an 
evolution of tep1pprary to transvenous lead development, as well as 
minor changes, such as the connector pin modification from 3.2 mm 
to 6.5 mm. 

Additional devices were used to evaluate the non-thoracotomy lead 
studies in canines. These are described below. 

External Devices for Implant Support 

Model 5355 External Tachyarrhythmia Control Device fETCD) 

The Model 5355 ETCD provides the same detection capabilities as 
the implantable Model 7217B PCD Device. Therapies are identical 
except that the maximum output energy is 40 joules (J) and 
automatic defibrillation and cardioversion are not available in the 
Model 5355. The Model 5355 ETCD provides measurement and 
display of output waveform parameters and ETCD status, an isolated 
electrogram signal, and passthrough connections of pacing and 
sensing electrodes to external instrumentation. 

Model 2394 External Cardioverter/Defibrillator (ECVD) 

The Model 2394 ECVD instrument can deliver: (1) a single 
stimulation pulse on one output channel, or (2) a pair of pulses, 
delivered individually on the two different output channels. 
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Monophasic and biphasic pulses are provided, output capacitance can 
be varied between 10 and 150 microFarads (mt) depending on which 
external capacitor modules are used, and pulse width can be 
specified as a fixed duration (0.1-19.9 ms) or "tilt" (10-90%). Pulse 
output voltages can range between 50 and 1090 volts and may be 
delivered asynchronously (upon manual command) or synchronized 
with an intrinsic sensed event. 

Model 2376 External CardioverterlDefibrillator (ECVD) 

The output stimulation parameters of the Model 2376 are very 
similar to those of the Model 2394 except for the following 
modifications: 

• All pulses are monophasic, truncated, exponential waveforms. 

• Output capacitance is fixed at 50 microFarads and pulse width 
is determined by a fixed pulse duration only. 

• Pulse 0Vtp~t voltages can range between 50 and 1090 volts 
and may be delivered asynchronously (upon manual 
command) or synchronized with an intrinsic sensed event. 

Study Methods 

All canine studies were conducted according to the 1966 and 1970 
Animal Welfare Acts, 1985 NIH Laboratory Animal Use and Care 
Guidelines and GLP regulations. Adult mongrel canines were used 
for all studies. The dogs weighed 20 kg or more. 

Specific details of each study are presented in the following II Animal 
StudieslResults" section. 

Each study is briefly described below. Both acute and chronic 
studies were performed to assess the toxicity of the non-thoracotomy 
lead system as well as its stability over time. 

Study #1; Acute Toxicity Testin2 of Non-thoracotomy Leads 

The objective of this study was to quantify the amount and nature of 
shock-induced damage to the myocardial tissue resulting from 
multiple, high energy defibrillation shocks delivered through 
transvenous defibrillation leads and a subcutaneous patch. This 
information has previously been submitted to the agency in the Non-

C\~ \ \ '1 ) 
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Thoracotomy IDE, reference Document Control Number 
G870102/S23; FDA Approved October 4, 1990. Lead models 
evaluated in this study are functionally equivalent to the Models 
6963, 6966 and 6999. Results of these studies revealed only 
minimal shock-induced necrosis «0.1-0.5 percent by weight), 
which did not result in functional impairment of the cardiac tissue. 
Therefore, the use of the Model 6963, 6966 and 6999 leads did not 
result in significant myocardial damage in canines and could be 
safely implanted in humans. 



Study #2: Model 6881. 6884 and 6895 Chronic Lead Evaluation 

The objective of this study was to evaluate the suitability of the lead 
system for human clinical use. Lead models evaluated in this study 
are functionally equivalent to the Models 6963, 6966 and 6999. 
Study results demonstrate that the performance of the non
thoracotomy lead system when used with the peD and ETCD 
devices is in conformance with system design and expected 
operation. 

One canine in this study has presented with two mastocytomas; a 
common type of skin tumor in middle-aged canines. This 
observation is not related to the peD system, nor is it relevant to the 
clinical application of the PCD system. The tumors were excised 
and the animal remains in good health. 

Study #3: Model 6881. 6884 and 6895 Chronic Lead Defibrillation 

~ 

This study is ~n' evaluation of the chronic stability of the non
thoracotomy lead system via the monitoring of defibrillation and 
pacing thresholds. In addition, histopathological examinations have 
been performed to assess the amount and nature of shock-induced 
damage to the myocardial tissue resulting from defibrillation shocks . 
. Lead models evaluated in this study are functionally equivalent to the 
Models 6963, 6966 and 6999. Results demonstrate stable pacing, 
sensing and defibrillation thresholds over time. Additionally, 
histopathology analysis shows no cardiac tissue damage due to 
delivery of defibrillation shocks. 

Study #4: Model 6963. 6966 and 6999 Chronic Lead Defibrillation 
Study 

This study is an ongoing evaluation of the non-thoracotomy lead 
system to assess chronic defibrillation threshold stability, pacing 
thresholds, intracardiac sensing capabilities and tissue damage. 
Results indicate the lead system performs as intended; DFTs and 
pacing thresholds have remained stable throughout the study (60 
weeks) and intracardiac sensing is appropriate. Additionally, 
pathology data, to date, indicates minimal localized trauma to the 
cardiac tissue «0.05 percent by weight). 
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Conclusion 

All of these canine studies have demonstrated that the non
thoracotomy lead system, which includes the Model 6963 CS/SVC 
lead, 6966 RV lead and 6999 SQ patch lead, functions safely and is 
therefore appropriate for human use. 



4. Summary of Clinical Experience 

A. Introduction 

The efficacy and safety of implantable cardioverter defibrillator 
(leD) therapy for recurrent ventricular tachycardia (VT) and 
ventricular fibrillation (VF) has been well established. The current 
market released device provides defibrillation therapy for VF or 
hemodynamically unstable VT, however, this type of therapy may 
not be optimal for patients with stable, well tolerated VT that is 
amenable to antitachycardia pacing. It is necessary to perform a 
significantly more invasive procedure, a thoracotomy, in order to 
implant the epicardial leads. Thus, the need to incorporate 
programmability, multiple detection and therapeutic options, and a 
less invasive lead system has lead to the development of a tiered 
therapy device, the PCD™ Transvene™ System. 

This report represents a full report of Medtronic's clinical experience 
with the MeQtronic PCD™ Model 7217B Multiprogrammable 
Tachyarrhythrrtia Control System with Transvene™ Cardioversion and 
Defibrillation Electrodes (Reference IDE G870102). The data 
included in this analysis is all data that was received by Medtronic 
and entered onto the clinical database as of June 24, 1992. 

The PCDn! Model 7217B Multiprogrammable Tachyarrhythmia 
Control System described in this submission is identical to the 
system which was recommended for approval by the FDA advisory 
panel on February 3, 1992, with the addition of Transvene™ leads. 

The data analysis is organized in functional rather than chronological 
categories in order to present a complete picture of each of the 
PCDTM Device's various functions. The sections included in this 
summary are: 

• Indicated Patient PopulationrIberapeutic Options 
• PCD Therapy Applications 
• Indicated Patient Population 
• Study Objectives and Protocol Summary 
• Overview of Clinical Experience 

Implant Data 
Spontaneous VT!VF Episode Experience 
Overall Success Rate 

• Complications and Observations 
• Inactive Patients 
• Patient Deaths 
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Clinical Experience by Primary Indication 
Patients not Meeting Implant Criteria 
Comparison to AICD Clinical Experience 
Comparison' to PCD" Epicardial Clinical Experience 
PCD'" Transvene'lll System Performance 

This summary provides an overview of the clinical experience which 
verifies that the PCDnI Transvenenl System is safe and effective in 
the indicated patient popUlation. 

B. Indicated Patient Population 

B.I Patient Population 

The PCD'" Transvene"" System is intended to treat patients at 
risk of sudden cardiac death due to ventricular 
tachyarrhythmias which have been shown to be reliably 
terminated, and in the case of VF, terminated at an energy 
level below the maximum output of the PCD"" Device. 

Results provided in this application will support Medtronic's 
request for market release of the PCDnI System for use in the 
following patient population: 

• Patients who have survived at least one episode of cardiac arrest due 
to a ventricular arrhythmia not caused by an acute myocardial 
infarction; or 

• Patients with recurrent, sustained ventricular tachycardia that remain 
inducible via programmed electrical stimuli or exercise, or occur 
spontaneously, despite the most efficacious antiarrhythmic drug therapy 
that can be tolerated by the patient chronically. 

Malignant ventricular tachyarrhythmias remain a major 
unsolved problem in the management and prevention of 
coronary artery disease. It is estimated that 450,000 people 
experience sudden cardiac death annually, and 80%-90% of 
these events are caused by ventricular fibrillation. (Gillum 
RF. Sudden coronary death in the United States. Circulation 
1989; 79:756-765.) 

Survivors of out-of-hospital cardiac arrest not associated with 
acute myocardial infarction are at risk for recurrent cardiac 
arrest as reported by Wilber, et al.(Wilber, et al. Out-of
Hospital Cardiac Arrest - Use of Electrophysiologic Testing 
in the Prediction of Long-Term Outcome. NEJM 1988; 



Vo1.318: 19-24.). In this study group of 166 survivors of out
of-hospital cardiac arrest, ventricular arrhythmias were 
inducible in 131 patients (79%) and were suppressed by 
antiarrhythmic drug therapy or surgery (or both) in 91 
patients (72%). During a median follow-up of 21 months, 
cardiac arrest recurred in 29 patients: 11 in whom inducible 
arrhythmias had been suppressed, 12 in whom inducible 
arrhythmias persisted and 6 in whom arrhythmias could not 
be induced at initial electrophysiologic study. 

C. PCDnr Transvene System Therapy Applications 

The PCDnr System is intended to treat patients at risk of sudden 
cardiac death due to ventricular tachyarrhythmias andlor recurrent 
ventricular tachycardia. 

For this patient population, the primary benefits from the use of the 
PCDnr System center on the detection and termination of life
threatening ventricular arrhythmias. The use of the PCD™ 

.. Transvene™ sy~tem allows for the application of identical therapies 
as an epicardial system without requiring an open chest procedure 
for implantation of the lead system. This less invasive surgical 
approach allows the system to be applied in patients who may not be 
able to undergo an open chest procedure. The use of pacing 
therapies for the treatment of ventricular tachycardia reduces patient 
trauma associated with higher energy cardioversion pulses and 
extends the longevity of the PCDTM pulse generator. 

The PCD™ System allows the titration of therapies for patients with 
ventricular tachycardia while providing critical defibrillation backup. 
Multiple detection algorithms are designed to allow the device to 
distinguish ventricular tachycardia from sinus tachycardia and atrial 
fibrillation. In addition, independent detection algorithms for VT and 
VF allow the delivery of different types of therapy for each of these 
two arrhythmias. The incorporation of antitachycardia pacing 
algorithms allows the use of pacing for the termination of well 
tolerated ventricular tachycardia. These algorithms, which are rate 
adaptive, can adapt to changes in the ventricular tachycardia and 
successfully terminate the episode. Defibrillation therapy is 
important in the event that an episode of VT accelerates to VF 
whether spontaneously or as a result of a delivered therapy. The 
incorporation of mUltiple cardioversion and defibrillation pathways 
(SINGLE, SEQUENTIAL and SIMULTANEOUS) allows the 



physician to provide an adequate cardioversion/defibrillation efficacy 
safety margin for all patients. The capacity to provide programmable 
extrastimuli pacing allows noninvasive electrophysiologic studies to 
be performed. The potential benefits from permanent cardiac pacing 
provide support for chronic and transient episodes of bradycardia. 

Finally, the benefits of programmability of tachyarrhythmia detection 
and therapy parameters, VVI parameters, and stored telemetry data 
on the delivery of therapy may avert the need for reoperation in the 
event of changing patient conditions or complications. 

D. Study Objectives and Protocol Summary 

The clinical study was designed to evaluate the operation, safety and 
effectiveness of the PCDnc System components in detecting and 
treating episodes of ventricular tachycardia and ventricular 
fibrillation. 

The analysis focuses on data supporting the safety and effectiveness 
of the PCD'" s~stem, including the implantable pulse generator and 
associated transvenous lead system and its therapy in this patient 
population. The analysis includes the clinical experience with the 
PCDnI system, pace/sense, detection and therapy functions in both 
the acute and chronic implant settings. In addition, data is provided 
on clinical observations, clinical complications and deaths in this 
patient popUlation. The analysis will also provide data demonstrating 
the safety and effectiveness of the Model 5355 ETCD. 

This summary presents safety and efficacy evaluation performed on 
757 patients, 329 of which have implant durations equal to or greater 
than six months. 

Clinical data was collected at the following study points to support 
the safety and efficacy of the peDnc System: 

Pre-implant Patient Assessment 
Lead System Testing at Implant 
Implantable Pulse Generator Testing at Implant 
Pre-hospital Discharge Testing 
Follow-up Evaluation 1 and 3 months post implant then at 

3 month intervals 
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Patients were evaluated prior to hospital discharge and/or one (1) 
month post implant, three months post-implant and then at intervals 
of every three months. In some cases additional testing was 
performed at physician discretion to evaluate spontaneous events 
and/or potential clinical complications. 

Medtronic collected all clinical data on the PCDTII System and its 
components under the clinical protocol outlined in the Investigational 
Plan. A common protocol was used on all study patients on a 
worldwide basis. 

International centers were subject to the appropriate requirements 
(e.g., the Declaration of Helsinki) in order that the data met the 
statutory requirements of the FDA. All clinical data, U.S. and 
International, obtained with the PCD™ System with Transvene™ 
Leads is included in this report. 

E. Overview of Clinical Experience 

This report c~ers a total of 762 implants in 757 patients of the 
PCD™ Device with the Transvene™ Defibrillation Lead System. A 
total of 78 investigative centers participated in the clinical trial with 
35 centers in the U.S. and 43 Internationally. The first implant 
occurred internationally on October 20, 1989, and the first implant 
in the U.S. occurred on October 16, 1990. Table E-l shows the 
distribution of Model 7216A and Model 7217B patients between 
U.S. and International investigators. 

Transv~n~~ sY$~ 

, Distribution 

s. 
3 (0.7%) 

744 (97.6%) 444 (99.3 %) 

15 (4.8%) 

300 (95.2%) 

Table E-l: PCDTII TransveneTil System - Implant Distributions - 6/24/92 

The mean documented implant duration for this patient population is 
5.6 months and ranged from implant to 28.6 months. The cumulative 
implant duration is 4246.4 months. There are 329 patients with 

, implant durations equal to or greater than six months. Table E-2 
provides a data summary on these patients. Also included is the data 
summary of the patients with 6 months of follow-up. 

\ \19 



Table E-2: PCD'nI Transvene'"' System - Follow-Up Quantity - 6/24/92 

The patient population enrolled in the clinical trial was predominately 
male (80.6%) with a mean age of 59.4 years. In half of the patients 
(49.8%), the primary indication for implant was recurrent, sustained 
ventricular tachycardia without an episode of sudden cardiac death. 
Sudden Cardiac Death was the primary indication for 37.1 % of the 
patients and SCD in combination with recurrent, sustained VT was 
the primary indication in 13.1 %. Coronary artery disease was the 
primary heart disease in 74.1 % of the patient population with a mean 
reported ejection fraction of 35.6% Table E-3 provides a data 
summary on th~se patients. Also included is the data summary of 
the patients with 6 months of follow-up. 



All Patients Patients with 6 months 
(3 Electrode of Follow-up 

757 329 

4246.4 3367.8 

5.6 mo 10.2 mo 

28.6 mo 28.6 mo 

610 80.6% 264 80.2% 
147 19.4% 65 19.8% 

59.4 yrs 58.0 yrs 

281 37.1 % 130 39.5% 
377 49.8% 152 46.2% 
99 13.1 % 47 14.3% 

561 74.1% 228 69.3% 

688 35.6% 301 38.0% 

574 75.3% 247 74.6% 
178 23.4% 77 23.3% 

10 1.3% 7 2.1 % 

16.01 (N=702) 15.41 (N=306) 

14.8J (N=316) 13.9J (N=155) 

226 130 
5430 3752 

98.7% 99.0% 

198 120 
973 667 

99.1 % 98.7% 

99.8% 100.0% 

Table E-3: PCDTII System Data Summary - All Transvene™ Patients versus 
TransveneTli Patients with 6 mo Follow-up - 6/24/92 
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E.I Implant Data 

Implants of the peDTM Device may use two or three 
Transvene™ leads. The physician has the flexibility to use 
whichever lead system best meets the patient's needs. 

Table E-4 illustrates the lowest energy of defibrillation (LED) 
and defibrillation threshold (OFf) for the implanted lead 
systems. The implant criteria for the peD'" Device was 3 of 
4 episodes of VF successfully terminated at 18 Joules or less 
with a given lead configuration. Some patients did not have 
a LED at implant. The LED is only identified if the 
investigator reported the induced rhythm as VF. Conversion 
of VT or V Flutter (as defined by the physician) to sinus 
rhythm was not included in the determination of the LED. In 
addition, it is not a protocol requirement to obtain a DFT at 
implant. However, recommendations have been provided to 
those institutions that prefer to obtain DFT's during the 
implant procedure. 

Transvene'" SysteiI1 
and DrtValues 

PIT 

16.0J 316 14.8J 

455 16.7J 187 IS.8J 

210 14.6J 110 12.8J 

37 15.21 19 16.0J 

Table E-4: peD™ Transvene™ System - LED and DFT Values -
6/24/92 

The mean implant Lowest Energy of Defibrillation (LED) for 
all lead systems was 16.0J and mean implant Defibrillation 
threshold (OFT) for all lead systems was 14.8J. As the mean 
OFf's and LED's indicate, VF was reliably terminated at an 
energy value below the maximum output (34 Joules) of the 
peD™ Device. 



E.2 Spontaneous VT and VF Episode Experience 

A total of 311 patients (41.1 %) have experienced a 
spontaneous ventricular tachyarrhythmia episode that has been 
detected and treated by the PCD™ Device. One hundred and 
thirteen patients (14.9%) experienced VT only, 85 patients 
(11.2%) experienced VF only and 113 patients (14.9%) 
experienced both an episode of VT and VF. 

There have been a total of 6403 episodes of spontaneous VT 
or VF as detected by the PCDTM. The overall PCD"" Device 
success rate in terminating spontaneous VT NF episodes as 
detected by the PCD"" is presented in Table E-5. 

.. . :reP" Transvene'" System 
~"":'UlJI.aa • .aIUAJ'f'o ~lPOllltal1leo1JS VTIVF ~plSOdles 

964 

6326 

Total N1JD.Iber of 
.EpiSQd:es 

5430 

973 

6403 

98.7% 

99.1 % 

98.8% 

Table E-5: PCD™ Transvene"" System - Success Rate for Spontaneous 
VT/VF Episodes - 6124/92 

E.2.1 Spontaneous VT 

For the purposes of this clinical trial, spontaneous VT 
was defined as those episodes that satisfied the 
programmed VT detection criteria. Specifically, all 
programmed VT detection criteria must be fulfilled to 
detect a VT episode. Successful termination of the 
episode was defined as satisfying the VT episode 
termination criteria. 

To date, 5430 spontaneous episodes of VT have been 
detected by the peD"" Device in 226 patients. The 
mean number of episodes per patient with VT was 24 
and ranged from 1 - 413 episodes. 



Most spontaneous VT episodes (91.0%) were 
successfully treated with VT Therapy #1 and 98.7% 
were successfully treated with one of the four 
programmable VT therapies. 

Of the 5362 successfully terminated spontaneous VT 
episodes, 92.4% were treated with one of the 
programmed antitachycardia pacing therapies 
incorporated in the peD™ Transvene™ System. The 
clinical benefit of tiered therapy is the reduction of 
delivery of high energy shocks for the treatment of 
stable recurrent ventricular tachycardia. This greatly 
enhances the patient acceptance of leD therapy since 
antitachycardia pacing is usually not perceived by the 
patient. 

Thirty patients experienced 68 (1.3 %) episodes in 
which the peD™ Device wa~ ineffective in terminating 
a,. sp,ontaneous episode of VT despite delivery of all 
four programmed VT therapies. Twenty five patients 
experienced 45 (0.8%) episodes that were due to sinus 
tachycardia or atrial fibrillation/flutter (SVT) with a 
rapid ventricular response that had been detected as 
VT. These episodes were resolved with either 
modification of programmed parameters or of 
antiarrhythmic drug therapy. It should be noted that 
the peD™ Device responded appropriately based on the 
programmed detection parameters. 

The remaining 23 episodes occurred in five patients in 
which the programmed VT therapies were ineffective 
in terminating a spontaneous VT. episode. No patient 
deaths occurred as a result of ineffective VT 
therapy. The patient's antiarrhythmic drug regimen 
was modified to improve efficacy. 

E.2.2 Spontaneous VT Episode Experience By Primary 
Indication 

The primary indications for implant of the peD 
Transvene System were sudden cardiac death (SeD), 
recurrent sustained ventricular tachycardia (VT) and 
sudden cardiac death associated with recurrent 

~'\ 
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Table E-<»: . 

sustained ventricular tachycardia (SCDIVT). 
Spontaneous VT episode efficacy by primary indication 
is provided in Table E-6. The overall efficacy for 
spontaneous VT episodes is greater than 98 % for each 
of the patient groups. There is no difference in 
therapy efficacy among the patient's indications. Table 
E-6 contains the spontaneous VT episode therapeutic 
efficacy. 

99.6% 

3681 3735 98.6% 

9i9 930 98.9% 

5430 98.7% 

peD" Transvene'" System - Spontaneous VT Episode Efficacy by Primary 
Indication -6/24/92 

E.2.3 Spontaneous VT Episode Experience By Therapy Type 

The PCDTM Device incorporates three programmable VT 
therapy types, RAMP, BURST and CARDIOVERSION, 
for the treatment of recurrent ventricular tachycardia. 
Spontaneous VT episode efficacy by programmed 
therapy type is provided in Table E-7. 

PCD'" Tnillsvene" SysteQl 
. VT· Episode Efficacy 

2539 

463 

. Type 

2661 

2293 

408 

91.3% 

90.3% 

88.1% 

Table E·': Spontaneous vr Episode Efficacy by Therapy Type· 6/24/92 
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E.2.4 Spontaneous VF 

For purposes of this clinical trial, VF is defined as 
those episodes that satisfy the programmed VF 
detection criteria. Specifically, all programmed VF 
detection criteria must be fulfilled to detect a VF 
episode. Successful termination of the episode is 
defined as satisfying the VF detection criterion for 
episode termination. 

To date, 973 spontaneous episodes of VF have been 
detected by the PCD"" Device in 198 patients. The 
mean number of episodes per patient was 4.9 and 
ranged from 1 - 77 episodes. A review of the chart 
per investigator for this patient that experienced the 77 
episodes of VF revealed that 75 were most likely due 
to atrial" fibrillation. VF detection parameters were 
modified in this patient. 

\.; ~ 
Most (87.3 %) spontaneous VF episodes were 
successfully treated with VF Therapy #1 and 99.1 % 
were successfully treated with one of the four 
programmable VF therapies. 

Five patients experienced 9 episodes (0.9%) in which 
the PCD"" Device was ineffective in terminating a 
spontaneous episode of VF despite delivery of all four 
programmed VF therapies. Four patients had eight 
reported ineffective VF spontaneous episodes that were 
due to sinus tachycardia or atrial fibrillation with rapid 
ventricular response rather than VF. Reprogramming 
and pharmacologic intervention resolved these 
problems. The other patient (96223) required external 
defibrillation to convert the VF episode. This patient's 
antiarrhythmic drug regimen was modified to improve 
defibrillation efficacy. All of these patients have 
subsequently done well" with no more reported 
ineffective VF therapies. 
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E.2.S Spontaneous VF Episode Experience By Primary 
Indication 

The primary indications for implant of the peDn! 
Transvenen! System were sudden cardiac death (SeD), 
recurrent sustained ventricular tachycardia (VT) and 
sudden cardiac death associated with recurrent 
sustained ventricular tachycardia (SCDIVT). 
Spontaneous VF episode efficacy by primary indication 
is provided in Table E-8. There is no difference in 
therapy efficacy among the patient's indications. The 
overall efficacy for spontaneous VF episodes is greater 
than 98% for each of the patient groups. 



Table E-8: 

97.6% 

99,8 % 

99.6% 

99.1% 

PCDft Transveneft System - Spontaneous VF Episode Efficacy by Primary 
Indication -6/24/92 

E.2.6 Spontaneous VF Episode Experience By Therapy 
Type 

The PCDnc Device incorporates three programmable 
d~fibrillation pathways, SEQUENTIAL, SINGLE and 
SiMULTANEOUS, for the treatment of ventricular 
fibrillation. Spontaneous VF episode efficacy by 
programmed defibrillation pathway is provided in 
Table E-9. 

99.0% 

99.5% 

Table E-9: PCDft Transvene'" System - Spontaneous VF Episode Efficacy by Therapy 
Type - 6/24/92 

E.3 Overall Success Rate 

Of the 757 patients who. received a PCOnc TransveneTW 

System, 443 patients (58.5% - 4431757) have either 
experienced a spontaneous VT /VF episode or had VT /VF 
induced during a post implant electrophysiology study. The 
performance of the PCDnc Transvenenc System therapies have 



been thoroughly evaluated and been shown to be effective in 
detecting and terminating episodes of ventricular 
tachyarrhythmia. 

There have been no reports of a patient death due to the 
PCD"" Transvene'nl System not detecting a spontaneous 
episode of VT or VF. 

The overall success rate of the PCD'nI TransveneTII System in 
terminating spontaneous episodes of either VT or VF was 
98.8% with a VT success rate of98.7% and VF success rate 
of 99.1 % . The incidence of unsuccessful termination of an 
apparent "true" episode of ventricular tachycardia despite 
delivery of all four therapies was 0.4% (23/5430). 

The incidence of unsuccessful termination of an apparent 
"true" episode of ventricular fibrillation despite delivery of all 
four therapies was 0.1 % (1/973). 

The eV8lmition of spontaneous episode experience indicates 
that the pcn™ Transvene™ System's VT and VF detection 
and therapy functions have performed safely and effectively 
in the indicated patient popUlation. 

F. Complications and Observations 

The use of a multiprogrammabie implantable cardioverter 
defibrillator (lCD) device allows the physician to resolve most 
relevant medical events by noninvasively changing programmed 
parameters thus, avoiding invasive procedures. However, there will 
continue to be certain relevant medical events which will require 
invasive procedures for resolution. 

For purposes of this clinical study, reported relevant medical events 
were divided into complications and observations based on the 
following definitions: 

COMPLICATION: A symptomatic or asymptomatic clinical event with potential 
adverse effects, which can NOT be treated or resolved by 
reprogramming the device and REQUIRES invasive 
intervention. 



OBSERVATION: A symptomatic or asymptomatic clinical event with potential 
adverse effects, which either does NOT require invasive 
intervention, or which CAN be corrected by reprogramming 
the device. 

As of June 24, 1992, there have been a total of 138 complications 
identified in 138 patients and 157 observations identified in 157 
patients in the PCDnc Transvenenc System patient population. Thus, 
18.2% (1381757) of the patients have experienced a clinical event 
which was defined as a complication and 20.7% (157/757) of the 
patients have' experienced a clinical event which was defined as an 
observation. Table F-I summarizes how these events were reported 
with U.S versus International. 

Table F·l: 

-:":':;";'::.,, :.: .... ::::: .... 

,PCb'" Transvene .... System 
'·'·'<:'Repotf¢p',Compl'ibltiQIlS/Observations 

":U~S::versuslnternational 
... : ........ :.;:: ... :.:::: ..... ;: .. ' .. :' :-', ;.;:.:::.;.;.: ..... :::.:-: .... : ....... . 

II or Patients 

77 68 

61 89 

Jfptiil 138 157 

PCD" Transveneftl System Complications/Observations U.S. versus International 
- 6/24/92 

Table F-2 summarizes the reported PCDnc Transvene"nl System 
complications and observations by category. The category 
"Ineffective Therapies" included patients in whom increased 
defibrillation requirements were documented; "Inappropriate 
Therapies" includes patients in whom VT /VF therapies were 
delivered for nonpathological rhythms; "Pacing or Pace/Sense 
Related" includes patients in whom undersensing, oversensing orloss 
of capture was documented; "Infection Related" includes reports of 
pocket infection, seroma, and hematoma was documented; and 
"Device Related" includes patients in whom the device was explanted 
for reasons other than patient death, infection, or transplant. 

The reported complications and observations are recognized clinical 
events that may occur with any of the current ICD devices. These 
complications and observations are discussed in the PCD"nI device 
and Transvene"nl manual. None of the reported complications or 
observations have resulted in a patient death. 
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0.5% 

8.2% 

4.1% 

4.9% 

Table F-2: Pen"" Transvene""System - Complications/Observations - 6/24192 

The "Lead Related" complications/observations include perforation, 
lead fracture, subcutaneous patch crinkling, and lead dislodgement. 
Table F-3 contai!1s a summary of the reported "Lead Related" 
complications/~bservations . 

..... 
F,Cn" Transvenew System 

.~dRelated Complications 

Complication 

5 (0.7%) 

1 (0.1 %) 

4 (0.5%) 
.:;",: 

-:·:::$M~#W.tiO~'atch Crinkling 7 (0.9%) 

33 (4.4%) 

Table F-3: PCD'" Transvene"" System - Lead Related Complications - 6/24/92 

There have been a total of 33 lead dislodgements reported in 33 
patients at greater than 30 days. None of the lead dislodgements 
resulted in an ineffective therapy for a spontaneous VT of VF 
episode or patient death. Lead dislodgements were documented by 
fluoroscopic examination during electrophysiologic evaluation, chest 
x-ray obtained during routine follow-up, or during pacing/sensing 
threshold evaluation during routine follow-up. In all 33 cases, 
reoperation was required to reposition the lead and reestablish an 
effective defibrillation lead system. 



Lead dislodgements are not specific to the PCD™ Transvene™ System 
and have been reported with dual chamber pacemakers and the 
current market released implantable cardioverter defibrillator (lCD) 
system. The early history of dual chamber pacemakers witnessed a 
high lead dislodgement rate of at least 20% (Smyth, PND, et al. 
Permanent pervenous atrial sensing and pacing with a new J-shaped 
lead. J Thoracic Cardiovascular Surgery. 1976;72:565-570). 
Winkle, et al reported that the incidence of dislodgement of the 
superior vena cava spring leads with the current market release I CD 
system to be 6.3 %. (Winkle, et al. Automatic Implantable 
Cardioverter-Defibrillator: Efficacy, Complications, and Survival in 
Patients with Malignant Ventricular Arrhythmias. JACC. June 1988; 
Vol. 11 , No.6:1278-86). 

G. Inactive Patients 

There are a total of 34 patients who had received a PCD™ System 
and are no longer active in the study as of 6/24/92. Table G-l 
shows the dist¢.bution of inactive patients by reason for no longer 
being active in the PCD™ Transvene™ System clinical study . 

...... :: .. ::: ...... : .. : .. 

:w.activehtients All Patients 

ratien~ Deaths 22 

... :WEiCtipn(E"plant) 11 

.....••.. .... • .. >;··.i~ ... ~plant 5 

i> .. '.' .':'<: ••.•• '.': Total 38 

Table G-l: PCDft Transvene'" System - Inactive Patients - 6/24/92 

H. Patient Deaths 

The positive impact of implantable cardioverter defibrillator (lCD) 
therapy on sudden cardiac death mortality has been weB documented 
in the medical literature. The use of device therapy for the treatment . 
of recurrent ventricular arrhythmias has become an accepted and 
important clinical tool. An analysis of the sudden cardiac death 
survival in the PCD™ Transvene™ System patient population was 
performed. 



For purposes of the clinical study, each of the patient deaths was 
categorized using the following definitions: 

Non-Cardiac: 

Cardiac: 

Non-Sudden: 

Sudden: 

Perioperative: 

System Related: 
l 

Procedure Related: 

Deaths that occurred where the primary cause of 
death was determined to be non cardiac in nature, 
e.g. stroke, cancer, etc. 

Deaths that occurred where the primary cause of 
death was determined to be cardiac in nature. 

Deaths that occur greater than one hour after the 
onset of symptoms. 

Deaths that occur within one hour of the onset of 
symptoms or where the death is unwitnessed. Sudden 
cardiac deaths were also categorized as being 
Witnessed or Unwitnessed. 

Deaths that occur within thirty days of implant. 

A death which results from a malfunction (operation 
not according to design specification) of a PCD'III 
Sy~tem component, or as a result of a device induced 
arrhythmia, or an interaction between a PCD'III 
System component and the patient. 

A death which occurs as a result of a procedure 
required to implant, follow or test a PCD'" System. 

All deaths and significant complications have been and will continue 
to be reviewed by a committee comprised of PCDTM Transvene™ 
System investigators and other physicians. Two committees (Clinical 
Event Review Committees) have been formed, one to review North 
American deaths and complications, and the other to review 
European clinical events. The primary purpose of these reviews was 
to determine whether the PCD™ System was related to the deaths or 
significant complications that have occurred and, if so, what changes 
may be required to prevent such events in the future. 

There have been a total of 22 patient deaths reported in the PCDTM 
Transvene™ System patient population. Table H-l summarizes how 
these patient deaths have been classified. 



Table H-l: PCO'lll Transvene'lll System - Summary of Oeath Classifications -
6/24/92 

None of the patient deaths were attributed to a malfunction of 
the PCDTM Transvene™ System. 

Actuarial survival analysis on the PCD™ Transvene™ System was 
done on all pat\ents who were either evaluated for implantation or in 
whom the device was implanted. Thus, the analysis is done from the 
perspective of intention to treat. Those patients in whom the PCDTM 
Device was OFF at the time of death or in whom no device was 
implanted m included in the survival analysis. Those patients that 
were screened for a PCD™ Transvene™ System but failed to receive 
a Transvene11l system are not included in this analysis. 

Projected one year survival calculations for the various death 
classifications are provided in Table H-2. The actuarial projections 
include perioperative deaths only in the calculation of one year 
survival from death due to all causes (shown in the row labelled 
Overall). The perioperative death rate defined as deaths which 
occurred within thirty days of implant was 0.7% (51757) which is 
considerably less than the perioperative mortality for the PCD™ 
System with Epicardial leads (4.7% -351742). Included in this table 
are the projected one year survival calculations for patients who 
ultimately received a PCDTM Transvene™ System (n = 757) and all 
patients that were screened for a PCDTM Transvene™ System (n -
854) regardless of implant outcome. 



Table H-2: 

Transvene'"' System 

99.8% 

96.8% 

96.6% 

99.4% 

0.7% 

95.3% 

Screened for a 
pcn'"' Transvene'"' 

System 

99.8% 

97.1% 

97.0% 

99.4% 

1.5% 

94.8% 

PCOlll Transvenelll System - One Year Actuarial Survival - 6/24/92 

The positive impact of the PCOTM Transvene™ System on patient 
mortality is clearly obvious from this analysis. The sudden cardiac 
death survival rate in this patient group is 99.8 %, both in the patient 
group that received a Transvene™ System and those who were 
screened for a Transvene™ System. This is marked improvement 
when compared with the reported survival of similar patient groups 
treated with drug therapy alone of between 34 % and 73 % at one 
year. 

I. Clinical Experience By Primary Indication 

Medtronic is requesting approval for use of the PCD™ Transvene™ 
System in the following patient population: 

• Patients who have survived at least one episode of cardiac arrest due to a 
ventricular arrhythmia not caused by an acute myocardial infarction; or 

• Patients with recurrent, sustained ventricular tachycardia tbat remain inducible 
via programmed electrical stimuli or exercise, or occur spontaneously, despite 
the most efficacious antiarrhythmic drug therapy that can be tolerated by the 
patient chronically. 

Sudden cardiac death without recurrent VT (SCD) was the indication 
for implant in 37.1 % of the patients, recurrent ventricular 
tachycardia without an episode of sudden cardiac death (VT) was the 



indication for implant in 49.8% of the patients, and sudden cardiac 
death and recurrent VT (SCDNT) was the indication for implant in 
13.1 % of the patients. 

The performance of the peD'" Transvene11l System in these three 
groups are summarized in Table 1.1. 

In all three patient groups, coronary artery disease was the 
predominant heart disease and the patients exhibited moderate left 
ventricular dysfunction as demonstrated by mean ejection fractions 
of less than 40%. The mean LED at the time of implant was similar 
among the patient groups as was the mean DFT. 

The overall efficacy in terminating spontaneous VT/VF episodes in 
the SeD patient group was 99.1 %, in the VT patient group 98.7 % , 
and in the SCD/VT group 99.0%. Thus, independent of the 
indication for implant, the peD™ Transvene™ System was highly 
effective in terminating spontaneous episodes of VT/VF. 

~' , 

The one year sudden cardiac death survival rates for all groups was 
greater than 99.7 % 

This analysis indicates that the peD™ Transvene™ System has 
performed safely and effectively in the indicated patient groups and 
should be approved for use in the indicated patient population. 
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Table 1-1: 

281 (37.1 %) 

212 75.4% 
69 24.6% 

56.8 yrs 

191 68.0% 

39.1% 
(N=259) 

201 71.5% 
74 26.3% 
6 2.2% 

" IS.3J 
(N=264) 

14.0J 
(N= 117) 

39 
765 

99.6% 

58 
296 

97.6% 

100.0% 

377 (49.8%) 

309 82.0% 
68 18.0% 

61.2yrs 

292 77.5% 

33.7% 
(N=339) 

295 77.6% 
82 21.6% 

3 0.8% 

16.21 
(N=351) 

15.5J 
(N= 155) 

144 
3735 

98.6% 

109 
42] 

99.8% 

99.7% 

99 (13.1 %) 

89 89.9% 
10 10.1 % 

60.0 yrs 

78 78.8% 

32.5% 
(N=90) 

76 76.8% 
22 22.2% 

1 1.0% 

17.3J 
(N=87) 

13.9J 
(N=44) 

43 
930 

98.9% 

31 
256 

99.6% 

100.0% 

757 

610 80.6% 
147 19.4% 

59.4 yrs 

229 72.2% 

35.6% 
(N=688) 

574 75.3% 
178 23.4% 

10 1.3% 

16.0J 
(N=702) 

14.8J 
(N =316) 

226 
5430 

98.7% 

198 
973 

99.1 % 

99.8% 

PCD" Transveneftl System Data Summary by Primary Indication - 6/24/92 



J. Patients Not Meeting Implant Criteria 

J.l Overview 

The peD'"' Transvene'"' System offers a simpler and safer 
implantation technique for an implantable cardioverter 
defibrillator system. In addition, the PCD'nI TransveneTil 

System decreases the potential peri operative and long term 
mortality associated with current epiCardial system 
implantation approaches: 

There is a class of patients who cannot tolerate the 
thoracotomy required for the utilization of the epicardial patch 
lead defibrillation lead system and who are at high risk of 
sudden cardiac death. Because of the surgical risks and 
postsurgical complications associated with the implant of an 
epicardial lead system, implantation in the following patient 
groups may not be desirable or possible: 

(1) '~atj'ents in whom there is no indication for concomitant cardiovascular 
surgery at the time of leO implant; 

(2) patients with severe pulmonary disease who can not tolerate prolonged 
anesthesia or an open chest procedure; 

(3) patients with severe congestive heart failure (ejection fraction < 40%) 
who are at increased risk for peri operative mortality following a 
thoracotomy procedure; 

(4) patients who may eventually require open chest procedures for 
treatment of their coronary artery disease or cardiac transplant. 

For these patients, a transvenous ICD System is the only 
therapy available. The PCDTII TransveneTIII System simplifies 
and greatly reduces the risk associated with lead introduction, 
making therapy available to these patient groups. Because 
there is no need to open the chest of these patients, more 
options for future therapy remain available; e.g. CABG is 
associated with increased morbidity and mortality if there has 
been prior open chest surgery. 

However, it is expected that nonthoracotomy lead systems 
will have higher mean implant defibrillation thresholds as 
compared to traditional epicardial lead systems. In an 
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As can be seen, 88.6% (757/854) of the patients who were screened 
for a PCDftI Transvene™ System ultimately received the system. Of 
these 757 patients, 71.7% (543 patients) met the recommended 
defibrillation implant criteria which compares favorably with the 
predicted success rates published in the literature (Wilberet al). 
However, 28.3 % (2141757) of the patients did not meet the 
recommended defibrillation efficacy implant criteria and still 
received the PCD™ Transvene™ System. It should be noted that 
97.4 % of the patients (7371757) received the PCDTM Transvene™ 
System with at least a 10 Joule defibrillation safety margin between 
the lowest energy of success (24J) and the maximum output (34J) of 
the PCD™ Device. 

The investigators utilized this 1 0 Joule safety margin as a benchmark 
based on the clinical experience discussed in the article, Troup P., 
et aI. The Implanted Defibrillator: Relation of Defibrillating Lead 
Configuration and Clinical Variables to Defibrillation Threshold. 
Journal of American College of Cardiology 1985; 6: 1315-1321. 
Finally, and ~rhaps most importantly, the investigators also felt that 
for these patients the risk associated with not meeting the 
recommended implant criteria was outweighed by the risk of not 
implanting an ICD or implanting an epicardial system. 

There were twenty patients (2.6%), who received a peD™ 
Transvene'l1ol System, whose cardiovascular condition precluded 
further completion of the peD™ Transvene™ System and adequate 
definition of a defibrillation safety margin. In all cases, the 
physician felt that the benefit of the peD™ Transvene™ System 
outweighed the risk of further inductions or the risk of a 
thoracotomy and elected not to evaluate or implant a peDTM 
Epicardial System. 
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Table J-l: 

-. 

J .2 Patients Receiving PCDTIII Transvene™ System & Did Not Meet 
Implant Criteria 

For purposes of the peDTIII Transvene™ System, the implant criteria 
was defined as successful VF termination at least 3 times in 4 
attempts with the final lead configuration at an output energy of 18 
Joules or less. Of the 757 patients who received a peDTIII 

TransveneTIII System, 214 patients (28.3%) did not meet the 
recommended defibrillation implant criteria and yet still received the 
peDTIII Transvene™ System. l The physicians justification for 
implanting the peD™ Transvene'l1l System despite not meeting the 
recommended defibrillation implant criteria are presented in Table 
J-1. 

, PPD'" Transvene"" System 
'Reasons' for Not Meeting Implant Criteria 

Physician Justification 

Reason f Nwnber of Patients 

., ,Succtss Ilt ~ 14Joules 170 

24 

patient Condition 20 

TOTAL 214 

PCD'III Transvene'" System: Physician Justification for Not Meeting Implant Criteria - 6/24/92 

Further analysis of the patient who did not meet the recommended 
implant criteria indicates however, that 91 % (1941214) had a 10 
Joule safety margin between the lowest energy of successful 
defibrillation and the maximum output of the peD Device (34J). 
Therefore, of the 757 patients who received a peDTIII Transvene™ 
System, 97.4% (7371757) had at least a 10 Joule defibrillation safety 
with the implanted lead configuration. 

There were 20 patients (2.6%) in whom the implant procedure was 
terminated due to poor patient condition. These patients received a 
peD'"" Transvene'"" System without at least a 10 Joule defibrillation 
safety margin. The implant circumstances of these patients is 
summarized as follows: 
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• At least one successful defibrillation was obtained at an energy level greater than 
24 Joules and or equal to 34 Joules (N=11); 

• Multiple inductions of VT were performed and successfully reverted with an 
, energy level of 18 Joules or less. However, induced VF was not successfully 
reverted by an energy level of less than or equal to 34 Joules (N=6); and 

• Physician elected to terminate the procedure due to the patient's condition before 
inductions with the final implanted lead configuration were perfonned (N=3). 

Table J-2 provides a comparison of patient characteristics between 
patients who met the PCDTK Transvene'" System implant criteria and 
those patients who did not meet the implant criteria but still received 
the peD'" TransveneTK System. 

\~ 



Eiti Eil4 tiE i IRK ev 

Patient Characteristics 

Not Meeting Criteria 

543 

6 2 months 

422  77 7   
121  22 35  

59 4 yrs 

214 

4 0 months 

188  87 9   
26  12 1   

Indications 

 CD 

SCDJVT 

209  38 59o  
278  51 2   
56  10 3   

72  33 6   
99  46 39o  
43  20 1 9o  

Cardiovascular Kstory 

CAD 
Cardiomyo pathy 

396  72 9   
173  31 9   

165  77 1   
65  30 4   

Mean EW 36 3 9e 33 7  

164  30 9   
H 
HI 
IV 

278  52 49o  
82  15  4  Fe  

7  1 3 9o  

53  25  8   
114  56 6   
34  16 69o  
4 92 0   

Number ON Drugs at Implant 
Number ON Amiodarone 

---------- -- ----- ------ --- - 

223  41 1   
78  14 4   

97  45 3   
38  17 89o  

Table J 2  PCD Transvene System  Patients Meeting Implant Criteria vs Not Meeting Implant Criteria   

Comparison of Pt Characteristics   6124192 

Statistical analysis indicated three significant differences between 
these two patient groups   patient sex  indication for implant and 
mean ejection fraction  

(b)(4)
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Patients not meeting implant criteria had a statistically higher 

percentage of patients who were male ------------ This difference 
reflects that the majority of patients ------ ------ ary disease with 
concomitant life threatening ventricular arrhythmias are males  

Analysis indicated the patients not meeting the implant criteria had 
a statistically higher percentage of patients whose primary indication 
for implant was sudden cardiac death associated with recurrent 
ventricular tachycardia ------------ This difference reflects the 

physicians use of the PCD Transvene System  

Finally  patients who did meet the implant criteria had a statistically 
lower mean ejection fraction  p 0 0342  which reflects a higher 
degree of underlying cardiovascular disease in these patients  

It should be noted  that none of these differences should be used as 

predictors for patients who should be screened for a PCD 
Transvene System  

In order to determine if the patient s not meeting implant criteria had 
higher risk for morbidity and mortality  a comparison of their 
clinical outcome was made with those patients who did meet the 
implant criteria  This comparison is provided in Table J 3  

(b)(4)

(b)(4)
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versus 

Data 

543 

99 0  

99 0  

18 

0 7  

One Vear Survival 

Siidden Cardiac 100 9o 
96 4  
96 4  
99 2  

Not Meeting Criteria 

214 

9S 4  

99 2 9o 

4 

0 5  

Overall 94 9  

99 3 9o 

98 6 9o 

97 99e 
100  
97 4 9e 

Table J 3  PCD Transvene System  Patients Not Meeting Implant Criteria versus Patients 
Meeting Implant Criteria   Comparison of Clinical Outcome   6124192 

The two patient groups had similar efficacy in the treatment of 
spontaneous VT VF episodes  Importantly  in the patient population 
who did not meet the implant criteria there were no patients who 
experienced actual spontaneous VF episodes where all programmed 
PCD Device therapies failed to terminate the episode  

In one patient  Patient ID --------- all four programmed VF therapies 
were unsuccessful in te---------- g a spontaneous episode of VF  
However  this was an inappropriate VF therapy delivered due to 
atrial fibrillation with a rapid ventricular response rather than VF  
Reprogramming and modification of the patient s antiarrhythmic 
drug therapy corrected the problem  Thus  there were no patients 
who experienced an actual spontaneous VF episode where all four 

programmed VF therapies failed to terminate the episode  

(b)(4), (b)(6)
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There were eight patients  30 spontaneous VT episodes  where all 
four programmed VT therapies failed to terminate the episode  In 
four patients  the ventricular tachycardia was ineffectively terminated 
and the patient s drug therapy was modified in order to improve the 
efficacy of the programmed VT therapies  Four patients  three who 
experienced atrial fibrillation and the other sinus tachycardia  had 
episodes where all four VT therapies failed to terminate the   

spontaneous VT episode   In all cases  the delivery of inappropriate 
VT therapy was resolved by modification of the patients  drug 
therapy  

There was no difference in the one year sudden cardiac survival or 
the overall survival in the two groups although follow up was shorter 
for patients not meeting implant criteria  4 0 vs 6 2 months   This 
indicates  that despite not meeting the implant criteria these patients 
were not at higher risk of sudden cardiac death  

Finally  the survival of patients receiving a PCD Transvene 
System without meeting implant criteria  N  214  was compared to 
patients receiving a PCD Epicardial System without meeting 
implant criteria  N  92   This comparison is provided in Table J 4  
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There were eight patients  30 spontaneous VT episodes  where all 

four programmed VT therapies failed to terminate the episode  In 
four patients  the ventricular tachycardia was ineffectively terminated 
and the patient s drug therapy was modified in order to improve the 
efficacy of the programmed VT therapies  Four patients  three who 

experienced atrial fibrillation and the other sinus tachycardia  had 
episodes where all four VT therapies failed to terminate the   

spontaneous VT episode  In all cases  the delivery of inappropriate 
VT therapy was resolved by modification of the patients  drug 
therapy  

There was no difference in the one year sudden cardiac survival or 
the overall survival in the two groups although follow up was shorter 
for patients not meeting implant criteria  4 0 vs 6 2 months   This 
indicates  that despite not meeting the implant criteria these patients 
were not at higher risk of sudden cardiac death  

Finally  the survival of patients receiving a PCD Transvene 
System without meeting implant criteria  N  214  was compared to 

patients receiving a PCD Epicardial System without meeting 
implant criteria  N  92   This comparison is provided in Table J 4  
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Table J4  PCD Transvene System  Patients Not Meeting Implant Criteria   PCD Transvene 
System vs PCD Epicardial System   6124192 

Though the PCD Transvene  System had a higher incidence of 

patients not meeting implant criteria  28 5   compared to the PCD 

Epicardial System  12 4    there was no statistical difference in the 

sudden cardiac death patient survival  However  the overall survival 
of patients not meeting implant criteria with the Transvene System 
was significantly better  p 0 001  when compared to the PCD 
Epicardial System patients not meeting implant criteria  97 4  and 

83 3   respectively  

The investigators felt in every case that the testing performed at the 

time of implant  though it did not meet the recommended implant 

criteria  did provide an adequate demonstration of device 

effectiveness and justified the implant of the PCD Transvene System  
Finally  there have been no patients deaths secondary to unsuccessful 
termination of a spontaneous VT or VF episode in this patient 

population  

J 3 Description of Patients Not Meeting Implant Criteria 
As noted previously  the patients not meeting implant criteria 

 N  214  were divided into three groups  1  Successful defibrillation 
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at an energy level of equal to or less than 24 Joules  79 4  of the 

patients    2  Difficult to induce VF  11 2  of the patients   and  3  

Implant procedure terminated due to poor patient condition  9 4  of 

the patients   These patient groups are reviewed in the following 

drscussron  

we t En r of Defibrillation   24 oules 

There were 170 patients in whom the PCD Transvene System was 

implanted with a defibrillation safety margin of at least 10 Joules  

Table J 5 provides an overview of these patients clinical experience  

These data indicate that the final implanted PCD Transvene  

System was evaluated and significant attempts were made to 

meet the recommended implant criteria  In most of these patients 

 79 4    a safety margin of 10 Joules was obtained between the 

successful defibrillation energy  24 J or less  for ventricular 

fibrillation and the maximum output of the PCD Device  34 J   

The investigators decided in certain circumstances that this was 

appropriate demonstration of device effectiveness and that the 

PCD Transvene System could be implanted  

Of these patients  148  87 1   have had VF induced at a chronic 

follow up visit and in each case  VF was successfully terminated by 

the PCD Transvene System  In addition  31 patients  18 2   have 

experienced a spontaneous VF episode with an overall efficacy of 

100   

Thus  the clinical outcome in these patients was not adversely 

affected by not meeting implant criteria since their spontaneous VF 

episode efficacy was 100  and the one year sudden cardiac death 

actuarial survival was also 99 1   The duration of follow up  

however  is limited to an average of 4 months  
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170 

87 
58 
18 
7 

100  

One Year Survival 

Sudden Cardiac 
Overall 

99  1 9o 

97 6 9o 

Table J 5  PCD Transvene System  Patients Not Meeting Implant Criteria with 314 Successes at 

  24 Joules Clinical Experience   6124192 

Difficult to Induce VF 

There were 24 patients who did not meet the recommended PCD M 

Transvene System implant criteria because at least three episodes 

of VF were not induced at the time of implant  Of these  15 patients 

had ventricular tachycardia induced and successfully reverted  The 

remaining 9 patients had ventricular flutter induced and successfully 

reverted  In all 24 patients  the lowest successful energy was equal 

to or less than 18 Joules  

The indication for implant was sudden cardiac death  SCD  in 6 

patients  25    recurrent ventricular tachycardia  VT  in 13 patients 

 54 2   and sudden cardiac death associated with recurrent 

ventricular tachycardia  SCD VT  in 5  20 8   patients  Thus the 

majority of the patients  75   had documented recurrent ventricular 

tachycardia as part of their ventricular tachyarrhythmia history  

Eight of the these patients  33 0   were on Amiodarone therapy 

which may have contributed to the inability to induce VF  

Of the 24 patients who did not meet the recommended PCD 

Transvene System implant criteria because at 1 ast three episodes 

of VF were not induced at the time of implant  8 patients  33 3   
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have experienced a spontaneous VF episode and 19 patients  79 2   

have had VF induced during a chronic follow up  In all cases  VF 

was successfully reverted by the PCD Transvene System  

There have been no reported patient deaths in the patient group with 

a resultant one year sudden cardiac death and overall actuarial 

survival of 100   

ti n ndition 

There were 20 patients in whom the implant procedure was 

terminated due to poor patient condition  These patients received a 

PCD Transvene System without at least a 10 Joule defibrillation 

safety margin  The implant circumstances of these patients is 

summarized as follows  

At least one successful defibrillation was obtained at an energy level greater than 

24 Joules but less than 34 Joules  N 11 patients   

Multiple inductions of VT were performed and successfully reverted with an 

energy level of 18 Joules or less  However  induced VF was not successfully 

reverted by an energy level of less than or equal to 34 Joules  N 6 patients   

and 

  Physician elected to terminate the procedure due to the patient s condition before 

inductions with the final implanted lead configuration were performed  N 3 

patients   

The mean ejection fraction of this group was 26 9   indicating more 

severe underlying cardiovascular disease  and may have contributed 

to the physicians decision to terminate the implant procedure prior 
to meeting implant criteria  This group had a mean of 6 8 VF 

inductions  2 2 lead configurations evaluated and a mean duration of 

VT VF for the implant procedure of 220 total seconds  The 

circumstances of the implant procedures  mainly the duration of 

induced ventricular tachyarrhythmia and associated hemodynamic 

compromise  limited the number of inductions that could be 

performed and whether the recommended implant criteria could be 

met  
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Of these twenty patients  ventricular fibrillation has been induced at 

a chronic follow up visit in 15 patients  75   and in all cases 

successful defibrillation with the implanted PCD   Transvene 

System was documented  

The overall spontaneous VF episode efficacy for this patient group 

was 92 6  however further reviewed indicated that one patient 

experienced atrial fibrillation that was detected as VF and in whom 

all four programmed VF therapies were ineffective  This patient s 

antiarrhythmic drug therapy was modified and there were no further 

reports of ineffective therapies  

Thus there have been no patients who have experienced an actual 

spontaneous VF episode where all four programmed VF therapies 

failed to terminate the episode  

There has been one reported patient death   Patient ID --------- which 

was classified as non sudden cardiac secondary to end stage heart 

failure  The one year sudden cardiac death survival in this patient 

population is 100  while the overall one year survival was 93 8   

This lower overall one year survival may due to the lower mean 

ejection fraction of this patient group  

The clinical outcome in these twenty patients was not adversely 

affected by not meeting implant criteria since there was no reports 

of failure to terminate a spontaneous VF episode and the overall one 

year sudden cardiac death survival was 100   

K  Comparison to AICD System Experience 

K 1 Overview 

The current AICD Epicardial System is implanted only with a 

defibrillation lead system requiring a thoracotomy  The PCD 

Transvene System allows the implantation of an implantable 

cardioverter defibrillator  ICD  system without the potential 

increased perioperative morbidity and mortality associated with a 

thoracotomy  This allows the application of ICD therapy in patients 
who may not otherwise be candidates for this type of therapy  

Though the PCD Transvene  System will have complications and 

observations that are specific to the lead system  the overall 

(b)(4), (b)(6)
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performance should be at least equivalent to that reported with the 

current AICD Epicardial System  

This section provides a comparison of the PCD Transvene System 

clinical experience to that of the reported AICD Epicardial System 

clinical experience  The following areas will be discussed  

  Patient characteristics 
  Clinical performance 
  Survival analysis 

For purposes of comparison  the Ventak P Epicardial System patient 

population described in the Summary of Safety and Effectiveness 

Data  PMA Application Number P890061  dated May 2  1991 will 

be used  A copy of this summary was obtained through the Freedom 

of Information Act  

K 2 Comparison of Patient Characteristics 

In comparing the clinical experience with the PCD Transvene 

System to the reported Ventak P Epicardial System clinical 

experience  it is important to determine that the patients who 

received the device are comparable  

The characteristics of the patients receiving the PCD Transvene 

System were compared to the characteristics of patients discussed in 

the Ventak P Summary of Safety and Effectiveness Data and are 

presented in Table K 1  There were no differences between the two 

patient groups  
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Ventak P 

757 292 

5 6 months 6 8 months 

231  79   
61  21   

61 5 years 

49  16 Fo  281  37 9o  

377  509o  
99  13 fo  

169  59   
73  25   

228  78   

35 6 9o 34  

42  45 0  

0  18 0  

Table K 1  Comparison of Patient Characteristics  PCD versus Ventak P 6124192 

The two patient groups are comparable in mean age and mean 

ejection fraction  Both groups had moderately depressed left 

ventricular function demonstrated by the mean ejection of 35 6  for 

the PCD M Transvene M System patient group and 34  for the 

Ventak P Epicardial System patient group  

Analysis indicated that no statistical differences between the PCD 

Transvene System and Ventak P Epicardial System patient 

populations except in the category of patient indication  There are 

more patients that had Sudden Cardiac Death as the primary 

indication in the PCD Transvene population than in the AICD 

population  p  0 001   

K 3 Comparison of Clinical Performance 

Areas of clinical performance that were compared were implant 

defibrillation thresholds  incidence of spontaneous VT VF events  
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incidence of complications and patient survival  These specific areas 

were selected in order to evaluate the system performance in the two 

patient populations  

Im lant D fi rillation Thresholds 

For the purposes of the PCD Transvene System clinical study  

determination of defibrillation threshold was not mandatory  

However  the preferred method of evaluating defibrillation efficacy 

was to determine the defibrillation threshold using a testing sequence 

of 18J  15J  10J  5J with a failure at any level causing a return to 18 

J for the remaining attempts  For the purposes of this report a 

defibrillation threshold was defined as the energy at the lowest 

successful defibrillation attempt  provided a patient had a failure 

below their lowest defibrillation success or a success at  SJ  The 

rhythm treated must have been VF to be included in the analysis  

It should be noted  that it was expected that the PCD Transvene 

System would have a higher mean defibrillation threshold as 

compared to a traditional epicardial defibrillation lead system  In a 

epicardial system  the increased electrode surface area would 

theoretically decrease defibrillation requirements  

A total of 316 patients had a defibrillation threshold determined at 

the time of PCD device implant  The mean defibrillation threshold 

 DFT  for all lead systems was 14 8J  The recommendation for VF 

Therapy  1 is to program the stored energy to twice the implant 

DFT or 18 Joules  whichever is greater  Thus an adequate 

defibrillation safety margin was provided when following the VF 

therapy programming recommendations  

In the Ventak P Epicardial System  the mean defibrillation threshold 

at implant was 13 4J  Thus the two systems had similar defibrillation 

thresholds at implant despite the fact that one system utilized an 

epicardial defibrillation lead system while the other utilized a 

transvenous defibrillation lead system  

These data indicate that the PCD Transvene System had 

comparable implant defibrillation threshold performance when 

compared to the reported Ventak P Epicardial System clinical 

experience  

 5U 
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Inci enc of ntaneous VT VF E isodes 

The incidence of spontaneous VT VF episodes in the Ventak P 

Epicardial System and PCD Transvene System patient population 

was evaluated by utilizing the stored episode information provided 

by both devices  

In the Ventak P device  the total number of shocks delivered to the 

patient is provided via interrogation of the device  The PCD 

device provides information on the total number of VT and VF 

episodes detected by the PCD device and the total number of VT 

and VF episodes successfully treated by the PCD device as well as 

the number of VT VF episodes where the PCD  device was 

ineffective  In addition  the last 20 intervals of the last episode 

satisfying detection criteria along with the first 10 intervals after the 

last therapy delivered are recorded by the device  These data assist 

the physician in evaluating the frequency of VT VF episodes  the 

efficacy of the PCD device programmed parameters and the need 

for reprogramming  

In the Ventak P Epicardial System experience of 292 patients with 

a mean follow up of 6 8 months  137  46 9   received a device 

countershock in response to a spontaneous ventricular 

tachyarrhythmia episode as defined by the Ventak P Device detection 

criteria  

In the PCD Transvene System experience of 757 patients with a 

mean follow up of 5 6 months  311 patients  41   have received 

device therapy in response to a spontaneous ventricular 

tachyarrhythmia episode as defined by the PCD Transvene System 

detection criteria  

A total of 5430 spontaneous VT and 973 spontaneous VF episodes 

have been recorded by the PCD device episode counters  Of the 

5362 successfully treated spontaneous VT episodes  92  were 

treated with one of the programmed antitachycardia pacing therapies 

incorporated in the PCD device  The clinical benefit of tiered 

therapy is the reduction of delivery of high energy shocks for the 

treatment of stable recurrent ventricular tachycardia that may be 

responsive to antitachycardia pacing  
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Incidence f em lie tions 

Table K 2 provides a comparison of reported complications and 

observations  The AICD clinical experience data is from the 

Winkle  et al Long Term Outcome with Automatic Implantable 

Cardioverter Defibrillator  JACC  May 1989  13 6   135 161  This 

article was selected because it provides a detailed clinical 

complication experience on a large patient population  270 patients  

Note that the percentage reported in the PCD Transvene System 

includes both complications and observations  In the following 

table  the complications are reported for the categories of Fail to 

Cardiovert Defibrillate  Pocket Infection  and Erosion  Observations 

are reported in the Inappropriate Problematic VT VF Therapy 

Delivery category  

PCD versus AICD 

PCD   AICD  

0  8  4 1  

8 2   20  

2 0  2 2  

Krosion 0 3  

Inc u es Observations only  there were no Complications in thss category  

0 7 9o 

Table K 2  Comparison of Complication Observation Rates  PCD Transvene System vs AICD 

Epicardial System   6124192 

The incidence of failure to cardiovert and or defibrillate was lower 

in the PCD Transvene  System patient population  The instances 

of failure to cardiovert and or defibrillate in the PCD Transvene 

System patient population were associated with increased 

defibrillation requirements during induced episodes  none of which 

resulted in patient death  In six cases  the implanted system was 

modified to provide adequate defibrillation efficacy  in four cases the 

patient s drug therapy was modified and in the final two cases  

reprogramming provided for adequate defibrillation efficacy  
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The failures to cardiovertldefibrillate reported in the Winkle  et al 

article were associated with patch dislodgement  patch crinkling  lead 

conductor fracture and elevated defibrillation thresholds  

The incidence of inappropriate problematic VT VF therapy delivery 

was lower in the PCD  Transvene System patient population  This 

is to be anticipated since the device incorporates independently 

programmable detection algorithms for VT and VF  The reasons for 

inappropriate VT VF therapy delivery included sinus tachycardia 

being detected as VT or VF and atrial fibrillation with rapid 

ventricular response being detected as VT or VF  

The overdetection circumstances reported in Winkle  et al were 

nonsustained VT  VT  sinus tachycardia  atrial fibrillation with rapid 

ventricular response  sensing lead fracture and pacemaker 

interaction  The patients with VT complained of receiving multiple 

shocks with limited or no symptoms  The incorporation of 

antitachycardia pacing in the PCD device decreases the need for 

delivery of cardioversion shocks for the termination of stable VT and 

increases patient acceptance of ICD therapy  

In the Winkle  et al experience all patients with pocket infection had 

the devices explanted  In the PCD Transvene System experience  

the incidence of device explant secondary to pocket infection was 

2 0  which was comparable to Winkle s article  

Thus  the incidence of complications and observations was similar to 

that of the AICD Epicardial System in the categories of ineffective 

VT VF therapies  infection requiring explant and erosion  The 

incidence of inappropriate delivery of therapy is lower in the PCD 

Transvene System experience than in the AICD Epicardial System 

experience  which is clinically significant  

This analysis indicates that the PCD M Transvene System offers 

clinical advantages in reducing the need for a thoracotomy for 

implantation and reducing the number of shocks due to successful 

antitachyarrhythmia pacing  
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K 4 Comparison of One Year Actuarial Survival 

The Ventak P Epicardial System produced by Cardiac Pacemaker  

Inc  has obtained market approval from the U S  FDA to date  

While there are important differences in the function of the Ventak P 

Epicardial System and the PCD Transvene System  there is a 

natural desire for comparison of the clinical outcome  particularly the 

impact of these devices on death rate  

A total of 22 deaths  2 9   were reported in the PCD Transvene 

System patient population  Of the 18 cardiac deaths  15 were non  

sudden cardiac and 3 were sudden cardiac  Four deaths were 

classified as noncardiac  Five of the 22 total deaths occurred within 

the perioperative period  death less than 30 days post implant  with 

a resultant perioperative mortality of 0 7   

In the Ventak P Epicardial System patient population a total of 19 

deaths  6 5   were reported  Of the 12 cardiac deaths  4 were 

classified as sudden cardiac and 8 were classified as non sudden 

cardiac  Six of the deaths were classified as noncardiac and the cause 

of one was unknown  Eight of the deaths occurred within the 

perioperative period with a resultant perioperative mortality of 2 7   

The PCD Transvene  System population had a lower perioperative 

mortality  0 7  vs 2 7   p  0 006   

For purposes of this comparison  only the overall actuarial survival 

rate includes perioperative deaths  All other calculations in both the 

PCD Transvene System and Ventak P Epicardial System group 

exclude perioperative deaths  

For the Ventak P Epicardial System  patient deaths were censored 

if the Ventak P device had been either electively deactivated for 

various reasons prior to the patient s death  thus preventing the 

device from attempting to convert the arrhythmia or if the pulse 

generators were known to be nonfunctional and awaiting 

replacement  For purposes of this comparison  two patient deaths 

were censored in the PCD Transvene System patient population 

because the devices were deactivated at the time of patient death  
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This PCD Transvene System sudden cardiac death survival of 

100  at one year is comparable to that of the Ventak P Epicardial 

System sudden cardiac death survival rate of 98 6    More 

importantly  the overall one year actuarial survival for the PCD 

Transvene System was 95 6  as compared to 90 8  for the 

Ventak P Epicardial System  This difference was primarily due to 

the improvement in the reported perioperative mortality in the PCD 

Transvene System patient population   Note  Confidence interval 

analysis was performed indicating that there was a statistical 

difference in the reported Overall mortality   

This comparison of actuarial survival rates indicates that the 

projected sudden cardiac death survival of patients receiving a PCD 

System patient population is comparable to that reported for the 

Ventak P Epicardial System  Thus  the incorporation of 

programmable VT VF detection and therapy algorithms has 

improved the type of therapy available for the treatment of recurrent 

VT VF while maintaining the positive impact of ICD therapy on 

survival from sudden cardiac death  

In addition  the elimination of a surgical thoracotomy for implant in 

the PCD  Transvene System has improved the perioperative 
mortality and overall one year survival when compared to the 

Ventak P Epicardial System  

L  Comparison to PCD Epicardial System Clinical Results 

The PCD Epicardial System uses the same tiered therapy device that 

combines features of bradycardia support pacing  antitachycardia pacing  

low energy cardioversion as well as defibrillation therapy  This system has 

incorporated programmability and multiple detection and therapeutic options 

that allows the titration of device therapy to a patient s specific clinical 

arrhythmia history  

The PCD Epicardial System requires a thoracotomy for implantation 

because of the need to insert epicardial patch leads  This exposes the 

patient to surgical risk and potentially limits the type of patient who may be 

considered for implant of the system  The need for a simpler and safer 

implantation technique is widely recognized  The incorporation of a 

nonthoracotomy lead system  such as the PCD Transvene System  should 
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decrease the potential perioperative and long term mortality and morbidity 

associated with current epicardial system implantation approaches  

The PCD Epicardial System and PCD Transvene System are identical 

except for the implanted defibrillation lead system  Thus  the performance 

of the PCD device  associated support equipment  is similar in the two 

systems and therefore a comparison of clinical experience should focus on 

those areas where the implanted lead system may impact clinical outcome  

This section provides a comparison of the PCD Transvene System 

clinical experience to the reported PCD Epicardial System clinical 

experience  The following areas will be discussed  

Patient characteristics 
Implant Data 
Spontaneous VTIVF Episode Efficacy 

Complications and Observations 
Survival analysis 

This analysis will show that the incorporation of a nonthoracotomy 

defibrillation lead system has maintained the type of therapy available for 

the treatment of recurrent VT VF and decreased the potential mortality and 

morbidity associated with epicardial implant approaches while maintaining 

the positive impact of ICD therapy on VT VF episode efficacy and patient 

survival  

L 1 Comparison of Patient Characteristics 

In comparing the clinical experience with the PCD H Transvene 

System to the PCD Epicardial System clinical experience  it is 

important to determine that the patients who received the device are 

comparable  

Table L 1 contains the characteristics of the 757 patients receiving 

the PCD Transvene System versus the characteristics of the 742 

patients who received the PCD Epicardial System as of 5 14192  
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Table L 1  Comparison of Patient Characteristics  PCD Transvene System versus PCD 

Epicardial System   6124192 

Both groups had moderately depressed left ventricular function 

demonstrated by the mean ejection of 35 6  for the PCD 

Transvene System patient group and 34 0  for the PCD 

Epicardial patient group  

Analysis indicated that the PCD Transvene M System patient 

population had a higher percentage of patients whose indication for 

implant was sudden cardiac death  p  0 002  and higher percentage 

of females  p 0 007   It is not expected that these differences will 

result in a different clinical outcome in the PCD Transvene  

System patient population as compared to the PCD Epicardial 

System  This difference in patient indication is a reflection of the 

physicians use of the PCD Transvene System  
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It is interesting to note  that there was a statistical difference in the 

number of antiarrhythmic drugs tested between the two patient 

groups  p 0 001   The PCD Transvene System patient group 

failed a mean of 2 3 antiarrhythmic drugs prior to implant while the 

PCD Epicardial System patient group failed a mean of 3 0 

antiarrhythmic drugs  This difference is a reflection of the 

differences in the indications for implant between the two patient 

groups  The PCD Transvene System patient group had a higher 

incidence of patients whose primary indication for implant was 

sudden cardiac death  These patients have a higher probability of 

having experienced a sudden cardiac death episode but were non  

inducible during electrophysiologic testing so that drug testing was 

not feasible  

L 2 Spontaneous VT VF Episodes Efficacy Comparison 

The primary benefits from the use of the PCD  System center on the 

detection and termination of life threatening ventricular 

tachyarrhythmias  An additional benefit of the PCD Transvene 

System is the elimination of the need for a thoracotomy for 

implantation of the defibrillation lead system and the resultant 

decrease in potential patient morbidity and mortality associated with 

a thoracotomy  This clinical benefit should not be gained at the 

expense of providing effective termination of spontaneous VT and 

VF episodes  Table L 2 provides a comparison of the efficacy of the 

PCD Transvene and PCD Epicardial System in treating 

spontaneous episodes of VT and VF  
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Table L 2  PCD Transvene System  Comparison of Spontaneous VT VF Episode Efficacy 

6124192 

The overall success rate of the PCD Transvene System in 

terminating spontaneous episodes of VT or VF is 98 7   In 

addition  there have been no reported patient deaths due to 

ineffective termination of a spontaneous VT VF episode  This 

success rate compares very favorably with the overall success rate 

of the PCD Epicardial System which was 98 2  Therefore  the 

PCD Transvene System offers the potential of decreased patient 

morbidity and mortality without decreasing the treatment efficacy of 

spontaneous VT VF episodes  
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L 3 Incidence of Complications Observations 

A comparison of the reported complications and observations was 

made between the PCD M Transvene System and the PCD 

Epicardial System  The PCD Epicardial System patient population 

used for comparison included clinical experience as of May 14  1992 

with 742 patients and a mean implant duration of 9 7 months  These 

two patient groups are similar in the patient demographics and 

indication for implant of the PCD System  In the PCD 

Transvene System patient population  18 2  of the patients 

experienced a clinical complication and 20 8  of the patients 

experienced a clinical observation  In the PCD Epicardial System  

12 8  of the patients experienced a clinical complication and 25 7  

of the patients experienced a clinical observation  

Table L 3 provides a comparison of the reported complications and 

the incidence in the two patient populations  

PCD Transvene System 

Reported Complications 

1 ported Compbca6ons 
PCD Traasvene System 

 5  757  
PCD Epicardial System 

 N  742  

lecteasel De5biiDatioa Reqmrements 0 8  0 5  

1 8  

PacalSease Re ted 0 9  3 5  

hafec  Rdated   Explant 2 0  l 9  

Lead Related 6 6  2 8  

Device Related 0 5  0 9  

Table L 3  Reported Complications  PCD Transvene System versus PCD Epicardial System   6124192 

L 4 Survival Analysis Comparison 

Despite their excellent clinical performance  epicardial defibrillation 

lead system have important limitations  The requirement for direct 

thoracic access contributes significantly to patient morbidity and 

mortality  patient discomfort and prolonged hospitalization  The 

availability of reliable nonthoracotomy lead systems should provide 

positive clinical impact on these issues while not negatively 

 xU 
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impacting patient survival  Therefore  a comparison of the one year 

actuarial survival rates for the PCD   Transvene  and Epicardial 

System was performed  

Table L 4 provides a summary of the patient deaths reported in the 

two patient populations by classification  As a reference  the mean 

follow up time for the PCD Transvene System patient population 

was 5 6 months while for the PCD Epicardial System it was 9 7 

months  

PCD Trans vene Satan 

PCD Trans vene System 
 N 157  

PCD Epicardial System 

 N  742  

3 20 

15 41 

All Cardiac 18 61 

4 27 

22 88 

Table LP  Death Classifications  PCD Transvene System versus PCD Epicardial System   

6124192 

Table L 5 provides a comparison of actuarial survival rates between 

the PCD  Transvene and PCD Epicardial patient populations  
The actuarial survival projections include perioperative deaths only 

in the calculation of survival from death due to all causes  shown in 

table row labelled Overall   Perioperative mortality includes those 

deaths which occur in the first thirty days post implant of the PCD 

System  
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Table L 5  Comparison of Actuarial Survival  PCD Transvene System versus PCD Epicardial 

System   6124192 

There was a significant increase in overall survival in the patients 

receiving a PCD Transvene System   As previously noted  the 

Overall one year actuarial survival includes death from all causes  

The overall one year survival for patients receiving the PCD  

Transvene  System was 95 3   This is significantly improved as 

compared to the overall one year actuarial survival for the PCD 

Epicardial System  87 2    p  0 001   This improvement in overall 

survival is primarily due to the marked improvement in perioperative 

mortality  the PCD Transvene System having a 0 7  

perioperative mortality versus the a perioperative mortality of 4 7  

in the PCD Epicardial System  This improvement in perioperative 

mortality is primarily due to the elimination of the need for a 

thoracotomy and its associated morbidity and mortality  

M  PCD System Performance 

M 1 PCD Device 

Devices implanted for the treatment of recurrent ventricular 

tachyarrhythmias should perform safely and reliably in the indicated 

patient population  Device longevity  ventricular tachyarrhythmia 

detection  therapy performance  and analysis of explanted devices 

were evaluated to assess the performance of the PCD Device  

qL  
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Extended longevity of implantable cardioverter defibrillators should 

decrease the number of device replacements a given patient would 

experience over their lifetime and decrease unnecessary patient 

morbidity  Thus  the PCD Device longevity  which is monitored 

utilizing battery voltage and charge time obtained via telemetry  was 

analyzed  The PCD Device longevity data collected is consistent 

with the longevity projections  

The combined experience of induced and spontaneous VT VF 

episode experience has shown that the PCD  Device VT VF 

detection and therapies have performed safely and according to 

design specifications when required to treat induced and spontaneous 

VT VF episodes  

There have been a total of 41 devices explanted  Reasons for explant 

were patient death  15   infection  17   cardiac transplant  5   low 

battery voltage  1  and PCD Device performance issues  3   The 

analysis of the device that was explanted due to lower than expected 

battery voltage indicated that the decreased battery voltage 

measurement was due to hermetic leakage at the input to one of the 

integrated circuits and this affected the battery indicator circuit only 

and did not affect the critical functions of the device  This leads to 

a voltage drop across a resistor where the voltage measurement is 

taken  Analysis indicated that the battery was performing to 

specifications and the hermetic leakage was a random event  

Analysis of the other three devices indicated that two were due to 

random component failure and one due to shorting on Pulse 2 output  

Thus  arcing occurred between the conductors inside the hermetically 

enclosed brazed ring of the high power hybrid  As a result  high 

voltage was momentarily applied to the low power circuitry  

including the low power hybrid  This low power hybrid lost 

function including the capability to pace and transmit telemetry due 

to excessive voltage applied  Since this is the only device that 

exhibited this type of failure in the field and the hybrid 

manufacturing process has demonstrated that it will screen out infant 

mortality  this failure was assumed to be a random component 

failure  

Based on the clinical data collected  the PCD Device has performed 

safely and reliably in the indicated patient population  
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M 2 Transvene Lead Performance 

The Transvene Lead System consists of a Right Ventricular Lead  

a Coronary Sinus Superior Vena Cava lead  and a Subcutaneous 

Patch lead  There have been a total of 757 Right Ventricular leads 

 15 with the SP2100 and 742 with the Model 688416966   796 

Coronary Sinus Superior Vena Cava leads  Model 6881 6963   and 

718 Subcutaneous Patch leads  Models 6895 1031716999  implanted 

with a cumulative implant duration of 4246 months  The reported 

incidence of conductor coil fracture is 0 5   4 757   

Based on the clinical data collected  the Transvene leads have 

performed safely and reliably  

N  Summary 

The overall clinical experience with the PCD Transvene System indicates 

that the system performed according to design and specification  The 

reported clinical complications and patient deaths are appropriately 

addressed in the required labelling for the system and the patient selection 

criteria for implant of the device is appropriate  

The following can be drawn from this analysis of the data collected in this 

clinical study  

Patient Deaths 

  The projected one year survival probabilities for Sudden Cardiac Death  Non Sudden 

Cardiac Death  all Cardiac Deaths and Noncardiac Death were found to be 99 8 a  

96 8   96 6   and 99 4   respectively  

The incorporation of programmable VT VF detection and therapies has improved the type 

of therapy available for the treatment of recurrent VT VF while maintaining the positive 

impact of ICD therapy on survival from sudden cardiac death  

  The sudden cardiac death survival of 99 8  at one year is comparable to that of the 

AICD patient population 98 0   

  There have been no deaths due to a PCD Device malfunction  

Complications Observations 

  Complications were reported in 18 2  of the patient population and observations were 

reported in 20 7  of the patient population  
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  The incidence of complications was comparable to that of the market released A1CD 

system in the categories of ineffective VT VF therapy  pocket infection  and pocket 

erosion and was lower than the AICD in the category of inappropriate delivery of VT VF 

therapy  

Patient Indications 

  All of the patients entered into this clinical evaluation met at least one of the primary 

indications  Sudden cardiac death  SCD  was the primary indication in 37 1  of the 

patients  recurrent ventricular tachycardia  VT  was the primary indioation in 49  S   of 

the patients and SCD VT was the primary indication in 13 1  of the patients  

  The number of patients  41 1   receiving VT VF therapy for spontaneous episodes of 

ventricular arrhythmias supports the conclusion that the patient selection criteria are 

appropriate and that the PCD Transvene System was implanted in patients who benefit 

from this therapy  

  The one year sudden cardiac death survival rates for the SCD patient group was 100 0   

for the VT patient group 99 7  and the SCD VT patient group 100 0   

VT VF Detection and Therapy Performance 

  The PCD Transvene   System properly detects and treats VT as demonstrated by the 

spontaneous episode data  The overall success rate for detection and treatment of 

spontaneous VT was 98 79o  

  The PCD Transvene System properly detects and treats VF as demonstrated by the 

spontaneous episode data  The overall success rate for detection and treatment of 

spontaneous VF was 99 1   

  There were no reported patient deaths due to the nondetection of a spontaneous VT or 

VF episode by the PCD Transvene System  

PCD Transvene Systan Performance 

  The PCD Transvene System components  Model 7216A 7217B and Model 688416966  

6881 6963  689516999 Transvene  leads  have performed according to design and 

specification and are  therefore  considered safe and effective in the indicated patient 

population  
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O  Clinical Experience Summary Conclusions 

The PCD Transvene System is a tiered therapy device which combines 

features of bradycardia pacing support  antitachycardia pacing  low energy 

cardioversion as well as defibrillation therapy  The incorporation of these 

features has allowed the physician to titrate the ICD therapy to meet 

specific patient clinical needs  allowed fewer shocks to be delivered for 

recurrent ventricular tachycardia because of antitachycardia pacing features  

allowed fewer cases of inappropriate therapy delivery due to programmable 

detection and allowed a sudden cardiac death survival rate identical to the 

Ventak P Epicardial System  

The PCD Transvene System  due to the elimination of the need for a 

thoracotomy  has provided a marked improvement in both the perioperative 

and overall patient mortality as compared to the PCD Epicardial System  

In addition  due to the decreased perioperative morbidity and mortality  the 

post implant hospital stay has been decreased to a mean of seven days as 

opposed to a mean of fourteen days for the PCD Epicardial System  

Medtronic asserts and the PCD Transvene investigators unanimously 

agree that the findings of the clinical study support the conclusion that 

the Medtronic Tachyarrhythmia Control System and the Transvene 

Cardioversion and Defibrillation Electrodes are safe and effective in the 

indicated patient population  

 J  
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The efficacy and safety of implantable cardioverter defibrillator  ICD  therapy for 

recurrent ventricular tachycardia  VT  and ventricular fibrillation  VF  has been 

well established  The current market released device provides defibrillation 

therapy for VF or hemodynamically unstable VT  however this type of therapy 

may not be optimal for patients with stable  well tolerated VT that is amenable to 

antitachycardia pacing  The need to incorporate programmability and multiple 

detection and therapeutic options has lead to the development of a tiered therapy 

device  the Medtronic PCD System  

However  the current market released system requires a thoracotomy for 

implantation because of the need to insert epicardial patch leads  This exposes the 

patient to increased surgical risk an potentially limits the type of patient who may 

be considered for implant of the system  The need for a simpler and safer 

implantation technique is widely recognized  The incorporation of a 

nonthoracotomy lead system  such as the PCD Transvene System  would 

decrease the potential perioperative and long term mortality and morbidity 

associated with current epicardial system implantation approaches  

For the indicated patient population  the primary benefits from the PCD Transvene 

System center on the detection and termination of life threatening ventricular 

arrhythmias  The use of pacing therapies for the treatment of ventricular 

tachycardia reduces patient trauma associated with higher energy cardioversion 

pulses and extends the longevity of the PCD Device pulse generator  In addition  

the PCD Transvene System offers the potential for decreased patient morbidity and 

mortality due to the elimination of the need for a thoracotomy  

Extensive laboratory and animal testing and human clinical trials of the PCD 

System were performed to demonstrate the safety and efficacy of the PCD 

Transvene System and its components in the indicated patient population  

Nonclinical laboratory studies included testing at the component  hybrid and 

system level  All requirements were satisfied and the components and device level 

testing performed according to specification  Results of animal testing 

demonstrated safe and reliable performance of the PCD Transvene System  

The indications for use of the PCD System include  

  Patients who have survived at least one episode of cardiac arrest due to ventricular 

arrhythmia not caused by an acute myocardial infarction  or 
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  Patients with recurrent sustained  ventricular tachycardia that remains inducible via 

programmed electrical stimuli or exercise  or occur spontaneously  despite the most 

effacious antiarrhythmic drug therapy that can be tolerated by the patient chronically  

The safety and efficacy of the PCD Transvene System in patients with VT and VF 

was evaluated in 757 patients with a mean implant duration of 5 6 months  The 

overall success rate in terminating spontaneous VT VF episodes was 98 8   The 

one year sudden cardiac death survival rate was 99 8  which was comparable to 

the reported sudden cardiac death rate of the PCD Epicardial System  98 7   and 

Ventak P Epicardial System  98 6   patient popuiations  More importantly  the 

PCD Transvene System provided a significant improvement in overall one year 

survival  95 3   when compared to the PCD Epicardial System  87 2   and the 

Ventak P Epicardial System  90 8   patient populations  This improvement in 

overall survival was primarily due to the decreased perioperative mortality 

associated with the PCD Transvene System  

These data  in total  demonstrate the safe and effective performance of the PCD 

Transvene System in the indicated patient population  Therefore  the PCD 

Transvene System as reported in this PMA application is safe and effective for its 

intended use  
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Mathematical SC8~lsticlan (T. G. Lu) HFZ-162 
Statistical Branch, Division of 6iometric Sciences, CST 

Statistical Review of PHA P920015 Amendment. Hedtronic HultiprograMmable 
Tachyarrhythmia Cancrol Syste~ w1th Non-thoracotomy Caroioversion and 
Defibrillation Electrodes, Medtronic, Inc. 

Doris Terry - HFZ-450 
Diviaion of CardioVAscular, Re~piratory, a(~ Neurological n_vices, ODE 
Through~ Director, Division of Biometric S¢~~ OST~ 
Through: Ghief, Statistical Branch, DaS, OS~~ ____ ~~~~_ 

1 . Background 

The Medtronic Pacer-Cardloverter-Deflbrillator (peD) is an 
implantable, multiprogrammable. au~omatic tachyarrhythmia control 
device. This device is used for treatment of patient6 at risk of 
sUdden cardiac death d~e ~o ventricular tachyc~rdia (VT) and/or 
ventri~ul6r ftbrtllae10n (VF). The original PHA WAS submitted in 
April 1992. Amendment One was submitteu in September 1992. 
Amendment Tvo was ~ubmitted for :review 1n March 1.993._ The.. ~po,se 
or this memO 1s to review the r~8ponsefro~ the sponsor for the 
deficiencies sca~ed In che FDA le~~er. InfQr~tion provided in 
this amendment includes c11nical 8Kp9r1ence of 757 patienta 
through February 1. 1993. 

2. Reyilyer's COmments 

2.1. Historical Control 

Sponsor compared the FGD tran5~ene system (treatment group) 
clinical experience to the repoct.t!d PCI') epicardial syeteOl. 
(contrOl group) clinical experience. Sponsor argued that 
pat:lencs were enI:"olled ill the two CJtudiea con<:~rrently and 
patients' 1ndicAttons, implant criteria and clinical data 
reqUirements were identical for the two patient groups. 
But, in Table 2-7, comparison of patient characteristics, 
peD transvene ~ystem versu~ peD epicardial systeOl.. as of 
Februs-ry 1, 19"9]-, page 19". gl ves differen~ information. The 
p-values for sex and primary Indication, ()3Xcl) and (8)('1) 
respectively, are statistically significantly dlfferen~. 
1.'herefore, the sponsor's argument that the two gro\1ps are 
compatible ia not correct. 

1~35 
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2.2. Cox Regres~ion 

Sponsor stated. on pages 12 a.l1Cl 90. tha.t:ttCox t'f!;gression II 
analysis wa.s performed to see what effect gender, primary 
indi~ation and system implanted (PCD transvene or PCD 
epi~ardial) had on ~~rvival outcome. This analysis showed 
that for overall survival at one year, the system implanted 
had an influence on the probability of aurvival but gender 
and pt"im.ary indication had no tnfluence". 1'ois t"evtewer 
would like t~ see the detailed evidence to s~pport this 
claim, including the computer program. input, output and 
decision criteria. 

2.3. Confidence Interval Analysis 

003 

Spousor compared the peD trans~~@ sysr~~ and Ventak-P 
ep1cardial system and claimed a statistically significant 
difference in one-year overall survival between the PCD 
transvene and AleO epicardial system. ~sing confidence 
Incerval analYSiS, pages 13 and 2~6. This reviewer asked 
for this infonuatlon inury December 16. 1992 OIeOlo to yuu <Slid 
I would like to ~$k again for the computAtion of this 
confidence interval. 

2.4. Act~rial S~rvival Compari$on r 

Table 2-16. page 24, deplces the actuarial survival of peD 
transvene va. peD epicardial. This reviewer would like to 
see a ~re detailed Table eueh 40 this: 

Month Transvene Epicardial 

0-3 No.deadfNo.at risk No.dead/No.ae risk 

3-'6 No.deadjNo.at: risk No. dead/No. at risk 

6-9- No· • d.-e-a"Cl/No- • a-~ r t s k N"o.dead/No.at risk· 

9-12 NO •. deadjN.o.. .. a..t. r,isk No·. <l~jNe .. a-t risk· 

Then uJl;e th", MantQl-RaCln~%Ql Chi~~quare test to compute the 
p-value for association between transvene and epicardial 
survival. Spon~or didn't discU55 how the p-val~e5 in Table 
2-16 were derived; it looks as if ~he binomial d1s~ribution 
wa$ used for the co~putation. Sponsor should address this 
issue. 

2.S. Please discuss the sim11ari~1eg/dtfferences oecwQQn Table 2-
12 (page 22) and Table 3-3 (page 27). 
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2.6. Survival Probability 1 

Sponsor stated, on page 43, that the ~urvival probabilities 
are calculated u$i~ a li£e-t4blc surVival analysis. For 

1211214 

ve rificat: ion of survival probabilities, the data necessary 
to do calculations 4re available upon ~equest. Thi5 
reviewer would lik~ to see this data set and the computation 
procedure. 

2.7. Please discuss the si~il.r1t1.s/Q1fferences between "one
year actuarial ~u~1val" of Table lK-4 (page 43) and Table 
8-5 (pag@ 51). This reviewer would like to see the 
~erator5 and denominators actually used to derive the one
year actuarial survival shown in Table 8.~. 

2.8. Survival Probability II 

Sponsor stated, on page 83. that; -Fresentation of the 
number of patient-s- ctoe-s- not" alloy c:alcula.t:ion of the 
survival probability. Therefore, a data set viII be 
available upon request if you desire to verify the survival 
probability", This reviewer would like to I$@@ lhi5 data set 
and the eomputation procedure. 

2.9. Actuarial Survival Compari~on II 

Table lK-lO (page 84) depicts the compa~1son of actuarial 
survival: tran$vene V$ epicardial as of June 24, 1992. 
Aga~n. thi5 reviewer would like to see the data set and the 
SAS procedure act;ually used t;o derive the p-value.s-.. 

2.10, NYHA Cla$s1ficstion 

The p-value for the NYHA classification in Table IV-C (page 
88) is (BK4) as computed by the sponsor. Based Qn the data 
provided in thi~ table, th~ revi~w~r calculated a p-valu~ Qf 
0!11{) Sponsor should address this difference in p-values, 

2.11. Early Device Explant 

There vere four patients in whom the peD device was 
explanted due to reasons other than death. infection or 
hear~ ~ransplant. analYSis of one explanted PCD device 
indicated a random device failure in the microprocessor and 
low pov~r hybrid. Another patient experienced a power on 
reset (FOR) condition, see page 100. Please submit the 
other two results for review as soort as the result$ are 
available. 

1~31 
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2.12. Lead Di31odg~ment 

Lead dislodgements are reported as 
complications/observations in Table 27-2 (page 103). The 
sponsor snouId- justify his choice of thirty (30) days as oOi 

cutoff. 

2.13. Pooling 

There are seventy eight (78) investigative centers 
participating in the clinical trial with th1rcy five (35) 
domestic centers and forty three (43) foreign centers. 
Please justify pooling all seventy eight centers together. 

2.14. Follow-up Presentation 

Table E-2. page 215, depicts the PCD transvene system 
follow-up. This is not an adequate presentation of the 
follow-up data. As I requested in my April 23, 1992 memo, 
the sponsor should refer to page 93, Table 4.6, in 
PStat1st1cal MethodS for Surv1val Da&a Analys1s ft by Elisa 
Lee for a more proper life-table analy~is. Sponsor ~hould 
also discuss th@ r~a$onS vhysome p8tients dropped out of 
the follow-up stUdy, i.e., e1~heL wi~hdrawn alive or lost to 
follow-up. 

2.15. Actuarial Survival Comparison III 

Table 11-2 (page 231) depicts the peD transvene system one
year actuarial survival as of 2/1/93. Again, this reviewer 
would like to see the ac~uarlal survival ~able s~ra~ifled by 
every mouth, ~imilar to that in Section 2.4 above. Sponsor 
also stated "this table included the projected one year 
su~vtval calc~ations for patients who ultimately received a 
peD cransvene system .... ". Please explain ill detail the 
projected one-ye~r $urvival calcul.tions. 

2.16. Data SUIDIDary by Primary Indication 

Sponsor p~ovide~ PCD transvene system data summary by 
primary lnc11cat1on as of 2/1/93 tn Table 1-1 (page 233). 
This reviewer would like to see the numerators and 
denomina~or& £or percent sUCcess from treating ~pontaneou$ 
VT and spontaneous VF. Sponsor provided similar information 
in Table IF-2 (page 287) and Table IF~4 (page 290). 

I 
\ 
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2.17. Follow-up Evaluations 

Sponsor 1ndicat~d. on page 284, that clinical data ~ere 
coll~cted for follow-up evaluations at 1 and 3 mon~h& PQS~
implant and at 3-month intervals. Plea$e provide all of 
this information 

2.18. P-values for Actuarial Survival 

This reviewer calculated the p~values in Table 2-16 (page 
24) as follows: 

P-Values 
Cause of Death Sponsor Reyiewer 

Sudden Cardiac [03XIf~ j ~q)~ Non-Sudden Cardiac ~'m 
)!JIq,) 

All Cardiac M~) ~ 13)'~~ 
Non-Ca.rdiac ~{~) W>Xlf 
OVerall ,13. 4 [j>Xti)J 

3 . Conel usion 

The sponsor needs to adequacely address all i55ue5 raised in 
Section 2 above. mainly actuar1alsurvlval and follow-up, before 
the safety or effect:ivene5& of the PCD transvene system relative 
to the PCD ep1cardial 5ystem can be evaluated from a statistical 
perspective. 

T. C. Lu 

cc; Abhijit AchArya, Ph.D. HFZ-450 
Donald F. DahGa HFZ-450 
Lynne A. Re~mer HFZ-450 
Medical Device File 
Board File 

fCL(+ 1- PCi9'e. I ~ 3CJ 
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, ~ HU 'C'~ Z DEPAIO'MENT OF HEALTH &. MAN SERV1Cc..:J 

I . c.... • 

-4- Memorandum 

e 

To 

Hay 10, 1993 

Mathematical Statistician (T. C. Lu) HFZ-162 
Statistical Branch, Division of 8iometric Scienees, OS! 

Statistical Revie~ of PMA P92oo15 AmendmenC, Kedtrouic Multiprogr~bl. 
Tachyarrhythmia Control Syste~ with Non-thorAcoto~ CardioverSlon and 
Defibr111ac1on ~lec~rode5, Hedtronic. lne. 

Doris Terry - HFZ-4S0 
Division of cardiovascular, Respiratory. and Neurological DeVices, ODE 
Through: Director, Division of &1ometric SC~~ OST~ 
Through: Chief. Stati5ttca1 ~ranch, D»S, OS~~ ____ ~~~~~ 

1. BackSround 

The Hedtronic Pacer-cardioverter-Def1brillator (PCD) i~ an 
implantable. aultiprogrammab1~, automatic tachyarr~haia control 
deviee-. This- Gevl.GB is- used. for. treat:Mut of patietlts at risk of 
sudden cardiac death due to ventricu1ar tachycardia (VT) .nd/or 
ventricular fibrillation (VF). Th. Qriginal FHA was submitted in 
April 1992. APenGm.nt One VAS submitted in September 1992. 
ADend..llent Two wa" subcait:ted for review in March 1993. The purpose 
of this memo is to review tbe response from the sponsor for the 
deficiencies stated in the FDA letter. Information provided in 
this amendment includes clinical experience of 757 patients 
th~ough February 1. 1993. 

2. RtviSXsr's Cogaent§ 

2.1. Historical Control 

Sponsor coaparea the yeD ~ransvene system (tre4~Meat 5rouP) 
clinical experience to the reported feD epicardial system 
(control group) clinical experience. Sponsor argued that 
patients were enrolled in the two studies concurrently and 
patients' indications, implant. criteria and clinical data 
requirements ~ere identical for che two patient 5roUps. 
But, in Table 2-7, comparison ot palient c~racteristics. 
FeD transvene system Versus peD epicardial ~y~tem, as of 
FebI'\lB.ry 1, 1993, page 19. gives different inforsnation. The 
p-value!> for sex. and primary indieation, (~N)and (U3'!lf) 
respectively. are statistically significantly different. 
Therefore. the sponsor "s argument that thE! two group:. are 
compatible i~ not <;orrect. 
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2.2. Cox Regression 

Spon&or stated, on pages 12 and 90, that: ·Cox regression 
analysis was performed to see what effect &~nder, primary 
in41eation and system ImplanteG (peD transveae or peD 
epicardial) had on surv1val outcome. This analysis showed 
that for overall surviv~ at one year, the ~yst.m implAnted 
ha~ an influence on the probability of survival but gendor 
an6 primary indication had nO influence-, This reviewer 
woul6 like co see the detaileu evidence to support this 
claim, Inclu41ng the comput@r program. input, output and 
deeision criterIa. 

sponsor compared the PCD tralU:vene systeDl and. Ventak-P 
epicardial system and claimeu a statistically significant 
differenee 1n one-year overall survival between the peD 
transvene and AICD epicardial fi1$tem. usi~ confidence 
int:erYal analysis, ~ges 13 and 256. This reviewer a..ked 
tor this 1nforma~lon 1n my Pecembet 16, 1992 memo to you an4 
1 would 11ke to a.sk again for the computation of thia 
confidence interval. 

2.4. Actuarial S~rv1va! Comparison I 

Table 2-16, page 24, ~epicts the acCuarial survival of peD 
transvene VS. peD ep1cardial. Thls ~eYl~wer wou1~ like to 
~ee a more detailed Table ~ueh AS thia! 

Month Transvene Epicardtal 

0-3 No.~eadfNo,at rhk - No.dead/No.ae risk 

3-6 No.dead/No.at. risk No.dead/NO.i\t risk 

6-9 No.deadfNu.~t risk No.dead/No.at risk 

9-12 No.deadjNo.at- risk No.dead/No.at risk 

Then uae the Hantel-Haen~~~l Chi-sq~r9 test to eompute ~he 
p-value (or association between transvene and epieardial 
survival. Sponsor didn't disCU5$ how the p-value~ in Table 
2-16 were derived; it looks 85 if the binomial distribution 
was used for the comput.<Oltion. Sponsor should address this 
issue. 

. 

003 

'f 2.5 PleaS,e dis~uss the similari tie .. /diff",rences bet"', een Table 2~_' 
1~ (page 22) and Table 3-3 (page 27). ~~~ 

//0 ~1--. . 
1;).'-1\ 01 
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* 2: 6. S\.U:"Vi val Probability I 

tpjponeor stated, on page 43, that the survival probabilities 
re calculated using a life-table survival a.n.alysis. For ~~'; verifieation of survival probabilities. the data necessary 

~ ,to do calculations are available upon request. This 
~ reviever would like to See this data set an4 the co~putat1on 

procedure. 

j 2.7. plea-lie c11liiCWHi 

year act:uarlal 
8-5 (page 51). 
numerators and 
year actuarial 

the similarities/differences between ~one
surviva!R of Table lK·4 (page 43) anO Table 
this reviewer would like to See the 

denominators actually used to derive the one-
5urvival shown in Table B.5. 

2.8. Surviv$l Probability II 

Sponsor stated, on page 83. that; ·Presentation of .the 
number of patients does not allow calculation uf the 
survival probability. 'l'herefore. II d&ta set will be 
av.ailab]~ upon reque.st if y.ou oesire to verify the survival 
probAbi1ity ft. This reviewer would like to see this data set 
and th~ eo~putation procedure. 

2.9. Actuarial Survival Comparison II 

Taple IM-IO (page 64) depicts the comparison of actuarial 
survival; transvene vs ep~cardial as ot June 24, 1992. 
A3$in, this ~eviever would like to ~ee the data set and the 
SAS procedure Ae~UAlly used to derive the p.valu.$. 

~ 2.10. NYHA Classification 

~ The p-value for the NYHA classlf1ca~lon in Table IV-C (page 
~ 88) CB '(4) '5. as comput.ed by t:he sponsor. Based on t:he dat.a 

,X Jr;p:oVidea in th15 t.able, the .reviewer calculated a p-value of 
'M" Wl, [6£4). Sponsor should address this difference in p-vAlues. 

tr'VI""-'-
2.11. Early Device Explant 

There vere four patients in whom the peD device was 
explanted d.ue to ceasons othel; t.han death. infect.ion or 
hClart: transplant. Analyc>i&> of one explanted PCD device 
indicated a random device failure in th ... lIlicroprocessor and 
low power hybrid. Another patient experienced a power on 
reset (POR) condition, see pase 100. Please submit the 
other two results for.revicw as soon as the results are 
a-v-a-i 1 a-bl- e- . 

004 
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2.12. Lead Dislodge~ent 

Lead ~islodge~nt5 at'e reported as 
c~licat1ons/obBervations in Table 27-2 (page 103). The 
sponsor should justify his choice of chirty (30) days AS a 
cutoff. 

2.13. Pooling 

Th&re are seventy eigh~ (78) investiga~ive centers 
participating in the clinical trial with thi~ty five (35) 
dome$tic centers and for~y three (43) foreign centers. 
Please justify pooling all seventy eigh~ eenterc toS.th@r. 

2.14. Follow-up Presentation 

Table E-2 t page 215, depicts the PCD t~ansvene system 
follow-up. This is not an adequa~e presentation of th~ 
follow-up data. As I requested in my April 23, 1992 memo, 
the sponsor shoUld refer to page 93, Table 4.6, in 
WStat1stical Methods for Survival Pata Analysis" by Elisa 
Lee for a more proper lite~table al~ly5i$. Sponsor should 
also discuss the reasons why 5Q$e paelents dropped out of 
the follow-up study, i.e., either withdrawn alive or lost to 
fo11ow·up. 

2.15. Actuarial Survival Comparison III 

Table 11-2 (page 231) ~ep1c~s che FeD transvene systom on@
year actuarial survival as of 2/1/93. Again. this reviewer 
would like to see the actuarial survival table stratified by 
every month. similar to that in Section 2.4 above. Sponsor 
also stated Wthis table include~ the p~ojected one yoar 
surVival calculations for patients who u1~1mately xeceived a 
PCD tran~vene 5ystem .... ft. Please explain in detail the 
projec~ed one-year survival calcula~ions. 

2.16. Data Summary by Primary Indication 

Sponsor prOVided peD tr~nsvene $ystem data eummary by 
primary indication a~ of 2/1/93 in Table 1-1 (pag~ 233). 
This reviewer would like to see toe numerators and 
denominators for percent success from treating spontaneous 
VT and spontaneous VF. Sponsor provided similar information 
in Table IF-2 (page 287) and Table IF-4 (page 290). 

005 
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2.17. Follow-up Evaluations 

Sponsor indicated, on page 284, that clinical data ware 
collected for follow-up evaluations at 1 and 3 ~onths po~t
implant and at :t-monttr tn1;e't'Vals-. Ple~ pro.~L:1e all of 
this information 

2.18, P-values for Actuarial Survival 

This reviewer calculated thep-values in Table 2-16 (page 
24) as follows: 

Cause of Death 

Sudden C4roiae 
Non-Sudden Cardlac 
All Cardiac 
Non-cardlac 
Overall 

3. Conclusion 

f~VAlues 

Sponsor s,eyieyer 

The sponsor needs to adequately addx:-css ",11 issues :raised :In 
Sect10n 2 above, mainly aet~r1al survival and follow-up, befor~ 
the safety or effectiveness of ~he peD transvene system relative 
to the peD epicardlal system can be evaluated fro~ a statistical 
perspective. 

J. C.~. 
T. C. Lu 

co: Abh1jit Acharya. Ph.D. HFZ-450 
Donal<l 1". DahPls HFZ-450 
Lytme A. Reame.r HFZ-450 
Medlcal Device File 
Board File 
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MEMORANDUM 

From: Doris Terry (HFZ-450) 
To: File # P920015 
Subject: Transvene Lead system 
Date: April 19, 1993 
Office: DCRND/ODE 

The manufacturer responded to the deficiencies listed in our 
letter of March 17, 1993. The data provided in the referenced 
amendment includes the experience crf the PMA popu-la-tion (75-7-
patients) as of a data cutoff of February 1, 1993. The letter 
contains deficiencies from a team of reviewers. The team 
consists of a medical officer, 3 scientific reviewers (including 
myself) and a statistician. The memos from the other reviewers 
will address specific requests. 

Request # 1 

We told the company to state the hypothesis and the objectives of 
the study. The hypothesis of the PCD Transvene clinical study 
is to- demonstrate- that th-e- PCD- Tra-n-s-ve-ne Sy s-t em- is- sa-fe a.nd 
effective in treating VT and VF. We also asked the manufacturer 
to: (1) address the use of a control and the rationale for not 
using a concurrent control during the study; (2) randomization; 
(3) endpoints of the study; and (4) how the data will support the 
specified endpoints. 

Objectives of the study 

The objectives are to determine the safety and effectiveness 
of the Transvene Lead System by: 

evaluating the sensitivity and specificity of the PCD 
with the Transvene lead system in detecting episodes of 
VT and VF. To evaluate the ability of the system to 
appropriately discriminate between VT and VF and other 
potentially nonmalignant rhythms; 

monitoring the efficacy of the peD with the Transvene 
leads in treating VT and VF episodes; 

evaluating the performance of the Transvene leads; 

estimating one year sudden cardiac death survival and 
overall survival; and 

evaluating the safety and performance of the Model 9710 
Programmer and the Model 9788 MemoryMod software 
cartridge in terms of effective programming. 

Use of a Control 

In addressing the use of a control, the PCD Epicardial (Epi) 
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system which is used as a control is similar to the FCD 
Transvene system with the exception of the lead system used. 
The manufacturer considers the FCD Epi group as the most 
closely matched population to the FeD Transvene population. 
This is because there is concurrent enrollment of the 
patients in the studies. In addition, the primary 
indications, implant criteria and clinical data requirements 
are identical for the two groups. A comparison between the 
FeD Transvene and Ventak P Epicardial lead system was also 
made. This was done essentially for comparisori of the 
desired endpoints (overall survival and sudden cardiac death 
survival) . 

Randomization 

In addressing the issue of randomization, the manufacturer 
identified patients who may not be able to withstand a 
thoracotomy. Therefore, randomization would not be feasible 
or clinically appropriate for these patients. These 
patients include: (1) those where there is no indication for 
concomitant surgery at the time of leo implant~ (2) those 
with pulmonary disease; (3) those with severe congestive 
heart failure; and (4) those who may require open chest 
procedures for treatment of their CAD or cardiac transplant. 
In these cases, the non-thoracotomy lead system is 
considered as the only therapy available for the reD 
candidates. 

Randomization was not employed, nor considered during the 
design of this study. This was due to: the investigators' 
preference; the known risks to the patient which are 
associated with a thoracotomy; and the urgency regarding the 
public health need for the product. A study such as the PCD
Transvene will aid in determining, and/or making a case for 
or against a randomized trial involving nonthoracotomy and 
thoracotomy leads. The study could generate certain 
questions or concerns which could be answered through a 
randomized trial. 

Endpoints of the study 

freedom from sudden cardiac death and all causes of 
mortality shown through the 1 year survival; and 

treatment efficacy of spontaneous episodes of VT and VF 
ep-isodes. 

The data which will be used in the support of the endpoints 
will include data from the following: (1) patient deaths 
(sudden cardiac death survival and overall survival at 1 
year); (2) complications and observations; (3) patient 
indications; (4) VT and VF detection and therapy 
performance: and (4) PCD Transvene System performance. 

1 



Request # 2 

We asked that the manufacturer provide a side-by-side comparison 
between the PCD Transvene and the PCD Epi populations, and the 
PCD Transvene and the Ventak PAlCO populations. The comparison 
between the named groups included: patient demographics; implant 
data (DFTs); programmed parameters; spontaneous VT and VF 
efficacy; complications an observations; and 1 year actuarial 
survival. 

Comparison - PCD Transvene and Ventak P Epi 

There were more patients with the indication of sudden 
cardiac death in the PCD Transvene group than in the Ventak 
P Epi group. The results of the Cox regression analysis 
showed that primary indication had no influence on the 
probability of survival. Therefore, it was considered that 
the two groups could be compared. Basically, the two groups 
were found to be comparable. The sudden cardiac death 
survival rates for the two patient groups were also 
comparable (99.7 percent for the PCD Transvene and 98.6% for 
the Ventak P Epi. 

comparison - PCD Transvene and PCD Epi 

It was noted that there are more patients with the primary 
indication of sudden cardiac death in the peD Transvene than 
in the PCD Epi population. As with the Ventak P analysis, 
the results showed that primary indication did not have an 
impact on patient outcome. The spontaneous VT episode 
efficacy for the PCD Transvene System was 98.4% which is 
comparable to that of the PCD Epi System of 98.3 percent. 
The spontaneous VF episode efficacy for the PCD Transvene 
System was 98.4 percent which is comparable to 98.7 percent 
reported for the PCD Epi System. The incidence of lead 
related complications is somewhat higher in the PCD 
Transvene population versus the PCD Epi population (15.1 
percent versus 2.8 percent). The incidence of observations 
was statistically lower in the PCD Transvene group. The 
sudden cardiac death survival rate for the PCD Transvene was 
99.5 percent and 98.9% for the PCD Epi group. The overall 
one year actuarial survival (including death from all causes 
for patients receiving the FCD Transvene system was 93.3 
percent. A marked improvement of the overall one year 
survival for the PCD Epi of 88.6 percent. It is believed 
that the improvement is primarily due to the improvement in 
perioperative mortality of the PCD Transvene System (0.7 
percent for the Transvene and 5.3 percent for the PCD Epi). 

The implant pace/sense parameters (pacing threshold, R wave 
amplitude, slew rate and resistance) were found to be 
statistically significant. The mean implant OFT for the 
PCD Transvene System and PCD Epi System was 14.8 Joules (J) 
and 9.8 J respectively. 
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The majority (574 (75.3 percent» of the patients in the 
PCD Transvene study had defibrillation programmed in the 
sequential pathway. Two hundred and fifty-one (33 percent) 
patients in the peD Epi study were programmed in the 
sequential pathway. Four hundred and ninety-six (65.2 
percent of the PCD Epi population were programmed with 
single defibrillation with only 10 (1.3 percent) patients in 
the PCD Transvene group with single. 

Overall, the two groups were considered as closely matched 
as possible. The inherent difference being the design of 
the lead system. 

Request # 3 

The manufacturer provided an update of the PMA population (757 
patients with a mean implant duration of 11.7 months) as of 
February 1, 1993. 

Experience of Patients with the Dual Anchoring Sleeves 

Two hundred and thirty-four patients (not included in the 
PMA population of 757 patients) were implanted with two 
anchoring sleeves. These patients received an additional 
sleeve due to the reported cases of lead dislodgement. This 
group of patients was similar to the PMA population with a 
slightly higher percentage of VT patients. Of the 234 
patients, 186 have been followed for one month and 49 
patients have been followed for 3 months. Only one lead 
dislodgement was reported in these patients. 

Clinical Experience - Patients Followed for One Year or 
Greater 

393 patients followed for one year or greater 

mean follow-up time 16.3 months 

primary indication: SCD - 150 (38.2 percent), VT - 191 
(48.6 percent) and SCDjVT (52 (13.2 percent) 

defibrillation pathway: sequential - 296 (74.9 
percent). ,_ simultaneous - 93 (23.6 percent). and single -
6 (1.5 percent) 

mean LED - 15.6 J (N= 365), mean OFT - 14.3 J (N=184) 

spontaneous VT success (99.0 percent) 

spontaneous VF success (98.6 percent) 

patient deaths - 7 (0 sudden cardiac, 4 nonsudden 
cardiac and 3 (noncardiac) 



complications - 89 in 76 patients (19.3 percent) 

observations - 122 in 99 patients (25.2 percent), forty 
Qf the observ.ations involved inappropriate VT therapy 
delivery and 29 observations associated with 
oversensing 

none of the complications and observations resulted in 
patient death 

Request # 4 

Lead Dislodgements 

Twenty-nine lead dislodgements occurred at greater 
than 30 days. None of these dislodgements 
resulted in ineffective therapy for the treatment 
of spontaneous episodes of VT or VF or patient 
death. The dislodgements were found during 
fluoroscopy at EF evaluation, chest x-ray or 
during pacing/sensing threshold evaluation during 
follow-up testing. In 29 cases, reoperation was 
necessary to reposition the lead. 

A discussion of the implant criteria and how the implant testing 
attempted to satisfy the protocol requirements was provided. 

The manufacturer described the patients who did not meet the 
implant criteria. These patients are among those patients 
referenced above who are at risk with a thoracotomy procedure. 
In these cases the investigators felt that if the patients had a 
lowest energy to defibrillate (LED) of 24 J, then they could be 
implanted with a 10 J safety margin (34 J max output of the 
device) . 

Request # 5 

We requested that an update of the clinical experience of the 
patients who did not meet the implant criteria be provided. 
Also, a discussion regarding how the proposed labeling will 
address the deviation was requested. 

One hundred and seventy patients did not meet the implant 
criteria, but had successful defibrillation at 24 J, were 
implanted with the peD Transvene System. In determining if the 
patient's not meeting the implant criteria had a higher risk for 
morbidity and mortality, a comparison of their survival was made. 
There were no statistically or clinically significant differences 
in outcome between the patients who met the implant criteria and 
those who did not (one year survival - overall 93.8 percent for 
the patients not meeting the implant criteria and 93.2 percent 
for the patients who met the criteria). 



Of the 170 patients, 41 complications were reported·in 33 (19.4 
percent) patients and 34 observations ~ere.reported in 31 (~8.2 
percent) patients. None of the compl1cat10ns and observat10ns 
resulted in patient death. 

Lead Dislodgements - Patients who did not Meet the Implant 
criteria 

There have been 14 lead dislodgements which occurred at 
greater than 30 days. The dislodgements were discovered and 
documented as described in the PMA application. In all 14 
cases reoperation was required to reposition the lead. 

There were no clinically significant differences in the 
characteristics and patient outcome of the patients who did 
not meet the implant criteria versus those who did. Based 
on these data, the manufacturer plans to recommend revising 
the defibrillation efficacy requirements to include the 
following: (1) two consecutive successful defibrillations 
with the final lead configuration with a stored output 
energy of 24 J or less; or (2) three successful 
defibrillations in four attempts with the final 
configuration at a stored output energy of 24 J or less. 

Request # 6 

Twenty patients who did not meet the implant criteria were 
implanted without the 10 J safety margin. We asked that an 
update of the clinical experience of these patients be'provided. 
The mean ejection fraction of these patients was 26.9 percent. 
It is believed that the patient's condition was responsible for 
the termination of the implant procedure which resulted in the 
patients not meeting the implant criteria. Of these 20 patients, 
VT was induced at chronic follow-up in 16 patients and in all 
cases successful treatment was documented. The overall 
spontaneous VT episode efficacy was 98.9 percent. The 
spontaneous VF efficacy was 96 percent. There have been 2 
deaths, both classified as non sudden cardiac secondary to end 
stage heart failure. The one year sudden cardiac death survival 
in this population is 100 percent. The overall one year survival 
was 85.5 percent. 

Request # 7 

The manufacturer provided a table with percentages and the 
numerical ,support where appropriate. 

Request # 8. 

An update of the patients who were implanted with the Transvene 
Lead system and were not counted in the PMA population was 
provided. The data covers a total of 1335 implants in 1330 
patients with the PCD Transvene Lead System (757 patients in the 
PMA population and 573 additional patients). Of the 1330 



patients, the primary indication was VT in 725 (54.5 percent). 
The spontaneous efficacy for VT and VF was 98.1 percent and 98.1 
percent respectively. The overall survival was reported as 93 
percent. 

As of February 1, 1993, there have been 225 complications 
reported in 195 patients and 275 observations reported in 228 
patients implanted with the PCD Transvene Lead system. How many 
of the complications and observations were from the additional 
573 patients? According to the manufacturer, the percentage of 
patients with a complication or observation has decreased 
compared to the original PMA population of 757. Also, according 
to the applicant, the percentage of patients with lead 
dislodgements was reported to have also decreased from 12 percent 
of the population with a complication to 8.8 percent, and from 
1. 60 percent of the population with an observation to 0.9 
percent. 

Of the 1330 patients, there have been 30 (2.3 percent) 
complications involving pocket infection, and a total of 117 (8.8 
percent) lead dislodgements. Included in the lead dislodgements, 
there were 36 cases which involved the SVC lead. (The 
manufacturer should discuss this information to clarify that 
every attempt has been made to address the complications. There 
should be evidence that the frequency of the complications has 
decreased.) There have been a total of 68 deaths (10 sudden 
cardiac, 37 nonsudden cardiac and 21 noncardiac) of the 
population of 1330 patients. The patients in whom the PCD was 
programmed OFF were included in the survival analysis. The 
perioperative death rate was 0.8% (10/1330). The one year 
actuarial survival rates were reported as follows: sudden cardiac 
death - 99.3 percent; non sudden cardiac - 96.3 percent; all 
cardiac - 95.6 percent; noncardiac - 98.1 percent; 
peri operative - 0.8%; and overall - 93 percent. 

Request #- 9 

We asked that the manufacturer differentiate between OFT testing 
and lowest energy to defibrillate (LED) testing. Also, we asked 
that samples of patient report forms which show the scheme of 
testing which was used in determining OFT and LED be provided. 
OFT testing was described as 3 out of 4 successes at 18 Joules. 
The protocol which included step down testing was included. The 
investigators were allowed to waive the step down testing if the 
patients could not tolerate the additional VF inductions. In 
these cases, the LEO which is the lowest energy that successfully 
defibrillated the heart wa~ programmed. 

Request # 10 

There was a statistically significant difference between the mean 
OFT obtained with the RV-CS-SQ lead configuration and other 
configurations. We asked the manufacturer to discuss the 
difference and the intended ramifications. The manufacturer 



stated that the tests demonstrated that the RV-CS-SQ 
configuration had a lower OFT than the other configurations. 
This was simply due to the energy being better distributed 
throughout the myocardium with this configuration. It was 
pointed out that the intent of the study was not to show that 
lower OFTs result in better patient outcome. The primary 
emphasis was to demonstrate that the patient could be reliably 
defibrillated over time, and that there is a high probability of 
survival from sudden cardiac death regardless of the lead, 
configuration or pathway chosen. 

In terms of comparison of the PCD Transvene and PCD Epi groups, 
it was stated that the defibrillation efficacy protocol was 
identical for both groups. 

Reguest # 11 

The manufacturer provided a discussion of the DFTs or energy 
requirements obtained with the use of the single versus the 
sequential and simUltaneous pathways.. Essentially, even though 
the majority of the patients in both PCD populations were 
programmed with different defibrillation pathways, the OFTs were 
comparable (single - mean DFT 10.5 J and for 
sequential/simultaneous - mean DFT 8.8 J). It was reported that 
there was no difference in outcome for the patients with either 
of the systems. 

Request # 12 

According to the manufacturer, the time between detection and 
delivery of therapy of the PCD Transvene System is dependent upon 
the programmable VT and VF detection parameters. (The 
manufacturer should respond to the effect that an increase in 
lead impedance could have on the time from detection to delivery 
of therapy). In both of the PCD populations (Transvene and Epi), 
the majority (90 percent) of the spontaneous episodes of VT and 
VF were converted with the first shock. The most frequently 
programmed VT detection and therapy parameters were: VT number of 
intervals to detect (NID) - 16; VT tachycardia detection interval 
(TOI) - 400 ms; VT therapy # 1 type - ramp; VT therapy # 1 
parameters - 91 percent rate adaption, 5 pulses, 3 sequences, 10 
ms decrements; VT therapy # 2 type - cardioversion; and VT 
thera.py: #- 2 pa-ra-meters- - 5- J.- The most frequ.ently prog.rammed 
parameters for VF detection and therapy included: VF number of 
intervals to detect (NID) - 18; VF tachycardia detection interval 
(TDI) - 320 ms; VF therapy #1 type/parameter - defibrillation/34 
J; charge time for VF therapy # 1 - 6.0 seconds; VF therapy # 2 
type/parameter - defibrillation/34 J; and charge time for VF 
therapy # 2 - 3.0 seconds. 

Request # 13 

In response to the deficiency regarding the 2:1 VF sensing 
margin, the manufacturer provided the following information. 



recommendations for programming include a programmed sensitivity 
value of 0.3 mV for the PCD. During defibrillation testing, the 
ETCD is programmed with a nominal sensitivity value of 1.2 mV 
which is four times the nominal sensitivity setting (0.3 mY) of 
the PCD. When the PCD is programmed at 0.3 mY, it provides a 
four step safety margin (because sensing was evaluated at a value 
four times less sensitive than the programmed value). When the 
device is programmed at 0.6 mY, there would be a 2:1 VF sensing 
margin. It was stated that all of the patients who received the 
PCD Transvene System had a 2:1 VF sensing margin. At the last 
known follow-up, the manufacturer mentioned that 76.6 percent of 
the patients were programmed to 0.3 mV and 22.3 percent were 
programmed to 0.6 mY. There have been no reports of undersensing 
during induced VF episodes and no deaths due to the nondetection 
of a spontaneous VF episode. 

Request # 14 

As of the June 24, 1992 data cutoff, 130 of the 329 patients 
followed for 6 months or greater had a spontaneo~s VT episode 
with a mean of 28.9 (3752/130) episodes per patient. One hundred 
and twenty patients had a spontaneous VF episode with a mean of 
5.6 (667/120) episodes per patient. A total of 179 patients had 
either spontaneous VT or VF episodes with a mean of 24.7 
(4419/179) episodes per patient. 

Of the 115 patients followed for 12 months or greater, 60 
patients had a spontaneous VT episode with a mean of 29.5 
(1770/60) episodes per patient. Thirty-seven patients had a 
spontaneous VF episode with a mean of 6.7 (248/37) episodes per 
patient. A total of 67 patients had either spontaneous VT or VF 
episodes with a mean of 30.1 (2018/67) spontaneous episodes per 
patient (will be updated). 

Request # 15 

We asked that clarifications be provided regarding how the 
treated episodes, designated as success or failure, were 
categorized. The manufacturer reiterated that spontaneous 
episodes (VT and VF) are defined as those which satisfy the 
detection criteria for VT and VF. A table which included the 
spontaneous VT and VF experience was provided. The table clearly 
outlined the experience which included a breakdown of the number 
of episodes and patients and the ineffective episode experience. 

It was noted that 60 patients had 163 VT episodes in which the 
PCD was ineffective in terminating the spontaneous episode of VT 
despite the delivery of all four therapies. No patient deaths 
occurred as a result of the ineffective VT therapy. 
Reprogramming and an adjustment of the patient1s drug regimen 
resolved the problems. There are no concerns regarding the data 
as presented. 

Sixteen patients experienced 31 episodes of VF in which 
the PCD 'fJ 



was ineffective in terminating the episodes despite the delivery 
of all four programmed VF therapies. Three of the patients 
experienced ineffective therapy of a spontaneous VF episode due 
to lead performance or "secondary to a terminal event." One 
patient had an episode of ineffective VF therapy due to lead 
dislodgement. A second patient had an episode of ineffective VF 
therapy due to lead fracture which generated "noise" which was 
detected as VF by the PCD. The third patient had two episodes of 
ineffective therapy at the time of his "monitored" death. 
Pharmacologic intervention and reprogramming was used in 
resolving the events associated with the majority of the 16 
patients. 

Request # 16 

The Table IM-6 was modified to include the episodes which were 
unsuccessfully terminated due to atrial fibrillation or sinus 
tachycardia. The percent of unsuccessful termination 
(ineffective in terminating the arrhythmias despite the delivery 
of all four therapies) is also included for VT and VF. There was 
a higher incidence (0.9 - Epi and 0.4 Transvene) of unsuccessful 
termination of VT with the PCD Epi System versus the PCD 
Transvene System. The information in the Table is as of the June 
24, 1992 cutoff date. It is unclear if the data on the 
proceeding pages are as of the updated cutoff (February 1, 1993). 
These data state that 30 patients out of 757 had 68 spontaneous 
VT episodes where the PCD was ineffective in terminating the 
episode despite delivery of all four therapies. Twenty-five of 
the patients experienced 45 (0.9%) episodes which were due to 
sinus tachycardia or atrial fibrillation/flutter with a rapid 
ventricular response which were detected as VT. Five patients in 
the Transvene population had 9 spontaneous VF episodes where the 
"device was ineffective in terminating the episode despite the 
delivery of all four VF therapies. This was due to the detection 
of sinus tachycardia and atrial fibrillation with a rapid for 
The device responded appropriately as programmed. However, the 
rhythms were not VF as seen by the device. Reprogramming and 
pharmacologic intervention resolved these problems and those 
mentioned regarding the detection of the spontaneous episodes of 
VT. 

Request # 17 

We asked for a clarification regarding the category "Failure to 
Cardiovert/Defibrillate" and how an episode of an inappropriate 
therapy is categorized. The manufacturer reported that the 
incidence of "Fail to cardiovert/Defibrillate" was 0.8 percent is 
now 1.2 percent due to the increased follow-up time. The 
manufacturer stated that the instances of failure to cardiovert 
and/or defibrillate were due to increased defibrillation 
requirements during induced episodes of VF. It was stated that 
the failures reported in the article by Winkle, et. aI, (AICD 
patient population used for comparison to the PCD Transvene 
population) were associated with patch dislodgement, patch 



crinkling, lead conductor fracture and elevated defibrillation 
thresholds due to changing patient condition. The comparison 
between the complications/observations of the PCD Transvene and 
the AICD showed a somewhat greater incidence of pocket infection 
within the PCD Transvene population. 

Request # 18 

We asked the manufacturer to differentiate between the 38 
inactive patients reported in Table IH-l (previous amendment) and 
the 34 patients who were reported as no longer active. The 
manufacturer stated that the amendment contained an error. 
According to the manufacturer, the text preceding the Table 
should have read, "there are a total of 38 patients who had 
received a PCD system and are no longer active in the study as of 
6/24/92." As of the data cutoff, it was reported that 82 
patients (patient deaths - 51, infection (explant) - 22 and heart 
transplant - 9 ) who received a PCD system are no longer active 
in the study. 

Request # 19 

This request had to do with how the sudden cardiac death survival 
was calculated and if all patients who had a prior cardiac arrest 
were included in the analysis. The manufacturer adequately -
responded to the request. It was mentioned that additional data 
regarding the statistics would be available upon request if there 
was a need to verify the survival probability. It was mentioned 
that all patients in the Transvene study were included in the 
analysis regardless of the indication or prior cardiac arrest 
status. 

Request # 20 

At our request the manufacturer included the number of patients 
in the referenced Table with the percentage and calculated p
values. It was again referenced that verification of the 
percentages and p-values are available upon request. 

Request # 21 

As requested, the manufacturer stated that the null hypothesis 
was that the pat~ent characteristics-are equivalent for the three 
18nd confiqurations: RV/SVC/SQ, RV/CS/SQ and RV/CSjSVC. The r (Q)(4) 
{~~) Jwas used to test for association between variables 
~ ene pearson chi-square statistic was used). 'The commercial 
statistical software package was used in calculating the 
dtatisti~al information presented in Table IV-C. The validity of 
the statistical analyses performed along with statistical methods 
employed will be reviewed by FDA's statistician. 

Request # 22 

In order to justify data pooling and data analysis, the FDA 
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statistician questioned the statistical procedure which was used. 
The manufacturer responded by saying that there is no reason to 
r f&Y/I'\ ... l· ! l_,/!\..'1/ _ . 

~ignificance level. However, the adequacy of the response will 
be addressed by the statistician. 

Request # 23 

The manufacturer discussed how the confidence interval was 
calculated. According to the manufacturer, C-

f (~X4) 
i 

l 
4 ,j The 

~tatistician should review this response. provided. 

Request # 24 

Clarifications regarding the information presented in Table XB-1, 
page 378 of Volume 2 were requested. The response involved the 
use of the C8(Q) ; computer software in analyzing whether there 
were significant differences between the peD and Ventak P 
populations. The FDA statistician should also address the 
adequacy of this response. 

Request # 25 

The manufacturer discussed the instances of inappropriate 
therapies. The majority of the cases involved atrial 
fibrillation with a rapid ventricular response or sinus 
tachycardia. In these cases the rhythms overlapped the 
programmed detection criteria. In cases like these, the 
investigator either reprogram the device or modifies the 
patient's drug regimen. The manufacturer stated that the 
labeling for the peD contains programming recommendations and 
warnings for potential programming problems. 

The Manual also contains explicit recommendations for programming 
the Onset criterion and the stability criterion. It was reported 
that as of February 1, 1993, 33 of the 757 Transvene patients 
had the Onset Criterion enabled and 55 patients had the Stability 
criterion enabled. Eleven of the patients had both the onset and 
the Stability algorithms enabled. The majority of the patients 
with the Onset and stability enabled had the algorithms 
programmed ON within 30 days of implant. However, many patients 
had the algorithms programmed ON for the first time very late in 
the follow-up period. The efficacies for the treatment of VT and 
VF (induced and spontaneous episodes) when the algorithms are 
programmed 'ON were provided. In the cases of induced episodes, 
it was reported that the PCD performed appropriately. 
Specifically, the spontaneous experience includes the following: a 

f(u'+ 1- PCtgf l~ 5iP rJ 



The efficacies for VT and VF of the patients with the Stability 
Criterion programmed ON was 94.8 percent and 100 percent 
respectively. The efficacy for VT and VF in patients with the 
Onset criterion programmed ON was 97 percent and 100 percent 
respectively. 

Request # 26 
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We asked the manufacturer to provide a discussion of the "device 
related" complications reported for the Transvene and the PCD 
epicardial populations. The manufacturer stated that "device 
related" complications have reference to the complications which 
resulted in explantation of the device for reasons other than 
death, infection or transplant. 

There were 4 patients within the Transvene population who were 
explanted due to reasons other than those named above. Reasons 
for. explant included.=- (. ~) .. ~ow battery vol tag.e due to leakage at 
the input of one of the integrated circuits; (2) failure to 
appropriately synchronize and deliver cardioversion therapy for 
an induced VT episode; (3) Power on Reset condition which was not 
related to the delivery of external defibrillation or cautery; 
and (4) inappropriate delivery of VF therapy during manual 
capacitor charge time. In all cases, it was reported that the 
devices were safely replaced with no adverse consequences to the 
patient. 

There were 7 patients in the PCD Epi population in whom the peD 
was explanted due to reasons other than death. The reason for 
explant in all 7 cases was because of lower than expected battery 
voltage. The causes for low battery voltage included the 
following: (1) failure of the integrated circuit; (2) leakage at 
the input of one of the integrated circuits; and (3) tantalum 
capacitor leakage. In all of these cases, the devices were also 
safely removed with no adverse effects on the patients. 

There were 4 patients in whom the PCD was explanted due to 
reasons other than those mentioned above. In these cases the 

. events were classified as complications. These cases involved: 
low battery voltage (1); inappropriate VF therapy (1); failure to 
synchronize and delivery therapy (1) ;and Power On Reset condition 
due to electrocautery or external defibrillation (1). (The 
results of all pending analyses should be provided. 

Request # 27 

The manufacturer discussed complications reported in the patients 
followed for one year or greater. As of February 1, 1993, there 
have been 393 patients implanted for one year or greater. There 
have been 89 complications reported in 76 patients and 122 
observations reported in 99 patients. Therefore, 19.3 percent 
(76/393) of the patients had an event categorized as a 



complication and 25.2 percent (99/393) had an event categorized 
as an observation. The observations included 40 cases of 
inappropriate VT therapy and 29 cases of oversensing. 
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The complications included 5 cases of pocket infection, 6 cases 
of lead fracture and 56 cases of total lead dislodgement. Of 
these there were 29 dislodgements which occurred at greater than 
30 days. Reoperation was required in all cases to reposition the 
lead. 

None of the complications and observations have resulted in a 
patient death. 

Request # 28 

We questioned the infection rate reported for the Transvene 
study. The manufacturer stated that the incidence of infection 
in the Transvene study is not significantly different form that 
reported for the Ventak P epicardial lead system (2.3 percent for 
the Transvene and 2.4 for the Ventak Pl. The manufacturer feels 
that there is no sUbstantial increase in the infection rate. 
Therefore, the current labeling is appropriate. 

Request # 29 

The manufacturer discussed the experience in the use of the 
different entry sites. We wanted to know whether the labeling 
would aid in the selection of an entry site. The manufacturer 
stated that the left SUbclavian vein was the most frequently used 
entry site regardless of the lead and location. It was stated 
that the physician makes the decision about the specific entry 
site. However, the technical 'manuals contain information about 
the selection of a entry site, and cautions regarding the 
different entry sites. There are no specific concerns regarding 
this information. 

Request #' 30 

This deficiency asked about the Transvene Systems that were 
explanted, returned and analyzed. Of the 762 implants in 757 
patients, 41 units were explanted. Fifteen systems were 
explanted due to patient death, infection (17), cardiac 
transplant (5) low battery voltage measurement (1) and peD 
performance issues (3). Fifteen systems of the 22 deaths were 
explanted and returned to the company for analysis (five systems 
were interred with the patients). Of the 15 systems which were 
returned, ten were analyzed and found to be performing to 
specifications. Of the 41 devices explanted, final analysis on 
19 systems showed that the systems were performing to 
specifications. It was reported that final analysis is pending 
on 17 units. The report of the analyses of these units should be 
provided. The manufacturer mentioned that of the 41 lead 
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systems, 21 lead systems or portions of the systems were 
returned. Of these 21 lead systems, the helix of one 6966 lead 
was damaged (explant data will be updated in requested volumes) . 

Request # 31 

The manufacturing discussed the death of the patient who died 
22.5 months post implant. The manufacturer stated that the 
patients was admitted to the hospital for heart failure and 
increased episodes of VT and VF. In addition, the patient was 
reported to have digitalis toxicity. The patients later expired, 
described as secondary to heart failure due to LV dysfunction. 
The death was categorized as nonsudden cardiac and not related 
tot e peD Transvene System. Interrogation of the device at the 
explant revealed a normal battery voltage and charge time. 
Therefore, the patient had experienced no new episodes of VT or 
VF since the last follow-up visit. The analysis showed that the 
peD was performing. to specifications. Were the leads returned 
and analyzed? 

The manufacturer provided all relevant data (implant and follow
up data, programmed status of the peD, etc.) pertaining to the 
patient (peD serial Number( . b\Pd implanted for 22.5 months. 

Request # 32 

We asked about the number of perioperative deaths, and if in 
these cases there were devices programmed OFF. As of February 1, 
1993, there have been 51 deaths in the Transvene PMA population. 
Five (0.7 percent) of the deaths were perioperative (sudden 
cardiac (2, nonsudden cardiac (2) and noncardiac (1)). The 
patient death in which the peD was programmed OFF, was classified 
as non-sudden cardiac not related to the tachyarrhythmia episode. 
A copy of the death summaries was provided for our review. 

Request #.33 

This deficiency deals with the 1 year sudden cardiac death 
survival and overall actuarial survival of the patients followed 
for a year. According to the manufacturer, the survival 
calculations took in to account the following: all of the 
patients were alive at one year post implant so their survival 
from all causes of death was 100 percent. Patients who died 
within 30 days are not counted within this group. There are no 
concerns about how the manufacturer addressed this deficiency. 

Data (treatment efficacy, lead orientation, complications and 
survival rates, etc.) of the patients who have been followed for 
1 year or more were provided. Of the 115 patients followed for 
one year or more, the majority (94.7 percent), the primary 
indication was recurrent, sustained VT without an episode of 
sudden cardiac death. The treatment efficacy for the patient 
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population was 98.9 percent for spontaneous VT and 98.8 percent 
for VF. The treatment efficacy is equivalent to the overall 
patient population. Twenty-four of the patients followed for 1 
year or more had a complication. There are no specific concerns 
regarding the data submitted. 

Reguest # 34 

The manufacturer provided an engineering drawing of the Transvene 
lead models and a description of the testing of each segment and 
the full lead body. These data have been reviewed in the IDE 
appJ. ication~ Ho.wever the- adequacy Qf. the response will be 
assessed by one of the reviewers on the team. 

Reguest # 35 

We asked that the manufacturer discuss the adequacy of the 
flexing procedures employed C (6) CLf) ] 

r (&)(4) . JThe 
~manufacturer discussed the life testing protocol and how the 
leads were tested. L . ( I?:> H'-t J l _ .. (S)Ltf) J We asked that the manufacturer document, for 
clarity~ all-relevant testing of the Transvene leads. The 
response will be reviewed further by one of the reviewers on the 
team. 

Reguest # 36 

The manufacturer provided documentation regarding the potential 
for failure of the platinum sputtered Transvene Model 6966. A 
side-by-side comparison of the Model 6966 and the 4,000 series 
bradycardia leads (platinum sputtered leads where failure was 
noted) was included. The review of other te.am members will 
specifically address the specifics of the response. 

Reguest # 37 

The manufacturer provided a copy of the Summary of Safety and 
Effectiveness with the updated clinical data. 

The manufacturer submitted copies of the technical manuals 
for our review. Data as referenced in the review will be 
considered for incorporation into the labeling. At this time 
there are no specific concerns. The Transvene Lead System will 
be labeled for use with the pulse generator with which it has 
been tested. Namely the Medtronic Model 7217B PCD. 

It should be noted that as a condition 
(allotment of 200 patients per month), 
agreed to submit monthly reports. The 

for approval of expansion 
the manufacturer has 
reports should include a ~~ 



trend analysis of the observations and complications, returned 
devices and deaths. These data will be a beneficial adj"unct to 
the data contained within the PMA application. These data will 
lend support and- help to alleviate any conce:tIlS which rn-igh-t be
related to- the inc-±den-ce- c-f comp-lica-tions and- obse-rv-a-tions
reported for the PCD Transvene System. 

Discussion of the Review of the PMA Application for the POD 
Transvene system 
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The manufacturer has responded satisfactorily to the 
d-e-ficiencies listed- in- O1:1-r le-tte-r o-t March- 17, 19-9-3-. Severa-l 
issues which are noted in the teleconference memo (attached) were 
discussed with the manufacturer. Namely, presentation of the 
data for Panel review, questions pertaining to the performance of 
the PCD Transvene and the reported observations and 
complications. The manufacturer adequately responded to our 
questions and/or agreed to include specific data in the Panel PMA 
volumes. 



Teleconference 

Between: Medtronic Representatives 
And: Doris Terry (HFZ-450) . 
Date: April 29 - May 17, 1993 

We discussed and/or requested the following: 
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1. Updated information on patients with non-standard Transvene 
configurations should be provided. It was stated that 
twenty-four patients received the Transvene leads initially 
(not counted in the 757). Need data on this group. Four of 
the patients with non-standard configurations received the 
leads after implant and are counted. Data are not separated 
out. The manufacturer will provide a "patient tree" which 
includes all patients. 

2. Updated data on the 97 patients who were screened for the 
Transvene and went on to receive the Epi system should be 
provided. 

3. How many of the patients followed for a year or greater did 
not meet the implant criteria? Need to know the experience 
of these patients. 

4. The PMA Data should be arranged to include the following 
sections for panel review: 

Preclinical Tests (Bench, Animal, Life) 

Investigational plan (protocol, hypothesis, objectives of 
the study, patient report forms) 

Updated clinical report 

Patients who did not meet the implant criteria. 
Patients in the non-standard lead configuration 
Patient followed for one year and greater 
patient followed for 6 months and greater 
(spontaneous experience) 
experience by primary arrhythmia 
Foreign patients 

Observations and Complications 

Additional Transvene patients 

Pertinent Data from June 24, 1993 
Clinical Report 

Comparison Data 



Explants 

Deaths 

Labeling 

Summary of Safety and Effectiveness 

Survival curves (statistics) 

Pertinent Articles (when referring to an article, please 
include) 

Patient Manual 

19 

Responses to FDA Concerns (Reviewers and Statisticians) • 
All questions will be included and addressed. If data are 
incorporated into other sections of the volumes, the section and 
page number will be referenced. 

4. A comparison table of mortality and survival data for the 
PCD Epi and PCD Transvene and the Ventak P should be 
provided. 

5. Number of patients followed for one year or greater who had 
spontaneous episodes or were induced after 6 months. Update 
of Table, page 73. 

6. Update of table (complications and observations by follow-up 
interval) as presented in Volume 2, September 21, 1992 
amendment. Complications and observations for the two 
patient populations (PMA cohort and additional Transvene 
patients) should be reported separately. 

7. Update on foreign experience, namely complications and 
observations. 

8. Trend analysis of the incidence of complications 
observations and complications within the patient groups 
(patients followed for 1 year and more, patients implanted 
with nonstandard lead configuration, etc.) and by primary 
indication (VT, VF, and VT/VF). These data should be 
updated. statistical methods employed should be identified. 

9. The complications and observations of the 573 additional 
Transvene patients should be reported separately. How many 
have dual sleeves? 

Update on experience with dual anchoring sleeves. Update on4J) 



573 patients, complications and observations by follow-up. 

10. There should be a section which includes ineffective 
therapies. The section should report the circumstances 
surrounding these patients. 
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11. There should be an update on the reprogrammings (Table VIIF-
5, September amendment). 

12. Incidence of ineffective therapies with the PCD Epi and PCD 
Transvene. Updated data as reported in Table IM6, page 78 
of the March amendment should be provided. 

13. Data obtained from interrogation of the device upon the 
patient's death should be provided. The data should be 
referenced as explant data. 

14. On Page 338, it was stated that all 58 devices were 
returned. A Table which contains these data should be 
prepared.· 

continued - May 12, 1993 

15. Evidence to support the claim that gender, primary 
indication and the system implanted (PCD Epi or PCD 
Transvene) had no impact on survival outcome. The evidence 
would consist of a description of the computer program used, 
data input and output, and the decision criteria. 

26. A statistically significant difference between the PCD 
Transvene and the AICD Epicardial System using the 
confidence interval analysis was found. How was the 
confidence interval computed? 

27. The table on page 24 shows the actuarial survival of PCD 
Transvene versus peD Epi. The statistician would like to 
see a Table which includes mortality data according to 
monthly intervals, e.g., number dead/number at risk for the 
Transvene and Epi systems. Then the Mantel Haenszel Chi 
square test should be used to compute the p-values. The 
manufacturer should also discuss how the p-values in Table 
2-16, page 24 were derived. 

28. Based on the clinical experience, will include addition to 
the labeling: different positions for patch placement. 
Majority (75 percent) of patients had patch leads placed at 
the mid axillary line or fourth or fifth intercostal space. 
Data will be provided about surgical approach. 

29. In support of the chronic performance and integrity of the 
lead system, We asked the manufacturer to provide data 
regarding the induced and spontaneous activity of the 



21 

patients followed for 6 months and beyond. We reiterated 
that they should be able to account for the experience of 
each pa-tient. Each- o-f the- pa-tient.s- should have- heen tested 
or should have had spontaneous episodes. The data can be 
presented at 90 days and beyond, 6 months and beyond, 12 
months and beyond, etc. . 

30. Results of remaining analyses on all device explants. 
should be provided. Note: There was a total of 58 explants. 

31. Update of the observations and complications as per the time 
interval. The data in Table XII-E-2 in the September 
amendment will be updated. 

32. In response to Albert Moyal's review, I asked the company 
about the use of a two lead configuration. The manufacturer 
stated that the patients who were implanted with a two lead 
configuration are counted within the group of patients (43) 
with a non-standard configuration. Among these, 6 patients 
have a RV-SVC or RV-SQ: and 10 patients have three leads, 
programmed in a two lead configuration. 

The 702 patients counted in the table on page 289, March 
Amendment, include only those patients who had LED and/or 
DFT testing. other concerns included in the reviewer's memo 
will be documented in a phone conversation by the reviewer. 

The manufacturer agreed to provide the requested information. 
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Response to statistician's Review 

Items # 2.1 and 2.2 

The statistician stated that the p-values for sex and primary 
indication rendered the two groups (PCD Transvene and PCD Epi) 
significantly different. Therefore, the statistic:i,an contends 
that the two groups are not "compatible." According to the 
manufacturer, primary indication and gender did not impact 
survival. However, the implanted system did influence the 
probability of survival. The manufacturer used the Cox 
Regression Analysis to support this position. The statistician 
asked that the manufacturer provide evidence (description of the 
.computer program, the data input and output and the decision 
criteria which were used) to support the claim. The request was 
discussed with the manufacturer. Appropriate data will be 
submitted in the Panel Volumes to address this issue. 

Item # 2.3 

The manufacturer was asked to provide data regarding how the 
confidence interval (as referenced on pages 13 and 256, March 
Amendment) for the one year overall survival data was computed. 
The response will be included in the Panel volumes. 

Item # 2.4 

The manufacturer was asked to prepare a table which depicts the 
number o·f pa.tients. dead ve·rsus. the. number at risk. or. total. 
patient population at the different monthly intervals, e.g. 0-3, 
3-6, 6-9 and 9-12. In addition, the manufacturer was asked to 
use a specific Chi square test to compute the p-value for the 
"association" between the Transvene and Epi survival. It was 
unclear how the p-values were derived. The requested data will 
be submitted in the Panel volumes. 

Item # 2.5 

The similarities and differences between Table 2-12 and Table 3-3 
essentially involve data presented for the entire population 
versus patients followed for one year. 

Item # 2.6 

The data·set and a description of the computation procedure for 
calculating the survival probabilities were requested. These 
data are necessary for verification purposes. A response will 
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included in Panel volumes. The manufacturer mentioned that the 
requested data consists of reams of raw data. However, a 
response which includes a description of the statistical 
procedure utilized and how the probabilities were calculated will 
be provided. 

Item # 2.7 

The similarites and differences between the one year actuarial 
survival in Table 1K-4, page 43 and Table 8-5, page 451 should be 
discussed. The numerators and denominators used to derive the 
one year actuarial survival shown in Table 8.5 should be provided 
in the requested volumes. 

Item # 2.8 

The data set and the computation procedure (as referenced on page 
83) used in the calculation of the survival probability should be 
provided for verification. Same as in Item # 2.6. However, the 
requested data will be condensed, and included in the Panel 
volumes. 

Item # 2.9 

The manufacturer should provide the data set and the SAS 
procedure (statistical software package) used to derive the 
p-values for the data provided in Table 1M-10, page 84. 
Information will be included in the Panel volumes. 

Item # 2.10 

The manufacturer reported a p-value of (BXlf) rhe statistician 
calculated a p-value of ~~) .. The manufacturer should discuss 
how the p-value was calculated. The manufacturer will address 
the difference in the calculations. 

Item # 2.11 

We requested that the results of the analyses pending on the 
devices that underwent early explant should be provided. Data 
will be included in the requested volumes. 

Item # 2.12 

The choice of 30 days (in reporting lead dislodgement) can be 
justified because of its use historically on an acute basis. 
Acute is described as within the first 6 weeks. 
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Item # 2.13 

The concern deals with justifying pooling the data from all 78 
centers which participated in the PCD Transvene clinical trial. 
It should be noted that all centers used the same protocol or 
investigational plan (patient selection criteria, follow-up plan, 
data collection procedures, etc.) for the PCD Transvene study. 
The manufacturer will also address this issue in the data which 
will be submitted. 

Item # 2.14 

The statistician stated that Table E-2, page 215 does not provide 
an adequate presentation of the follow-up data. The statistician 
directed the manufacturer to Table 4.6 as published in Lee, 
Elisha, "Statistical Methods for Survival Data Analysis", page 93 
to see how the data could be best presented. This was considered 
as a good reference for-preparing a life table analysis. It was 
pointed out that the manufacturer should also discuss the reasons 
why some of the patients were not represented in the follow-up 
data. It should be noted if the patients were withdrawn alive or 
lost to follow-up. The statistician's request was relayed to the 
manufacturer. The response will be provided in the Panel 
volumes. 

Item # 2.15 

The statistician would like to see the survival table (page 231) 
stratified monthly as referenced in Item # 2.4. How the 
proj ected- one year survival c-alcu-la-tions we-re- d-one- s-h-ou-ld- be 
explained. The manufacturer agreed to provide the data for our 
review. 

Item # 2.16 

The numerators and the denominators for the percent success 
(Table I-I, page 233; Table IF-2, page 287 ; and Table IF-4, page 
290) for the treatments of spontaneous episodes should be 
provided. These data will be included in the Panel volumes. 

Item # 2.17 

The data collected at the designated follow-up intervals will be 
included in the updated report and reflected throughout the Panel 
volumes. 

Item # 2.18 

The manufacturer was asked to address the calculation of the p
values reported in Table 2.16, page 24. FDA's statistician 
calculated the p-values and obtained different values than those 
reported by the manufacturer. This will be addressed in the 
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Panel volumes. 

Note: These data are for clarification and verification 
purposes. The data do not significantly impact upon the safety 
and effectiveness of the peD Transvene System. Therefore, the 
request for these data are being made via a telephone 
conversation to the manufacturer. 
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Memorandum 

June 11, 1993 

To: Doris Terry, B.S., M.S., Medical Reviewer, DCRND 

From: Jeffrey D. Jones, M.D., F.A.C.C., Medical Officer, DCRND 

RE: Medtronic PCD Transvene Lead System, PMA Amendment P920015 

At your request I have reviewed the relevant clinical aspects of 
the Medtronic PCD Transvene PMA amendment. The clinical study 
involved 757 patients followed for a mean of ~~7 mQnths~ ~57 
patients were followed for 6 months or greater and 393 patients 
were followed for 1 year or greater. Inclusion criteria were as 
follows: 

1. Those patients who have survived at least one episode 
of cardiac arrest due to a ventricular arrhythmia not 
caused by an acute myocardial infarction. 

2. Those patients who have recurrent sustained ventricular 
tachycardia that remains inducible via programmed 
electrical stimuli or exercise, or occurs spontaneously 
despite the most efficacious antiarrhythmic drug 
therapy that can be tolerated by the patient 
chronically. 

The 757 patient population was compared to three (3) different 
historical controls in'a retrospective fashion. The three 
historical controls were 1) the Ventak-P Epicardial sys~em PMA 
(which was obtained through the freedom of information act), the 
published AICD clinical experience published from Winkle et aI, 
in the May 1989 JACC (copy attached to this consult for reasons 
described below) and the PCD Epicardial System clinical 
experience. 

This retrospective picking 
~t not sc~entifical~ 

I - I 
L. Jhistori.cal data. For example, the JA~C article 
by Winkle which was referenced by Medtronic was conducted over a 
seven (7) year period. It is inappropriate to use these total 
complication rates as .a comparison. To do so markedly minimizes 
the "complication and observation" rates presented in this study 
of lesser duration than the control. Specifically, it minimizes 
the significance of the incidence to failure to cardiovert or 
defibrillate, of inappropriate VTjVF therapy delivery, pocket 
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infection (explant) and erosion rates. Approximately half of 
the infection in the control was due to generator replacement at 
end of life. It clearly is misleading to compare this to the 
incidence of primary infection in the study population. In 
addition, I was unable to determine how the 4.1% failure to 
cardiovert or defibrillate that is presented by Medtronic was 
calculated from this article. 

Regardless of their flawed scientific approach and manipulation 
of the historical data several important clinically relevant 
statements can be made based on the data provided by the company. 

1. The patient population of the Ventak-P is likely 
similar enough to the peD Transvene study population to 
allow the comparison of carefully selected endpoints. 

2. The one year actuarial survival from seD in probably 
comparable between the peD Transvene and the Ventak-P 
Epicardial system. Regardless of the fact that 
survival distributions were not compared by an 
acceptable statistical method (eg: Mentel~Haenszel), 
the conclusion is probably a reasonable one. 

3. The perioperative mortality of the peD Transvene is 
comparable to the Ventak-P patient population but not 
statistically lower. When all patients screened for a 
peD Transvene are included into the study group (as is 
clinically appropriate) the perioperative mortality 
increases from 0.7% to 1.6% and is no longer 
statistically significantly different than the 2.7% in 
the Ventak-P population which Medtronic chose as their 
comparison. 

4. The peD Transvene and the peD Epicardial patient 
populations are likely similar enough to allo~ the 
comparison of carefully selected endpoints. 

5. The one year actuarial survival from seD is probably 
comparable between the peD Transvene and the peD 
Epicardial system. Again however, survival 
distributions were not compared. 

The comparison of spontaneous VT/VF episode efficacy is so 
inconsistently performed and contradictory[:'65 

~" - - - .51. In 
addition, R-R interval analysis is not accurate enough to make 
the bold claims of the high success rates of appropriate therapy 
that are made by the company. C , 1 
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Medtronic recognizes this and states that "the philosophy behind 
Medtronic's labeling recommendations and the practice of PCD ~ 
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investigators is to ( 

tachycardia." 
,this is a very E- - -
in the PMA. 

<9"'-
At this stage in the 
reasonable approach. 

~~ 
~'~ 

development 
Therefore, 

'J' 
of these devices 
the peD Transvene 

1 .... 

Of continued concern is the very high incidence of lead 
dislodgment (15.7% total, 9.7% for SVC, 10% for CS) with a 
reported lead related complication rate of 15.1%. Recall that 
Medtronic defines complications as requiring invasive 
interventions to correct. This explains the 5.3% infection rate 
in the PCD Transvene patient population compared to the 2.5% in 
the PCD Epicardial system population. Re-operation and . 
repositioning of the lead contributes to the iatrogenic infection 
rate. This absolute difference is even more alarming when one 
considers that the mean follow-up in the epicardial group was 
16.3 months compared to the lesser 11.7 months is the Transvene. 
The infection related explant was 2.9% in the PCD Transvene 
patient population compared to 2.3% in the PCD Epicardial study 
and 2.4% in the Ventak-P study. No statistical analysis was 
provided by Medtronic between these comparisons. 

In response to FDA's deficiency letter, Medtronic has submitted 
data in an additional 234 patients which have been implanted with 
two (2) separate anchoring sleeves. These patients were not 
included in the 757 patients in the study population. 186 
patients completed their one (I) month follow-up and 49 completed 
a 3 month follow-up. Reportedly, there has been only a single 
documented dislodgment. Additional follow-up on these patients 
is needed. If prior to panel review, the follow-up data appears 
favorable, changing the labeling to emphasize the need for the 
use of 2 anchoring sleeves should be adequate. FDA should 
inquire as to the recruitment method used to obtain these 
additional 234 patients. It could be phrased in the fol~owing 
question: 

In reference to the 234 patients who received 2 anchorinq 
sleeves, please explain how these patients were chosen. 
For example, were they consecutive patients from selected 
institutions or were consecutive patients from all institutions 
represented? Are all patients currently undergoing implantation 
implanted with 2 anchorinq sleeves? .If not, why not and how are 
you assured that alternative methods are as effective as the two 
anchorinq sleeve method? 

In summary, this collection of clinical data presented by 
Medtronic in support of their PMA has demonstrated the following: 

1. In a similar patient population the PCD Transvene had 
an equivalent 1 year SCDsurvivorship when compared to 
the PCD epicardial system and the Ventak-P systems. 



2. A higher incidence of lead dislodgment and infection 
and probably infection related explant is present in 
the PCDTransvene PiMA patient population when compared 
to controls. 

3. No definite improvement in perioperative mortality has 
been demonstrated in the PMA population when compared 
to the Ventak-P study population. 

4. No definite conclusions can be drawn about the 
appropriateness or "efficacy" of spontaneously 
delivered VT or VF therapy. 

The above conclusions can be summarized in the following question 
which can be posed to the panel: 

Has Hedtronio demonstrated in its olinioal study that the 
inoreased risk of lead dislodqment and potential iatrogenio 
infeotion justifies a small but statistioally insiqnifioant 
deorease in perioperative mortality? 

Lastly, I have a continued concern regarding the perioperative 
death of patient ZBII00718R. This death was classified as Sudden 
Cardiac and rightfully so; however, even though the device was 
interrogated, we have not been told of the results of that 
interrogation. This information was to be provided to us with 
this submission but as with the,I}~s~update Medtronic states, 
"The results of this analysis .... are 'ri'ot available as of this 
submission but will be provided to the FDA." I suggest we 
require this information before the device is allowed to be 
reviewed by the panel. 

If I may be of further assistance please do not hesitate to ask. 
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Long- Term Outcome With the Automatic Implantable
Cardioverter- Defibrillator

ROGER A. WINKLE, MD, FACC, R. HARDWIN MEAD, MD, MICHAEL A. UDER, MD,
VINCENT A. GAUDIANI, MD, NELLIS A. SMITH, MD, WALLY S. BUCH, 0,
PAULA SCHMIDT, RN, TAMARA SHIPMAN, RN
Redwood City. California

The automatic Implantable cardioverter-defibrilator was
Implanted In 270 patients beause of life-threatening
arrhythmias over a 7 year period. There was a history of
sustained ventricular tachycardia or fibrilation, or both, In
96% of thes patients, 80% had one or more prior cardiac
arr and 78% had coronary artery disas as their
underlying diagnosis. The average ejecion fraction was

. 34 %, and 96 % of thes patients had had an average of 3.4
antiarrhythmic drug Callures per patient before defibril-
lator implantation. There were four perioperative deaths

and eight patients had generator infection or generator
erosion, or both, during the perioperative period or durig
long-term follow-up_ Concomltiin't antiarrhythmic drug
therapy was given to 69% of patients.

Shoc from the device were given to 58% of patients,

Patients who have survived out of hospital cardiac arest or
who have recurrent sustained ventricular tàchycardia have a
high long-term tota and sudden death mortality rate when
their arrhythmias cannot be controlled with antiarhythmic
drug therapy (1,2). Previous report (~) have shown a
remarkably low short-term sudden death mortality rate in
patients receiving the automatiè implantable carioverter-
defibrillator (AICD). Although most centers have reported
an acceptable rate of complications, others have emphasized
certain problems with the device (7). There is undoubtedly a .
"learing curve" that exists for the implantation of these
devices, with fewer complications and problems occurring
as a center gains additional experience.

In the near future, there will be tremendous changes in
the types of devices being implanted, the lead configurations
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and 20% reeived "problematic" hocks. The device was

removed from 16 patients during 10 g-lerm rollow-up Cor a
variety of reans. There were 7 sud en cardiac deaths and
30 nonsudden cardiac deaths, 18 0 which were sendary
to congesive hea failure. The etuaril incldence or

sudden death, total cardiac death a d total mortlity from
all caus wa 1 %,7% and 8%, res tively, at 1 year, and
4%, 24% and 26% at 5 years.

The automatic Implantable ca diovertr-defibrlUator
nearly eliminates sudden death ove a long-term follow-up

period in a high risk group of patien . It has an accptable
rate of compllcatlons or problems, r both, and most late
deaths in thes patients are nonsud n and of cardiovasu-
lar origin.

dioI1989¡13:1353-61)

and defibrillating waveforms us d and, over the next few.
year, in patient selection. Devi es wil soon include fe¡-

tures such as backup bradycar a pacing, antitachycaia
pacing and low energy cadio rtng capabilties (8-IQ).
Led configurations wil include hree epicaial patch lead
systems, transvenous catheters ( il and traVen cae.
ters coupled with subcutaneous atches (12). In addition to
the standard monophasic trunca ed exponential waveform
now utilzed, devices with seq ential pulses (13,14) and
biphasic pulses (15-17 wil beco e available. These newer
devices may be better suited than the current device to trt

patients with more frequent epis des of arythmia recur-
rence, and the indications for i plantation may therefore

broaden. There have been no sig ificant changes in patient
selection criteria for the currently vailable defibrilatorfro¡n
the inception of the program in 980. Although there have
been improvements in the devic and implant techniques,
they have been relatively minor c mpared with changes that
wil likely occur during the nex few yea. Therefore, it
seems an appropriate time to re rt our long-term experi-

ence with the automatic implan able cardioverter-defibril-
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lator. In the present study, we reporl our seven year
experience with regard to clinical observations, complica-
iions, modifications of implantalion techniques over time
and long-term survivaL.

Methods
Study patients. This study describes our experience with

273 consecutive patients undergoing surgery for implanta-
tion of the automatic implantable cardioverter-defibrillator
between March 2, 1981 and March 2, 1988. This experience
represents the personal experience of one of the authors

(R. W.), and includes 88 implantations a1 Stanford University
Medical Center, Stanford and 185 at Sequoia Hospital.
Redwood City, California. Our eary experience after the
first 70 implantations was reported in detail in 1985 (3). All
patients undergoing initial implantation at our centers are
included even if they were subsequently followed up at other
implanting centers. Patients undergoing initial implantation
elsewhere and followed up by our center are not included in
this analysis. All patients signed written informed consent
before device implantation, and implantation protocols were
approved by- the. Huan- Subject-s- Committee- of Stard-

Medical Center and the Institutional Review Board of Se-
quoia Hospital for all implantations done before Food and
Drug Administration approval of the device.

Patient selection and preoperative evaluation. Patients
were offered the automatic implantable cardioverter-
defibrillator as a therapeutic alternative if they had at least
one cardiac arest caused by ventricular tachycardia or
ventricular fibrillation, or both. or had recurrent episodes of
sustained life-threatening ventricular tachycardia. Patients
were excluded from implantation if their cardiac arrest was
due to acute myocardial infartion. antiarrhythmic or other

drug toxicity or severe electrolyte abnormalities. A small

number of patients had either syncopal episodes that were
unmonitored or known to be due to nonsustained ventricular
tachycaria with sustained hypotensive ventricular tachy-

cardia inducible at electrophysiologic study, or had a familal
sudden death syndrome with inducible sustained ventricular
tachycardia at electrophysiologic study.

Except for unusual circmstaces, all patients underwent
complete caiac evaluation, including right and left hear
catheterization, coronar and left ventricular angiogrphy i a
complete baseline intracadiac electrophysiologic study and
an extensive period of in-hospita telemetry monitoring.

Patients with inducible sustained ventrcular tachyarrhyth-

mia underwent serial electrophysiologic studies in an effort
to find an antiarrhythmic drug that would prevent arhythmia
induction. Patients whose arrythmia could not be induced
while they were receiving antiarrhythmic medication were
not offereda defibrillator implant. Patients with a.sigle-out.
of hospitar cardiac arst whose arrythmia was not induc-
ible at baseline electrophysiologic study were offered a
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defibrilator implant as a therapeu ic opiion if they had poor
ventricular function and repetiii e forms on noninvasive
moniioring, or if they had the long QT syndrome or primary
venlricular fibrillation. When an implantable defibrilator
was conlemplated for a patient, i e patient and his or her
family underwent extensive preo rative education, includ.
ing provision of audiovisual and w iUen materials, extensive
sessions with specially traned nul' es as well as ample time
to discuss the therapy with one or more physicians (18).

All patients with episodes of no sustained ventricular 01'
supravenlricular tachycardia that ould . trigger the commit-
ted device had these arrhythmi s controlled with anti-
arrhythmic drugs. Patients with ext emely frequent episodes
of sustained ventricular tachycar ia had these episodes

controlled with antiarhythmic med cation or were excluded
from device implantation, as were ost patients whose rate
of ventricular tachycardia was c:l beats/min. After eary
1985, most patients with significa t organic hear disease
were routinely treated with digoxin 0 slow episodes of atrial
fibrillation, even if they had nev r had this arhythmia.
Treadmil exerCise tests were routi ely performed early in
our expe.iceto.ev.aluat~ peak sinurate-, but they were not
performed routinely after 1984. Rev ew of previous sponta-
neously occurrng ventricular tachy ythmias, in-hospita

monitoring data and the arrhythmias induced at electrophys-
iologic study was utilzed to selec the cutoff rate of the
implanted device. Whenever possib e, antiarythmic ther-

apy was discontinued shortly befor defibrillator implanta-
tion to avoid myocardial depression during surgery.

Device and lead selection. Device implanted before July
1982 (Patients 1 to 5) were the origin automatic implantable
defibrillator (AID) models, which ensed only sinusoidal
ventricular tachycardia or fibrillatio . From July 1982 unti
October 1986, the automatic imp antabJe cardioverter-
defibrillator (AICD) was used, afer hich time the Ventak
model 1520 Was utilzed. All devices ere manufactured by

Intec Systems or Cadiac Pacem rs, Inc; Ninety-nine
percent of all devices used were tc only/high energy

models. The first four patients rece ved spring and patch
leads made of silver tinseL. All other cardioverting-
defibrilating leads were made with d wn braised strands of
conducting material. For Patients 1 t 13, only spring-patch

lead confgurations were utilized. F r Patients 14 to 109,
spring-patch lead systems were the tandard configuration
but, if unacceptable defibrillation thre holds were obtaned,
two patch lead systems were utii . After Patient 109,
nearly aU patients received lare pate -lare patch confgu-

rations. Epicarial screw-in leads man factured by Medtron-
ic Corp., Daig Corp. or Cardiac Pace kers, Inc. were used
in most patients. Transvenous endo arial sensing leads

wer~ utilized- ony- when patients iiad- nacceptable R wave
amplitudes at severa ventricular sites or when the sensing
leads needed late revision because of in ulation or conductor

\n
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malfunction, or both, of previously implanted epicardial

leads.
Surgical technique. Except for the firsl two patients who

underwent median sternotomy, all patients undergoing only
automatic implantable cardioverter-defibrilator implanta-
tion had this done by a limited left thoracotomy performed
for patch lead and epicardial sensing lead placement. After
September 1984, a double lumen endotracheal tube was
utilzed to deflate the left lung transiently to facilitate poste-
rior patch placement. When one patch lead was used in

. conjunction with the superior vena cava spring, it was the
cathode and was positioned near the apex of the heart. When
two patch leads were used, the cathode was positioned on

the posterolateral left ventricular wall and the anode over the

anterior right ventricular walls. When superior vena cava
spring leads or trasvenous endocardial leads were utilzed,

they were inserted percutaneously through the left subcla-
vian vein. The distal ends of all leads were tunneled below
the costal margin to the deep subcutaneous space in the mid
left abdomen and connected to the generator. which was
placed in a deep subcutaneous pocket. Patients undergoing
patch implantation by means of a median sternotomy had the
left cathodal patch placed near the inferoapicalleft ventricle
and the right patch placed along the right atrial border.

All patients with significant (;:70%) coronary artery le-
sions supplying viable myocardium bàd the lesions bypassed
or (less frequently) treated with percutaneous transluminal
angioplasty..- Most patents. undergoing othei: majoi: car-diac
procedures in addition to defibrillator implantation had a two
stage operation, with the patch leads implanted initially at
the time of their primary cardiac surgical procedure and the
generator placed after recovery from surgery. All patients
undergoing endocardial resection had patch leads left in
place pending the outcome of postoperative electrophysio-
logic studies. In these patients, an autòmatic implantable
cardioverter-defibrillator generator was placed if ventricular
tachycardia occurred spontaneously or remained inducible
after endocial resection. Patch leads were sutured to the

outside of the paretal pericardium. Only when defibrillation
thresholds were unacceptable were the patches placed inside
the pericardium or was the polarity of the shocking leads
reversed. .

Most patients undergoing generator changes for depleted
batteries were admitted on the morning of the generator
change and dischared the next day. Prophylactic cephalo-
sporin antibiotic agents were given to patients before early
1985. Since then, all nonallergic patients undergoing either
new system implantation or generator changes underwent
preoperative povidone iodine (Betadine) showers and re-
ceived prophylactic antibiotics using both a cephalosporin

and vancomycin.
Intraoperative testing. After Patient 14, extensive defi-

brillation threshold testing (19) was performed routinely for
new implants and generator changes utilizing the Intec/CPI
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external eardioverting defibrilla r (ECD) box or the Ventri.
tex HVS-02 testing device. Ve tricular fibrillation was in-
duced in all patients, utilzing ei her alternating (AC) eurr~nt
or bursts of rapid pacing with a cycle length of 10 to 20 ms.

Testing of eardioversion thresho ds was not routinely earned
out at the time of device implan ation. Patients undergoing a
two stage procedure who had a prolonged cardiopulmonary
bypass time during their primar .cardiac operation had only

limited initial testing to be cert in that 15 J was effectiye,
with extensive defibrilation thr shold evaluation at the time

of generator implantation. In order for a "defibrillation
threshold" to be acceptable, 2 J was required to reliably
provide a "clean defibrillation" on essentially every test. It
was also desired to have 20 J b nearly uniformly effectiye,
and IS J was expected to be effe tive approximately halfihe
time. Lower energies were routi ely tested, with'25 J reseue
shocks being given for ineffecti e low energy defibrillations.

If the defibrilation threshol was considered unaccept-
able and the patient had a spri g-patch lead system, it was
upgraded to a two patch sys em. For patch-patch I~ad

systems, an unacceptable de brillation threshold led to
further attempts at lead repo itioning, placement 'of the

patches inside the pericardium or reversal of defibrillating
lead polarity. If these maneu ers failed to result in an
acceptable defibrillation thresh Id, the device was not im-
planted, the leads were left in pi ce and the patient returned
to the operating room approxim tely 7 to 10 days later wqen
thelcads-had.a-chance te-appm ch- "chrenic" thr.esholdS:, If
the defibrillation threshold rem ined unacceptable, a deci-
sion was made regarding the a visabilty of device imphm.
tation, or the patient was consid red for a reoperation to try
a different patch placement. W en a satisfactory defibrilla-
tion threshold was obtained wit the external testing equip-
ment, t.he permanently implante leads were attached to the
AICD generator and the arh hmia was induced one or

more additional times to be c in "that the device to be
implanted would effectively te inate the arhythmia with a

single shock.
Pacemaker evaluations. Onl . bipolar pacemakers w~re

utilzed in conjunction with the automatic implantable ca-
dioverter-refibrillator. Care w s taken to avoid double
counting of atrial and ventricul pacing stimuli or a ventric-
ular pacing stimulus and its e oked loca potential if this
occurred ;: 150 ms beyond the cing spike. All implanted
pacemakers were chosen to ha e maximal progrmabilty
of pacemaker output. Testing as performed to avoid t~is
potential double counting by ev uating the pacemaker when
programmed to its maxima ou ut, and the defibrillator, in
the electrophysiologic test mode In addition, the pacemaker
was generally programmed to v lues of heart rate less tllan
half the automatic implantable c dioverter-defibrillator ~te
cutoff so that if double countin did occur, the defibrillator
would not be triggered. To be ce in that the pacemaker 4id

not cause undersensing of a s stained ventricular tachy-

11~
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arrhythmia- by. causing. the- automatk- gain- control- circuit~ of
the defibrilator to "Iock.in" on the pacing spike and ignore

the underlying ventricular tachyarrhythmia, arrhythmia ep-
isodes were induced with the pacemaker programmed to

maximal output in an asynchronous pacing mode. Finally,
pacemakers were ultimately programmed to the lowest volt.
age output consistent with a reasonable margin of safety for
atrial or ventricular capture, or both.

Postoperative care. All newly implanted automatic im-
plantable cardioverter-defibrilators were kept inactive duro

ing the early postoperative period. Antiarrhythmic medica-
tions, if indicated, were restarted in 1he postoperative

period. Encainide was not given to any patient receiving an
automatic implantable cardioverter-defibrillator because of
the possibilty of increasing defibrillation thresholds (20).
Patients undergoing therapy with other type LC drugs always

underwent generator testing while taking the drug being
used. Patients undergoing a staged procedure had no further
testing of the device. Patients with an initial complete system
implant had follow-up electrophysiologic studies at approx.
imately 5 to.7 days postoperatively. The clinical arrhythmia
was induced at this study on the antiarrythmic medication
to be given on a long-term basis. The device was left in the
active mode after this study. A 24 h ambulatory electrocar-
diographic (ECO) recording was obtained during the first 24
h after all newly implanted devices were' placed in the active
mode. Patients were generally discharged the day after
device activation unless other medical conditions required

them to stay in the hospitaL. Operative deaths were defined

as those occurrng within 30 days of the initial implantation
or during the initial hospitalization if it was ::30 days and the
death was thought to be a direct complication of the surgery.

Long-term follow-up. Two hundred twenty-three of the
273 patients were followed up primarily by us in conjunction
with each patient's personal cardiologist. The remaining 50
patients were followed up primanly at other implanting

centers. Follow-up evaluation was by diret communication
with the patient or patient's physician, or both, mailed

questionnaires or data obtained from the Cadiac Pacemaker
Inc, computer data base. Patients were seen every 2 months
for the first 14 months. afer each new generator was placed
and 1 month thereafter. At each visit a physica examination
charge time to evaluate battery status and the number or
shocks delivered by the device were recorded. Patients were
generaly not reevaluated extensively for single defibrillator
shocks; they were hospitaized promptly when a bage of
defibrillator shocks developed. For intermittent but frequent
discharge of devices, continuous 24 h ambulatory ECO
recordings were obtained unti 1984. After that time, gener-
ous use was made of transtelephonic devices with a memory
loop to determine. the cause offrequent discharges. Once the
cause of the defibrillator shocks was confirmed, drug therapy
was modified to prevent these discharges.

Throughout the study, aggressive therapy was given for
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Figure i. Distribution of ages of270 p tients receiving an automatic

implantable cardioverter-defibrillator. The average age was 58.2 it
i 1.8 years.

underlying congestive heart failur and, since 1986, the ora

inotrope vasodilator enoximone as been utilzed for pa-
tients, followed up primanly by u , who failed to respond to
diuretic drugs and vasodilators. atients with uncontrolled

heart failure who were otherwi appropriate candidates

were referred for cardiac transpl tation. '

For the purposes of this study, udden cardiac death was
defined as witnessed instantaneo s death. All unwitnessed

out of hospital deaths were cons dered to be sudden. All
pa1ients whose deaths were class fied as due to congestive
heart failure were under observati n in a medical facilty at
the time of death and died after a progressive course of

worsening hear failure unrespon ive to maximal medical

therapy. Deaths were considered arhytmic but nonsud.
den when they occurred in-hospi ai as a result of uncon.
. trolled ventricular tachyarrhythmi s.

Statistical analysis. All data are resented as mean values
~ SD unless otherwise specifie . Life table analysis of
survival was evaluated by the Ka lan-Meier method.

Results
Patient characteristics. The av rae age of the patients

undergoing defibriUator implantati n was 58.2 :t 11.9 yeas
(range 12 to 77) (Fig. 1). Two hun ted seventeen of the 270
patients were male and 53 were fe ale. The underlying hea
disease is summanzed in Table 1. Ejection fraction avail-. ,
able for 200 patients (73%), had a edian value of 34 ~ 15%
(Fig. 2). The pri underlying . c arhytmia is sum.'
marzed in Table 2. Fify-th pa 'ents (20%) had not expe-

Table i. Underlying Cariac Disease i 270 Patients

Corona arery disea
Dilated cariomyopathy
Valvular

Primary electr

Long QT syndrme
Hypertrophic caiomyopathy
Other (hypertension 2, Mufan's syndme 2 iit ventrc-

ular dysplasia 2, congenilaJ 1. myaslhenia vis I)

211 (78.29&)

22 (8.19&)

13 (4.89&)

7 (2.69&)

6 (2.29&)

3 (1.19&)

8 (3.0%)
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Figure 2. Distribution of ejection fractions of 200 patients receiving

an automatic implantable cardioverter-defibrillator. Ejection frac-
tion averaged 34%; it was c:40% in 70% of patients.

rienced prior cardiac arrest, 136 (50%) had had a single
cadiac arrst and 81 (30%) had had more than one cariac

arst (average = 1.5 cadiac arrests per patient). At baseline
e1ectmphysiologic stud)',. 231 patients (86%) had sustained
ventricular tachyarythmias reliably induced. Ten patients
(4%) had ventricular tachyarrhythmias induced, but induction
was not reliable enough for serial drug testing; in 27 patients
(10%), tachyarrhythmias were not inducible, and 2 patients
(1%) had no baseline electrophysiologic study. Eighty-six
patients (32%) had undergone previous cariac surgery, in-
cluding coronar artery bypass grafting alone in 53 patients,
prosthetic valve replacement in 7 patients, bypass surgery

plus valve replacement in 10 patients, aneurysm resection

with bypass graihg in 12 patients and other procures in 4
patients. Two hundred sixty-nine patients (96%) had had at
least one antiarrythmic drug failure clinically or at elec-
trophysiologic study, and the average number of drug failures
for the entire group was 3.4 :t 1.8 per patient.

Operatlve procdure. Two hundred seventy patients reo
ceived an automatic implantable cadioverter-defibrillator
generator; three patients did not undergo generator implan-
tation despite operation for lead placement because of ele-
vated defibrillation thresholds (see later discussion). The

Table 2. Problematic Device Shocks in 270 Patients

Sinus tachycaia (one nonfatal arest)
SVT including atral fibrilation
NSVT
vr
NSVTNT
Unknown
Miiretion (one nonfata arst)
Sensing lead fracture
Screw caps olf
Generator malfunction

Pacemaker interaction
Total

7

13

3

7

7

10

3

2

1

I

i

55 (20.5%)

NSVT = nonsustained ventricular tachycaia; SVT .. supraventricular
tachycaia; VT = ventricular tachycaia.
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Figure J. Number of device shocks per patient. The averae num-
ber was 4.8 per patient.

initial shocking lead configura ion was lare patch-Iare
patch in 183 patients (68%), spri g-small patch in 71 patieiits

(26%), spring-large patch in 9 atients (3%), lare patth-

smairpatch in 5 patÎents (2%)'an 'smiili-pat-smaU-pair
2 patients (1%). The sensing Ie d configuration was epi~-
dial screw-in leads in 242 pati nts (90) and endocial
sensing leads in 27 patients (10%). One patient received oply
the AID device, which required no sensing leads. A total of
189 patients (70%) received the ICD generator as the oply
operation performed. Eighty-o patients (30%) underw~nt

AICD system implantation as p of a concomitant ca~iac

surgical procedure. These pr ceures included coron¡u
bypass surgery alone in 54 pat ents, endocadial reect,ion
alone in 8, valve replacement a one in 2, endocrdial re~ec-
tion plus bypass surgery in 12 endocardial resection Rlus

plus valve replacement in 2 nd other operations i~ 3.
Among the patients receiving t e AICD in col\unction with
additional cardiac surgery, the generator was implante~ at
the time of initial surgery in 1 patients and at a secønd
procedure before hospital disc are in 60~ Subsequent aen-

erator replacements were for the standar indication~ of

battery depletion, excessive pacitor chare times or' de-
vice malfunction. Only a sing! generator was implanted in
148 patients, two generators i 75, three generators in; 36,
four generators in 10 and five enerators in 1 patient.

Concomitant pacemakers. tota of 29 patients (l ~ %)
had a bradycaia pacemaker sed simultaneously with¡ the
AleD. These included 10 (V I) pacemakers, 16 (DOD)

pacemakers, i (AAI) pacema er and 2 InterDedics idter-
Tach antitachycardia pacema ers. One patient with, the
anti tachycardia pacemaker h termnated a number .of

episodes of slow ventricular ta hycaia with the antitaçhy-
cadia device. The other patie t had signifcat interac.rons

between the InterTach and the AICD at the ûme of imRlan-
tation, and the combination w s a cliniCa failure.

Defibrilator shocks. A to 1 of 156 patients (58%) re-

ceived shocks from their AIC generator (Fig. 3). For qiost
patienlS reciving occasional nfreuent sho. no arort I

. \i~
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was made to determine whether the shocks were "appro-
priate" or "inappropriate" because our previous experience

indicated this was diffcult on clinical grounds. A total of 55
patients (20%), however. had episodes of problematic

shocks; the causes for these are listed in Table 2. Once the
cause for the problematic shocks was identified, all but five
patients had them controlled by changes in drug therapy.

Lead problems. Eight (10%) of 80 patients receiving
superior vena cava spring leads had a total of 12 episodes of
complications. These included five instances of lead migra.
tion and seven instances of lead fracture. One sudden death
occurred when a device failed to termina1e ventricular
tachycardia/fibrilation because of the migration of a spring

lead. Eight patients (2%) experienced problems with 462
patch leads. One of these was a crinkled patch lead that
resulted in late elevation of the defibrillation threshold and

the lead was replaced. Several other patients have crinkled
patches on chest X-ray study,' but defibrillation thresholds
remain acceptable. One patient had an insulation break near
the header that was successfully repaired. Six patients had a
lead conductor fracture in the abdomen. Repair was success-
ful in two patients and required repeat thoracoto.my with

patch lead replacement in four patients. One of the patch
lead fractures was detected when a patient had an out of
hospital cardiac arrest that the device did not terminate and
from which he was successfully resusc.itated by paramedics.
The other patch lead fractures were diagnosed at the time of
elective generator replacement. Six patients (1%) experi-
enced problems with 511 sensing leads. One patient had a
bad signal whose precise cause was never determined. In
two patients with insulation breaks, the leads were replaced
with new endocardial lead systems. One patient had an
epicardial screw-in lead acdentty. cut- at-the time- of gene
ator change, and two patients received inappropriate shocks

(the sensing lead was found to be loose in the header in one
patient, and the screw caps had been inadvertently left off at
the time of original generator implantation in the other).

Three of the four patients with the originally used silver
tinsel leads had these changed. Two patients had spring
leads and patches electively replaced because of a known
history of a high incidence of lead fracture with this system.
One patient had the spring lead electively replaced and
subsequently had the patch lead replaced when it becme
infected.

System Infectionserosions. Six patients had AICD system
infection, one had erosion with subsequent infection and
another had erosion without infection. For the six system-
induced infections not due to erosion, three occurred at the
time of new implantation, two at the time of generator
change and one when a lead was repositioned. One of the
seven infections was due to Serratia and was treated with
generator removal and antibiotics, with the patch lead left
intact. The remaining infections were due to Staphylococcus
aureus, and one patient with this infection died from over-
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whelming sepsis. In the remain ng five patients, the ent:ire
AICD system was removed. Th ee of the five patients ~ad
the system reimplanted at a new urgical procedure after rull
recovery from the infection.

Operative complications. The e were four postoperati1ve

deaths (1.5%). One of these curred in a patient wi,th
amiodarone pulmonary toxicity reoperatively who devel-
oped adult respiratory distress s drome postoperatively.IA
second was due to perforation 0 the superior vena cava ~t
the time of pacemaker implantat on, which was perform~d
immediately after placement of a automatic defibrillator. A
third death was related to amio arone toxicity postope'!-
tively; the fourth occurred in a p tient who had intractable
ven1ricular tachycardia postope tively that required emer-
gency endocardial resection on th fourth postoperative day

and who subsequently died of 0 rwhelming sepsis relate~
to the endocardial resection. Qth r perioperative complica-
tions included an infected chest iube site in one patient,
staphylococcal sepsis caused by central venous pressure
catheter in one patient and a acemaker infection tha,t
required revision of the pacemake generator in one patient!
Four pa1ients experienced a peri perative cerebrovascular
accident, none of which resulte in permanent sequelae¡

There were two pocket hematom related to anticoagulant
therapy. Two patients were tak n back to the operating

room because of bleeding related 0 their patch leads. '

Elevated defibrilation threshol s. A total of seven pa~
tients had an unacceptable defibrill tion threshold at the time
of implantation or at a 7 to 10 day follow-up assessment ot
defibrillation threshold, or both. F e (6%) of 

these patients;
were in our first group of 88 patient and only 2 (1%) were in!
the last group of 182 patients. In three of these pati,;

including one wfio underwent reo ration with a three patch,
configuration, the generator vias n ver implanted because it
was believed that it would be tota y nOlÛunctional. In one'
patient, the device was removed fore hospital dischare
because it was found to accelerate ntricular tachycardia to
fibrillation that it could not termin teo Two of these seven
patients had goo defibrillation thl' sholds achieved by re-
operation. One (the first patient known to receive two.
patches) was reoperated on the da afer the initial opera-
tion, and successful defibrillation resholds were achieved
with use of two patches; the other patient required mitrai.
valve replacement 2 years after th original implantation, .
and underwent lead revision at the t me of sternotomy, with
excellent defibrillation thresholds. ne patient whose ven-
tricular fibrillation was terminated a proximately 50% of 

the
time with 25 J had the device left in lace. Two patients had
subsequent late elevation of previo sly acceptable defibril-
lation thresholds. One of these patie ts, with a spring-patch

lead system, refused reoperation ti r revision to a patch-
patch system and had the device re oved afer it failed to
work for sustained ventricular tachy rdia on several occa-
sions. The other patient had a c nkled patch lead and

( '1\~
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Table 3. Concomitant Drug Therapy in 270 Patienls

No. (%)

Antiarrhythmic drugs
Amiodarone alone
Amiodarone plus a type I agenl
Procainamide
Sotalol
Propaenone
Mexiletine pius a type 1 agent

Mexi1etine alone

Quinidine
Tocainide
Flecainide
Lorcainide
Oiher

Total
A V node blocking drugs

Digoxin alone

Digoxin plus a beta-blocker

Digoxin plus a calcium channel blocker

Beia.blocker alone
Calcium channel blocker alone
Calcium channel blocker plus a beta.blocker

Total

A V = atrioventriular.

61 (22.6)

100.7)
22 (8.1)

22 (8.11

18 (6.7)

13 (4.8)

12 (4.4)

10 (3.7)

9 (3.3)

3(1.11

3(1.1)
3 (1.)

186 (68.9)

102 (37.8)

II (4. II
II (4. II
19 (7.0)

3 (7.11

I (0.4)

147 (54.5)

underwent reoperation with revisiol1"of the crinkled patch
lead with restoration of excellent defibnllation thresholds.

Concomitant drug therapy. One' hundred eighty-six pa-
tients (69%) received one or more antiarrhythmic drugs to
suppress nonsustained or sustained tachyarrhythmias that
might cause frequent device discharges, and atrioventricular
(A V) node blocking drugs were given to 147 patients (55%)
(Table 3).

Long-term follow-up. There was a total of 40 deaths
among the patients undergoing continuous treatment with
the AICD. Seven ofthese deaths were sudden, including two
in patients who were believed to have battery depletion (one
on the basis of glass corrsion. and one because of reaching
generator end of life) and one patient who expenenced
sudden death and was not resuscitated by his defibrillator
because of spring lead migration. Three of the 40 deaths
were noncardiac asca result of pneumonia in one patient, a
primary respiratory arrest in one patient and exsanguination
from end stage lung cancer in one patient. The cause of death
among the 30 patients with non sudden cardiac death was
slow progrssive congestive heart failure in lS' patients,
cerebrovascular accident in 3, clotted prosthetic valve in 1
patient, postoperative death in 4, infection after generator
change in 1 patient, subsequent myocdial infarction in 1,
subacute electrmechanical dissociation in I and uncon.
trolled slow ventrcular tachycardia in 1. Except for one
patient who refused hospitaization despite severe end stage
congestive heart failure and the patient with end stage lung
cancer, all patients classified as having a non sudden death
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Figure 4. Survival of patients receiv ng an automatic implantable

caioverter-defibrillator. A, Actuar survival rate with rega to
sudden death. B, Total survival rate, i eluding operative deaths (saeTable 4). '
died under direct medical obse ation, generaly after ~a
prolonged downhil hospital cour e. . .

Figure 4 shows the actuaral survival curves for these
patients. Exact yeary survival d taare listed in Table 4. ,

Six patients experienced nonf tal out of hospital cardiac
arrest, and were not successfull resuscitated by their d~-
vice. Two of these episodes were nduced by the device in *
outpatient medica setting; one urred in the patient withla
crinkled patch who was undergoi g a treadmil exercise teSti

when the device fire and preip tated a malignant ventrç- .
ular anythmia that it could no terminate, and the otler
occurred during a magnet test w th a misdirected initiati~g
ventrcular. fibrillaton that ti ice cold no tena
because of a device malfunctio . Both patients were suc-
cessfully resuscitated by medica personnel in attendancP.
or the four additional nonfata ut of hospita cadiae ar-
rests, one was due to complete h block and a second wKS
a result of documented cardiac ystole. The device apprø-
priately did not fire for either of e bradyarrhythmic ares~.
A third episode occurred in the patient who subsequently
was found to have a fractured pa hlead. In this patient, t~e

\l\
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Table 4. Kaplan.Meier Actuarial Mortality Rate in 270 Paiienis

1 Year 2 Years 3 Years 4 Years 5 Years(n '" 188)
(n'" 113) (n '" 69)

(n '" 51) (n '" 12)Sudden dcaih 0.9% 3.1% 4.% 4.% 4.%Cardiac (nonsudden) 6.2% 13.0% 13.9% 15.3% 20.3%All cardiac 7.0% 15.6% 17.8% 19.1% 23.8%Toial
7.7% 16.3% 18.4% 19.7% 26.2%

device had attempted to terminate the arrhythmia with four
shocks, but these were obviously unsuccessfuL. The fourth

patient, who received a series of shocks that failed to abort
the cardiac arrest, was successfully externally resuscitated

by bystanders. The device functioned normally when it was
subsequently tested at electrophysiologic study. The reason
for its failure to abort the cardiac arrest is unknown.

Among the 270 patients receiving an AICD generator, 16
living patients were withdrawn from the series. Four 

of thesepatients had the device explanted because it proved to be
ineffective; one of these had one of the original defibrillator
units that could not sense ventricular tachycardia, one had
ventricular tachycardia that accelerated to ventricular fibril-
lation that could not be terminated, one had a high defibril-
lation threshold at implantation and one had late elevation of
the defibrillation threshold. Three patients.asked.to-have-the'
device removed because they thought it was no longer
needed, three underwent subsequent cardiac transplantation
and three did not have the device replaced after it became
infected; in three other patients it was removed because their
personal physician believed it was no longer needed. One
patient withdrawn alive from this series was lost to follow-up
study. Three of the 19 patients who never had the device
placed because of high defibrillation thresholds or were
withdrawn from the series alive experienced subsequent
sudden caiac death.

Discussion
Improvements during the pas 7 years. This report de-

scribes our 7 year experience with the automatic implantable
cadioverter-defibrilator (AICD). It considerably expands

on the number of patients (70) we had previously reported on

(3) and gives a much lotiger-term follow-up assessment.
Over the past 7 years, our indications for implantation of 

thisdevice, the patients in whom it has been used, the number of
antiarrhythmic drug failures and the use of other therapies
have not changed remarkably. However, severa changes

have occurrd with regad to implantation technique and

follow-up of these patients, and our experience contains an
ongoing "learing curve." Very early in our experience, it
becae apparent that the devices needed to sense ventricu-
lar tachycardia as well as fibrillation, and the original auto-
.natic implantable defibrillator (AID) generator was modified
to include cardioverting capabilties. The high incidence of

lt1vl 1"- ~~-t 1;)74.. ll

isilver tinsel lead fractures led to th development of sturdierl
leads with a much lower failure ra e. Failure to defibrillate!
with the implanted device led to th utilzation of extensive!
defibrillation threshold testing (19) nd two large patch leads i
ra1her than the original spring-pat lead configuration for i
delivering the defibrillating shocks (21). We have incorp. i
rated into our operative routines re extensive antibiotic!
prophylaxis to protect against Siap y/ococcus aureus. Be- I
cause of the OCcurrence of rather u pl,easant AICD shocks i
for nonsustained ventricular tachy rrhythmias and supra- ¡

ventricular tachycardia, we have ade generous use of i
antiarrhythmic drugs and A V node bl cking drugs to prevent !
these shocks. Finally, improved the py for congestive heart I
failure has become possible through he use of the angioten- '
sin-converting enzyme inhibitors an the oral. inotmpe-eno- i
ximone. Finally, the skils of the i vestigators have im- i
proved remarkably in the manageme t of patients with end ¡
stage congestive heart failure.

Follow-up mortity and complicati os. The present study

demonstrates that the extremely low land 2 year sudden
death rates previously reported (3,4, in patients receiving
the automatic implantable cardioverte -defibrillator continue
to be maintained for as long as 5 ye .. During the longer
follow-up period, the larest number f deaths are nonsud.
den and of cardiovascular origin, wi h more than half of
these a result of progressive congesti e i he. failure. The
longer follow-up period and larger nu ber of patients have

uncovered relatively few problems d tomplications not
previously appreciated, but have serve t~ provide a better
assessment of their frequency of occu ënce.

Device Improvements. The knowle ge: obtaned during

the. past 7 years has already resulted in. some device im-
provements. This experience also provi es data on which to
base recommendations for improveme ts. needed in future
devices. The shocks given for nonsusta ed supraventrcular
and ventricular tachycadia could be eli inated if the device
had programmable sensing times and as j a noncommitted
device that did not fire if an arythmia t minated before the
defibrillating shocks had ben delivered. Patient acceptance
would probably be improved even fu her if the device
provided antitachycaria pacing and p ogramabilty for
shock output to reduce the discomfort ff1 mithe shocks. The
large number of generator changes requi d because of short

battery life would be substantially red ~d with greater
batler longevity. The ,. 10% incidenee f nee for a sepa- "
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rate concomitant backup bradycardia pacemaker as well as
the two documented bradyarrhythmic aborted cardiac ar-
rests indicate that backup bradycardia pacing would be a
desirable feature in these devices. The ability to reliably
distinguish supraventricular from ventricular tachycardia

would also reduce the number of unnecessary shocks. De.
spite the limitations of the present device, its remarkable

success in preventing sudden death supports its widespread
use in high risk patients.
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DOCU#: P920015/A n..~/L DATE: 6/93 
TO: Record, PEOB '{)'V 

FROM: Albert E. MoyaJ, PEDB COMP: Medtronic, Inc. 
DEVICE: Transvene NTL System 

SUBJECT: Phone MEMO, re: Questions on Amendment 

I phoned and spoke with Ms. Jennifer Marrone, Regulatory Affairs Manager, regarding 
several questions that I had concerning the file P920015/A. 

The first question concerned the use of a two-lead Transvene system. The amendment 
stated the use of an RV/SQ or RV/SVC configurations. Ms. Marrone stated that there were 
several of these configurations present within the group of patients implanted in the non
standard configuration. A total of 37 patients were implanted in this group. Most of the 
implant popUlation, about 80-90% were implanted with a three-lead configuration. 

I asked if these configurations would be included in the final labeling. Ms. Marrone 
responded by stating that they would be included in the final labeling under /I Alternate 
Configurations rr • Data on those implanted with a two-lead configuration will be needed 
before the final review is completed on this device. 

Regarding question lb, the disparity was explained as being 24 couldn't be induced into 
VF/VFlutter and those patients who couldn't get an LED were also excluded. 

Reg-arding- question- two-, the- peri-operative- deaths Me- not ineluded- in- the overall death
calculations. They are stated to be reflected in the duration. 

Concerning question number three, the entry sites for the SQ patch are between the first 
and fifth intercostal muscles. 



DOCU#: P9200l5 DATE: 5/17/93 

TO: Record, PEDB 

FROM: Biomedical Engineer, PEDB COMP: Medtronic, Inc. 
Albert E. Moyal 

DEVICE: Transvene NTL System 
SUBJECT: Review of Amendment: Response to FDA Questions. 

Medtronic has responded to the questions asked in the FDA Letter March 17, 1993. They 
have r-€sPQnded to. the various concerns raised in the evaluation of the Transvene Non
Thoracotomy Lead System. 

A total of 1330 patient have been implanted with the Transvene NTL System. The PMA 
total number of Transvene patients followed up until February 1993 is 757 patients. 
Out of this number, 657 have been followed for greater than six months, with 393 patients 
followed for greater than one year. 

The one year survival rate for SCD is 99.3%. There were 458 spontaneous episodes of VT 
that occurred. Sixty (60) patients experienced 163 episodes that were ineffectively treated 
terminated. This represents a company claim of 1.6%, although 60 patients out of 757 
represents 7.9% of the population. 

Other information provided included patients meeting, and not meeting implant criteria, 
clinical experience, survival rates, clinical complications and observations, and comparisons 
between the PCD Transvene with the PCD Epicardial and AI CD Ventak P historical data. 

The concerns that I have with this amendment are as follows: 

1. On page S12, the company describes the lead configurations that may be done with 
the leads making up the transvene system. In the first paragraph, they mentioned a 
three lead system that includes the RV/CS/SQ, RV/SVC/SQ, RV/SQ, and RV/SVC. 

Does Medtronic plan on including the use of a one lead/patch (RV ISQ) and/or a two 
lead (RV ISVC, RV ICS) system as a recommended implant technique? Have they 
tested this type of two lead system? Does the use of the RV ICS/SVC configuration 
in only 37 out of 702 lead system preclude the use of this configuration, in 
comparison the configurations using the SQ patch? 

It is stated on page S21, table IF-3, the breakdown of the of the lead systems used. 
The total is 702, yet, there are 757 patients implanted with the PCD Transvene 
system. Please explain the disparity, and describe what, if any, other implant 
configurations used with the Transvene Leads. 



2. Table IK-5 on page S45 lists the Survival Analysis for patients not meeting the 
implant criteria for the PCD Transvene System and the patients not meeting the 
implant criteria for the PCD Epicardial System. 

Please explain the breakdown of survival rates for those patients not meeting the 
PCD Epicardial Implant Criteria when there is a total of 92 patients, of which there 
are 17 patient deaths (18.5%). 

3. On page 105 of the amendment, the response to question 26, listed in tabular form 
is the breakdown of venous entry sites for the RVand CS/SVC leads. What about a 
breakdown of the entry sites for the SQ lead? Please provide. 

These are initial concerns that I have with this amendment, that I am submitting to comply 
with the May 17,18 Panel decision date. I will submit further concerns if and when they 
arise. 

SUMMARY: The company has provided the responses to the questions asked in the FDA 
letter sent to them regarding the review of this Non-Thoracotomy Lead System. The data 
provided appears to be satisfactory, although several concerns have arisen regarding the 
presentation of this data. The course of action to be taken is to explore any and all 
concerns questions that may arise from the review of the amendment prior to the panel 
taking place. 

The recommendation for this application is to submit this to the panel at the earliest time 
possible. 

~4 VvL P 
Albert Moyal. ~ 
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From 

Subject 

To 

DEPARTMENT OF HEALTH &. HUMAN SERVICES 1
." rlr -V I 

I j< Public Health Selvice 

Memorandum 
May 10, 1993 

Mathematical Statistician (T. C. Lu) HFZ-l62 
S.tatis.tical Branch ,_ Division of Biometric Sciences,. OST 

Statistical Review of PMA P9200l5 Amendment, Medtronic Multiprogrammable 
Tachyarrhythmia Control System with Non-thoracotomy Cardioversion and 
Defibrillation Electrodes, Medtronic, Inc. 

Doris Terry - HFZ-450 
Division of Cardiovascular, Respiratory, and Neurological Devices, ODE 
Through: Director, Division of Biometric Scie~~~ OST~ 
Through: Chief, Statistical Branch, DBS, OST~ 

1. Background 

The Medtronic Pacer-Cardioverter-IJefforUlator (peD")- is an 
implantable, multiprogrammable, automatic tachyarrhythmia control 
·device. This device is used for treatment of patients at risk of 
sudden cardiac death due to ventricular tachycardia (VT) and/or 
ventricular fibrillation (VF). The original PMA was submitted in 
April 1992. Amendment One was submitted in September 1992. 
Amendment Two was submitted for review in March 1993. The purpose 
of this memo is to review the response from the sponsor for the 
deficiencies stated in the FDA letter. Information provided in 
this amendment includes clinical experience of 757 patients 
through February I, 19"9"3·. 

2. Reyiewer's Comments 

2.1. Historical Control 

Sponsor compared the PCD transvene system (treatment group) 
clinical experience to the reported PCD epicardial system 
(control group) clinical experience. Sponsor argued that 
patients were enrolled in the two studies concurrently and 
patients' indications, implant criteria and clinical data 
requirements were identical for the two patient groups. 
But, in Table 2-7, comparison of patient characteristics, 
PCD transvene system versus PCD epicardial system, as of 
February I, 1993, page 19, gives differept informa~~on. The 
p-values for sex and primary indicationL (~4) J 
respectively, are statistically significantly different. 
Therefore, the sponsor's argument that the two groups are 
compatible is not correct. 
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2.2. Cox Regression 

Sponsor stated, on pages 12 and 90, that: "Cox regression 
analysis was performed to see what effect gender, primary 
indication and system implanted (PCD transvene or PCD 
epicardial) had on survival outcome. This analysis showed 
that for overall survival at one year, the system implanted 
had an influence on the probability of survival but gender 
and primary indication had no influence". This reviewer 
would like to see the detailed evidence to support this 
claim, including the computer program, input, output and 
decision criteria. 

2.3. Confidence Interval Analysis 

Sponsor compared the PCD transvene system and Ventak-P 
epicardial system and claimed a statistically significant 
difference in one-year overall survival between the PCD 
transvene and ArCD epicardial system, using confidence 
interval analysis, pages 13 and 256. This reviewer asked 
for this information in my December 16, 1992 memo to you and 
r would like to ask again for the computation of this 
confidence interval. 

2.4. Actuarial Survival Comparison I 

Table 2-16, page 24, depicts the actuarial survival of PCD 
transvene vs. PCD epicardial. This reviewer would like to 
see a more detailed Table such as this: 

Month Transvene Epicardial 

0-3 No.dead/No.at risk No.dead/No.at risk 

3-6 No.dead/No.at risk No. dead/No. at risk 

6-9 No.deadjNo.at risk No.dead/No.at risk 

9-12 No.dead/No.at risk No.dead/No.at risk 

Then use the Mantel-Haenszel Chi-square test to compute the 
p-value for association between transvene and epicardial 
survival. Sponsor didn't discuss how the p-values in Table 
2-16 were derived; it looks as if the binomial distribution 
was used for the computation. Sponsor should address this 
issue. 

2.5. Please discuss the similarities/differences between Table 2-
12 (page 22) and Table 3-3 (page 27). 
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2.6. Survival Probability I 

Sponsor stated, on page 43, that the survival probabilities 
are calculated using a life-table survival analysis. For 
verification of survival probabilities, the data necessary 
to do calculations are available upon request. This 
reviewer would like to see this data set and the computation 
procedure. 

2.7. Please discuss the similarities/differences between "one
year actuarial survival" of Table lK-4 (page 43) and Table 
8-5 (page 51). This reviewer would like to see the 
numerators and denominators actually used to derive the one
year actuarial survival shown in Table 8.5. 

2.8. Survival Probability II 

Sponsor stated, on page 83, that: "Presentation of the 
number of patients does not allow calculation of the 
survival probability. Therefore, a data set will be 
available upon request if you desire to verify the survival 
probability". This reviewer would like to see this data set 
and the computation procedure. 

2.9. Actuarial Survival Comparison II 

Table lM-lO (page 84) depicts the comparison of actuarial 
survival: transvene vs epicardial as of June 24, 1992. 
Again, this reviewer would like to see the data set and the 
SAS procedure actually used to derive the p-values. 

2.10. NYHA Classification 

The p-value for the NYHA classification in Table IV-C (page 
88) i 03t4) as computed by the sponsor. Based on the data 
provided in this table, the reviewer calculated a p-value of 

(Slit) )onsor should address this difference in p-values. 

2.11. Ea·rly De-vice Explant. 

Theke were four Qatients in whom the PCD device was 
explanted due to reasons other than death, infection or 
heart transplant. Analysis of one explanted peD device 
indicated a random device failure in the microprocessor and 
low power hybrid. Another patient experienced a power on 
reset (POR) condition, see page 100. Please submit the 
other two results for review as soon as the results are 
available. 
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2.12. Lead Dislodgement 

Lead dislodgements are reported as 
complications/observations in Table 27-2 (page 103). The 
sponsor should justify his choice of thirty (30) days as a 
cutoff. 

2.13. Pooling 

There are seventy eight (78) investigative centers 
participating in the clinical trial with thirty five (35) 
domestic centers and forty three (43) foreign centers. 
Please justify pooling all seventy eight centers together. 

2.14. Follow-up Presentation 

Table E-2, page 215, depicts the PCD transvene system 
follow-up. This is not an adequate presentation of the 
follow-up data. As I requested in my April 23, 1992 memo, 
the- s_p.onso.r. shouLd r.efer to pag~ 93, Table 4.6, in 
"Statistical Methods for Survival Data Analysis" by Elisa 
Lee for a more proper life-table analysis. Sponsor should 
also discuss the reasons why some patients dropped out of 
the follow-up study, i.e., either withdrawn alive or lost to 
follow-up. 

2.15. Actuarial Survival Comparison III 

Table 11-2 (page 231) depicts the PCD transvene system one
year actuarial survival as of 2/1/93. Again, this reviewer 
would like to see the actuarial survival table- stratified by 
every month, similar to that in Section 2.4 above. Sponsor 
also stated "this table included the projected one year 
survival calculations for patients who ultimately received a 
peD transvene system .... ". Please explain in detail the 
projected one-year survival calculations. 

2.16. Data Summary by Primary Indication 

Sponsor provided peD transvene system data summary by 
primary indication as of 2/1/93 in Table I-I (page 233). 
This reviewer would like to see the numerators and 
denominators for percent success from treating spontaneous 
VT and spontaneous VF. Sponsor provided similar information 
in Table IF-2 (page 287) and Table IF-4 (page 290). 
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2.17. Follow-up Evaluations 

Sponsor indicated, on page 284, that clinical data were 
collected for follow-up evaluations at 1 and 3 months post
implant and at 3-month intervals. Please provide all of 
this information 

2.18. P-va1ues for Actuarial Survival 

This reviewer calculated the p-values in Table 2-16 (page 
24) as follows: 

P-Values 
Clause of l2eath Sponsor Reviewer 

Sudden Cardiac 

~ffm ri~B Non-Sudden Cardiac 
All Cardiac 'If) J 
Non-Cardiac ~114)J E'~13 Overall ~Xt/)J 

3. Conclusion 

The sponsor needs to adequately address all issues raised in 
S-ection 2' above, mainly actuarial survival and follow-up, before 
the safety or effectiveness of the PCD transvene system relative 
to the PCD epicardial system can be evaluated from a statistical 
perspective. 

.1 C_~. 
T. C. Lu 

cc: Abhijit Acharya, Ph.D. HFZ-4S0 
Donald F. Dahms HFZ-4S0 
Lynne A. Reamer HFZ-4S0 
Medical Device File 
Board File 

() 
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Medtronic~ 

March 26, 1993 

Office of Device Evaluation 
PMA Document Mail Center (HFZ~401) 

'Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville,MD 20850 

Re: Transvene Lead System, PMA Amendment 
(Document Control Number P920015) . it c'l.-J , 

Medtronic, Inc. 
7000 Central Avenue, N.E. 
Minneapolis, MN 55432-3576 
Telephone: (612) 574-4000 
Cable: Medtronic Telex: 29-0598 
FAX: (612) 574-4879 

-

The purpose of this submission is to respond to the deficiencies described in 
FDA's letter, dated March 17, 1993, see Attachment 1. Deficiency responses 
are presented in Attachment 2. An updated Summary of Safety and 
Effectiveness is provided in Attachment 3. 

Information provided in this 'amendment includes clinical experience of 757 
patients through February 1, 1993. Additional information is provided on 
virtually all clinical Transvene system implants, N = 1330, relative to patient 
complications and observations (including lead dislodgements), patient deaths 
arret survival'. This is provided in deficiency response #8. Again, the data 
cutoff date' for these 1330 patients is February 1,' 1993. A stand-alone, 
Clinical Summary Report is provided in Attachment 4 for convenient reference. 

Clinical data presented in this amendment continues to demonstrate the PCD 
Transvene system performs as specified and is, therefore, safe and effective 
~or its intended use. Results include 99.3 percent survival from SCD at one 
year. Additionally, Transvene system perioperative mortality and hospital stay 
compares dramatically to that of epicardial systems, 0.7% mortality and 7 days 
in hospital, versus 5.3 percent mortality and 11 days in hospital, respectively. 

Copies of Transvene labeling (technical manuals) are provided in Attachment 
5 for reference. 



Page 2 
March 26, 1993 

. The existence of this PMA Amendment and the data and other information it 
contains are confidential, and the protection afforded to such confidential 
information by 18 USC 1905 and other applicable laws is hereby claimed. 

Three copies of this PMA Amendment are provided. Should additional 
information be required by the Agency, please contact the undersigned. 

Sincerely yours, 

MEDTRONIC, INC. 

Jennifer M. Marrone 
Manager, Regulatory Affairs 
Cardiac Pacing Business 
(612) 574-4688 
(612) 574-6424 FAX 

Attachment 
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(4- DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Food and Drug Administration 
1390 Piccard Drive 

Ms. Jennifer M. Marrone 
Manager, Regulatory Affairs 
Cardiac Pacing Business 
Medtronic, Inc. 
7000 Central Avenue, N.E. 
Minneapolis, Minnesota 55432-3576 

RE: P920015 
Transvenew Lead System 
Filed: April 1, 1992 
Amended: September 21, 1992 

Dear Ms. Marrone: 

Rockville. MD 20850 

'MAR I' 1993 

The Center, for Devices and Radiological Health (CDRH) of the Food and Drug 
Administration (FDA) has completed an initial scientific review of the above 
referenced premarket approval application (PHA). We regret to inform you that 

,on the basls of this review, we have concluded that the PHA lacks information 
needed to complete the review and determine whether there is reasonable 
assurance that the device is safe and effective for its intended use. 

We,recognize the potential public health significance of this device and 
acknowledge the separate discussions underway to expedite the review. 
However, because of this lack of information, review of the PHA cannot 
continue and,accordingly, we have listed the following significant 
deficiencies '~hich require the responses as indicated: 

1. To clearly establish the purpose of the clinical data in the PHA 
application, please provide the following: 

a. the hypothesis and the objectives of your clinical study; 

b. a discussion of (i) how your clinical study addresses the use of 
a control, which is relevant to all clinical studies, (ii) the 
appropriateness of the AlCDw as a historical control, and (iii) 
your rationale for not using a concurrent control during an 
implantable cardioverter defibrillator (ICD) study; 

c. the endpoints of your study; and 

d; how the data provided in the PHA application support the 
specified endpoints.~ 



Page 2 - Ms. Jennifer M. Marrone 

2. Based on data provided in your PHA application, please prepare 
table(s) which include a side-by-side comparison of the PCo
Transvenew and the peD- Epicardial System and the peo- Transvenew and 
Ventak P AICDw populations. The table must also include the 
inclusion and exclusion criteria which were used for each study. You 
must include a discussion of how these data mayor may not represent 
a valid comparison, and other comments which justify and support the 
use of these groups as controls. 

3. An update of the PHA clinical study population must be provided. The 
update must include the data as presented in the PHA application, and 
must include the clinical experience in the use of the new anchoring 
sleeves, which are aimed at decreasing the incidence of dislodgement, 
and a summary of the clinical experience (spontaneous treatment 
efficacy of ventricular tachycardia (VT) and ventricular fibrillation 
(VF) , observations and complications, number of patient deaths and 
overall survival) of the patients followed for a year or more. 

4. Please- prov-ide- a- elea-r de-serip-t:ion- o£ how you- iden-tified.; the "pa-t1ent 
who did not meet the implant criteria." Please discuss your implant 
criteria and how implant testing attempted to satisfy protocol 
requirements. 

5. ·Of the 214 patients who did not meet the implant criteria and yet 
were implanted witn tne device, ITa patients had successful 
defibrillation with 24 Joules (J). Please p.rovide an update of the 
clinical experience on these patients, as described in item 3 above. 
Also, please discuss how your proposed labeling will address this 
protocol deviation. Will implant criteria be changed? 

6. There were 20 patients among the 214 who did not meet the implant 
criteria and were implanted without the 10 J safety margin. An 
update of the spontaneous episode experience in the treatment of VI 
and VF in tnese patients and the overall survival must De provided. 

7. Table IK-4, page 151, compares the patients meeting the implant 
criteria to those who did not meet the criteria. However, many of 
the percentages were presented without numerical support. Please 
provide the appropriate numbers. 

8. Please provide an update on the patients who are implanted with the 
TransveneW System and were not counted in the PHA popUlation. The 
update must include a summary of the clinical experience as 
referenced in item 3 above. 

9. Based on your study protocol, please differentiate between 
defibrillation threshold (OFT) testing and lowest energy to 
defibrillate (LED) testing. Based on the individual patient report 
forms of the 757 patients, how many patients underwent what is 
described as OFT testing and how many had LED testing? Samples of 
the patient report forms showing the scheme of testing which was 
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categorized as OFT and LED testing must be provided. Please discuss 
how the OFT and LED data were reported and presented in the PHA 
application. 

10. There is·a statistically significant difference between the mean OFT 
obtained with the RV-CS-SQ lead configuration and the mean OFT 
obtained with the other lead configurations. How do you account for 
this difference? Was the OFT as reported and discussed for all lead 
configurations obtained using an identical or similar scheme? Please 
discuss. You must document that there were no significant 
differences between the scheme for performing OFT and LEO testing 
between the Transvene- and PCn- Epicardial patient populations. if 
that is the case. 

11. Please elaborate on how the comparison of OFTs obtained from the PCn
Epicardial Lead study and the Transvenew study can be considered as a 
valid comparison in that the majority of the patients (574 (75.3 
percent)-}- in the Transvene1ll- study were pr'ogrammed- with the sequential 
pathway and 178 (23.4 percent) were programmed via the simultaneous 
pathway. The majority of the patients (496 (65.2 percent» in the 
PCn- Epicardial study were programmed with the'sing1e pathway. Based 
on your PCn- Epicardial study. please discuss the DFTs or energy 
requirements obtained with the use of the single defibrillation 
pathway versus the sequential and simultaneous pathways. 

12. Please discuss the time between detection and delivery of therapy of 
the Transvene- System versus the PCn- Epicardial System. 

13. On page 125 of the application. please explain and/or discuss what is 
meant by "a 2:1 VF sensing margin", how it is determined. and if the 
patients met the criteria. 

14. Of the 329 patients who were followed for 6 months. 130 patients had 
spontaneous episodes. What was the average number of VT and VF 
episodes per patient? Of the patients followed for a year. how many 
had spontaneous episodes of VT and VF and what was the mean number of 
episodes per patient in this group? 

15. On page -130. Table IF-4. you report that there were 5362 episodes of 
VT successfully terminated. On page 131. paragraph 2, you state that 
25 patients experienced 45 (0.8 percent) episodes of sinus 
tachycardia or atrial fibrillation. Are these patients included in 
the success or failure category? Nine hundred and sixty-four 
episodes of VF were reported, however, 75 episodes were not actual 
VF. You must clarify how the successful and ineffective therapies 
and failures are discerned and categorized. Please prepare a table 
which includes a category of ineffective therapies with actual 
pati.ent numbers and per.centsges._ In. addi.t.i.on,- what.. assurance. is. 
there that an episode of $upraventricular tachycardia or atrial 
fibrillation is not misinterpreted as VT or VF by the physician and 
considered a successful therapy? 
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16. Table IM-6, page 173 must be modified to include a column on 
inappropriate therapy or therapies delivered as the device was 
programmed so that the percentages add up to 100 percent. 

17. On page 162, Table IL-2 lists a category "Fail to 
Cardiovert/Defibrillate" as 0.8 percent. Please clarify. If a 
patient survives an episode of an inappropriate therapy, is it 
categorized as a success? Please discuss. The tables must include 
percentages with the representative numerical support. 

18. There were 38 inactive patients reported in Table IR-l, however, 34 
patients were reported to be no longer active. Please clarify. 

19. Please discuss how the 1 year sudden cardiac death survival, as 
reported in Table IF-2 page 128, was calculated. The numbers and an 
explanation of patient classification must be included. Was every 
patient included who haq a prior cardiac arrest regardless of the 
arrhythmia? 

20. On page 177, the number of patients must be provided so that the 
percentages and calculated p-values can be confirmed. 

21. Table IV-C, page 649 of the ()riginal submission shows a comparison of 
patient variables for the three lead systems and provides p-values 
for the variables tested, but the hypothesis was not clearly stated. 
Please state the hypothesis and discuss the p-values obtained when 
reporting by primary indication, and the chi-square test of· the data 
set and how it was computed. 

22. For purposes of justification of data' pooling and data analysis of 
Table IV-C, please discuss why the multiple statistical significant 
difference was not adjusted at a 0.05 Significance level using a more 
widely accepted procedure such as the Hochberg procedure (Dunnett and 
Tarnhoue: A Step-up Multiple Test Procedure, Journal of the American 
Statistical Association. March, 1992, Vol 87: pp.l62-l70). 

23. You claim that confidence interval analysis was performed to compare 
the overall mortality of the pcne and AICDw populations. What was 
the confidence interval? 

24. Please clarify and/or discuss the following regarding Table XB-l, 
page 378. Volume 2: 

a. the total number of patients in the Ventak P popUlation (292) 
versus those reported by primary indication (291); and 

b. a chi-square test of primary indication, using the StatXact 
computer software, yields a p-value of nearly O. This is 
statistically significant, indicating the pcne and Ventak P 
populations are significantly different. 

( 
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25. Please discuss the incidence of inappropriate therapies reported as 
observations in the TransveneN study. It appears as if there has 
only been a slight improvement over the pen- Epicardial study as it 
relates to programming and patient management (drug therapy). Please 
discuss the experience of both studies and how the labeling supports 
effective programming of the device parameters and the use of the 
Onset and Stability algorithms. How many patients in the TransveneN 

study have the Onset and Stability algorithms programmed ON? At what 
interval during the study were the majority of patients programmed 
with the algorithms? Your experience in the treatment of induced and 
spontaneous episodes with use of the algorithms must be discussed. 

26. Please discuss the "device related" complications reported for the 
TransveneN and the PCn- Epicardial System. 

27. Please describe in detail the complications reported in the patients 
followed for a year. 

28. There was a substantial increase in the number of infections reported 
in the Transvene'lll study. '. Even though you discussed why there was an' 
increase, based on your experience, how will your labeling address 
the procedures for reduction in the number of infections? Please 
validate these procedures. 

29. A discussion of your experience in the use of the different entry 
sites for the placement of the TransveneN leads, and how your 
labeling assists in the selection of an entry site, must be provided. 

30. Of the 22 deaths, 15 systems were explanted and returned for 
analysis. The results of the analyses (pen- and TransveneN leads) 
must be provided. What did device interrogation reveal? How many of 
the 41 Transvene'lll lead systems which were exp1anted.were returned and 
analyzed? How long were the leads implanted? A description of the 
protocol for analysis and the results of the analyses on all leads. 
and devices must be provided. The PHA application must document how 
your study has addressed the need for the return and analysis of all 
TransveneN leads and the PCn-o 

31. Please discuss the circumstances surrounding the death of the' patient 
who died 22.5 months post implant. What did interrogation of the 
device reveal? 

32. Of the perioperative deaths, how many devices were programmed OFF? 
Please discuss the circumstances surrounding. each death. The number· 
of perioperative deaths must be reported in a table and be identified 
as sudden cardiac, non-sudden cardiac or non-cardiac. Were there 
other deaths when the device was programmed OFF? 

33. You state that there have been no reported patient deaths in the 
group with a 1 year sudden cardiac death survival and overall 
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actuarial survival of 100 percent. Does this include the 
perioperative deaths and the patients who have been followed out for 
a year? 

34. Please provide an engineering drawing of each Transvene1lol lead model 
which identifies the segments of the lead and a description of the 
tests that each segment and the full lead body underwent. 

35. Since flex testing exerts a considerable amount of stress on the 
lead, and is essential to life testing, why was it considered that 

.'--< (6 Y If ) 
1 _ ... -
Inonth period would be sufficient? Describe how the full lead and 
different segments were flexed. Did you do a finite element stress 
analysis to validate the flex testing stress? 

) 

36. In light of the failure of your platinum (BXifJ polyurethane 
bradycardia pacing leads, and since the Transvenew lead Model 6966 is 
also a platinum _(Y3{<f) llyurethane lead, please provide 
documentation regarding the failure mechanism of the pacing leads and 
all relevant information pertaining to these cases. How can we be 
assured that the failure may be restricted to the bradycardia pacing 
leads? Based on your testing to date regarding the pacing leads and 
the testing of the Model 6966 lead, discuss the potential and the 
probability of failure of the Model 6966 lead. A side by side 
comparison of the Model 6966 and the 4,000 series bradycardia pacing 
leads must be provided. The comparison must include material, 
design, dimensions, function, tests performed and a schematic 
drawing. 

37. A copy of the Summary of Safety and Effectiveness which includes the 
updated data must be provided. 

This is to advise you that an amendment including the-above requested 
information will be considered a major amendment and may extend the FDA review 
period up to 180 days. As provided by 21 CFR S14.37(c) , you may decline to 
submit a major amendment requested by FDA in which case the review period may 
be extended for the number of days that elapse between the date of such 
request and the date that FDA receives the written response declining to 
submit the requested amendment. 

As provided under 21 CFR 8l4.44(g), FDA will consider this PMA to have been 
voluntarily withdrawn if you fail to respond in writing within 180 days of the 
date of this request for a PMA amendment. You may, however, amend the PMA 
within the ISO-day period to request an extension of time to respond. Any 
such request is subject to FDA approval and should justify the need for the 
extension and provide a reasonable estimate of when the requested information 
will be submitted. If you do not amend the PMA with in the ISO-day period to 
(1) correct the above deficiencies, or (2) request an extension of time to 
respond and have the request approved, any amendment submitted after the lSO
day period will be considered a resubmission of the PMA and will be assigned a 
new number. 
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You may amend the PMA to provide the above requested information (12 copies), 
voluntarily withdraw the PMA (3 copies), direct CDRH to complete processing 
the PHA without the submission of additional information (3 copies) or request 
an extension. The required copies of the amended PHA should include the FDA 
reference number for this PMA and should be submitted to the following 
address: 

PMA Document Mail Center (HFZ-401) 
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville, Maryland 20850 

Upon receipt of an amendment adequately addressing the above requests or a 
written response declining to submit the requested amendment, CDRH may 
schedule an advisory panel meeting at which your PHA will be reviewed. You 
will be notified of the location and date of this meeting should one be 
necessary. In order to provide adequate time for CDRH and advisory panel 
review, information received by FDA less than 6 weeks in advance of any 
scheduled advisory committee meeting will· not be considered. or reviewed at the 
meeting and may delay consideration of your PHA. until a subsequent advisory 
committee meeting. 

If you have questions concerning this deficiency letter, please contact Doris 
Terry at (301) 427-1018 or Arnold Alpert, Ph.D., at (301) 427-1186. 

Sincerely yours, 

~~e~ (' ~t~!s Direeoar 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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To clearly establish the purpose of the clinical data in the PMA 
applicat~QR-, please. Pfov-ide. the· feUO-winQ.:-

a. the hypothesis and the objectives of your clinical study; 

RESPONSE: 

The hypothesis and objectives of the Medtronic Transvene clinical 
study are as follows. Note that this has been presented in each 
clinical summary report provided to FDA over the past two years 
including our previous deficiency responses provided on 
September 18, 1992. 

Hypothesis 

The objectives of the Transvene clinical study, described below, 
are intended to demonstrate the hypothesis that the Transvene 
PCD system is safe and effective in treating VT and VF, versus 
the null hypothesis that the system is not safe and effective in the 
treatment of VT and VF tachyarrhythmias. 

Objectives 

The safety and efficacy of the Transvene system is/was 
determined by: 

• Evaluating the sensitivity and specificity of the PCD device 
with Transvene lead systems to detect episodes of VT and 
VF, and to evaluate the ability of the system to 
appropriately discriminate between VT/VF and other 
potentially nonmalignant rhythms. 

• Monitoring the efficacy of the PCD device with Transvene 
lead systems in treating VT and VF episodes. VT/VF 
therapy efficacy is determined as the ratio of successful 
termination of episodes detected to the total number of 
episodes detected in which one or more therapies were 
delivered (successful termination/number of detected 
episodes with therapy delivered). Investigators are able to 
choose from any of the available leads and VT /VF therapies 
that the efficacy was first evaluated acutely .. 

• Evaluating the performance of the Model 6966, 6963 and 
6999 Transvene leads. 

01 
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• Estimating the one year SCD and overall survival of the 
patients implanted with the PCD® Transvenelll System. 

• Monitoring the patient selection criteria and patient 
management methods required by the PCD device and 
Transvene leads. 

• Evaluating the safety and effectiveness of the Model 5355 
ETCD device when used during the implant procedure. 
Specifically, tachyarrhythmia episode induction, detection, 
termination and ease of use are analyzed. 

• Evaluating the safety and performance of the Model 9710 
programmer and the Model 9788 MemoryMod software 
cartridge in programming sensing and therapy parameters 
and the appropriate delivery of noninvasive 
electrophysiologic stimulation. 

b. a discussion of (i) how your clinical study addresses the use of a 
control, which is relevant to all clinical studies, (ii) the 
appropriateness of the AlCON as a historical control, and (iii) your 
rationale for not using a concurrent control during an implantable 
cardioverter defibrillator (ICO) study; 

RESPONSE: 

i. how your clinical study addresses the use of a control, 
which is relevant to all clinical studies, 

Background 

The PCD Epicardial System, is a tiered therapy device that, 
combines features of bradycardia support pacing, 
antitachycardia pacing, low energy cardioyersion as well as 
defibrillation therapy. This system has incorporated 
programmability and multiple detection and therapeutic 
options that allows the titration of device therapy to a 
patient's specific clinical arrhythmia history. 

The PCD Epicardial System requires a thoracotomy for 
implantation because of the need to insert epicardial patch 
leads. This exposes the patient to surgical risk and 
potentially limits the type of patient who may be considered 
for implant of the system. The need for a simpler and safer 
implantation technique is widely recognized. The 
incorporation of a nonthoracotomy lead system, such as 
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the PCD Transvene System, should decrease the potential 
perioperative and long term mortality and. morbidity 
associated with current epicardial system implantation 
approaches. 

The PCD Epicardial System and PCO Transvene System are 
identical except for the implanted defibrillation lead system. 
Thus the performance of the PCD device, and associated 
support equipment, is similar in the two systems and 
therefore a comparison of clinical experience should focus 
on those areas where the lead system implanted may 
impact clinical outcome. This would include spontaneous 
VT /VF episode efficacy, complication/observation rates and 
patient survival. 

The Use of a ContrQI 

Medtronic provides a comparison of the PCO Transvene 
System clinical experience to the reported PCD Epicardial 
System clinical experience. A historical control comparison 
was performed using the Medtronic clinical database on the 
PCD Epicardial System since patients were being enrolled 
in the two studies concurrently and the patient indications, 
implant criteria and clinical data requirements were identical 
for the· two patient groups. 

At the start of the PCD® Transvene TII System clinical study 
a randomized controlled study was not performed since the 
investigators felt strongly that it was not clinically 
appropriate to randomize to a surgical procedure when a 
less invasive implant procedure was available. The 
investigators believed that the ability for Medtronic to do a 
historical control comparison between the PCO® 
Transvene Til and PCD® Epicardial System would provide 
sufficient data to allow a comparjson of the clinical 
outcome Qf the two patient groups. A historical comparison 
would be appropriate 

A historical comparison to the Ventak-P Epicardial System 
was a/so feasible since it was the most similar system that 
was market released and the patient indications were 
s~mHar to- that of both- the PCD~ Trans-v-eneTII and- PCD~ 
Epicardial Systems. 

The premise of the PCD® Epicardial and Transvene til studies 
was to demonstrate that if a patient was evaluated at 
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implant and shown to meet implant criteria, that they 
would be reliably defibrillated over time, and therefore, 
have a high probability of survival from SeD regardless of 
which lead system or defibrillation pathway was chosen. 
The Epicardial System is a valid comparison since the same 
PCD® was used in both systems, the same indications were 
used, the same implant criteria, the same protocol and data 
requirements and the studies were performed concurrently 
at the same centers. There is no other system that is 
currently market released that is abetter, or more 
applicable control. We have shown for both studies that 
freedom from SCD at one year is at least equivalent to that 
afforded by the commercially available AICD for patients 
who meet the implant criteria regardless of lead system. 
All of the transvenous defibrillation systems that are 
available are currently under investigation and, as such, 
limited or no data exists with which to compare our 
performance. 

The investigators believe that there is a class of patients 
who cannot tolerate the thoracotomy required for the 
utilization of the epicardial patch lead defibrillation lead 
system and who are at high risk of sudden cardiac death. 
For these patients, the pet} Transvene System is the only 
therapy available. Because of the surgical risks and 
postsurgical complications associated with epicardial lead 
system, implantation in the following patient groups may 
not be possible: 

(1) patients in whom there is no indication for concomitant 
cardiovascular surgery at the time of ICD System implant; 

(2) patients with sever:e pulmonary disease who cannot 
tolerate prolonged anesthesia or an open chest procedure; 

(3) patients with severe congestive heart failure (ejection < 
40%) who are at increased risk for peri operative mortality 
p-os-t a- thora-c-otomy procedure;-

(4) patients who may eventually require open chest 
procedures for treatment of their coronary artery disease 
or cardiac transplant. 

For these patients, the PCD Transvene System is the only 
therapy available. The PCD Transvene System simplifies 
and greatly reduces the risk associated with lead 
introduction, making therapy available to these patient 

)4 
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groups. Because there is no need to open the chest of 
these patients, options for future therapy remain available; 
e.g. CABG is associated with decreased morbidity and 
mortality if there has been no prior open chest surgery. 
Thus randomization would not be feasible or clinicalTy or 
ethically appropriate in these patient groups. 

ii. the appropriateness of the .AICDlII as a historical control, 
and 

The AI CD clinical experience was compared to that of the 
Transvene system, i.e., the AICD served as a control of 
sorts, because the AICD system was the only commercially 
available, FDA approved ICD system, at the time of our 
analysis and documentation of the PCD® Epicardial and 
Transvenelll clinical experience. The Ventak-PSystem was 
chosen since it was the most similar to PCD® and the 
patient indications were similar. For purposes of 
comparison, the Ventak-P epicardial system patient 
population described in the (Ventak-P) Summary of Safety 
and Effectiveness, P890061, dated May 2, 1991, was 
used. A copy of this summary was obtained through the 
Freedom of Information Act. 

A detailed comparison has been provided in the Transvene 
PMA application and· subsequent amend-ments. It is also 
provided in this amendment, see Deficiency Response 
Number 2. 

iii. your rationale for not using a concurrent control during an 
implantable cardioverter defibrillator (ICD) study; 

A concurrent market release control was not used because 
of the reasons previously stated in Deficiency Response 
1.b.(i) and because another transvenous defibrillation lead 
system was/is not commercially availabl.e. Other 
manufacturers simply do not allow their systems, clinical or 
market release, to be used by competitors due to the need 
to protect trade secrets. A concurrent control was also not 
used because an appropriate historical control was 
available.,- that is,- the. peD Epicardial. SY'ste.m~. The PCD® 
Epicardial System is an appropriate historical control. Since 
patients were being enrolled in the two studies 
concurrently, the patient indications, implant criteria and 
clinical data requirements were identical for the two 
groups. 

)5 



MEDTRONIC CONFIDENTIAL )6 
Specifically, the PCD Epicardial System uses the same 
tiered therapy device that combines features of bradycardia 
support pacing, antitachycardia pacing, low energy 
cardioversion as well as defibrillation therapy. This system 
has incorporated programmability and multiple detection 
and therapeutic options that allows the titration of device 
therapy to a patient's specific clinical arrhythmia history. 

The PCD Epicardial System and PCD Transvene System are 
identical except for the implanted defibrillation lead system. 
Thus, the performance of the PCD device and associated 
support equipment, is similar in the two systems and 
therefore a comparison of clinical experience should focus 
on those areas where the implanted lead system may 
impact clinical outcome. 

Analysis provided in this clinical update, and also provided 
in previous Transvene PMA documents, shows that the 
incorporation the of nonthoracotomy defibrillation system 
has maintained the type of therapy available for the 
treatment of recurrent VT/VF and decreased the potential 
mortality and morbidity associated with epicardial implant 
approaches while maintaining the positive impact of ICD 
therapy on VT/VF episode efficacy and patient survival. 

This analysis is thoroughly discussed in this amendment. 
See Deficiency Response Number 1 and the Clinical 
Update. 

c. the endpoints of your study; and 

d. how the data provided in the PMA application support the 
specified endpoints. 

RESPONSE: 

The following is a description of the endpoints of the Transvene 
clinical study and how the data collected support these endpoints. 

Endpoint: Freedom from sudden cardiac death (SeD) and all cause 
mortality as shown through one-year survival. 

Endpoint: Treatment e-fficacy- of SPOAtaflOOtlS VT/VF episodes. 

Data supporting these endpoints are as follows. (See also the 
Clinical Update included in this PMA amendment.) 
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Patient Deaths 

• The estimated one-year survival probabilities for Sudden 
Cardiac Death, Non-Sudden Cardiac Death, all Cardiac 
Deaths and Noncardiac Death were found to be 99.5%, 
96.2%, 95.8%, and 98.1 %, respectively. 

The incorporation of programmable VT /VF detection and 
therapies has improved the type of therapy available for the 
treatment of recurrent VT/VF while maintaining the positive 
impact of ICD therapy on survival from sudden cardiac 
death. 

• The sudden cardiac death survival of 99.5% at one year is 
comparable to that of the AICDlII patient population 98.0%. 

• There have been no deaths due to a PCD Device 
malfunction. 

• Overall survival at 93.3% is better than that afforded by 
the Ventak-P Epicardial System. 

Complications/Observations 

• Complications were reported in 19.4% of the patient 
population and observations were reported in 23.8% of the 
patient population. 

• The incidence of complications was comparable to that of 
the market released AICD11II system in the categories of 
ineffective VT /VF therapy, pocket infection and pocket 
erosion, and was lower than the AICDlII in the category of 
inappropriate delivery of VT/VF therapy. 

Patient Indications 

• 

• 

All of the patients entered into clinical evaluation met at 
least one of the primary indications. Sudden cardiac death 
(SCD) was the primary indication in 37.1 % of the patients, 
recurrent ventricular tachycardia (VT) was the primary 
indication in 49.8% of the patients and SCD/VT was the 
primary indication in 13.1 % of the patients. 

The number of patients (60.5%) receiving VT/VF therapy 
for spontaneous episodes of ventricular arrhythmias 
supports the conclusion that the patient selection criteria 
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are appropriate and that the peD Transvene System was 
implanted in patients who benefit from this therapy. 

• The one year sudden cardiac death survival rates for the 
SCD patient group was 100.0%, for the VT patient group 
99.4% and the SCD/VT patient group 98.6%. 

VT/VF Detection and Therapy Performance 

• The PCD Transvene System properly detects and treats VT 
as demonstrated by the spontaneous episode data. The 
overall success rate for detection and treatment of 
spontaneous VT was 98.4%. 

• The PCD Transvene System properly detects and treats VF 
as demonstrated by the spontaneous episode data. The 
overall success rate for detection and treatment of 
spontaneous VF was 98.4%. 

• There were no reported pati~nt deaths due to the 
nondetection of a spontaneous VT or VF episode by the 
PCD Transvene System. 

PCD Transvene System Performance 

• The PCD Transvene System components (Model 
721 6A/7217B and Model 6884/6966, 6881/6963, 
6895/6999 Transvene leads) have performed according to 
design and specification and are, therefore, considered safe 
and effective in the indicated patient population. . 

Clini-cal- Experience- Sommary Conclusions-

The PCD Transvene System is a tiered therapy device which 
combines features of bradycardia pacing support, antitachycardia 
pacing, low energy cardioversion as well as defibrillation therapy. 
The incorporation of these features has allowed the physician to 
titrate the ICD therapy to meet specific patient clinical needs, 
allowed fewer shocks to be delivered for recurrent ventricular 
tachycardia because of antitachycardia pacing features, allowed 
fewer cases of inappropriate therapy delivery due to 
programmable detection and a.llowed a sudden cardiac death 
survival rate identical to the Ventak-P Epicardial System. 

The PCD Transvene System, due to the elimination of the need for 
a thoracotomy, has provided a marked improvement in both the 
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perioperative and overall patient mortality as compared to the PCD 
Epicardial System. In addition, due to the decreased perioperative 
morbidity and mortality, the PQst implant hospital stay has been 
decreased to a mean of 7.6 days as opposed to a mean of 10.6 
days (p =0.001) for the PCD Epicardial System. 

Medtronic asserts and the PCD Transvene investigators 
unanimously agree that the findings of the clinical study support 
the conclusion that the Medtronic Tachyanhythmia Control 
System and the Transvene Cardioversion and Defibrillation 
Electrodes are safe and effective in the indicated patient 
population. 
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2. Based on data provided in your PMA application, please prepare table(s) 
which include a side-by-side comparison of the PCD® Transvene'nl and 
the PCD® Epicardial System and the PCD® Transvene'nl and Ventak P 
AtCDnt- populations. The table must also include- ttTe- inclusion and
exclusion criteria which were used for each study. You must include a 
discussion of how these data mayor may not represent a valid 
comparison, and other comments which justify and support the use of 
these groups as controls. 

RESPONSE: 

The efficacy and safety of implantable cardioverter defibrillator (lCD) 
therapy for recurrent ventricular tachycardia (VT) and ventricular 
fibrillation (VF) has been well established. The Ventak-P Epicardial 
System provides cardioversion and defibrillation therapy for VT and 
hemodynamically unstable VT. However, this type of therapy may not 
be optimal for patients with stable, well tolerated VT that is amenable to 
antitachycardia pacing due to the pain -associated with cardioversion 
shock therapy. The need to incorporate programmability, multiple 
detection and therapeutic options has lead to the development of the 
PCD® Device. 

However the Ventak-P Epicardial System and PCD® Epicardial System are 
implanted only with a defibrillation lead system requiring a thoracotomy. 
The- PC[}® Tfans-vene-'nI Sv-st-em- aHo-w-s- the- imptantation of an ICD- Sv-st-em
without the potential increased perioperative morbidity and mortality 
associated with a thoracotomy. This allows the application of ICD 
therapy in patients who may not otherwise be candidates for this type 
of therapy. 

In the PCO® Transvene'nl System PMA Application a comparison of the 
PCD® Transvenelll System clinical -experience was made to both the 
Ventak-P Epicardial System and the PCD® Epicardial System. (Reference: 
Clinical Experience Report Section X, Comparison to AICD Clinical 
Results and Section XI, Comparison to PCD® Epicardial System Clinical 
Results). A comparison to the Ventak-P Epicardial System was done 
because this was the only FDA approved ICD System available at the 
time of the original submission. A comparison to the PCD® Epicardial 
System was done since this system incorporated the same tiered therapy 
ICD Device as well as being a concurrent clinical study. 

The comparison between the Ventak-P Epicardial System and the PCD® 
Transvene Tlol System was limited in scope due to the availability of clinical 
data from the Ventak-P Epicardial System Summary of Safety and 

10 
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Effectiveness but included patient characteristics, implant defibrillation 
thresholds, incidence of spontaneous VT/VF episodes, incidence of 
complications and one year actuarial survival. 

The c-omp-arison oetween the- PCD®· Transvene-lIL System- and the- PCD(!)· 
Epicardial System included patient characteristics, implant data, implant 
defibrillation thresholds, programmed parameter status, spontaneous 
VT /VF episode efficacy, incidence of complications and observations and 
one year actuarial survival. 

At the start of the PCD® Transvenelll System clinical study a randomized 
controlled study was not performed since the investigators felt strongly 
that it was not clinically appropriate to randomize to a surgical procedure 
when a less invasive implant procedure was available. The investigators 
believed that the ability for Medtronic to do a historical control 
comparison between the PCD® Transvenelll and PCD® Epicardial System 
would provide sufficient data to allow a comparison of the clinical 
outcome of the two patient groups. A historical comparison would be 
appropriate since patients were being enrolled in the two studies 
concurrently and the patient indications, implant criteria and clinical data 
requirements were identical for the two patient groups. 

A historical comparison to the Ventak-P Epicardial System was also 
feasible since it was the most similar system that was market released 
and the patient indications· were similar to that of both the PCD® 
Transvenelll and PCD® Epicardial Systems. 

The indications for the Ventak-P Epicardial System are: 

1 . Patients who have survived at least one episode of cardiac arrest 
presumably due to hemodynamically unstable ventricular tachycardia 
unassociated with acute myocardial infarction; and 

2. Patients who have experienced recurrent ventricular tachyarrhythmias 
in the absence of previous arrest and are ind.ucible into sustained 
hypotensive ventricular tachycardia or fibrillation despite conventional 
antiarrhythmia drug therapy. 

The patient indications for the pel)<!> Transvenelll and PCD®Epicardial 
System are as follows: 

1 . Patients who have survived at least one episode of cardiac arrest 
presumably due to a ventricular tachyarrhythmia· not caused by an 
acute myocardial infraction; or 

2. Patients with recurrent sustained ventricular tachycardia that remain 
inducible via programmed electrical stimulation or exercise, or occur 
spontaneously, despite the most efficacious antiarrhythmic drug 
therapy that can be tolerated by the patient chronically. 
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The Ventak-P Epicardial System is contraindicated in the following 
patients: 

1 . Patients who ventricular tachyarrhythmias may have a reversible cause; 

2. Patients who require a pacemaker that causes Ventak-P pulse 
generator nondetection or oversensing; 

3. Patients whose ventricular tachyarrhythmias occur so frequently that 
device's batteries would be depleted soon after implantation; and 

4. Patients who are prone to supraventricular tachyarrhythmias despite 
convent~onal. dr-ug. ther.ap¥ .. 

The PCO® Transvene1V and PCO® Epicardial System are contraindicated 
in the following patient groups: 

1 . Patients with transient ventricular tachyarrhythmias due to reversible 
causes; 

2. Patients with transient ventricular tachyarrhythmias due to other 
causes such as acute myocardial infarction; and 

3. Sole use of detection and treatment of atrial arrhythmias. 

The following tables provide a side-by-side comparison of the PCD® 
Transvene1V System to both the Ventak-P Epicardial System and the 
PCO® Epicardial System. These tables are identical to those presented 
in the PCO® Transvene1V System PMA application but have been updated 
to reflect clinical experience with the PCO® Transvenelll System with a 
data cutoff of 2/1/93. The clinical experience with the PCO® Epicardial 
System reflects a data cutoff of 1/5/93 and the Ventak-P Epicardial 
System clinical experience is that presented in the Summary of Safety 
and Effectiveness that is available via the Freedom of Information Act. 

A comparison of the Ventak-P Epicardial System clinical experience and 
the PCO® Tra"nsvene1V System clinical experience indicates that the 
devices are being used in patients with similar cardiovascular disease 
history. There is a statistical difference in the primary indication for 
implant between the two systems. There were more patients that had 
Sudden Cardiac Death as their primary indication in the PCD® 
Transvene lM System population than the AICD Epicardial System 
population (p = 0.001). 

Cox regression analysis was performed to see what effect gender, 
primary indication and system implanted (PCO® Transvene1V or PCO® 
Epicardial) had on survival outcome. This analysis showed that for overall 
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survival at one year the system implanted had an influence on the 
probability of survival but gender and primary indication had no 
influence. 

Thus, since primary indication has no impact on survival outcome, the 
PCD® Transvene 11l System and Ventak-P Epicardial System can be 
compared. There was a statistical difference (Confidence Interval 
Analysis) in one year overall survival between the PCD® Transvene1Til 

(94.2%) and AICD Epicardial System (90.8%). This difference is due to 
the implanted defibrillation lead system. 

The mean OFT value at implant of the PCD® Transvene1Til System falls 
well below the maximum output (34J) of the PCD® Device and is 
comparable to that reported with the Ventak-P Epicardial System. 

The percentage of patients receiving therapy from the PCD® Transvene1Til 

System is comparable to that reported with the Ventak-P Epicardial 
System. However, greater than 90% of the VT episodes are treated by 
antitachycardia pacing in the PCD® Transvene1Til System versus 
cardioversionshocks in the Ventak-P Epicardial System experience. This 
reduction in shocks is a clinical benefit to the patients. 

The reported incidence of most complications is comparable between the 
two systems. The incorporation of programmable VT/VF detection has 
decreased the delivery of inappropriate therapy for sinus tachycardia 
and/or atrial fibrillation with a rapid ventricular response. The 
incorporation of programmable VT/VF detection and therapy algorithms 
has not resulted in an increase in reported complications. 

The reported Sudden Cardiac Death survival rates in the two patient 
groups is comparable (PCD® Transvene1Til System - 99.7%; Ventak-P 
System - 98.6%). This indicates that the programmable features within 
the PCD® TransveneTII System have improved the types of therapy 
available for the treatment of recurrent VT and VF while maintaining a 
positive impact on sudden cardiac death survival. 

More importantly, the overall one year actuarial survival for the PCD® 
Transvene1Til System was 94.2% as compared to 90.8% for the Ventak-P 
Epicardial System. This difference was primarily due to the improvement 
in the reported perioperative mortality in the PCD® Transvene1Til System 
patient population. 

The PCD® Transvene TII System incorporates additional detection and 
therapy features as compared to market released Ventak-P Epicardial 
.System and has been used in a comparable patient population. In that 
patient population the PCD® Transvene1Til System has allowed for fewer 
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shocks to be delivered because of the antitachycardia pacing features, 
fewer cases of inappropriate therapy delivery due to programmable 
detection and a comparable sudden cardiac death survival rate. 

In additiOIl.,- the. elimination. of a thoracotomy for implant in the PCO® 
Transvene 11l System has improved the perioperative mortality and overall 
one year survival when compared to the Ventak-P Epicardial System. 

A comparison of PCD® Transvene 11l System clinical experience and PCO® 
Epicardial System clinical experience indicates that the devices are being 
used in patients with similar cardiovascular disease history. There is a 
statistical difference in the primary indication for implant between the 
two systems. There were more patients that had Sudden Cardiac Death 
as their primary indication in the PCD® Transvene 11l System population 
than the PCO® Epicardial System population (p =0.002). However, as 
with the Ventak-P Epicardial System analysis indicated that this 
difference in indication did not have an impact on patient outcome. 

The mean OFT value at implant of the PCD® Transvene11l System falls 
well below the maximum output (34J) of the PCD® device and are 
comparable to those obtained with the PCD® Epicardial System. 

The differences in PCD® device programmed status in the two groups is 
a reflection of the patients receiving the PCO® Transvene 11l System and 
the defibrillation energy requirements of a nonthoracotomy lead system. 
However, despite differences in the programmed status, the PCD®device 
performed safely and effectively in both patient groups. 

The spontaneous VT episode efficacy for the PCO® Transvene11l System 
was 98.4% which was comparable to that reported with the PCO® 
Epicardial System, 98.3%. The spontaneous VF episode efficacy for the 
P-CO® Tr.ansvene-11I System- W8S- sa . .4%- wbjch a.gajn was comparahle. to 
that reported with the PCD® Epicardial System, 98.7%. Thus the 
incorporation of a nonthoracotomy lead system had no effect on the 
efficacy of the PCD® Device in detecting and terminating spontaneous 
VT/VF episodes. 

The reported incidence of complications is comparable between the two 
systems. The reported incidence of observations was statistically lower 
in the PCD® Transvenelll System. 

Finally, the reported Sudden Cardiac Death survival rates in the two 
patient groups is statistically the same (PCD® Transvene = 99.5%; PCD® 
Epicardial = 98.9%). However, there is statistical improvement in the 
overall survival in the PCD® Transvenelll System patient population. 
There was a significant improvement in overall survival in the patients 
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receiving a pco® Transvene 1111 System. The Overall one year actuarial 
survival includes death from all causes. The overall one year survival for 
patients. r:ecehtif-lg the. PCO® Transvene.1III Syste.m. was. 93. .. 3.0/0. .. 

This is significantly improved as compared to the overall one year 
actuarial survival for the PCO® Epicardial System (88.6%) [p =0.004]. 
This improvement in overall survival is primarily due to the marked 
improvement in perioperative mortality, the PCO® Transvene 1111 System 
having a 0.7% perioperative mortality versus the a perioperative 
mortality of 5.3% in the PCO® Epicardial System. This improvement in 
perioperative mortality is primarily due to the elimination of the need for 
a thoracotomy and its associated morbidity and mortality. 

Comparison of the clinical performance and survival outcome of the 
PCO® Transvene 111 System versus both the PCO® Epicardial and Ventak-P 
Epicardial Systems indicates that the PCO® Transvene1lll Systems 
performs similarly while providing important patient benefit. The PCO® 
Transvene1ll System eliminates the need for a thoracotomy for the 
implantation of defibrillation lead systems. This directly improves the 
overall patient survival by decreasing the perioperative patient morbidity 
and mortality when compared to the PCO® Epicardial System and 
Ventak-P Epicardial System. This is added benefit however is not gained 
at the expense the PCO® Transvene1ll System efficacy in treating 
spontaneous VT/VF episodes when compared to the PCO® Epicardial 
System. 
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11.7 months 6.8 months 

610 (81 %) 231 (79%) 
147 (19%) 61 (21 %) 

59.4 years 61.5 years 

281 (37%) 49 (16%) 
377 (50%) 169 (59%) 
99 (13%1 73 (25%) 

561 (74%1 228 (78%) 

35.6% 34% 

42% 45.0% 

18.0% 

Table 2-1: Comparison of Patient Characteristics, PCD® versus Ventak-P 2/1/93 

Table 2-2: Comparison of Implant DFT, PCD® versus Ventak-P -2/1/93 



Table 2-3: 

Table 2-4: 
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Comparison of Incidence of Spontaneous VTNF Episodes: PCD(!I vs 
Ventak-P 2/1/93 

9.6%· 20% 

2.9% 2.2% 

Comparison of Complication/Observation Rates: PCD(!I Transvene" 
System vs AICD Epicardial System· 2/1/93 



Table 2-5: 

Table 2-6: 

\3 id 
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Comparison of Patient Death Classifications: PCD® versus AICD -
2/1/93 

90.8% 

2.7% 

Comparison of Actuarial Survival: PCD® versus AICD - 2/1/93 



Table 2-7: 
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757 

11.7 months 

610 80.6% 
147 19.4% 

59.4 years 

281 37.1% 
377 49.8% 
99 13.2% 

561 74.1% 
238 13.1% 

35.6% 

742 

16.3 months 

637 85.8% 
105 14.2% 

59.6 years 

214 28.8% 
405 54.6% 
123 16.6% 

569 76.7% 
222 29.9% 

34.0% 

3.0 

Comparison of Patient Characteristics, PCD~ Transvene 1W System 
versus PCD~ Epicardial System - 2/1/93 

/ 



Table 2-8: 

Table 2-9: 
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0.87 V 
(0.1-3.6V) 

14.2 mV 
(1.3-32 mV) 

1.66 viS 
(0.25-9.8 viS) 

13.5 mV 
(2.2-37.2 mV) 

1.38 viS 
(0.15-7.2 viS) 

438 ohms 
(157-1206) 

PCD~ Transvene'" System: Comparison of Implant PacelSense 
Parameters - 2/1193 

0.24 ms 
(0.03-1.59 ms) 

9.5 mV 
10.5 - 40 mV) 

0.24 ms 
(0.03-1.59 ms) 

PCD® Transvene'" System: Comparison of Chronic PacelSense 
Parameters- - 2!1-/93· 

20 
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Table 2-10: PCDII!I Transvene- System: Comparison of Implant OFT - 2/1/93 

178 (23.4%) 14 (1.8%) 

10 (1.3%) 496 (65.2%) 

Table 2-11: PCD~ Transvene" System: Comparison of Programmed Defibrillation 
Pathway - 2/1/93 

21 
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10,027 20,061 

98.4% 98.3% 

16.3 months 

1982 2636 

98.4% 98.7% 

0.3% 0.5% 

Table 2-12: PCD~ Transvene" System: Comparison of Spontaneous VTNF Episode 
Efficacy - 2/1/93 

22 



Table 2·13: 

Table 2·14: 
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2.2% 

0.8% 3.5% 

2.9% 2.3% 

15.1% 2.8% 

0.5% 0 .9% 

Reported Complications: PCDe Transvene IV System versus PeDe Epicardial System· 
2/1/93 

9.6% 13.6% 

9.0% 14.0% 

5.3% 2.5% 

2.3% 1.2% 

Reported Observations: PeDe Trensvene'" System versus peDe Epicardial System· 
2/1/93 
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Table 2-15: Death Classifications: PCD®Transvene" System versus PCD®Epicardial 
System - 2/1/93 

99 .5% 98.9% 0.197 

96.2% 96.7% 0.542 

95.8% 95.7% 0.992 

98.1% 98.0% 0.820 

93.3% 88.6% 0.004 

0.7% 5.3% 0.001 
• Statiatically Significant 

Table 2-16: Comparison of Actuarial Survival: PCD® Transvene" System versus 
PCD® Epicardial System - 2/1/93 

24 
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3. An update of the PMA clinical study population must be provided. The 
update must Include the data as presented in the PMA application, and 
must include the clinical experience in the use of the new anchoring 
sleeves, which are aimed at decreasing the incidence of dislodgement, 
and a summary of clinical experience (spontaneous treatment efficacy of 
ventricular tachycardia (VT) and ventricular fibrillation (VF), observations 
and complications, number of patient deaths and overall survival) of the 
patients followed for a year or more. 

RESPONSE: 

A. The update of the PMA clinical study population is attached. This 
population consists of 757 patients entered into the Clinical Trial 
as of 6-24-92 and followed through 2-1-93 with a mean implant 
duration of 11.7 months. 

B. Clinical Experience of Patients with Two Anchoring Sleeves 

Analysis has been completed on 234 patients implanted with the 
Transvene system using leads that are packaged with two 
anchoring sleeves. (NOTE: These 234 patients were enrolled in 
the Clinical Trial after 6-24-92 and are n21 included in the 757 
patient population). Table 3-1 contains a data summary for the 
234 patients. This group of patients has similar characteristics to 
the 757 patient population in most areas with a slightly higher 
percenta.ge. oJ patients- witl:!-VT reported· as- the primary- imHcatiofl
for implant than the 757 group of patients (60.7% vs 49.8%). 

, ·>'< . PCD® TransveneYaSystem .<" . . >/ H,iC> .. :· ':',:,: 
('· . :··j : )Pij1aSlJmrnarV()f · P~tients with ' TV!QAh¢tlqi)ng$I~~Y~~·, :: . ·. : .. ·\ :) .' 
I: ':··:·:···>···· '.' , .. ":' 
1 .< .:' . Number of Patients ,. 

Nurribe.r,. o/a.Male. 
Number. % Female 

Mean Age 

Primary Indication: 
SCD 
VT 

SCD/VT 

Coronary Artery Disease 

Mean Ejection Fraction 

234 

1.9-2 82.1-%. 
42 17.9% 

75 32.1 % 
142 60.7% 
17 7.2% 

180 76.9% 

33.1% (N=212) 

Table 3-1: PCD® System Data Summary for Patients with Two Anchoring 
Sleeves 

25 
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Of these 234 patients, 186 have completed their 1 month follow-
up and 49 have completed their 3 month follow-up. There has 
been one lead dislodgement in this group of patients. 

Since the introduction of the dual anchoring sleeve the incidence 
of lead dislodgement has been dramatically reduced. 

C. Clinical Experience of Patients Followed For Greater Than or Equal 
To One Year 

Table 3-3 provides a data summary on the patients followed for 
a year or more. This table includes patient characteristics, 
defibrillation pathway configuration, mean LED and OFT, 
spontaneous VT and VF experience and efficacy. The 
characteristics of this subset of patients are similar to the original 
757 patient population. Patients followed for a year or more had 
a slightly lower percentage of patients having a history of 
coronary artery disease (69.2% vs 74.1 %) and a slightly higher 
mean ejection fraction (38% vs 35.6%). The differences are small 
and are not suspected to have an impact on implant duration or 
survival. Note that since by definition all patients have been 
followed for at least one year, the overall survival rate and the 
sudden cardiac survival rate is 100% at one year. 



'Snnnt;Aneous VT: 
of Patients 

. of Episodes 
Success 

> SpOntaneous VF: 
Number of Patients 
Number of Episodes 

% Success 
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393 

6454.6 

16.3 rna 

37.4 rna 

310 78.9% 
83 21.1 % 

58.8 yrs 

150 38.2% 
191 48.6% 
52 13.2% 

272 69.2% 

357 38.0% 

296 74.9% 
93 23.6% 

6 1.5% 

15.6J (N = 365) 

14.3J (N = 184) 

186 
6338 

99.0% (6273/6338) 

176 
1105 

98.6% (1090/1105) 

Table 3-3: peDllI System Data Summary - Transvenelll Patients with 12 
month Follow-up - 2/1/93 
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There have been a total of 7 patient deaths reported in this subset 
of patients. The deaths occurred greater than 12 months from 
the date of implant. Table 3-4 summarizes how these patient 
deaths have been classified. 

Table 3-4: · PCDnI Transvene TII System - Summary of Death 
Classifications - 2/1/93 

Complications and Observations in the patients followed for 1 
year or more 

The use of a multi programmable implantable cardioverter 
defibrillator (lCD) device allows the physician to resolve most 
relevant medical events by noninvasively changing programmed 
parameters thus, avoiding invasive procedures. However, there 
will continue to be certain relevant medical events which will 
require invasive procedures for resolution. 

For purposes of this clinical study, reported relevant medical 
events were divided into complications and observations based on 
the- foiiowing definitions: 

COMPLICATION: 

OBSERVATION: 

A symptomatic or asymptomatic clinical event with 
potential adverse effects, which can NOT be treated or 
resolved by reprogramming the device and REQUIRES 
invasive intervention. 

A symptomatic or asymptomatic clinical event with 
potential adverse effects, which either does NOT 
require invasive intervention, or which CAN be 
corrected by reprogramming the device. 

As of February 1, 1993, of the 393 patients with implant 
durations of greater than or equal to one year, there have been a 
total of 89 complications reported in 76 patients and 122 
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observations reported in 99 patients in the PCD TII Transvene 11l 

System patient population. Thus, 19.3% (76/393) of the patients 
had a clinical event reported which was categorized as a 
complication vs 19.4% (147/757) in the overall population and 
25.2% (99/393) of the patients had a clinical event reported 
which was categorized as an observation vs 23.8% (180/757) in 
the overall population. 

Table 3-5 summarizes the reported PCO® Transvenelll System 
complications and observations by category. The reported 
complications and observations are recognized clinical events that 
may occur with any of the current ICD devices. These 
complications and observations are discussed in the PCD® device 
and Transvenelll manual. None of the reported complications or 
observations have resulted in a patient death. 

29 
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2 (0.5%) 

2 (0.5%) 

5 (1.3%) 

1 (0.3%) 

1 (0.3%) 

2 (0.5%) 

1 (0.3%) 

6 (1.5%) 

5 (1.3%) 

3 (0.8%) 

56 (14.2%) 

89 

10 (2.5%) . 

40 (10.2%) 

6 (1.5%) 

29 (7.4%) 

1 (0.3%) 

7 (1.8%) 

9 (2.3%) 

7 (1.8%) 

1 (0.3%) 

1 CO.3%) 

1 (0.3%) 

3 (0.8%) 

6 (1.5%) 

122 

Table 3-5: PCD Transvene System: Reported Complications and Observations - 2/1/93 

30 
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Table 3-6 contains a description of the lead dislodgements that' 
have occurred in less than 30 days and in greater than 30 days. 

27 (6.9%) 29 (7.4%) 0(0) 6 (1.5%) 

Table 3-6: PCD Transvene System: Lead Dislodgements occurring <30/>30 days in 
patients followed for greater than or equal to one year as of 2/1/93 

There have been a total of 29 lead dislodgements reported in 
patients at greater than 30 days. None of the lead dislodgements 
resulted in an ineffective therapy for a spontaneous VT or VF 
episode or patient death. lead dislodgements were documented 
by fluoroscopic examination during electro physiologic evaluation, 
chest x-ray obtained during routine follow-up, or during 
pacing/sensing threshold evaluation during routine follow-up. In 
all 29 cases, reoperation was required to reposition the lead and 
reestablish an effective defibrillation lead system. 

Lead dislodgements are not specific to the PCDe!> Transvenelll 

System and have been reported with dual chamber pacemakers 
and the current market released implantable cardioverter 
defibrillator (ICD) system. The early history of dual chamber 
pacemakers witnessed a high lead dislodgement rate of at least 
20% (Smyth, PND, et al. Permanent perivenous atrial sensing and 
pacing with a new J-shaped lead. J Thoracic Cardiovascular 
Surgery. 1976;72:565-570). Winkle, et al reported that the 
incidence of dislodgement of the superior vena cava spring leads 
with the current market release ICD system to be 6.3%. (Winkle, 
et al. Automatic Implantable Cardioverter-Defibrillator: Efficacy, 
Complications, and Survival in Patients with Malignant Ventricular 
Arrhythmias. JACC. June 1988; Vo1.11, No.6: 1278-86). 

In summary, this group represents the majority of the overall 
population and characteristics of the 393 patients with implant 
durations of greater than or equal to one year were similar to the 
overall population. . 

31 
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4. Please provide a clear description of how you identified the "patient who 
did not meet the implant criteria." Please discuss your implant criteria 
and how implant testing attempted to satisfy protocol requirements. 

RESPONSE: 

For purposes of the PCD® Transvene 111 and Epicardial Systems, the 
implant criteria was defined as successful VF termination at least 3 times 
in 4 attempts with the final lead configuration with an output energy of 
18 Joules or less . . 

.. Patients' who' did· no-t meet implant cfit-er-ia" were- de-fined· as.: 

• Patients who had less than 3 successful VF terminations at 
1 8 Joules or less; 

• Patients in whom the lowest energy of success was greater 
than 18 Joules; 

• Patients in whom either 1 or 2 successful VF terminations 
with the final lead configuration were obtained at 18 Joules 
or less; and, 

• Patients in whom ventricular tachycardia or ventricular 
flutter was induced at the time of implant. 

The PCD® Transvene1ll and Epicardial Systems were evaluated through 
successive inductions and treatment of ventricular tachyarrhythmias 
according to study protocol. The protocol asked for a minimum of 3 
inductions of VF in order to demonstrate reliable defibrillation efficacy at 
18 Joules. If the first lead system evaluated successfully defibrillated 
the patient three consecutive times at 18 Joules or less, the implant 
criteria would have been satisfied and the implant could be completed. 
Additional inductions were required if the first lead system was not 
efficacious at 18 Joules . Performing additional inductions to obtain a 
defibrillation threshold was not a protocol requirement. The attached 
figure represents the recommended Defibrillation Efficacy Protocol used 
in. lead evaluation testing. for the PCD® Transvene1ll and Epicardial 
Systems. 

There is a class of patients who cannot tolerate the thoracotomy 
required for the utilization of the epicardial patch lead defibrillation lead 
system and are at high risk of sudden cardiac death. Because of the 
surgical risks and postsurgical complications associated with the implant 
of an epicardial lead system, implantation in the following patient groups 
may not be desirable or possible: 
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(1) Patients in whom there is no indication for concomitant cardiovascular surgery 

at the time of ICD implant; 

(2) Patients with severe pulmonary disease who cannot tolerate prolonged 
anesthesia or an open chest procedure; 

(3) Patients with severe congestive heart failure (ejection fraction < 40%) who are 
at increased risk for perioperative mortality post a thoracotomy procedure; 

(4) Patients who may eventually require open chest procedures of treatment of 
their coronary artery disease or cardiac transplant. 

For these patients, the PCD® Transvenelll System is the only therapy 
available. The PCD® Transvenelll System simplifies and greatly reduces 
the risk associated with lead introduction, making therapy available to 
these patient groups. Because there is no need to open the chest of 
these patients, options for future therapy remain available; e.g. CABG is 
associated with decreased morbidity and mortality if there has been no 
prior open chest procedure. 

The investigators felt that for these patients a 10 Joule safety margin 
between the lowest energy of success (24J) and the maximum output 
(34J) of the PCD® Device provided adequate defibrillation efficacy 
evaluation. The investigators used this 10 .Joule safety margin as a 
benchmark based on the clinical experience discussed in the article, 
Troup, et aJ. The Implanted Defibrillator: Relation of Defibrillating 
Configuration and Clinical Variables to Defibrillation Threshold. Journal 
of American College of Cardiology, 1985; 6: 1315-1321. The 
investigators felt that for these patients the risk associated with not 
meeting the recommended implant criteria was outweighed by the 
benefit oJ not having- to. u.ndergo. an epjcardial s¥stem. implant with a. 
thoracotomy approach and its associated morbidity and mortality. 
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NOTE: 
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. ~ .. ' 
To determine whether a patient can be defibrillated 
reliably with a particular lead system, VF must be 
induced and successfully terminated at least 3 times in 4 
attempts with a stored output energy of 18 Joules or 
less. The following protocol should be followed in 
assessing defibrillation efficacy: 

(b)(4 ) 

Lead system testing will be accomplished using an 
External Cardioverter/Defibrillator (ECVD), Model 2394 or 
Model 5355. 

The following precautions should be observed when 
initiating and treating episodes of ventricular 
tachyarrhythmias with the Model 2394 External 
Cardioverterl Defibrillator: 

21 
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5. Of the 214 patients who did not meet the implant criteria and yet were 
implanted with the device, 170 patients had successful defibrillation with 
24 Joules (J). Please provide an update of the clinical experience on 
these patients, as described in item 3 above. Also, please discuss how 
your proposed labeling will address this protocol deviation. Will implant 
criteria be changed? 

RESPONSE: 

Table 5-1 provides the patient characteristics for 170 patients who did 
not meet the implant criteria but had successful defibrillation at 24 joules 
and received the PCD l1I Transvene lll System. 

170 543 

9.6 months 12.3 months 

151 (88.8%) 422 (77.7%) 
19 (11.2%) 121 (22.3%) 

59.8 yrs 59.4 yrs 

63 (37.1%) 209 (38.5%) 
77 (45.3%) 78 (51.2%) 
30 (17.6%) 56 (10.3%) 

137 (77.7%) 396 (72.9%) 173 
58 (34.1 %) (31.9%) 

32.7% 36.3% 

NYHA Class 
I 45 (27 .6%) 164 (30.9%) 
II 90 (55.2%1 278 (52.4%) 
III 24 (14.7%1 82 (15.4%) 
IV 4 (2.5%) 7 (1.3%) 

Table 5-1: peD'" Transvene" System: Patients Meeting Implant Criteria N = 170 Patient 
Characteristics - 2/1/93 
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There was a statistically significant difference in the number of males 
(p =0.002), the number of patients with the primary indication of VT 
(p =0.032), and the mean EF (p =0.007) between the groups above 
however these differences are not clinically significant. 

In order to determine if the patient's not meeting implant criteria had 
higher risk for morbidity and mortality, a comparison of their clinical 
outcome was made with those patients who did meet the implant 
criteria. This comparison is provided in Table 5-2. There were no 
statistical or clinically significant differences in outcome as observed 
below. 
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... ················ ·Non.;SJddenCardiac 
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.. . NOl"\cardiac 
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170 

98.5% 

99.4% 

11 

0.6% 

99.4% 
98.6% 
98.0% 
96.3% 
93.8% 

543 

98.7% 

98.7% 

37 

0.7% 

99.5% 
95.8% 
95.4% 
98.5% 
93.2% 

Table 5-2: PCDTV Transvene1¥ System: Patients Not Meeting Implant Criteria 
N = 170 - Clinical Outcome - 2/1/93 

)j3 0 
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Complications and Observations: Patients Not Meeting Implant Criteria 
N=170 

For purposes of this clinical study, reported relevant medical events were 
divided into complications and observations based on the following 
definitions: 

COMPLICATION: 

OBSERVATION: 

A symptomatic or asymptomatic clinical event with 
potential adverse effects, which can NOT be treated or 
resolved by reprogramming the device and REQUIRES 
invasive intervention. 

A symptomatic or asymptomatic clinical event with 
potential adverse effects, which either does NOT 
require invasive intervention, or which CAN be 
corrected-by reprogramming the device. 

Of the 170 patients with successful defibrillation at 24 Joules, as of 
February 1, 1993, there have been a total of 41 complications reported 
in 33 patients and 34 observations reported in 31 patients in the PCDTII 

Transvene Til System patient population. Thus, 19.4% (33/170) of the 
patients had a clinical event reported which was categorized as a 
complication and 1 8.2 % (31/1 70) of the patients had a clinical event 
reported which was categorized as an observation. The percent of 
patients with complications reported in the overall population of 757 
patients was 19.4% (1471757), the same percentage as in this subgroup 
of 170. There were 23.8% (1801757) of the patients in the overall 
population with reported observations, a slightly higher percentage than 
in this subgroup of 170 patients. Table 5-3 summarizes the reported 
PCD® Transvene 111 System complications and observations by category. 
The reported complications and observations are recognized clinical 
events that may occur with any of the current ICD devices. These 
complications and observations' are discussed in the PCD® device and 
Transvene Tll manual. None of the reported complications or observations 
have resulted in a patient death. 
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10 (5.9%) 

5 (2.9%) 

7 (4.1 %) 

3 (1.8%) 2 (1.2%) 

2 (1.2%) 3 (1.8%) 

1 (0.6%) 2 (1.2%) 

1 (0.6%) 

1 (0.6%) 1 (0.6%) 

2 (1.2%) 

2 (1.2%) 1 (0.6%) 

1 (0.6%) 

23- (1-3-.5-%-)- 3- (-1-.8-%)-

41 34 

Table 5-3: PCD Transvene System: Reported Complications and Observations· 2/1/93 
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Table 5-4 contains a description of the lead dislodgements that have 
occurred in less than 30 days and in greater than 30 days in the 170 
patients. 

9 (5.3%) 14 (8.2%) 1 (0.6) 2 (1.2%) 

Table 5-4: peD Transvene System: lead Dislodgements <30/>30 days - 2/1/93 

There have been a total of 14 lead dislodgements reported in patients at 
greater than 30 days. None of the lead dislodgements resulted in an 
ineffective therapy for a spontaneous VT of VF episode or patient death. 
Lead dislodgements were documented by fluoroscopic examination 
during electrophysiologic evaluation, chest x-ray obtained during routine 
follow-up, or during pacing/sensing threshold evaluation during routine 
follow-up. In the overall patients population of 757, lead dislodgement 
was reported in 6.5% of the patients implantedfor >30 days which is 
slightly lower than in this subset of patients, 8.2%, which are included 
in the analysis of the overall population. In all 14 cases, reoperation was 
required to reposition the lead and reestablish an effective defibrillation 
lead system. 

Lead dislodgements are not specific to the PCD® Transvenelll System and 
have been reported with dual chamber pacemakers and the current 
market released implantable cardioverter defibrillator (lCD) system. The 
early history of dual chamber pacemakers witnessed a high lead 
dislodgement rate of at least 20% (Smyth, PND, et at. Permanent 
perivenous atrial sensing and pacing with a new J-shaped lead. J 
Thoracic Cardiovascular Surgery. 1976;72:565-570). Winkle, et al 
reported that the incidence of dislodgement of the superior vena cava 
spring leads with the current market release ICD system to be 6.3%. 
(Winkle, et at. Automatic Implantable Cardioverter-Defibrillator: Efficacy, 
Complications, and Survival in Patients with Malignant Ventricular 
Arrhythmias . JACC. June 1988; Vo!.11, No.6: 1278-86). 

In summary, there are no clinically significant differences in the 
characteristics and/or most importantly in outcome of the 170 patients 

39 
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that did not meet implant criteria but were successfully defibrillated with 
24 joules and those meeting implant criteria. Based on these data, the 
recommended defibrillation efficacy implant requirements will be revised 
to the following: 

Two consecutive successful defibrillations with the final lead 
configuration with a stored output energy of 24 Joules or less; or 

Three successful defibrillations in four attempts with the final 
configuration at a stored output energy of 24 Joules or less. 
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6. There were 20 patients among the 214 who did not meet the implant 

criteria and were implanted without the 10 J safety margin. An update 
of the spontaneous episode experience in the treatment of VT and VF in 
these patients and the overall survival must be provided. 

RESPONSE: 

There were 20 patients in whom the implant procedure was terminated 
due to poor patient condition. These patients received a PCD® 
Transvene'" System without at least a 10 Joule defibrillation safety 
margin. The mean ejection fraction of this group was 26.9%, indicating 
a more severe underlying cardiovascular disease, and may have 
contributed to the physicians decision to terminate the implant procedure 
prior to meeting the recommended defibrillation implant criteria. 

Of these 20 patients, VT or VF has been induced at chronic follow-up 
visits in 16 patients (80%) and in all cases successful defibrillation with 
the implanted PCD® Transvenelll System was documented. 

The overall spontaneous VT episode efficacy for the patient group was 
98.9%. While the overall spontaneous VF episode efficacy for the 
patient group was 96.0%. Examination of the spontaneous VF episodes 
indicated that one patient experienced atrial fibrillation that was detected 
as VF and in whom all four programmed VF therapies were ineffective. 
This patient's antiarrhythmic drug therapy was modified and there were 
no further reports of ineffective therapies. 

There have been no patients in this patient population who have 
experienced an actual spontaneous VF episode where all four 
programmed VF therapies failed to terminate the episode. 

There have been two reported patient deaths, both of which were 
classified as non-sudden cardiac secondary to end stage heart failure. 
The one year sudden cardiac death survival in this patient population is 
100% while the overall one year survival was 85.5%. This lower overall 
one year survival may be due to the lower mean ejection fraction and 
poorer cardiac status of this group. 
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The clinical outcome (which is summarized in the Table 4-1 ) of these 
twenty patients was not adversely affected by not meeting the 
recommended defibrillation implant criteria since there were no reports 
of failure to terminate a spontaneous VF episode and the overall one year 
sudden cardiac death survival was 100%. 
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20 

26.9% 

16 (80%) 

Table 4-1: 

98.9% 

96.0% 

100% 

85 .5% 

PCD~ Transvenelll System: Patients Not Meeting Implant 
Criteria Due to Poor Patient Condition 
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7. Table IK-4, page 151 , compares the patients meeting the implant criteria 

to those who did not meet the criteria. However, many of the 
percentages were presented without numerical support. Please provide 
the appropriate numbers. 

. . ... 

.. ; ..... . 

RESPONSE: 

The spontaneous VT and VF episode efficacy and perioperative mortality 
presented in table IK-4 are percentages, but the survival calculations are 
probabilities. The survival probabilities are calculated using a life-table 
survival analysis. For verification of survival probabilities, the data 
necessary to do calculations is available upon request. The following 
table is IK-4 with a June 24, 1992 data cutoff, providing you the 
additional numerical support for percentages where appropriate. 

' , PC.P~T{~~~v~ri~~ $'(~t~~ :) ",,:>.: , 
Patl~ats Me~Hing .1rn.pisriECrlteria ' '.""'" 

•• ,pati~nts " ' NPt' .· M;:~~~Slmplarit,·. Criteria , 
IrnplantData 

"' Meetirtg ',Criteria 

543 

3619 
3657 

99.0% 

708 
715 

214 

1743 
1773 

98.4% 

258 
260 

' $P9nt~.,~Ous VF Episode Efficacy 99.0% 99.2% 

Perioperative Mortality 

One Year Actuarial Survival 

Sudden Cardiac 
Non-Sudden Cardiac 

All Cardiac 
Noncardiac 

Overall 

18 

4 0.7% 

100.0% 
96.4% 
96.4% 
99.2% 
94.9% 

4 

1 0.5% 

99.3% 
98.6% 
97.9% 
100.0% 
97.4% 

Table IK-4: PCD® Transvene lW System: Patients Not Meeting Implant Criteria versus 
Patients Meeting Implant Criteria - Comparison of Clinical Outcome -
6/24/92 

p {1 (+ i - P Q,Cj G \ 3 37 
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8. Please provide an update on the patients who are implanted with the 

TransveneTII System and were not counted in the PMA population. The 
update must include a summary of the clinical experience as reference 
in item 3 above. 

RESPONSE: 

Overview of Clinical Experience for Transvene Population of 1330 
Patients 

This response covers a total of 1335 implants in 1330 patients of the 
PCD lII Device with the Transvene TII Defibrillation Lead System. The 
patients included in this report includes the 757 patients described in the 
original PMA application and an additional 573 patients that have been 
implanted in the U.S. from 6/25/92 to 2/1/93. The first implant occurred 
internationally on October 20, 1989, and the first implant in the U.S. 
occurred on October 16, 1990. 

The mean implant duration for this patient population is 8.0 months and 
ranges from implant to 37.4 months. The cumulative implant duration is 
10,653.7 months. 

The patient population (N = 1330) enrolled in the clinical trial was 
predominately male (81.6%) with a mean age of 60.4 years. In half of 
the patients (54.5%)' the primary indication for implant was recurrent, 
sustained ventricular tachycardia without an episode of sudden cardiac 
death. Sudden Cardiac Death was the primary indication for 34.7% of 
the patients and SCD in combination with recurrent, sustained VT was 
the primary indication in 10.8%. Coronary artery disease was the 
primary heart disease in 76.2% of the patient population with a mean 
reported ejection fraction of 34.3% Table 8-1 provides a data summary 
on these patients. Although there is a slightly higher percentage of 
patients with the primary indication of VT, 54.5% vs 49.8% (PMA 
patient population), there are no substantial differences or trends noted 
from the original PMA population. 



. .. SpontahebUS VT: 
. . Number of Patients 

Number of Episodes 
% Success 

Spontaneous VF: 
Number of Patients 
Number of Episodes 

% Success 

One Year SeD Survival 

Overall Survival 
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1330 

10,653.7 rno 

8.0 rno 

37.4 rno 

l085. 8L6o/Cl 
245 18.4% 

60.4 yrs 

462 34.7% 
725 54.5% 
145 10.8% 

1014 73.4% 

119434.3% 

980 73.4% 
341 25.5% 

14 1.1 % 

16.4J (N = 1236) 

15.4J (N=496) 

424 
11577 
98.1% 

427 
2453 

98.6% 

99.3% 

93.0% 

Table 8-1: PCDT'III Transvene System: Data Summary - Updated Pts. (1330) -
2/1/93 
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Complications and Observations 

For purposes of this clinical study, reported relevant medical events were 
divided into complications and observations based on the following 
definitions: 

COMPLICATION: 

OBSERVATION: 

A symptomatic or asymptomatic clinical event with 
potential adverse effects, which can NOT be treated or 
resolved by reprogramming the device and REQUIRES 
invasive intervention. 

A symptomatic or asymptomatic clinical event with 
potential adverse effects, which either does NOT 
·reQuire invasive intervention, or which CAN be 
corrected by reprogramming the device. 

Of the 1330 patients, as of February 1, 1993, there have been a total 
of 225 complications reported in 195 patients and 275 observations 
reported in 228 patients . in the PC011l Transvene11l System patient 
population. Thus, 14.7% (195/1330) of the patients had a clinical event 
which was categorized as a complication and 17.1 % (228/1330) of the 
patients had a clinical event which was categorized as an observation. 

Table 8-2 summarizes the reported PCO® Transvenelll System 
complications and observations by category. In almost all categories, the 
percentage of patients in which a complication or observation was 
reported has decreased compared to the original PMA patient population 
of 757. The percentage of patients with lead dislodgements reported 
has substantially decreased from 12% with a complication to 8.8% and 
1.6% with an observation to 0.9%. No new categories of complications 
or observations were reported. The reported complications and 
observations are recognized clinical events that may occur with any of 
the current ICO devices. These complications and observations are 
discussed in the PCO® device and Transvene11l manual. None of the 
reported complications or observations have resulted in a patient death. 

\ 
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6 (0.5%) 

110.1%) 

510.4%) 

30 (2.3%) 

1Q (0.8%) 

12 (0.9%) 

2 (0.2%) 

7 (0.5%) 

1 (0.1 %) 

9 (0.7%) 

7 (0.5%) 

4 (0.3%) 

117 (8.8%) 

225 

8 (0.7%) 

17 (1.3%) 

68 (5.1%) 

16 (1.2%) 

83 (6.2%) 

1 (0.1 %) 

12 (0.9%) 

2Q C1.5%). 

23 (1.7%) 

1 to.1 %) 

2 (0.2%) 

6 (0.5%) 

5 (0.4%) 

12 (0.9%) 

225. 

PCD Transvene System: Reported Complications/ Observations 
(n = 1330) - 2/1/93 

\ 
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Table 8-3 contains a description of the lead dislodgements that have 
occurred in less than 30 days and in greater than 30 days. As noted 
earlier, the percentage of patients in which a complication or observation 
regarding lead dislodgement was reported has decreased from the 
original PMA patient population of 757. 

19 (1.4%) 13 (1.0%) 

19 (4.9%) 11 (2.8%) 

16 (1.9%) 36 (3.6%) 

57 (4.3%) 60 (4.5%) 

0(0) 

2 (0.5%) 

1 (0.1%) 

3 (0.2%) 

1 (0.1 %) 

2 (0.5%) 

6 (0.6%) 

9 (0.7%) 

Table 8-3: PCD Transvene System: Lead Dislodgements < 30/> 30 days 
(n = 1330) - 2/1/93 

There have been a total of 60 lead dis lodgements reported in patients at 
greater than 30 days. None of the lead dislodgements resulted in an 
ineffective therapy for a spontaneous VT of VF episode or patient death. 
Lead dislodgements were documented by fluoroscopic examination 
during electrophysiologic evaluation, chest x-ray obtained during routine 
follow-up, or during pacing/sensing threshold evaluation during routine 
follow-up. In all 60 cases, reoperation was required to reposition the 
lead and reestablish an effective defibrillation lead system. 

Lead dislodgements are not specific to the PCD® Transvene Til System and 
have been reported with dual chamber pacemakers and the current 
market released implantable cardioverter defibrillator (lCD) system. The 
early history of dual chamber pacemakers witnessed a high lead 
dislodgement rate of at least 20% (Smyth, PND, et al. Permanent 
perivenous atrial senSing and pacing with a new J-shaped lead. J 
Thoracic Cardiovascular Surgery. 1976;72:565-570). Winkle, et al 
reported that the incidence of dislodgement of the superior vena cava 
spring leads with the current market release ICD system to be 6.3%. 
(Winkle, et al. Automatic Implantable Cardioverter-Defibrillator: Efficacy, 
Complications, and Survival in Patients with Malignant Ventricular 
Arrhythmias. JACC. June 1988; Vo!.11, No.6: 1278-86). 
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Patient Deaths 

The positive impact of implantable cardioverter defibrillator (ICD) therapy 
an sudeten cardiac eteath mortality has been well" documented- in the 
medical literature. The use of device therapy for the treatment of 
recurrent ventricular arrhyttlmias has oecome an accepted-and-rmportant 
clinical tool. An analysis of the sudden cardiac death survival in the 
PCDN Transvene Tli System patient population was performed. 

For purposes of the clinical study, each of the patient deaths was 
categorized using the following definitions: 

Non-Cardiac: 

Cardiac: 

Non-Sudden: 

Sudden: 

Perioperative: 

System Related: 

Procedure Related: 

Deaths that occurred where the primary cause 
of death was determined to be non cardiac in 
nature, e.g. stroke, cancer, etc. 

Deaths that occurred where the primary cause 
of death was determined to be cardiac in 
nature. 

Deaths that occur greater than one hour after 
the onset of symptoms. 

Deaths that occur within one hour of the onset 
of symptoms or where the death is 
unwitnessed. Sudden cardiac deaths were also 
categorized as being Witnessed or 
Unwitnessed. 

Deaths that occur within thirty days of implant. 

A death which results from a malfunction 
(operation not according to design 
specification) of a PCD'" System component, or 
as a result of a device induced arrhythmia, or 
an interaction between a PCD'" System 
component and the patient. 

A death which occurs as a result of a 
procedure required to implant, follow or test a 
PCO" System. 

All deaths and significant complications have been and will continue to 
be reviewed by a committee comprised of PCDTII Transvene N System 
investigators and other physicians. Two committees (Clinical Event 
Review Committees) have been formed, one to review North American 
deaths and complications, and the other to review European clinical 
events. The primary purpose of these reviews was to determine whether 

13 ~3 
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the PCDl1I System was related to the deaths or significant complications 

. that have occurred and, if so, what changes may be required to prevent 
such events in the future. 

There have been a total of 68 patient deaths reported in the PCDl1I 

Transvene 11I System patient population. Table 8-4 summarizes how these 
patient deaths have been classified. 

Table 8-4: PCD T1II Transvene l1l System - Summary of Death 
Classifications (n = 1330) - 2/1/93 

None of the patient deaths were attributed to a malfunction of the PCDl1I 

Transvene l1l System. 

Actuarial survival analysis on the PCDl1I Transvene l1l System was done 
on all patients who were either evaluated for implantation or in whom 
the device was implanted. Thus, the analysis is done from the 
perspective of intention to treat. Those patients in whom the PCDl1I 

Device was OFF at the time of death or in whom no device was 
implanted ~ included in the survival analysis. Those patients that were 
screened for a PCDl1I Transvene l1l System but failed to receive a 
Transvene T1ll system are not included in this analysis. 

Projected one year survival calculations for the various death 
classifications are provided in Table 8-5. The actuarial projections 
include perioperative deaths only in the calculation of one year survival 
from death due to all causes (shown in the row labelled Overall). The 
perioperative death rate defined as deaths which occurred within thirty 
days of implant was 0.8 % (10/1330) which is considerably less than the 
perioperative mortality for the PCD T1II System with Epicardial leads (5.3% 
- 391742). 
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96.3% 

95.6% 

98.1% 

0.8% 

93.0% 

Table 8-5: PCDlII Transvenelll System - One Year Actuarial Survival - 2/1/93 

The positive impact of the PCDlII Transvenelll System on patient mortality 
is clearly obvious from this analysis. The sudden cardiac death survival 
rate the total patient group (n = 1330) is 99.3%. This is a marked 
improvement when compared with the reported survival of similar patient 
gJouPS treated with drug therapy alone of between 34% and 73% at one 
year. 

In conclusion, the data above for the 1330 patients implanted and 
followed through 2-1-93 is similar to the 757 PMA patient population as 
expected. Although lead dislodgement is not an unexpected 
complication and patients are routinely evaluated during follow-up 
procedures at follow-up visits, in o~der to minimize the incidence of lead 
dislodgement, the dual anchoring sleeve has been introduced and the 
incidence of lead dislodgement has drastically decreased. The one year 
actuarial survival results continue to be stable, above 99% for SeD and 
e-fficacy- rate-s- continue at greater than- 98-%-. 
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9. Based on your study protocol, please differentiate between defibrillation 
threshold (OFT) testing and lowest energy to defibrillate (LED) testing. 
Based on the individual patient report forms of the 757 patients, how 
many patients underwent what is described as OFT testing and how 
many had LED testing? Samples of the patient report forms showing the 
scheme of testing which was categorized as OFT and LED testing must 
be provided. Please discuss how the OFT and LED data were reported 
and presented in the PMA application. 

(bi (4) 

RESPONSE: 

The study protocol asks the investigator to determine the efficacy of the 
implanted lead system with the external test device prior to connecting 
the reads to the i"mpl-antabJe PCO® doe-vice. The- minimum- amount of 
testing required to demonstrate lead system efficacy is 3 of 4 successful 
defibrillations at 18 Joules. The protocol asks that investigators go 
beyond this minimal level and perform testing using a step down 
procedure. Investigators attempt defibrillation at energy levels lower 
than 18 Joules in order to establish a defibrillation threshold. In order to 
make defibrillation testing uniform among the investigators, the protocol 
asks that testing be done using a common step down protocol. This 
protocol is as follows: 

(b)(4 ) 

All investigators were asked to perform this step down testing, but the 
investigator was allowed to stop the step down testing, or waive it 
completely, if, in the investigators opinion, the patient could not tolerate 
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additional VF inductions. Since testing did not always follow this step 
down protocol, two terms were developed to accurately report 
defibrillation efficacy I Lowest Energy of Defibrillation (LED) and 
Defibrillation Threshold (OFT). They are defined as follows: 

Lowest Energy of Defibrillation (LED): 
LED is defined as the lowest programmed energy that successfully 
defibrillated the heart with the implanted lead system. 

Defibrillation Threshold (OFT): 
OFT is defined as the lowest programmed energy which 
successfully defibrillated the heart provided there is a failure at an 
energy below the lowest success or a success at ~ 5J. 

Based on these definitions all patients with a OFT also have an LED but 
not every patient with an LED has a OFT. 

Several examples of the type of data used in this analysis is presented 
below. The first example shows successful completion of the step-down 
protocol with the first lead system tested. By having a success at 5 
Joules this patient has both a OFT and LED of 5 Joules. This example 
also shows the various codes used in this section of the data forms. 

lead Episode Therapy Induced Theropy Dota. Post 
Therapy 
Rhythm 

System Number Number Rhythm 
Number 

(b)(4) 

13 17 

53 
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The next example shows a failure at 5 Joules. This patient, therefore, 
has a OFT and LED of 10 Joules. 

Therapy 
Number Number 

(b)(4) 

Therapy 
Rhythm 

The next example is one where the investigator decided to stop lead 
evaluation before reaching an energy low enough to demonstrate failure 
to defibrillate. The implant criteria was met since there was three 
successes at 18 Joules or less. Since a failure was never demonstrated, 
we are unable to calculate a OFT, only an LED. The LED in this example 
is 10 Joules. 

Episode Therapy Induced Therapy Data* 
Number Number Rhythm 

(b)(4) 

Typically, more than one lead system is evaluated. The lead systems are 
described on the previous page of the "L~ad System Evaluation Data 
Form" and identified by number. Every induction and therapy delivered 
into the lead system is recorded on the "Lead Evaluation Log". This is 
an example of a difficult patient that required two modifications to the 
lead system before an efficacious system was found. This patient had 
an LED of 18 Joules and no OFT. Since defibrillation testing was not 
performed at an energy less than 18 Joules, a failure level was not 
established. 
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Lead Epiaode Ther.py Induced Ther.py O.t •• Poat 
Ther.py 
Rhythm 

Syatem Number Number Rhythm 
Number 

lb J (4) 

(b)(4) 

Table VID-8 on page 213 of the PMA clinical report shows the LED for 
the lead configurations tested at implant. Below is an updated Table 
VID-8 based on 757 patients . 

. ······r::.··.r.¢ .... D.· .• ·. TM .••..•. · •.••.•••. /r ... a.· ••. · ·.~ .• · .••. ~t;e.:: .. " ..•.•.. !t .... TM .•.••.•• · s.y~.i.·.~.··tp ... : .••. ::.:.· •.. : .• ·.:·::::: .. '. .i .. ··.· ... :·... ... :: .. • / ..... .:::/ :, 
.:.::.::::~:;:::::~:{~:: 

. ..... .•. ••• : J.;9¥{~~! · ~O~t9Ygf· ·J:)efit>.t!ll~n9Q. ::::· )···: ... .. .. : .. .... :\:.:: •. ·.(.·X 
::.u<w < Ali(~ad. sy~te~$: i yN} ····· 

}.:Oi:·. . .··. Mean.·: •... 
703 
16.0 
5.1 
34 
Q .. 6. 

..... ...... .. .. ·· ·· · Std.be~ ; 
<.. i:· ·· · M~jdifiun1 

... : .. Mi~jiftG~ 
. RV-S\lC-SQ:N 

·· MeCiti .. .. 
Std. Dev. 

l'JIilxiriium 
. Minimum 

RV-CS~SQ: N 
Mean 

Std. Dev. 
Maximum 
Minimum 

RV-CS-SVC: N 
Mean 

Std. Dev. 
Maximum 
Minimum 

456 
16.7 
4.8 
34 
3 

210 
14.6 
5.6 
34 
0.6 

. 37 
15.2 
4 .9 
34 
10 

Table VID-8: PCD™ Transvene™ System - Lowest Energy of Defibrillation - 6/24/92 

Seven-hundred-three (703) patients had at least one successful defibrillation with the 
lead system implanted during lead system testing. During the remaining 59 implant 
procedures (762-703 = 59) the patient either could not be induced into VF during 
implant lead testing, only V-Flutter or VT, or testing of the final lead system was 
waived due to patient condition. 
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A subset of patients were evaluated with the step-down protocol and either had a 
defibrillation failure at an energy below 18 Joules or was successful at 5 Joules. A 
defibrillation threshold (OFT) was calculated in this group of patients. This calculation 
was performed by Medtronic's statisticians from the information recorded on the study 
data forms. OFT is defined as the lowest programmed energy which successfully 
defibrillated the heart provided there is a failure at an energy below the lowest success 
or a success at.::;" 5J. There was no requirement to find the lowest OFT possible in 
a particular patient. 

OFT's were obtained during 316 of the 762 implant procedures presented in this 
report. Table VJD-9 on page 215 of the PMA clinical report contains the OFT's 
obtained during implant testing. 

187 
15.8 
4.7 
30 
3 

110 
12.8 
5.9 
24 
0.6 

19 
16.0 
3.7 
24 
10 

Table VIO-9: PCD™ Transvene™ System - Defibrillation Threshold - 6/24/92 

In summary the Lowest Energy of Defibrillation (LED) is defined as the 
lowest programmed energy that successfully defibrillated the patient 
with the implanted lead system. Defibrillation Threshold (OFT) is defined 
as the lowest programmed energy which successfully defibrillated the 
heart provided there is a failure at an energy below the lowest success 
or a success at ~ 5J. An LED was determined during 703 of the 762 
implant procedures included in the September 18, 1992 clinical update. 
In 316 of these implant procedures we were also able to calculate a 
OFT. Three-hundred-eighty-seven (387) (703-316 = 387) implant 
procedures had only an LED determined, since a failure level was never 
established. 
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lQ~ Tbera is a statisticaJly significant difteten.ca batween the- mean OFT 

obtained with the RV-CS-SQ lead configuration and the mean OFT 
obtained with the other lead configurations. How do you account for 
this difference? Was the OFT as reported and discussed for aU lead 
configurations obtained using an identical or similar scheme? Please 
discuss. You must document that there were no significant differences 
between the scheme for performing OFT and LED testing between the 
TransvenelV and PC[)® Epicardial patient populations, if that is the case. 

RESPONSE: 

There was a statistically significant difference between the mean OFT 
obtained with the RV-CS-SQ lead configuration and the mean OFT 
obtained with the other lead configurations. Since there were no 
differences in the patient population implanted with any of the 3 lead 
configurations, this may be a configuration that results in lower DFTs 
than the other configurations. In theory, this may be due to better 
defibrillation current distribution throughout the myocardium. There is 
no intent to show that a lower OFT results in a better patient outcome. 
The premi"se of the PCD® epicardial and TransvenelV studies was to 
demonstrate that if a patient was evaluated at implant and shown to 
meet implant criteria, that they would be reliably defibrillated over time, 
and therefore, have a high probability of survival from SCD regardless of 
which lead system or defibrillation pathway was chosen. We have 
shown that freedom from SCD at one year is at least equivalent to that 
afforded by the commercially available AICD for patients who meet the 
implant criteria regardless of lead system. As was described in 
Deficiency Response No.5. Our data demonstrates that there is no 
difference in outcome between patients who met our 18J implant criteria 
(3/4 at..s.. 18J) or those with a 10J safety margin (at least one success 
at 24J). The OFT as reported for all Transvene lV and all Epicardial 
Systems was obtained using the same testing scheme. Please see 
Deficiency Response Number 9 for a thorough discussion of OFT and 
LED testing. 

As previously discussed in the response to Deficiency #4, implanted 
defibrillation lead systems were evaluated through successive inductions 
and treatment of ventricular tachyarrhythmias according to study 
protocol. The protocol asked for a minimum of - ("b) L 4) : in 
order to demonstrate defibrillation efficacy. The · attached table 
represents the recommended Defibrillation Efficacy Protocol that was 
used to evaluate all lead configurations. 

The recommended implant criteria and Defibrillation Efficacy Protocol 
was identical for both the PCD® Transvene lV and Epicardial Systems. 
References from the investigational plan (provided in IDE submissions for 
both systems) for the PCD® Transvene lV and Epicardial Systems are 
attached. 
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. ~ .. 
To determine whether a patient can be defibrillated 
reliably with a particular lead system, VF must be 
induced and successfully terminated at least 3 times in 4 
attempts with a stored output energy of 18 Joules or 
less. The following protocol should be followed in 
assessing defibrillation efficacy: 

(b)(4) 

Lead system testing will be accomplished using an 
External Cardioverter/Defibriliator (ECVD), Model 2394 or 
Model 5355. 

The following precautions should be observed when 
initiating and treating episodes of ventricular 
tachyarrhythmias with the Model 2394 External 
Cardioverterl Defibrillator: 

21 
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INVESTIGATIONAL PLAN 

MODEl 121-78- peEl 
PACER-CARDIOVERTER-DEFIBRILLATOR WITH 

NON-THORACOTOMY LEAD SYSTEMS 

A. STUDY PURPOSE 

1. Name and Intended Use of System 

08/10/92 . 
UPDATE
NTL 

The Model 72178 PCD System consists of several components, 
including a pulse generator; various transvenous, subcutaneous, and 
epicardial leads; and a dedicated software cartridge used with an 
existing· programmer s-ys-tem. 

The Model 72178 PCD (Pacer-Cardioverter-Defibrillator) is an 
implantable, multiprogrammable, automatic tachyarrhythmia control 
device designed to detect and treat episodes of ventricular tachycardia 
(VT) and ventricular fibrillation (VF) using either low energy pacing 
therapies or higher energy cardioversion or defibrillation therapies. 

Criteria for detection of episodes of ventricular tachycardia are 
independent of detection criteria for ventricular fibrillation. Up to four 
independently programmable VT therapies may be chosen and 
automatically delivered from among two overdrive pacing modes, 
burst and ramp, and synchronous cardioversion. Likewise, up to four 
programmable VF therapies, all defibrillation pulses, may be 
automatically delivered after VF detection. Pacing, cardioversion, and 
defibrillation therapies may also be delivered manually by the 
physician via- the- programmer. 

The Model 72178 will be used with two basic types of lead systems -

a. an epicardial system OR 

b. a transvenous or combination transvenous! subcutaneous 
system. 

2 
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.. .. 

To determine whether a patient can be defibrillated 
reliably with a particular lead system, VF must be 
induced and successfully terminated at least 3 times in 4 
attempts with a stored output energy of 18 Joules or 
less. The following protocol should be followed in 
assessing defibrillation efficacy: 

(b)(4) 

Lead system testing will be accomplished using an 
External Cardioverter/Defibrillator (ECVD), Model 2394 or 
Model 5355 . 

The following precautions should be observed when 
initiating and treating episodes of ventricular 
tachyarrhythmias with the Model 2394 External 
Cardioverter/ Defibrillator: 

21 

60 



MEDTRONIC CONFIDENTI4J- 61 

4/6/92 
PVE 

INVESTIGATIONAL PLAN 

MODEL 72178 PCD 
PACER-CARDIOVERTER-DEFI8RILLATOR SYSTEM 

WITH EPICARDIAL PATCH LEADS 

A. STUDY PURPOSE 

1. Name and Intended Use of System 

The Model 72178 PCD System consists of several components, 
including a pulse generator; various epicardial leads; adapters required 
to connect the leads to the pulse generator; and a dedicated software 
cartridge used with an existing programmer system. 

The Model 72178 PCD (Pacer-Cardioverter-Defibrillator) is an 
implantable, multiprogrammable, automatic tachyarrhythmia control 
device designed to detect and treat episodes of ventricular tachycardia 
(VT) arid ventricular fibrillation (VF) using either low energy pacing 
therapies or higher energy, synchronized cardioversion for VT or 
defibrillation therapies for VF. 

Criteria for detection of episodes of ventricular tachycardia are 
independent of detection criteria for ventricular fibrillation. Up to four 
independently programmable VT therapies may be chosen and 
automatically delivered from among two overdrive pacing modes, 
burst and ramp, and synchronous cardioversion. Likewise, up to four 
programmable VF therapies, all defibrillation pulses, may be 
automatically delivered after VF detection. Pacing, cardioversion, and 
defibrillation therapies may also be delivered manually by the 
physician via the programmer. 

For both bradycardia (VVI) and tachycardia pacing, therapies are 
accomplished using a bipolar electrode configuration consisting of a 
standard, commercially-available myocardial pacing electrode and one 
of the cardioversion/defibrillation electrodes. For the Model 72178 
PCD Device, sensing occurs between two myocardial pacing 
electrodes. 

1 
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For patients with previously implanted CPI epicardial 
patch electrodes the following additional configurations 
may be tested: 

3) SVC-Eoicardial Patch 
Single Pulse 

4) SVC-Eoicardial Patches 
Sequential Pulse 

The following flow diagrams summarize the 
recommended order of evaluation of the lead systems 
and the method for assessing the defibrillation safety 
margin (Defibrillation Efficacy Protocol - DEP) of a given 
configuration during implant testing. 

To determine whether a patient can be defibrillated 
reliably with a particular lead system, VF must be 
induced and successfully terminated at least 3 times in 4 
attempts with an output energy of 18 Joules or less. 
The following protocol should be generally followed in 
assessing defibrillation efficacy: 

17 
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\_03 

DEFIBRILLATION EFFICACY PROTOCOL 

(b)(4) 

18 
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11. Please elaborate on how the comparison of DFTs obtained from the 

PCDe!) Epicardial Lead study and the Transvenelll study can be considered 
as a valid comparison in that the majority of the patients (574 (75.3 
percent)) in the Transvenelll study were programmed with the sequential 
pathway and 178 (23.4 percent) were programmed via the simultaneous 
pathway. The majority of the patients (496 (65.2 percent)) in the PCD® 
Epicardial study were programmed with the single pathway. Based on 
your PC[)® Epicardial study, please discuss the DFTs or energy 
requirements obtained with the use of the single defibrillation pathway 
versus the sequential and simultaneous pathways.· 

RESPONSE: 

The premise of the PCDe!) Epicardial and Transvene1lol studies was to 
demonstrate that if a patient was evaluated at implant and shown to 
meet implant criteria, that they would be reliably defibrillated over time, 
and therefore, have a high probability of survival from SCD regardless of 
which lead system or defibrillation pathway was chosen. The Epicardial 
System is a valid comparison since the same PCDe!) was used in both 
systems, the same indications were used, the same implant criteria, the 
same protocol and data requirements and the studies were performed 
concurrently at the same centers. There is no other system that is 
currently market released that is a better, or more applicable control. We 
have shown for both studies that freedom from SCD at one year is at 
least equivalent to that afforded by the commercially available AICD for 
patients who meet the implant criteria regardless of lead system. All of 
the transvenous defibrillation systems that are available are currently 
under investigation and as such, limited or no data exists with which to 
compare our performance. A discussion of DFTs or energy requirements 
obtained with the use of the single defibrillation pathway versus the 
sequential and simultaneous pathways is found in the PCDe!) Epicardial 
IDE I (b) (\,~J) , In Section VII, Page 25 of the Clinical Summary report, 
it was shown that the DFTs were similar. A copy of that page is 
provided here for your convenience. The two patch (single pathway) 
DFT mean was 10.5J. The three patch (sequential/simultaneous) DFT 
mean was 8.8J. There was no difference in the outcome of patients 
with either of the systems. 
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Table VII-7 iIliJstrates the lowest energy of defibrillation (LED) and 
defibrillation threshold (OFT) for the implanted lead systems. As 
noted previously, the implant criteria for the peDlII Device was 3 
of 4 episodes of VF successfully terminated at 18 Joules or less 
with a given lead configuration. As the OFT and LED indicate, VF 
was reliably terminated at an energy below the maximum output 
(34 Joules) of the PCO Device. 

.:.: ..... 
.. ..::PCD Epi~diel System 

::·OefibrillauonEfficacy· by Lead System·· 
.. 

Implant Frequency .. :. ·LED 

All Lead Systems 

2 Patch System 

3 Patch System 

OFT 

Table VIJ-7: FeD Epicardial System Defibrillation Efficacy by Lead System -
5/14/92 

Of the 742 patients screened for a PCD Epicardial System, 92 
patients (12.4%) received the system despite not meeting the 
recommended defibrillation implant criteria. The investigators felt 
in every case that the testing performed at the time of implant, 
though it did not meet the recommended implant criteria, 
demonstrated adequate defibrillation efficacy for implantation of 
the PCD Epicardial System. 

A safety margin of at least C. (J;)l lf) J between the successful 
defibrillation energy [~Q?t t{) J and the maximum output of the 
PCD Device ( Cf;lC t.i) Jwas provided in 90% of the patients. 
The investigators utilized this 10 Joule safety margin as a 
benchmark based on the clinical experience discussed in the 
article, Troup., et al. The Implanted Defibrillator: Relation of 
Defibrillating Lead Configuration and Clinical Variables to 
Defibrillation Threshold. Journal of American College of Cardiology 
1985; 6:1315-1321. 

It is important to note that there was no statistical difference in 
overall spontaneous VT/VF episode efficacy and one year sudden 
cardiac death survival in patients who did not meet the 
recommended defibrillation implant criteria versus those patients 
who did meet the recommended implant criteria. 

25 
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12. Please discuss the time between detection and delivery of therapy of the 

Transvenelll System versus the PCD® Epicardial System. 

RESPONSE: 

The time between the start of detection and delivery of therapy is 
dependent on the programmable VT /VF detection and therapy 
parameters and not on the implanted defibrillation lead system. 

A representative VT episode duration can be determined by using the 
most frequently programmed parameters for VT detection and therapy 
during the clinical trial. For both the PCD® Transvenelll and Epicardial 
System the most frequent VT detection and therapy parameters were as 
follows: 

• 
• 
• 
• 

• 
• 

VT Numbers of Intervals to Detect (NID) 
VT Tachycardia Detection Interval (TO!) 
yT Therapy #1 Type 

VT Therapy #1 Parameters 

VT Therapy #2 Type 

VT Therapy #2 Parameters 

16 
400 ms 
Ramp 

91 % rate adaption 
5 pulses, 3 sequences, 
1 0 ms decrements 

Cardioversion 

5 Joules 

For both the PCD® Transvenelll and Epicardial System, the majority 
(90%) of spontaneous VT episodes were terminated with VT Therapy 
#1. Using the above listed parameters a VT episode would last 8.4 
seconds in patient receiving one sequence of antitachycardia pacing and 
25.2 seconds in a patient requiring all three sequences for termination 
of the VT episode. Note, that after each delivery of a pacing sequence 
the POD® Device needs to redetect ventricular tachycardia. If VT 
Therapy #2 (cardioversion) was required for termination of the episode, 
the episode duration would be 32.6 seconds. 

A representative VF episode duration can be determined by using the 
most frequently programmed parameters for VF detection and therapy 
during the clinical trial. For both the peD® Transvenelll and Epicardial 
System the most frequent VF detection and therapy parameters were as 
follows: 

• VF Numbers of Intervals to Detect (NID) 
• VF Tachycardia Detection Interval (TD!) 
• VF Therapy #1 Type/Parameter 
• Charge Time for VF Therapy #1 
• VF Therapy #2 Type/Parameter 
• Charge Time for VF Therapy #2 

18 
320 ms 
Defibrillation/34J 
6.0 seconds 
Defibrillation/34J 
3.0 seconds 
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For beth- the- PCD~ Tr-aA8-Vene'" 8Ad- Eplcar.dial- System.,- the. majority 
(90%) of spontaneous VF episodes were terminated with VF Therapy 
#1. Using the above listed parameters a VF episode would last [$t4) 
(s·) ( '1) )n patient requiring VF Therapy #1 for successful reversion. If 
VF Therapy #2 was required for termination of the episode, the VF 
episode duration for both the PCO® Transvene'" and Epicardial System 
would- be [.(1'))Ctf) J 
Since both the PCD® Transvene'" and Epicardial System patients were 
programmed to similar VT/VF detection and therapy parameters as well 
as_the majority of spontaneous VT/VF episodes being terminated with 
Therapy #1 , there is no difference in the time between start of detection 
and delivery of therapy for the two systems. 
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13. On page 125 of the application, please explain andlor discuss what is 

meant by "a 2:1 VF sensing margin", how it is determined, and if the 
patients met the criteria. 

RESPONSE: 

As previously described in the PCD® TransvenelM System PMA 
application as well as responses to deficiencies on the PCD® Epicardial 
System (PMA P900061, Submission dated 10/30/91), analysis of 
appropriate sensing and detection of VF is performed at the time· of 
implant as well as during the course of follow-up. The goal of this 
testing is to ensure appropriate VF sensing and detection on an acute 

. and chronic basis. 

During defibrillation testing the Model 5355 ETCD is programmed to a 
sensitivity value of[@f{) J which is [@(If)jtimes the nominal sensitivity 
setting UB)_('-f) J of the Model 72178 PCD® Device. During VF 
inductions, the VF electrogram and corresponding Marker Channels 
which are available from the Model 5355 ETCD and PCD® Device are 
monitored and the majority of the VF signals (> 75%) should have an 
amplitude equal to or greater than [e)~) J . 

For the- sensitivity- parameter, ttle- pfogfamming- recommendations
recommend a programmed value of [f3)CJl-j J. Using the described 
testing, this would provide a [(e))(4)Jsensing margin. In other words, 
appropriate sensing of VF was documented at a value four times less 
sensitive than the programmed value and would provide a four step 
safety margin when the PCD® Device is programmed to[{B)['f)J. If the 
PCD® Device was programmed to a sensitivity value of {(8)(<f) J the 
described testing would provide a [@)(l.() ]sensing margin. In other 
words, appropriate VF sensing was documented at a value two times 
less sensitive than the programmed value and would provide a two step 
safety margin when the PCD® Device is programmed to{[pK'fJ). In both 
of these cases, implant testing and sensitivity value programming allows 
for changes in the VF electrogram amplitude without impacting 
appropriate VF sensing and detection. 

All of the patients who received the PCD® TransvenelM System met the 
2:1 VF sensing margin. At the last known follow-up, 76.6% of the 
patients were programmed to (JF3X'f] 1 sensitivity (4:1 VF sensing margin) 
and 22.3% were programmed to I(5)(t(Jj (2:1 VF sensing margin). In 
addition, there have been no reports of undersensing during induced 
episodes of VF as well as no reported patient deaths due to lack of 
detection of a spontaneous VF episode. 
This clinical experience indicates that the recommended VF sensing 
implant criteria has provided safe and effective evaluation of VF sensing 

at im\:a::and ensured chronic appropriate VF sensing. /J~ 

QClV-~ i - P~-e.. v ~t7 - r J 
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14. Of the 329 patients who were followed for 6 months, 130 patients had 

spontaneous episodes. What was the average number of VT and VF 
episodes per patient? Of the patients followed for a year, how many had 
spontaneous episodes of VT and VF and what was the mean number of 
episodes of VT and VF and what was the mean number of episodes per 
patient in this group? 

RESPONSE: 

Using the June 24, 1992 data cutoff there were 329 patients followed 
for 6 months or longer. Of the 329 patients, 130 patients had a 
spontaneous VT episode with a mean of 28.9 (3752/130) episodes per 
patient and 120 patients had a spontaneous VF episode with a mean of 
5.6 (6671120) episodes per patient. A total of 179 patients had either 
spontaneous VT or VF episodes with a mean of 24.7 (4419/179) 
episodes per patienj' fj /l . 

" ~1·'t,..t.-) ",? 

Of the 115 patients followed for 12 months or longer, 60 patients had 
a spontaneous VT episode with a mean of 29.5 (1770/60) episodes per 
patient and 37 patients had a spontaneous VF episode with a mean of 
6.7 (248137) episodes per patient. A total of 67 patients had either 
spontaneous VT or VF episodes with a mean of 30.1 (2018/67) 
spontaneous episodes per patient. 
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15. On page 130, Table-IF-4, you report that there were 5,362 episodes of 

VT successfully terminated. On page 131, paragraph 2, you state that 
25 patients experienced 45 (0.8 percent) episodes of sinus tachycardia 
or atrial fibrillation. Are these patients included in the success or failure 
category? Nine hundred and sixty-four episodes of VF were reported, 
however, 75 episodes were not actual VF. You must clarify how the 
successful and ineffective therapies and failures are discerned and 
categorized. Please prepare a table which includes a category of 
ineffective therapies with actual patient numbers and percentages. In 
addition, what assurance is there that an episode of supraventricular 
tachycardia or atrial fibrillation is not misinterpreted as VT or VF by the 
physician and considered a successful therapy? 

RESPONSE: 

For purposes of this clinical trial, spontaneous VT and VF episodes were 
defined as those episodes that satisfied the programmed VT and VF 
detection criteria. Specifically, all programmed VT and VF detection 
criteria must be fulfilled to detect an episode. Successful termination of 
the episode was defined as satisfying the VT /VF episode termination 
criteria. All spontaneous VT and VF episodes detected and treated by 
the PCD® Device are used in determining therapy efficacy. An ineffective 
epis.ode is. defin.e.d. as VT or VF episode detected by the PCD® Device in 
which all four programmed therapies failed to successfully terminate the 
episode. Spontaneous episode efficacy is determined by the following 
ratio: Number of TOTAL Episodes Successfully Terminated by PCD® 
Device/Number of TOTAL Episodes Detected by the PCD® Device. The 
attached PCD® Device telemetry printouts provide examples of how 
spontaneous episode efficacy is determined. 

Forthose episodes where all four programmed VT/VF therapies failed to 
terminate the episode, the clinical follow-up data form was reviewed for 
investigator's comments on the episode. The investigator reviewed the 
patient's symptoms at the time of the episode as well as the stored 
episode information provided by the PCD® Device and indicates on the 
clinical dataform whether the ineffective therapy was due to a 
nonventricular tacliyarrt'lythmia such as sinus tachycardia or atrial
fibrillation. If there is no' such indication on the clinical dataform, it is 
assumed that the ineffective therapy was for a spontaneous VT or VF 
episode. It should be noted that for all current ICD Systems, the delivery 
of inappropriate therapy for atrial fibrillation or sinus tachycardia is a 
known risk of the therapy. 

The Table 15-1 summarizes the spontaneous VT /VF episode experience 
on 757 patients with a cutoff date of February 1, 1993. The discussion 
that follows provides additional data on these episodes. 

/-1"'\ 

~l 
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9864/1 0,027 (98.4%) 

163/10,027 (1.6%) 

33/1 0,027 (0.3%) 

62/10,027 (0.6%) 

1951/1982 (98.4%) 

31/1982 (1.6%) 

11/1982 (0.55%) 

7/1982 (0.4%) 

4/1982 (0.2%) 

2/1982 10.1 %) 

2/9182 10.1 %) 

511982 (0.25%) 

256 

60 

16 

23 

301 

16 

4 

4 

1 

2 

1 

4 

Table 15-1: PCD~ Transvene TO System Spontaneous Episode Experience - 2/1/93 

Spontaneous VT Episode Experience 

To date, 10,027 spontaneous episodes of VT have been detected by the 
PCD®Device in 316 patients. Most spontaneous VT episodes (90.7%) 
were successfully treated with VT Therapy #1 and 98.4% were 
successfully treated with one of the four programmable VT therapies. 

Sixty patients experienced 163 episodes in which the PCD® Device was 
ineffective in terminating a spontaneous episode of VT despite delivery 
of all four programmed therapies. Sixteen (16) patients experienced 33 -episodes of atrial fibrillation with a rapid ventricular response that was 
not "successfully treated" by the PCD® Device. Twenty-three (23) 

~ 
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patients experienced 62 episodes of sinus tachycardia that was not 
"successfully treated" by the PCD® Device. It should be noted, that the 
possibility of inappropriate VT therapy delivery due the detection of atrial 
fibrillation with rapid ventricular response or sinus tachycardia that meets 
the programmed VT detection criteria is a known risk for all current ICD 
Systems. 

And finally, twenty-one patients experienced 68 episodes of 
spontaneous VT in which the programmed VT therapies were ineffective 
in terminating a spontaneous episode. No patient deaths occurred as a 
result of ineffective VT therapy. Reprogramming and pharmacologic 
intervention resolved these events. The table provided at the end of this 
response summarizes this experience. 

Spontaneous VF Episode Experience 

To date, 1982 spontaneous episode of VF have been detected by the 
PCD<!> device in 317 patients. Most (89.1 %) spontaneous VF episodes 
were successfully treated with VF Therapy #1 and 98.4% were 
successfully treated with one of the four programmable VF therapies. 

Sixteen (16) patients experienced 31 episodes in which the PCD<!> Device 
was ineffective in terminating a spontaneous VF episode of VF despite 
delivery of all four programmed VF therapies. Four ..w.. patients 
experienced 11 episodes of atrial fibrillation with a rapid ventricular 
response that was not "successfully treated" by the PCD<!> Device. Four 

j1LPatients experienced 7 episodes of sinus tachycardia that was not 
"successfully treated" by the PCD® Device. One patient experienced 4 ----episodes of both atrial fibrillation and sinus tachycardia that was not 
"successfully treated" by the PCD<!> Device. It should be noted, that the 
possibility of inappropriate VT therapy delivery due the detection of atrial 
fibrillation with rapid ventricular response or sinus tachycardia that meets 
the programmed VT detection criteria is a known risk for all current ICD 
Systems. 

In addition, there were three.s.patients who experienced ineffective 
therapy for a spontaneous VF episode due to lead performance or 
secondary to a terminal event. One patient experienced one episode of 
ineffective VF therapy due to lead dislodgement, a second patient 
experienced one episode of ineffective VF therapy due lead fracture 
which generated "noise" which was classified by the PCD<!> Device as 
"VF" and the third patient experienced two episodes of ineffective 
therapy at the time of his monitored death. 

And finally, J.Q.!JL patients experienced 5 episodes of spontaneous VF in 
which the programmed VF therapies were ineffective in terminating a 
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spontaneous VF episode . In three patients, these events were resolved 
witb- reprogrammjng_ or pharmacologJc intervention and as of the last 
known follow-up these patients remain alive and have had no further 
ineffective VF therapies. 

The last of the four patients experienced cardiac arrest at home and was 
found by the paramedics to be in sinus rhythm. While on monitor the 
patient developed VF and the PCD® Device appropriately detected and 
terminated the episode. However, the patient developed EMD and upon 
admission to the ER was pronounced dead on arrival. 

The overall success rate of the PCD® TransveneTII System in terminating 
spontaneous episodes of either VT or VF was 98.4%. Table 15-2 
provides as summary of spontaneous episode efficacy. 

': .. ': :: . . ' ....: ... :::.:: .. .. :: ' .:-: . . :: ::.' .::'. :<. ::: .;::::: ':: .. :-:::./:':/:: <,': ': ,::..... . :':': .. ,: :::::-;·::·':.L' • . ,:: .. ::. : .. :: ..•. :.:.:;::: 

:: ggp~n~9~y'~ri*' : ~i~~!mI:): :.. ..... : .:.: ·:: .'i< : ": : ,.:, ::\/ 
:§ p:q'~'~~'Q. .~Q.~ s·:::YI!..v..f;;~;~p~·~:q:~.!~]1~~W~:'~y:j~:~~::1:: ::l: :.: .... :.:;",,": ':':~ . :::j :: : :~;;~.\~:~j:;:;:::~:::;:~:::::: 1;i:::::~;:~: j;ir~:;~~ : 

1-· iT:::·i •• · •• ·,· 
:. ji .......... N~rnberof~pis()des '.. " •• '.: .:':' ' .. 10,027 

98.4% (9864/10,027) 

0.7% (68/10,027) 

0.9% (95/10,027) 
". - ' , -:;-.. ::-:::;";:;.;., ...... :: -:.::::: .. 

I· ·· ::::··,::::· .. .. ··· ···'·:::· ·, · ..... : ..... ,. Spontaneous VF .Episode~ :::: ... · . 

1982 

: :. %. O:veraIIEfficClCY 98.4% (1951/1982) 

: / :: %Unsuccessfui Due to VF 0.3% (5/1982) 

;SUnsuccessful Dueto,NonVF Arrhythmias · 1.3% (26/1982) 

Table 15-2: PCD~ Transvene'" System Spontaneous VTNF Episode Efficacy 

The physicians who are investigators in our study are all highly trained 
and are qualified by their education and experience to evaluate ICD 
performance. These physicians are the experts and leaders in their field 
and, as such, their interpretation of the data is considered the state of 
the art. Also, as the PCD is not designed nor intended to treat atrial 
arrhythmias, it is unlikely that the ventricular arrhythmia therapy from the 
PCD would terminate a . . r arrhythmia. If an atrial arrhythmia 
was misinterpreted as a ventric ar arrhythmia, the PCD therapy would 
likely be ineffective and this wo d, therefore, lower the reported percent 
success for PCD® therapies. -M/; j I 
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LAST EPISODE DETECTION SEQUENCE: 
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16. Table IM-G, page 173 must be modified to include a column on 

inappropriate therapy or therapies delivered as the device was 
programmed so that the percentages add up to 100 percent. 

RESPONSE: 

Table IM-6 has been modified to include rows for episodes that were 
unsuccessfully terminated but classified as Atrial Fibrillation or Sinus 
Tachycardia. Unsuccessful termination of an episode was defined as 
episodes in which the peDe!> Device was ineffective in terminating a 
spontaneous episod-e d-espite delivery of all four programmed therapies. 

Termination 

% . Unsuccessful Termination 
(Af~ST) ··· .. 

5,430 

5,362/5,430 
98.7% 

27/5,430 
0.4% 

VFEpisode$ .. 

5.6 months 

973 

964/973 
99.1% 

1/973 
0.1% 

8/923 
0.8% 

13,706 

13,449/13,706 
98.1% 

116/13,706 
0.9% 

141/13,706 
1.0% 

9.7 months 

1,694 

1,671/1,694 
98.6% 

9/1,694 
0.5% 

1411,694 
0.9% 

Table IM·6: PCD®Transvene" System: Comparison of Spontaneous VT./VF Episode Efficacy 
- 6/24/92 



MEDTRONIC CONFIDENTIAL 7 9 
/)A'l.V -"30 p71'.L.. 'J . t / .~ ~ - J .I 

. l • Thirty patients out of 757 in the Trans~" ne11l population experienced 68 
(68/5430 = 1.3%) episodes in which th . PCD® Device was ineffective in 
terminating a spontaneous episode of VT despite delivery of all four 
programmed VT therapies. Twenty fiveiPatients experienced 45 (0.9%) 
episodes that were due to sinus tachycardia or atrial fibrillation/flutter 
(SVT) with a rapid ventricular response that had been detected as VT. 
These episodes were resolved with either modification of programmed 
parameters or of antiarrhythmic drug therapy. It should be noted that 
the PCD® Device responded appropriately based on the programmed 
detection parameters. 

Seventy nine patients out of 742 in the Epicardial population experienced 
257 (257/13,706 =, .9%) episodes in which the PCD® was ineffective 
in terminating a spontaneous episode of VT despite delivery of all four 
programmed VT therapies. Of the ineffective episodes, 141 episodes -.-.. 
(1.0%) were due to sinus tachycardia or atrial fibrillation with a rapid 
ventricular response that had been detected as VT. These episodes 
were resolved with either modification of programmed parameters or of 
antiarrhythmic drug therapy. It should be noted that the PCD® Device 
responded appropriately based on the programmed detection parameters. 

Five patients in the Transvene 11l population experienced 9 episodes 
(9/973 = 0.9%) in which the PCD® Device was ineffective in terminating 
a spontaneous episode of VF despite delivery of all four programmed VF 
therapies. Four patients had eight reported ineffective VF spontaneous 
episodes that were due to sinus tachycardia or atrial fibrillation with 
rapid ventricular response rather than VF. Reprogramming and 
pharmacologic intervention resolved these problems. It should be noted 
that the PCU® Devrce performance was appropriate based on the 
programmed detection parameters. 

Thrrteen patients in the Epicardial population experienced 23 episodes 
(23/1,694 = 1.4%) in which the PCD® Device was ineffective in 
terminating a spontaneous episode of VF despite delivery of all four 
programmed VF therapies. Fourteen of the ineffective episodes CO.9%l 
were due either to atrial fibrillation with a rapid ventricular response that 
had been detected as VF, sinus tachycardia or the device not being 
disabled at the time of explant allowing the PCD® Device to sense 
external noise as VF. The episodes due to atrial fibrillation and sinus 
tachycardia were resolved with either modification of antiarrhythmic drug 
therapy or programmed parameters . It should be noted that the PCD® 
Device performance was appropriate based on the programmed detection 
parameters. 
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17. On page 162, TablelL-2 lists a category "Fail to Cardiovert/Defibriliate" 

as 0.8 percent. Please clarify. If a patient survives an episode of an 
inappropriate therapy, is it categorized as a success? Please discuss. 
The tables must include percentages with the representative numerical 
support. 

RESPONSE: 

Table IL-2 references a side by side comparison of complication/ 
observation rates observed in the PCD® TransveneTII System and the 
AICD Epicardial System. The table is provided here for reference and the 
PCD® Transvene TII System reflects an update on the clinical experience 
with the 757 patients with a new cutoff date of 2/1/93. The incidence 
of "Fail to Cardiovert/Defibrillate" was 0.8% and is now 1.2% due to the 
increase in mean follow-up time from 5.6 months to 10.8 months. 

}\: :::.:":=:'':>'" .. ': . ...... . 
::'::)}~(~:~?':~ ;:«~:/.:Hg~~.~gpf:(··:· 

" f~~ " ~ ·. C~rdiovf:rt/p,efibri'l,ate 
;:<'·I~~:~~;~~ri;teJPrOb'ematiC .. 
::· ¥Tl¥f : ;ftj'~r.~py'beiiYery ···<·· .. . 

", ........ : ...... .:::.: •.• , ...... > •• : •• : ...... :::: •• ,; .• ,... . ... '" 

,',-.; . .;.;: .. : . .......... -; ..... -. . 

.) •• :.(\, ••• /'.·.· •••• Erosioil . 

1.2% (9 pts) 4.1 % (7 pts) 

9.6% ("73 pts) 20% (55 pts) 

2.9% (22 pts) 2.2% (6 pts) 

0.7% (5 pts) 0.7% (2 pts) 

The AICD Epicardial System clinical experience data is from Winkle, et 
al. Long Term Outcome with Automatic Implantable Cardioverter
Defibrillator; JACe, May 1989; 13(6); 135-161. This article was 
selected because it provides a detailed clinical complication experience 
on large patient population, 270 patients. 

As described in the PCD® TransveneTII System PMA Application clinical 
, experience report, Section X, Comparison to AICD System, the instances 
of failure to cardiovert and/or defibrillate in the PCD® Transvene TII System 
patient population were associated with increased defibrillation 
requirements during induced VF episodes, none of which resulted in 
patient death. The failures to cardiovert/defibrillate reported in Winkle et 
ai, article were associated with patch dislodgement, patch crinkling, lead 
conductor fracture and elevated defibrillation thresholds due to changing 
patient conditions. 
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For purposes of this PCD® Transvenenl System clinical trial, spontaneous 
VT and VF episodes were defined as those episodes that satisfied the 
programmed VT and VF detection criteria. This includes all 
tacnyarr-hythmia- episodes (-i-.e-, VT, VF- and-s-upraventricutartachycard"ia)
that meet the programmed detection criteria. It should be noted for all 
current ICD Systems, the possible delivery of inappropriate therapy for 
atrial fibrillation or sinus tachycardia is known risk of the therapy. There 
have been no patient deaths due to the delivery of inappropriate VT or 
VF therapy in the PCD® Transvenenl System population. Using the stored 
episode information available in the PCD® Device and evaluation of the 
patient's symptoms at the time of the episode, the physician can 
attempt to discern whether the therapy was delivered for spontaneous 
VT/VF episode or a nonventricular arrhythmia such as atrial fibrillation or 
sinus tachycardia. 
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18. There were 38 inactive patients reported in Table IH-1, however, 34 
patients were reported-to be no I-anger active. Pfease cfarify. 

RESPONSE: 

The text accompanying Table IH-1: Inactive Patients, page 136 of the 
clinical summary provided in the September 18, 1992 amendment, 
contained an error. The text preceding the table should state "there are 
a total of 38 patients who had received a PCD system and are no longer 
active in the study as of 6/24/92." Note that the information in the 
table was correct. 

As of 2/1/93 there are a total of 82 patients who had received a PCD 
system and are no longer active in the study. The distribution of these 
patients is presented below and also appears in the updated clinical 
summary report under "Inactive Patients." 

Transvene Inactive Patients 

Reason for inactivity # of Patients 

Patient deaths 51 

Infection (explant) 22 

Heart transplant 9 

Total 82 
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19. Please discuss how the 1 year sudden cardiac death survival, as reporte'd 83 
in Table IF-2, page 128, was calculated. The numbers and an 
exprantatfon of patient classification must be included. Was every 
patient included who had a prior cardiac arrest regardless of the 
arrhythmia. 

RESPONSE: 

Sudden cardiac death is defined as a death that occurs within one hour 
of onset of symptoms or where the death is unwitnessed. The sudden 
cardiac death survival probability shown in Table IF-2 is calculated using 
a life-table survival analysis procedure. The life-table procedure 
estimates the probability of survival for an interval by looking at the 
number of patients entering the interval, number of patients censored 
during the interval, and the number of deaths occurring in that interval. 
The calculations were estimated using the commercial statistical 
software package SAS. 

Presentation of the number of patients does not allow calculation of the 
survival probability. Therefore, a dataset will be available upon request 
if you desire to verify the survival probability. 

The sudden cardiac death survival probability estimates the likelihood 
that a patient enrolled in the study will survive to one year without dying 
a sudden cardiac death. All patients in the Transvene™ clinical study are 
included in the analysis regardless of the indication (VT,SCD or SCD/VT), 
arrhythmia (VT or VF), or prior cardiac arrest status. 



MEDTRONIC CONFIDENrl~~~ 84 
20. On page 177, the number of patients must be provided so that the 

percentages and calculated p-values can be confirmed. 

RESPONSE: 

The percentages in Table IM-10 page 177 are calculated using the life
table survival estimate procedure. 

99.8% 98.7% 0.144 

96.8% 95.7% 0.803 

96.6% 94.4% 0.656 

99.4% 97.3% 0.022 

95.3% 87.2% 0.001 

Table IM-'O: Comparison of Actuarial Survival: PCD® Transvene" System versus 
PCD Epicardial System - 6/24/92 

The life-table procedure estimates the probability of survival for intervals. 
All patients for each population enter the model for estimation and are 
censored at their last known follow-up or counted as an event at time of 
death. The calculations were estimated using the commercial statistical 
software package SAS. Therefore, providing a number of patients would 
not aid in verification of percentages and p-values. For verification of 
percentages and p-values datasets are available upon request. 
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21 . Table IV-C, page 649 of the original submission shows a comparison of 
patient variables for the three lead systems and provides p-values for the 
variables tested, but the hypothesis was not clearly stated. Please state 
the hypothesis and discuss the p-values obtained when reporting by 
primary indication, and the chi-square test of the data set and how it 
was computed. 

RESPONSE: 

For Table IV-C, page 649 of the original submission the null hypothesis 
was: the patient characteristics are equivalent for the three lead 
confrgurations; RV/SVC/Sa, RV/CS/Sa, and RV/CS/SVC. 

Mean Age 57.9 60.7 56.3 Analysis of 0.177 
Variance 

Number, % Male 170 82.9% 71 83.5% 19 70.4% Chi-Square 0.255 
Number, % Female 35 17.1 % 14 16.5% 8 29.6% Test 

Mean Ejection 37.4% 35 .5% 35.8% Analysis of 0.605 
Fraction Variance 

Primary Indication: 
SCD 79 38.5% 31 36.5% 10 37.0% Chi-Square 0.985 
VT 92 44.9% 41 48.2% 12 44.5% Test 

SCD & VT 34 16.6% 13 15.3% 5 18.5% 

NYHA 
Classification: 

1111 163 81.1 % 74 87.1% 23 85.2% Fisher's 0.495 
III/IV 38 18.9% 11 12.9% 4 14.8% Exact Test 

Coronary Artery 73.2% 69.4% 74.1% Chi-Square 0.789 
Disease Test 

Myocardial 68.3% 65.9% 66.7% Ch uare 0.919 
Infarction Test 

Congestive Heart 32.2% 25 .9% 29.6% Chi-Square 0.565 
Failure Test 

Cardiomyopathy 27 13.2% 14 16.5% 4 14.8% Fisher's 0 .717 
Exact Test 

Table Ive: Summary of Variables Tested on lead Configurations - 11/27/92 

The Chi-Square test is used to test for association between variables. 
It is used for R x C (R Rows and C Columns) contingency tables. All 
calculations in Table IV-C were estimated using the commercial 
statistical software package SAS. For chi-square calculations the 
Pearson chi-square statistic was used. This statistic involves the 

85 I 
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differences between the observed and expected frequencies (SAS 
Users's Guide: Statistics, Version 5 Edition, 1985, pp. 411-412). 

There were no statistically significant differences at a 0.05 significance 
level in patient characteristics between the lead configurations. 
Therefore, we accept the null hypothesis that the patient populations are 
equivalent. 

I 
8€ I 
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22. For purposes of justification of data pooling and data analysis of Table 
IV-C, please discuss why the multiple statistical significant difference 
was not adjusted at a 0.05 significance level using a more widely 
accepted procedure such as the Hochberg procedure (Dunnett and 
Tarnhoue: A Step-up Multiple Test Procedure, Journal of the American 
Statistical Association, March, 1992, Vol 87: pp. 162-170). 

RESPONSE: 

The Hochberg procedure was not used to adjust for multiple inference 
in table IV-C of the original submission because the Dunnett and 
Tarnhoue article was not published and not known by us until the same 
month that the original submission was submitted, March 1992. Also 
procedures that adjust for multiple inference are used to adjust the p
value below 0.05 to correct for a type I error (rejecting the hypothesis 
of no difference between the populations when the hypothesis should be 
accepted). As shown in table IV-C below, none of the comparisons are 
significant at a 0.05 significance level so there is no reason to adjust the 
significance level below 0.05 to eliminate type I errors. 

87 



MEDTRONIC CONFIDENTI~l 88 

Number, % Male 170 82.9% 71 83.5% 19 70.4% Chi-Square 255 
Number, % Female 35 17.1% 14 16.5% 8 29.6% Test 

Mean Ejection 37. % 35.5% 35.8% Analysis of 0.605 
Fraction Variance 

Primary Indication: 
SCD 79 38.5% 31 36.5% 10 37.0% Chi-Square 0.985 
VT 92 44.9% 41 48.2% 12 44.5% Test 

SCD & VT 34 16.6% 13 15.3% 5 18.5% 

NYHA 
Classification: 

1111 163 81.1 % 74 87.1% 23 85.2% Fisher's 0.495 
III/IV 3818.9% . 11 12.9% 4 14.8% . Exact Test 

nary Artery 74.1% 
Disease 

Myocardial 68.3% 65.9% 66.7% 0.919 
Infarction 

Congestive Heart 32.2% 25.9% 29.6% Chi-Square 0.565 
Failure Test 

Cardiomyopathy 27 13.2% 14 16.5% 4 14.8% Fisher's 0.717 
Exact Test 

Table IV-C: Summary of Variables Tested on Lead Configurations - 11/27/92 
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23. You claim that confidence interval analysis was performed to compare 
the overall mortality of the PCD® and AICDlV populations. What was the 
confidence interval? 

RESPONSE: 

The survival probability at one year for the TransvenelV population was 
95.3%. From the analysis run, using the commercially available 
statistical software package SAS, the survival standard error was also 
calculated. The confidence interval was calculated by taking the survival 
probability + /- the 1. 96(survival standard error). The survival standard 
etrOf was' 1-. 1-, therefofe-the-confidence-ifltervaHof Transvefle-lV stJfvival 
at , year is 95.3 +/- 2.2 or [93.',97.5]. The overall survival probability 
reported for the Ventak-P was 90.8%. We do not have the data 
necessary to calculate the confidence interval around 90.8% for the 
Ventak-P. This probability is outside the lower range of the confidence 
interval for the Transvene lV survival probability at one year, therefore by 
using the best available information we conclude that there is a 
statistically significant difference between the survival probabilities. 

89 
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24. Please clarify and/or discuss the following regarding Table XB-1, page 
378, Volume 2: 

a. the total number of patients in the Ventak P population (292) 
versus those reported by primary indication (291); and 

RESPONSE: 

b. a chi-square test of primary indication, using the StatXact 
computer software, yields a p-value of nearly O. This is 
statistically significant, indicating the PCO® and Ventak P 
populations are significantly different. 

RESPONSE: 

Afi rrcne-a in the- PCD<!I· Trarrsvene-nt. System PMA Applicatiun, for 
purposes of comparison the Ventak-P Epicardial System described 
in the Summary of Safety and Effectiveness Data (PMA 
Application Number P890061) dated May 2, 1991 was used. 
Therefore only that data which was presented in this summary is 
available via the Freedom of Information Act. The primary 
indication for one patient was not available in the Ventak P 
Epicardial System summary. 

Analysis performed by Medtronic indicated that there was a 
statistical a difference in the category of patient indication 
between the two patient population groups. There were more 
patients that had Sudden Cardiac Death as their primary indication 
in the PCD® Transvene Tll System population than the AICD 
Epicardial System population (p = 0.001). 

Cox regression analysis was performed to see what effect gender, 
primary indication and system implanted (PCD® Transvene Tll or 
PCD® Epicardial) had on survival outcome. 

This analysis showed that for overall survival at one year the 
system implanted had an influence on the probability of survival 
but gender and primary indication had no influence. 

Thus, since there is no impact on survival outcome based on 
primary indication, the PCD@ Transvene Tll System and AICD 
Epicardial System can be compared . There was a statistical 
difference (Confidence Interval Analysis) in one year overall 
survival between the PCD® Transvene Tll (95.6%) and AICD 
Epicardial System (90.8%). This difference is due to the 
implanted defibrillation lead system. 

90 
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25. Please discuss the · incidence of inappropriate therapies reported as 
observations in the Transvenelll study. It appears as if there has only 
been a slight improvement over the PCO® Epicardial study as it relates 
to programming and patient management (drug therapy). Please discuss 
the experience of both studies and how the labeling supports effective 
programming of the device parameters and the use of the Onset and 
Stability algorithms. How many patients in the Transvenelll study have 
the Onset and Stability algorithms programmed ON? At what interval 
d·uring the study were the majority of patients programmed with the 
algorithms? . Your experience in the treatment of induced and 
spontaneous episodes with use of the algorithms must be discussed. 

RESPONSE: 

a. Inappropriate Therapies 

Inappropriate therapy delivery is defined as the delivery of either 
\IT or VF therapy for reasons other than a spontaneous VT or VF 
episode. This includes atrial fibrillation with a rapid ventricular 
response or sinus tachycardia that overlaps with the programmed 
detection criteria. Delivery of therapy for rhythms other than VT 
and VF is a known risk of ICD therapy which is clearly discussed 
in the device labeling. 

PhYSicians initially program the PCD® based on the known cardiac 
arrhythmias and tend to program the device toward greatest 
sensitivity for VT and VF detection. When patients go home and 
recover from the implant procedure they will generally become 
more active and may experience increases in their sinus rate. If 
these increased sinus rates overlap the programmed VT detection 
rate criteria, the patient may experience an inappropriate VT 
therapy. Similarly atrial arrhythmias may develop as the patient's 
heart disease progresses. The philosophy behind Medtronic's 
labeling recommendations and the practice of PCD® investigators 
is to accept some overdetection of non-VT/VF rather than risk 
underdetection of a life threatening tachycardia. If the patient 
experiences inappropriate therapies due to either ventricular 
response to atrial fib/flutter or sinus tachycardia, the investigator 
will evaluate both device programming and other medical/surgical 
therapeutic options. Because of these patient management 
practices the incidence of inappropriate therapy delivery will never 
be zero. Physicians will likely always wait until inappropriate 
therapy delivery occurs before programming supplementary 
detection criteria. 

\ 

91 
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The incidence of inappropriate/problematic VT /VF therapy delivery 
was lower in the PCD® clinical experience than the published 
experience with the AICD (Winkle, et al. Long-Term Outcome With 
the Automatic Implantable Cardioverter-Defibrillator; JACC, May, 
1989; 13(6); 135-161.). Table XII F-2 on page 253 Transv~neTM 
clinical update dated 9/18/92 shows 10.6% (N = 742) of patients 
with the PCD® epicardial system and 8.2% (N = 757) of patients 
with the Transvene™ system experienced inappropriate VT or VF 
therapies. The Winkle article reports a 20% rate of delivery of 
inapPI opriate- therapies-. The- reduction in iJ lappropriate" tllerapies
can be attributed to the incorporation of independently 
programmable detection algorithms for VT and VF. 

The circumstances reported in the Winkle, et al article were 
nonsustained VT, recurrent stable VT, sinus tachycardia, atrial 
fibrillation with rapid ventricular response and pacemaker 
interaction. The patients with VT complained of receiving multiple 
shocks with limited or no symptoms. The incorporation of 
antitachycardia pacing in the PCD Device decreases the need for 
delivery of cardioversion shocks for the termination of stable VT 
and increases patient acceptance of ICD therapy. 

The slight reduction of inappropriate therapies between the 
epicardial and the Transvene™ systems is likely due to the 
difference in the incidence of atrial fibrillation between the, two 
systems. Atrial fibrillation, with a risk of inappropriate shocks and 
the potential need for concomitant antiar'rhythmic drug therapy, 
is a recognized medical event in patients receiving an ICD System 
utilizing an epicardial defibrillation lead system. The occurrence 
of atrial fibrillation in these patients may be related to the 
thoracotomy procedure required for implant, manipulation of the 
atrium during the implant procedure or the positioning of the 
epicardial patch leads near or on the atrium resulting in irritation 
and induction of atrial fibrillation. The incidence of inappropriate 
therapy for atrial fibrillation in the PCD Epicardial System was 
6.1 % while that for that the PCD Transvene System was 4.9%. 
An decreased incidence of inappropriate therapy results in a 
decreased potential risk for acceleration on non VT/VF rhythms as 
well as increased patient acceptance of ICD therapy. Though the 
introduction of a transvenous lead system has not totally removed 
the risk of inappropriate therapy for atrial fibrillation, from this 
clinical experience it appears that the incidence has been 
decreased. 

The Transvene™ clinical update dated September 18, 1992 

\ :p;:ed forty nine patients with inappropriate VT therapy WhiC~\ 
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were all classified as observations and discussed this experience 
in detail. Inappropriate VT therapy was delivered for atrial 
fibrillation with a rapid ventricular response in 28 patients and due 
to sinus tachycardia in 21 patients. This observation was 
resolved by reprogramming of the VT detection parameters in 21 
patients, with modification of drug therapy in 26 patients and no 
action was required in one patient. One patient with atrial 
fibrillation underwent successful AV Node ablation. Post this 
procedure, appropriate PCD Device function was documented. 

In two patients in whom inappropriate VT therapy was delivered 
for sinus tachycardia, the ONSET algorithm was enabled to 
improve discrimination between VT and sinus tachycardia. The 
u~e of this algorithm resulted in no further delivery of 
inappropriate therapy for sinus tachycardia. 

In three patients in whom inappropriate VT therapy was delivered 
for atrial fibrillation, the STABILITY argorithm was enabled- to 
improve discrimination between VT and atrial fibrillation. The use 
of this algorithm resulted in no further delivery of inappropriate 
therapy for atrial fibrillation. 

The Transvene™ clinical update also reported thirteen patients 
who experienced an episode of inappropriate VF therapy, all of 
which were classified as observations. In nine cases, 
inappropriate VF therapy was delivered for atrial fibrillation that 
had a rapid ventricular response that met the progJammed VF 
detection criteria. In two cases, inappropriate VF therapy was 
delivered secondary to sinus tachycardia that was detected as 
ventricular fibrillation. Modification of the programmed VF 
detection criteria or the patient's antiarrhythmic drug therapy 
corrected these two clinical observations. 

One patient received inappropriate VF therapy secondary to the 
sensing of T waves during sinus rhythm with the PCD device 
programmed to a sensitivity of 0.3 mV. This was resolved with 
reprogramming of the sensitivity to 1.2 mV. Appropriate VF 
sensing was documented at this programmed setting. 

The final patient received inappropriate VF therapy secondary to 
nonsustained ventricular tachycardia. In the PCD Device, once 
"VP'- is d-etected- the devrce is committed- to the d-elivery of 
defibrillation therapy. This observation was resolved by 
reprogramming of the FDI and VF NID. 

Pu-( f 1 - P{L~ -L \ 3 ~7 
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b. Labeling 

The PCD® technical manual contains specific recommendations for 
programming both VT and VF detection. For VT detection, 
specific statements are made for programming the Tachycardia 
Detection Interval (TDI), the Number of Intervals to Detect (VT 
NID), as well as the Onset and Stability Criteria. For VF detection 
recommendations are made for Sensitivity, Fibrillation Detection 
Interval (FDI) and Number of Intervals to Detect (VF NID). 

The recommendations specify initial programming 
recommendations for each parameter as well as, appropriate 
warnings for potential programming problems. 

The programming recommendations for the Onset Criterion in the 
PCD® technical manual are: 

Onset Criterion is indicated if inappropriate detection of sinus 
tachycardia resulting in inappropriate VT therapy delivery has occurred. 
Treadmill testing, beginning at 81 % Onset, is suggested to evaluate 
the appropriate function of this algorithm. 

This algorithm was used safely in 8.5% of 434 patients in the clinical 
study. Its use has demonstrated its safety and effectiveness. 

If the Onset Criterion is ON and is not met at the beginning of a 
spontaneous ventricular tachycardia, the VT episode could remain 
"undetected", such as with an exercise-induced VT. If VT Detection 
uses the Onset Criterion and detection is enabled after the start of a 
VT, the VT may not be detected. 

A low programmed onset percentage value will increase the specificity 
of the Onset Criterion to detect the targeted tachycardia, but will also 
decrease the sensitivity of the overall VT detection algorithm. 

The programming recommendations for the Stability Criterion in 
the PCD® technical manual are: 

Stability Criterion is indicated if atrial fibrillation or atrial flutter with a 
rapid ventricular response has caused inappropriate detection and 
therapy delivery, A stability value of 60ms is suggested initially. 

This algorithm was used safely in 17.9 % of 434 patients in the clinical 
study. Its use has demonstrated its safety and effectiveness. 

Decreasing the programmed interval stability value increases the 
specificity of the Interval Stability Criterion to detect the targeted 
stable tachycardia, but may also decrease the sensitivity of the 
detection algorithm . 
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The labeling directed at programming these two algorithms is 
necessary and appropriate in that it clearly states that while 
specificity for VT detection is enhanced, sensitivity for VT 
detection is reduced. For this reason the recommendations clearly 
state that these supplementary detection criteria should be used 
after the need for this increase in specificity has been clearly 
demonstrated, that is, inappropriate therapies form either sinus 
tachycardia or atrial fib/flutter have occurred. 

The values recommended for initial programming of both of these 
features was made through analysis of the clinical data base. In 
both cases the values chosen were the most widely used values. 

c. Transvene™ Experience 

As of February 1, 1993 thirty-three (33) of the 757 Transvene™ 
patients in the clinical report had the Onset Criterion enabled and 
55 patients had the Stability Criterion enabled. Eleven of these 
patients had both the Onset and the Stability Criteria programmed 
ON. The most widely used programmed value for the Onset 
Criterion was 81 % (54.5% of patients with Onset programmed 
ON). The most widely used programmed value for the Stability 
Criterion was 60ms (45.4% of patients with Stability programmed 
ON). 

Table 25c-1 shows a distribution of the time from imp/ant to the 
first programming of the Onset and the Stability Criteria. Almost 
half (48.5% 16/33) of the patients with the Onset Criterion 
programmed ON did so within the first 30 days following implant. 
The greatest time from implant to the first programming of the 
Onset Criterion is 345 days. More than half (63.6% 35/55) of the 
patients with the Stability Criterion programmed ON did so within 
the first 30 days. Like the Onset Criterion many patients had the 
Stability Criterion programmed on for the first time very late in the 
follow-up period, the greatest being 622 days. 

9 ~ 
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Time to Program Onset and Stability Criterions ON 

While most of the patients requiring these supplementary 
detection algorithms do so relatively early following implant, some 
patients require this feature much later. This is an example of the 
dynamic nature of patient's underlying heart disease and the need 
to have these programmable features available for use long after 
impl-ant, as the patient'-s card-iac cond-ition changes. 

At the time of programming either of these supplementary VT 
detection criteria ON, many patients had arrhythmias induced to 
assure appropriate detection of VT/VF. Table 25c-2 shows the 
number of episodes of VT and VF induced during the follow-up 
evaluation where the criterion was programmed ON. Fifty percent 
(11/22) of the patients with the Onset Criterion only programmed 
ON were induced into a tachyarrhythmia at the follow-up 
evaluation where the programming occurred. Over half (61.3% 
27/44) of the patients with the Stability Criterion only 
programmed ON and 72.7% (8/11) of those patients with both 
supplementary criteria programmed ON were induced at the 
follow-up where the programming occurred. In all cases the PCD!!> 
system performed appropriately. 

--- -- ------

9t 



78 Episodes 
19 Patients 

31 Episodes 
6 Patients 
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4 Episodes 
2 Patients 

41 Episodes 
21 Patients 

18 Episodes 
5 Patients 

Table 25c-2: Induced Episodes When Onset or Stability Were 
Programmed ON 

Table 25c-3 shows the spontaneous episode experience in the 
patients with these two detection criteria programmed ON. Three
hundred-nine (309) episodes occurred in 30 of the patients with 
the Stability Criterion programmed ON. Two-hundred-ninety-three 
(293) were successfully terminated by the PCO® Transvene ™ 
system. The remaining episod'es were d'ue to ventricularresponse 
to atrial fib/flutter that met the programmed Stability Criterion 
value. Twelve (12) of the "Failed" episodes were in one patient 
who was hospitalized for titration of medical therapies. Eleven 
patients with the Onset Criterion experienced 493 VT episodes 
which were terminated with an efficacy of 99.2%. Ventricular 
fibrillation was terminated 100% of the time in this patient group. 

, .. :,'i) :.>:;:.::; :>':." ... . .,.. . .. . " .', "":':::':>' i:·'··' ····· .. ..... ....... : .. ' ::':'::: .. ::':.:' .':':. 
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..... "'Patients 
# Episodes 

Efficacy 
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IOn~etCri1erion Only 
# Patients 
# Episodes 

I . Efficacy 

. Both Criteria 
# Patients 
# Episodes 

Efficacy 

30 
309 

94.8% 

11 
493 

99.2% 

10 
364 

97.0% 

Table 25c-3: Spontaneous Episodes 
Programmed ON 

18 
125 

100.0% 

7 
17 

100.0% 

4 
39 

100.0% 

When Onset or Stability Were 
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d. Conclusion 

The Onset and the Stability Criteria for VT detection are the same 
algorithms that were demonstrated to be safe and effective with 
the market released PCD® Epicardial System. They remain a 
useful tool in a subset of patients requiring discrimination between 
ventricular tachycardia and the rapid ventricular response to atrial 
fib/flutter or sinus tachycardia in the PCD® Transvene TM System. 



MEDTRONIC CONFIDENTIAL 
I I 

26. Please discuss the "device related" complications reported for the 
Transvene1ll and the peo® Epicardial System. 

RESPONSE: 

As described in the PCO® Transvene1llSystem PMA Application, "Device 
Related" complications includes patients in whom the d-evrce was 
explanted for reasons other than patient death, infection or transplant. 

In the case of the PCD® Transvene 111 System, these patients were 
discussed in detail in the Clinical Experience Report, Section XII, 
Complications and Observations and detailed information on each patient 
was provided in Volume 3, Clinical Appendices, Appendix C. There were 
four patients (0.5%) in whom the PCD® Device was explanted due to 
reasons other than death, infection or heart transplant. Reasons for 
explant included, (1) lower than expected battery voltage for time in 
service due to leakage at the input to one of the integrated circuits (1 
unit), (2) failure to appropriately synchronize and deliver cardioversion 
therapy for an induced VT episode 11 unit); (3) Power on Reset (POR) 
condition that was not related to the delivery of external defibrillation or 
cautery (1 unit); and, (4) inappropriate delivery of VF therapy during a 
manual capacitor charge time (1 unit). In all cases, the devices were 
safely replaced with no adverse patient consequences. The attached 
information from the PCD® Transvene1ll System Application provides a 
summary of these patients. 

In the case of the PCO® Epicardial System, there were seven patients 
(0.9%) in whom the PCD® Device was explanted due to reasons other 
than death, infection or heart transplant. The reason for explant for all 
seven devices was lower than expected battery voltage for time in 
service. The identified causes for low battery voltage were (1) failure in 
an integrated circuit which increases the current drain and results in 
reduced battery longevity (3 units); (2) leakage at the input of one of the 
integrated circuits where voltage measurement is taken (1 unit); and (3) 
leakage at tantalum capacitors (3 units). Information on these identified 
causes for low battery voltage have been previously provided the 
agency. In all cases, the devices were safely replaced with no adverse 
patient consequences . 
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There were four patients in whom the PCD Device was explanted 
due to reasons other than death, infection or heart transplant. In 
all cases these medical events were classified as complications. 

In the first patient the PCD Device was explanted for lower than 
expected battery voltage measurement for time in service. 
AnalVsis indicated- the decreased battery- voltage- measurement 
was due to leakage at the input to one of the integrated circuits. 
This lead to a voltage drop across a resistor where the voltage 
measurement was taken. Analysis indicated the battery to be 
performing to specifications and the leakage to be a random 
event. 

The second patient received inappropriate VF therapy during 
reformation of the device capacitors. Analysis of the explanted 
unit indicated that arcing occurred between the conductors in the 
high power hybrid. As a result, high voltage was momentarily 
applied to the low power circuitry, including the low power hybrid. 
This low power hybrid lost function including the capability to 
pace and transmit telemetry due to the excessive voltage applied. 

Since this is the only device that exhibited this type of failure in 
the field and the hybrid manufacturing process has demonstrated 
that it will screen out infant mortality, this was determined to be 
a random component failure. 

In the third patient, during the pre-hospital discharge 
electrophysiology study, VT was induced and cardioversion 
therapy failed to appropriately synchronize and deliver therapy for 
this induced episode. The peD Device was explanted and the 
patient received a second device without difficulties. Analysis of 
the explanted peD Device indicated a random device failure in the 
microprocessor and low power hybrid. The manufacturing 
process was modified to incorporate a screening process to 
identify any further devices which may exhibit this behavior. 

In the final patient, the peD Device exhibited a Power On Reset 
(POR) condition that could not be related to use of electrocautery 
or external defibrillation. The device was explanted and returned 
to Medtronic for analysis. Final results on the analysis are not 
available at the time. of this submission but will be submitted to 
the FDA when they are available. 

249 
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27. Please describe in detail the complications reported in the patients 

followed for a year. 

RESPONSE: 

Complications and Observations in the patients followed for 1 year or 
more 

The use of a multiprogrammable implantable cardioverter defibrillator 
(ICD) device allows the physician to resolve most relevant medical 
events by noninvasively changing programmed parameters thus, avoiding 
invasive procedures. However, there will continue to be certain relevant 
medical events which will require invasive procedures for resolution. 

For purposes of this clinical study, reported relevant medical events were 
divided into complications and observations based on the following 
definitions: 

COMPLICATION: 

OBSERVATION: 

A symptomatic or asymptomatic clinical event with 
potential adverse effects, which can NOT be treated or 
resolved by reprogramming the device and REOUIRES 
invasive intervention. 

A symptomatic or asymptomatic clinical event with 
potential adverse effects, which either does NOT 
require invasive intervention, or which CAN be 
corrected by reprogramming the device. 

As of February 1, 1993, of the 393 patients with implant durations of 
greater than or equal to one year, there have been a total of 89 
complications reported in 76 patients and 122 observations reported in 
99 patients in the PCD N Transvene N System patient population. Thus, 
19.3% (76/393) of the patients had a clinical event which was 
categorized as a complication and 25.2% (99/393) of the patients had 
a clinical event which was categorized as an observation. These 
percentages are consistent with the percentages of patients with 
complications, 19.4% (147/157) and observations 23.8% (180/757) in 
the original PMA patient population. 

Table 27-1- summarizes the reported PCD® Trans-v-ene-N Sy-stem
complications and observations by category. The reported complications 
and observations are recognized clinical events that may occur with any 
of the current ICD devices. These complications and observations are 
discussed in the PCD® device and Transvene 1'101 manual. None of the 
reported complications or observations have resulted in a patient death. 
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3 (0.8%) 

2 (0.5%) 

2 (0.5%) 

5 (1.3%) 

1 (0.3%) 

1 (0.3%) 

2 (0.5%) 

1 (0.3%) 

6 (1.5%) 

5 (1.3%) 

3 (0.8%) 

56 (14.2%) 

89 

10 (2.5%) 

40 (10.2%) 

6 (1.5%) 

29 (7.4%) 

1 (0.3%) 

7 (1.8%) 

9 (2.3%) 

7 (1.8%) 

1 (0.3%) 

1 (0.3%) 

1 (0.3%) 

3 (0.8%) 

6 (1.5%) 

122 

Table 27-1: PCD Transvene System: Reported Complications and Observations 
- 2/1/93 
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Table 27-2 contains a description of the lead dislodgements that have 
occurred in less than 30 days and in greater than 30 days. 

>30 days >30 days 

29 (7.4%) 0(0) 6 (1.5%) 

Table 27-2: PCD Transvene System: Lead Dislodgements < 30/> 30 days -
2/1/93 

There have been a total of 29 lead dis lodgements reported in patients at 
greater than 30 days. None of the lead dislodgements resulted in an 
ineffective therapy for a spontaneous VT of VF episode or patient death. 
Lead dis lodgements were documented by fluoroscopic examination 
during electrophysiologic evaluation, chest x-ray obtained during routine 
follow-up, or during pacing/sensing threshold evaluation during routine 
follow-up. In all 29 cases, reoperation was required to reposition the 
lead and reestablish an effective defibrillation lead system. 

Lead dislodgements are not specific to the PCD® Transvenel1l System and 
have been reported with dual chamber pacemakers and the current 
market released implantable cardioverter defibrillator (lCD) system. The 
early history of dual chamber pacemakers witnessed a high lead 

. dislodgement rate of at least 20% (Smyth, PND, et al. Permanent 
perivenous atrial sensing and pacing with a new J-shaped lead. J 
Thoracic Cardiovascular Surgery. 1976;72:565-570). Winkle, et al 
reported that the incidence of dislodgement of the superior vena cava 
spring leads with the current market release ICD system to be 6.3%. 
(Winkle, et al. Automatic Implantable Cardioverter-Defibrillator: Efficacy, 
Complications, and Survival in Patients with Malignant Ventricular 
Arrhythmias. JACC. June 1988; Vo!.11, No.6:1278-86). 
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28. There was a substantial increase in the number of infections reported in 

the Transvenelll study. Even though you discussed why there was an 
increase, based on your experience, how will your labeling address the 
procedures for reduction in the number if infections? Please validate 
these procedures. 

RESPONSE: 

In the current update of our database, we report in Table IM-7 (a copy 
is attached for your convenience) that there is a 2.9% incidence of 
infection leading to explant of the PCD<!J in the 757 Transvenelll patients 
and 2.3% for the 742 Epicardial patients. These two rates are not 
substantially different nor are they different from the 2.4% rate reported 
in the Ventak-P Summary of Safety and Effectiveness Data, PMA 
Af>pHcati~n P88006l, May 2, 1-98-1-. Therefore, it is- our as-sertion that 
there is- not a- subs-tantial- increa-se- in infections- and- the current labeHng
is appropriate. 
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29. A discussion of your· experience in the use of the different entry sites for 

the placement of the Transvene'lll leads, and how your labeling assists in 
the selection of an entry site, must be provided. 

RESPONSE: 

Transvene leads are placed via several approaches; either through the 
subclavian, cephalic or jugular veins. The specific site is determined by 
the implanting physician. Analysis of Transvene data shows that the left 
subclavian vein is the most frequently used entry site regardless of the 
type of lead or intended lead location, i.e., RV or CS/SVC lead. A 
presentation of entry sites is presented below. The total number of RV 
lead entry sites is greater than the total number of patients included in 
this report because of patients with multiple lead evaluation sessions. 
This information was also presented in the clinical experience report 
provided in the September 1992 PMA amendment. 

40 47 87 

213 180 393 

8 7 15 

7 9 16 

11 9 20 

5 4 9 

Total 767 839 2097 

Venous Entry Site - 6/24/92 

There have been two reports of fractures of the Model 6884 right 
ventricular lead associated with clamping of the lead body between the 
clavicle and first rib. Both of these leads were placed via a right 
subclavian approach. These patients are discussed in detail in the 
complications section of the clinical summary. There were no reports of 
ineffective therapy for a spontaneous VT/VF episode due to a right 
ventricular lead fracture. 
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Technical manuals for both the Model 6966 RV lead and Model 6963 
CS/SVC lead provide a detailed discussion of selection of a lead entry 
site. This is addressed under, "Suggested Implantation Procedure" in 
each of the technical manuals. Copies of the applicable pages of the 
technical manual for each lead are provided following this response. 
Note that this information was also provided in the original Transvene 
PMA application dated March 31, 1992. 
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:c TECHNICAL MANUAL 
o 

TRANSVENETM-SVC Unipolar, Endocardial, 
Coronary Sinus or Superior Vena Cava Lead for 
Cardioversion and Defibrillation 

MODEL 6963 
CAUTION: Investigational Device. Limited by U.S. Law to Investigational Use. 

©1992 Med1ronic, Inc .. 
Aft Rights Reserved 
Printed in The Necherlands 

.')' 



? -., 
-+-

~ 
\ 

"""V 

S 
0> 

-C 
o 
C4) 

~ 

POTENTIA~ COMPLICATIONS 

The potential cOllJplications related to Ule use of lrnnsvenous 
leads include, but are not limited to, the following 
patient-related C01ldilions that can occur during and 
following lead insertion: fibriUation or other arrhythmias, 
conduction disturbunces.loss of contractility. air embolism, 
cardiac perforatiqn. heart wall rupture. cardiac tamponade, 
infection, and tis~ue necrosis. 

Olher potential complications related to the lead include, but 
are not limitcd to, Ute following: lead dislodgemcnt. lead 
conductor fracture. and insulation failure. 

ENSURING PRODUCT INTEGRITY 

Carefully inspect the package before opening. It is not 
recommended th~tt you use Ute product after its expiration 
date. 

If Ule integrity of the package has been compromised prior to 
the product expiration date, place the contcnts in a 
gas-permeable bag and resterilize it with ethylene oxide as 
described below. 

CAUTION; USQ cthylene oxide only. 

TIle process should not exceed temperatures of 550 C 
(1250 F). Allow proper aeration of ethylene oxide residllcs 
prior to implantation. Use some acceptable method to 
determine sterilizer effectivelless, such as u biological 
imlicator. 

Due to the variability between sterilizers, precise sterilizatioll 
instructions cannot be provided. COllUlct your sterilizCf 
manufacturer for more infonnation regarding sterilization 
procedures. 

SUGGESTED IMPLANTATION 
PROCEDURE 

General Instructions 
The implanlutioll procedure generally includes using a stylct 
guide, sly lets, and vein lifter: selecling an insertion sito.: 
positioning Ule lcad; taking eleclrical amI defibrillntiOl, 
efficacy measurements: anchoring the lead; and conlle~lillg 
Ute lead to Ute pulse generator. 

Some implanlation techniques vary according to physi~ian 
preference and thcpatienl's anatomy or physicnl condition. 
The techniques for selecting. an insertion site. using a stylet 
guide or a stylet. positioning a lend, and anchoring a lead, 
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de~cribed below suggest cine or two possible versions, while 
more may exist. 

Opening tho" Packag~ " 
While lifting the l~lId oui of the package, make sure that the 
anclloring sleeve does not slide off \lIe distal end oC t1IC lead. 

Using the Stylet Guide and Stylets 
11le lead is pnck..1gcd witit the stylet guide aunched to the 
connector pin and a stylet alrendy inserted. If Ihe stylet guide 
hns ~ccn removed, replace it by gently pushing it as far:tS 
possible onto the cOrlnecior pin (Figure 1). 

Figur~ 1. Stylet gUide attachment. 

A stylet provides addiliomit stiffness and controlled 
Ocxibjlity for m:lIietivCring Ihe le3d into position, Stylels 
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vary in stiffness for different lead and stylet flexibility. Eneh 
stylet knob is etched with the stylet diameter and length. 

If a stylet is not already in lhe lead, insert a stylet through the 
stylet guide and into the lead body. If a slight curve is needed 
for the stylet. refer to instructions in the section tilled 
"Positioning il Lead in \lIe Coronary Sinus or Superior Vena 
Cava." 

CAUTION: To avoid damage to the lead or body tissue, do 
not use excessive force or surgical instruments to insert n 
stylet into the lead. When handling a stylet, avoid 
overbending. kinking, or blood contact. 

CAUTlON: Repeated insertions of a stylet increase the 
chance that blood may accumulate on it, which may cause 
difficulty in passing the slyletlhrough lhe lend and may 
calise damage 10 the lead. 

Selecting an Insertion Site 
The lead m3Y be inserted by venotomy through several 
different venous roules, including the right or left cephalic 
vein or lhe external or inlernal jugular vein. In general, a left 
venous entry site will aid in maneuvering the lead into the 
coronary sinus orifice. 
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CAUTION: If insertion is done. via a subclavian approach, 
the lead should be positined far laterally to avoid clamping 
the lead body between the clavicle and the rust rib. 
Clamping the lead may eventually cause the conductor to 
fmcture, may cause damage to the insulation, or may cause 
oUler damage to the lead. 1llis may result in complications 
such as loss of detection, loss of pacing thempies. or loss of 
cardioversion./defibriltation therapy. Certain anatomical 
abnormalities, such as thoracic outlet syndrome, may also 
preCipitate pinching andf subsequent fracture of the lead. If 
significant resistance is encountered during a subclavian 
slick implant procedure, do not force the lead by adjusting 
patient's posture (i.e., raising the arm or putting a towel 
behind the person's back) to facilitate the passage of the 
lead. In such cases it is recommended that an alternate 
venous entry site be used. 

Use fluoroscopy to facilitate accurate lead placement. 

Using a Vein Lifter 
A vein lifter facilitates lead introduction. Insert its lapered 
end into Ule incised vein and genUy push the lc.'\d tip 
underneath and into Ule vein (Figure 2). During insertion of 
Ule lead into the vein, make sure the anchoring sleeve docs 
not slide off the distal end of the lead. 

~ 

Figure 2. Using the vein lifter. 

CAUTION: Avoid placing lhe lead under extreme tension 
or angulation to prevent lead dislodgement and possible lead 
fmcture. Do not grip the lend with surgical instruments. 

Positioning a Lead In the Coronary Sinus 
or Superior Vena Cava 
For added control in maneuvering the lead tip. the distal end 
of the lead may be slightly curved by inserting a gently 
curved stylet as shown in Figure 3. A possible angle of 
curvature is illustrated in Figures 4 and 5. 
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TECHNICAL MANUAL 

The TRANSVENETM-RV Tripolar, Endocardial, 
Screw-in Lead for Ventricular Pacing, Sensing, 
Cardioversion and Defibrill~tion 

MODEL 6966 
CAUTION: Investigational Device. Limite~ by U.S. Law to Investigational Use. 

©1992 Medlronic, Inc. 
All RighlS Reserved 
Prinled in The N9Iherlands 
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ENSURING PRODUCT INTEGRITY 

Carefully inspect the package before opening. It is not recom
mended that you use the product after its expiration date. 

If the integrity of the package has been compromised prior to 
the product expiration date, place the contents in a gas-per
meable package and resterilize it with ethylene oxide as de
scribed below. 

CAUTION: Use ethylene oxide only. 

The process should not exceed tempemtures of 55° C 
(125° F). Allow proper aemtion of ethylene oxide residues 
prior to implantation. Use some acceptable method to deter
mine sterilizer effectiveness, such as a biological indicator. 

Due to the variability between sterilizers, precise sterilization 
instructions cannot be provided. Contact your sterilizer manu
facturer for more information regarding sterilization proce
dures. 

SUGGESTED IMPLANTATION PROCEDURE 

The implantation procedure genemlly includes checking the 
mechanical functioning' of the lead ~Iectrode before it is in
serted; usirig a stylet guide. sty lets, and vein lifter; selecting 
an insertion site; positioning the lead; securing the lead; tak
ing electrical and defibrillation efficacy measurements; an
choring the lead; and connecting the lead to the pulse 
generator. 

Some implantation techniques vary according to physician 
preference and the patient's anatomy or physical condition. 
As described below. Ibe techniques for selecting an insertion 
site, using a stylet guide or a stylet, positioning a lead, and 
anchoring a lead suggest one or two possible versions, while 
more may exist. 

Verifying the Mechanical Functioning 
of the Helix Electrode 
Before implantation, verify the mechanical functioning of the 
electrode, as described below. 

1. Within Ibe sterile field, remove Ibe lead and the accompa
nying sty lets from the sterile packaging. The lead is pack
aged with a stylet guide attached and a stylet already 
inserted. The connector pin Ibat accepts lhestylet con
trols the helix mechanism. 
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2. To attach the fixation 1001. first remove the stylet guide. 
Press both legs of the fixation tool together and place the 
most distal hole of the fixation tool on the connector pin 
that accepts the stylet (Figure 2). 

Figure 2. Attachment of the fIXation 100110 the connector pin. 

3. Rotate the tool clockwise until the coiled electrode is 
completely exposed (Figure 3). Maximum electrode expo
sure reveals 2 coils. 

6 

Figure 3. Rotating the fixation tool. 

The maximum number of revolutions of the fixation tool 
needed to extend or retract the helix is 20. 

CA UTlON: Exceeding the maximum number of revolutions 
may damage the lead. 

4. Disconnect the fIXation tool from the connector pin and 
release the proximal end of the lead body. Allow several 
seconds for the lead and its conductor coil to unwind. 

S. After allowing the lead and its conductor coil to unwind. 
reattach the fixation tool and turn it counterclockwise 
until the helix tip is retracted in the sheath. 
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Using the Stylet Guide and Stylets 
The lead is packaged with a stylet guide attached and a stylet 
already insel1ed. The connector pin with the stylet in it ~on
trois the helix mechanism. Use of the stylet guide is optional. 
An attached stylet guide may be removed by genlly pulJing it 
off. To attach a stylet guide, gently push it as far as possible 
onto the connector pin that accepts the stylet (Figure 4). 

Figure 4. Stylet guide attachment. 

A stylet provides additional stiffness and controlled flexil>i1-
ity for maneuvering the lead inlo position. StyJets vary in 
stiffness 10 accommodate a physician's preference for lead 
and stylet flexibilily. 

CAUTION: To avoid damage to thclead or body !issue. do 
not use excessive force or surgical instruments t~ i~sert a sty
let into the lead. When handling a style~. ~void qverbending, 
kinking. ~r blood contact. -,:. 

CAUTION: Repeated insertions of a styiet increase the 
chance that blood may accumulate on it! Whic~ niay cause 
difficulty in passing the stylet throughtlJ~.1ead apd may 
cause damage to the lead. ,: :,' , ,:. : " 

After the stylet is inserted, gently remove ~he stylet guide so 
that it rests alongside the stylet knob. ,. ' ,~ , ", 

Selecting an Insertion Site 
The lead may be inserted by venotomy ~U'Oug" sev~ differ
ent venous routes, including the right or left cep~llljc vein or 
the external orinternal jugular vein. ~ ) ::' ',",. 

.• • I' 

CAUTION: If insertion 'is done via a sUbctavian !lPproach, 
the lead should be positioned far laterally to avoid cfamping 
the lead body between the clavicle and tl1ffirst ri~. Clamp
ing the lead may eventuaJJy cause the c.o~~pctor t9 Cr.actur. 
may cause damage to the insulation, or rn~~ ca~ other dam
age to the lead. This may result in compi4Plllions $UC~ as Joss 
of detection, Joss of pacini therapies. or ~9~S oCS:l¥'diover
sion/defibrillation therapy. Certain anatomical a~l}Oqnalities. 
such as thomcic outlet syndrome, may illSf)'precipita~ pinch
ing and subsequent fracture of the lead:.l(.~~niqcant.resis-
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tance is encountered during a subclavian ~tick implant proce
dure, do not force the lead by adjucting p~tient's posture 
(i.e., raising the ann or putting a towel be,.ind the person's 
back) to facilitate the passage of the lead. In such cases it is 
recommended that an alternate venous en/tY site be used. 

Use fluoroscopy to facilitate accurate lea<J placement. 

Using the Vein LIfter 
A vein lifter facilitates lead introduction. Jnsert its tapered 
end into the incised vein and genUy push ~he lead tip under
neath and into the vein (Figure 5). 

8 

--Figure S. Using the vein lifter. ' 

CAUTION: Avoid placing the lead under extreme tension or 
angulation to prevent lead dislodgement and possible lead 
fracture. Do not grip the lead with surgical instruments. 

POSitioning a Ventricular Lead 
Advance the lead into the right atrium. For added control in 
maneuvering the lead tip through the bicuspid valve, the dis
tal end of the lead may be slightly curved by inserting a 
gently curved stylet (Figure 6). Mter the lead tip is passed 
into the ventricle. the curved stylet may be replaced with a 
stIaight stylet Then the lead tip may be advanced to the right 
ventricular apex while taking care to avoid perforation of the 
ventricular wall. 

CAUTION: To avoid damage to the stylet, do not use a 
sharp object to impart a curve to the distal end (Figure 6). 
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30. Of the 22 deaths', 15 systems were explanted and returned for analysis. 

The results of the analyses (PCD® and Transvenelll leads) must be 
provided. What did device interrogation reveal? How many of the 41 
Transvenelll lead systems which were explanted. were returned and 
analyzed? How long were the leads implanted? A description of the 
protocol for analysis and the results of the analyses on all leads and 
devices must be provided. The PMA application must document how 
your study has addressed the need for the return and analysis of all 
Transvene'" leads and the PCD®. 

RESPONSE: 

rn the 762 rmplants in 757 patients, a total of 41 units (5.4%) were 
explanted secondary to patient deaths, infection, heart transplant, low 
battery voltage measurement and PCD® Device performance issues. This 
information was provided in the PCD® Transvene 111 System PMA 
Application, Clinical Experience Report, Section IX, System Performance. 
For convenience, Table 30-1 provides an overview of the· units 
explanted, and returned to Medtronic for analysis and reason for explant. 

762 

15 

17 

5 

1 .l()waatteriV~lt8~e ;Me~surement ... , .. " .. . " .. ,' . ... ... .... . 
..... . ..,' ". . 

pcrji~ Device: Pei'formancelssues' 3 

Total, 41 

Table 30·1: Reasons for PCD® Device Explant 

There were 22 reported patient deaths and 15 devices were explanted 
and returned to Medtronic for analysis. In the remaining 7 deaths, either 
the family refused to allow the PCD® Transvene1ll System to be explanted 
or the patient expired and was buried prior to notification of the primary 
investigator. 



MEDTRONIC CONFIDENTIAd. 0 8 
Of the fifteen devices which were explanted due to patient death, ten 
(10) have been analyzed and found to be performing within normal 
specifications. The remaining five (5) PCD® Devices are pending final 
analysis, however, none of the deaths were classified as being PCO® 
Transvenelll System related, and initial analysis has not indicated that 
these devices were performing outside normal specifications. Results of 
analysis performed on the 41 explanted devices is presented in Table 30· 
2. 

Table 30-2: Final Analysis on Explanted PCD® Devices 

Of the 41 devices explanted, final analysis on 19 units indicated that the 
devices were functioning within normal specifications. Final analysis is 
not available on 17 units which have been explanted. The reason for 
explant in these units includes patient death (5), infection (10) and 
cardiac transplant (2). It should be noted that none of these devices 
were explanted secondary to concern over the function of the implanted 
PCD® Transvenelll System. 

Four PCD® Devices were explanted for the fol/owing device performance 
issues: 

• explanted due to a Power On Reset (POR) condition that was not 
related to the delivery of external defibrillation or cautery (N = 1); 

• explanted for lower than expected battery voltage for time in service 
(N= 1); 

• explanted secondary to failure to appropriately synchronize and deliver 
cardioversion therapy for an induced VT episode IN = 1); and 

• explanted post inappropriate delivery of VF therapy during a manual 
capacitor charge time (N = 1 ). 



MEDTRONIC CONFIDENTIA~ 1 O~ 
Of the 41 lead systems previously discussed, 21 lead systems, or 
portions of systems, were returned. Of those 21 only one 6966 lead 
was damaged, specifically, the helix. The remaining leads were found 
to be within specification. 

The investigational plan requests that if the PCD® TransveneTII System is 
explanted during the course for any reason (Le., patient death, infection, 
eafEfiae tr-ansplant Of peDIl Device- performance- isstles-)- that the- PCD®
device be returned to Medtronic for analysis. In addition, the patient 
informed consent also indicates that the patient allows permission of 
explant of the PCO® TransveneTII System at the possible time of his/her 
death. 

The PCD® TransveneTII System clinical dataform specifically requests 
information on whether the system has been explanted and justification 
for not explanting the system. 
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A description of the protocol for PCD device and Transvene lead analysis 
is presented below. 

Failure Analysis Procedure: PCD Device and Transvene Leads 

Failure investigation of implantable pacing products returned to Rice 
Creek for failure analysis is the responsibility of the Rice Creek Product 
Analysis Laboratory. The Supervisor of the Product Analysis Lab reports 
directly to the Director of Product/Configuration Assurance. 

Any device that is returned to Medtronic is tested/analyzed for 
performance to specifications. Any device found to be out of 
specification is analyzed to determine the cause of the failure. Detailed 
procedures guide every step of the process from the receipt of the 
returned device through the implementation of any corrective action. 
Routine and specialized testing are described in procedures to ensure 
adequate testing of every device. 

PCD Device 

Failure investigation of a PCD device includes: 

t. 
r/ (fj)( t/) :J t 2. (B)( '-Ii ] 

3. L (J~(ll ) :J 
4. r CBXl() J L 
5. [ e31tf) ] 
Specialized testing may include: 

1. [ (BXiJ) J 
2. [ (,3'1Lf) J 
3. I 

(eYIf) 
-; 

l ~ 
4. ~ 

(8tq) -. 

~ _1 
5. (BIL{) l I 

L --1 
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Destructive testing may include: 

1. C / .,,',,/"., '\ 
'"" \.1:5)('1.) 

j 2. [ ~0)(q) 
3. f )3') ( it) 
4. f/YLfJ ) 
5. (8) (Lj) J 
6. 

t 
a3X~) J 

7. [3.l'l ) J 
8. [ (~Yv) J 
Specialized battery depletion testing may include: 

1. 

E 
C~Xlj') J 

2. (J?Xif) j 3. [ CE"Xli) 

Tr~n~vene Le~g~ 

Failure investigation of a returned Transvene lead includes: 

1. [, (B)~' 1-1) J 
2. r @)(Lf) J 
3. --.. 

C8YLi) .J 
4. r (igXl1) ] 
5. L U8XV) J 
Specialized testing may include: 

1. ,[ (BYLi) 
-, 
~.J '] 2. r- (B)-I.{) 

3. t (6)(~) .J 
4. r l i 

((~)( tf) 
L. ~ 
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M.4 Incidence of Complications/Observations 

A comparison of the- rep.or.ted complicati.ans. and 
observations was made between the peon! Transvene'nl 
System and the PCO'nl Epicardial System. The PCOn! 
Epicardial System patient population used for comparison 
included clinical experience as of January 5, 1992 with 
742 patients and a mean implant duration of 16.3 months. 
These two patient groups are similar in the patient 
demographics and indication for implant of the PCOlM 

S-ystem. I'n the PCOlM- Transvenen.l- System pati-ent 
population, 19.4% of the patients experienced a clinical 
complication and 23.8% of the patients experienced a 
clinical observation., In the PCO'nl Epicardial System, 14.2% 
of the patients experienced a clinical complication and 
32.9% of the patients experienced a clinical observation. 

Table IM-7 and IM-8 provide a comparison of the reported 
complications/observations and their incidence in the two 
patient populations. 

PCD11I Transvene System 
PCOlM Transvene System versus PCON Epicardial System 

Reported Complications 

Reported Complications PCO'" Transvene" System peo" Epicardial System 
(N=7571 (N=7421 

, 
Increased Defibrillation Requirements 1.2% 0.5% 

Inappropriate Therapy - 2.2% 

Pace/Sense Related 0.8% 3.5% 

Infection Related • Explant 2.9~~ 2.3% 

lead Related 9.5~'c, 2.8% 

Device Related 0.5% 0.9% 

Table IM-7: Reported Complications: peoN TransveneN System versus PCDlM 

Epicardial System - 2/1/93 

S66 
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31. Please discuss the circumstances surrounding the death of the patient 
who died 22.5 months post implant. What did interrogation of the 
device reveal? 

RESPONSE: 

The circumstances of this patient death (Patient 10 96097) were 
provided in PMA Amendment (9/18/92), Volume 3 page 543-545. A 
copy of the patient death summary is provided here for convenience. 

In summary, the patient had been admitted for worsening symptoms of 
congestive heart failure, renal decompensation and increased frequency 
of spo~aneous VT and VF episodes. In addition the patient hadl?igitalis 
toxicity. he patient's condition worsened and the family members 
electe not to use heroic measures in the treatment of the patient. The 
patient eventually expired secondary to progressive cardiac failure due 
to left ventricular pump dysfunction. The patient death was classified as 
non-sudden cardiac and not related to the PCD® Transvenelll System. 
Final interrogation of the PCD® Device, at the time of explant, indicated 
normal battery voltage and charge time and the patient had experienced 
no new episodes of VT or VF since the last follow-up visit. The PCD® 
Device was explanted and analysis found the device to be performing 
within specifications. 



Patient 96097 

peD Serial Number: 
Date of Implant: 
Date of Death: 

IIbl141 E(; 
. (b)(4) 

Death Classification: Non-Sudden Cardiac 

This patient was 77 year old male with history of recurrent 
ventricular tachycardia associated with a sudden cardiac death 
episode. In the six months prior to implant of the PCD Transvene 
System; the patient experienced-'( ( b) C Ie) =" and- greater 
than 20' episodes of L (b) (lP) _ J The patient's 
cardiovascular history included ((1:» (Ct) ::::I with an ejection 
fraction of 1 5 % and a NYHA Classification of Class III ~ The 
patient's antiarrhythmic drug therapy at the time of implant 
included (b) (Q) 

The patient received a PCD Transvene System which consisted of 
RV /SVC/SQ. The implant defibrillation threshold was 10 Joules 
with a programmed defibrillation pathway of simultaneous. A 
total of seven inductions were performed and one lead 
conf.iguration_ was a\lah lated. Tlle- mean. duf-atJon- of- each- of- the 
episodes was 10 seconds. 
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The patient. did not undergo a pre-hospital discharge 1 
electrophysiology study. The PCD Device programmed status was 1 f 
as follows: 

vr:Fbc#1'·:: ... , •.. >,.:.:.. Burst 

VTR~#3 :> :.::.,::,.:. CV/20J/SIM 
.... , ...... , ··:J7 ::: .. ., ... : .. : 

VT Rx#4 .,: CV/34J/SIM 

FDI 
.... : ....... . 

330 ms 

VF NID ." ... 18 

VF Rx#1 34J/SIM 

.VFRx#2 .34.J/SIM. 

. VFRx #3" . - 3"4J/SIM 

VF Rx #4 34J/SIM 

At the one month follow-up, a chest x-ray documented that the 
SVC lead had dislodged. Reoperation was required and the lead 
was repositioned. In addition, the patient had experienced a total 
of 154 spontaneous VT episodes that had all been successfully 
reverted by VT Therapy #1 (Ramp). In order to control the 
frequency of spontaneous VT episodes, the patient's 
antiarrhythmic drug therapy was modified to quinidine and 
pindolol. 

At the three month follow-up visit, VF was induced and 
successfully reverted by VF Therapy #1 (18J). The patient had 
experienced no spontaneous episodes of VT or VF since the last 
visit. 

Six months post implant of the PCD Transvene System, the 
patient was admitted for an increase in frequency of spontaneous 
VT episodes as well as symptoms of congestive heart failure. 
During this hospitalization, the patient experienced a total of 194 
episodes of ventricular tachycardia. All of these episodes were 
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successfully ~everted by VT Therapy # 1. However, VT Therapy # 1 117 
had been programmed to Ramp which in the case of two VT 
episodes accelerated the rhythm to ventricular fibrillation which 
were successfully reverted by VF Therapy #1 (34J). In order to 
control the episodes of ventricular tachycardia, the patient's 
previous antiarrhythmic drug therapy of quinidine and pindolol was 
Qiscontinued and t, l\,) (Ie) .J therapy was restarted. 

Approximately one week prior to his death,. the patient was 
admitted for symptoms of congestive heart failure, renal 
decompensation and increased frequency of spontaneous VT IVF 
episodes .. In addition, the patient had digitalis toxicity. Early in 
his admission, the patient experienced five episodes of VT, all of 
which were effectively treated with VT Therapy #1 (Burst)._ The 
patient's cardiac failure initially improved however his condition 
eventually worsened and he was treated aggressively with 
vasodilator and inotropic agents with a marked improvement in his 
symptoms. Eventually, his cardiovascular status again worsened 
and his symptoms of congestive heart failure did not respond to 
aggressive medical therapy. The family elected not have the 
patient placed on a respirator.· The patient's cardiac failure 
continued to worsen with associated hypotension and signs of 
central and peripheral failure. The patient eventually -expired 
secondary to progressive cardiac failure due to left ventricular 
pump dysfunction. 

The PCD Device was explanted and returned to Medtronic for 
analysis and found to be performing within specification. 

The investigator classified this patient death as non-sudden 
cardiac and not related to the implanted PCD Transvene System. 
The CERC reviewed the circumstances of this patient death and 
agreed with the investigator's classification. 
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32. Of the perioperative -deaths, how many devices were programmed OFF? 
Please discuss the circumstances surrounding each death. The num~er 118 
of perioperative deaths must be reported in a table and be identified· as 
sudden cardiac, non-sudden cardiac or non-cardiac. Were there other 
deaths when the device was programmed OFF? 

RESPONSE: 

As of February 1, 1993, there have been a total of 51 reported patients 
deaths in the 757 patients who received a PCO® Transvene'lll System. 
There have been five (5) reported perioperative patient deaths with a 
resultant perioperative mortality of 0.7%. The patient death in which the 
PCO® Device was programmed OFF (Patient 10 95170) was classified as 
non-sudden cardiac and was not related to a ventricular tachyarrhythmia 
episode. Table 32-1 summarizes these perioperative patient deaths. 

2 

1 

5 (0.7%) 

1 

Table 32-1: PCD® Transvene" System Perioperative Death Classifications 

The circumstances of these patient deaths were provided in PMA 
Amendment (9/18/92), Volume 3 page 503-580. A copy of the patient 
death summaries is provided here for convenience. 
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In the total patient ·death group of 51 patients, there were seven (7)" 
deaths were the device was programmed OFF. In none of these cases 
did the primary investigator indicate that the patient death was related 
to the implanted PCDe!> Transvenelll System. There was one sudden 
cardiac death in which the PCDe!> Device was programmed OFF. One 
month post implant of the PCDe!> Transvenelll System, this patient 
experienced fourteen (14) episodes of VF which were all successfully 
terminated by the PCDe!> Device. The patient was admitted for evaluation 
and during this hospitalization requested that the PCDe!> Device be 
programmed OFF. Approximately 30 minutes later the patient 
experienced an episode of ventricular tachycardia and expired. The 
death classifications for those patient deaths where the PCD® Device 
was programmed OFF are provided in Table 32-2. 

Table 32·2: PCD® Transvene" System - PCDs Device OFF Death Classifications 

11~ 



Patient 94207 
(b) \4), (b) \6) 

PCD Serial Number: 
Date of Implant: 

(b)(4), (b)(6) 

Date of Death: 
Death Classification: Noncardiac 

This patient was a 63 year old male with a history·of recurrent 
ventricular tachycardia. In the six months prior to the implant of 
the PCD Transvene System the patient had experienced greater 
than ten cardiac arrests. The patient's cardiovascular history 
included cardiomyopathy with an ejection. fr.action. Qt 29.0/.0- and 
NYHA Classification Class IV. The patient had undergone an 

[ I..b) LiD). "')pproximatelyCCb) (Ct) . 7 to the 
implant of the PCD Transvene System. At the time of imPlant the 
patient was on no antiarrhythmic drug therapy. 

The patient received a PCD Transvene System consisting of 
RV ISVC/SO. The implant LED was 18 Joules with a programmed 
defibrillation pathway of SEQUENTIAL. A total of four inductions 
and one lead configuration was tested. The total duration of VF 
for the implant procedure was 40 seconds with the mean duration 
of each episode being eight seconds. 

The patient's post-operative course was complicated by recurrent 
ventricular tachyarrhythmia episodes. The patient experienced a 
total of seven VF episodes, six which were terminated by VF 
Therapy #1 (34J/SEQ) and one which required VF Therapy #2 
(34J/SEO). In order to control the recurrent VT/VF, the patient's 
antia;rhythmicdrug therapy was modified to include (ib)(c") ) 
andL(h~ «q) J 
At the prior to discharge EPS, VF was induced and successfully 
terminated with VF Therapy #1 (34J/SEQ). The investi,gator 
elected to continue the patient on Amiodarone therapy. The PCD 
Device programmed status was as follows: 
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·:·::/·::b::: .:: . 

·VallJe 
.. ... :: ..... :.: .. 

:': .. ", .. :Pai'ameter ... :: 

Sensitivity 0.3 mV 

TOI 450 ms 

VTNID 20 

VT Rx #1 CV/34J/SEO 

VT Rx #2 CV/34J/SEO 

VT Rx#3 CV/34J/SEO 

VT Rx #4 CV/34J/SEO 

FDI 380 ms 

VFNID 18 

VF Rx #1 34J/SEO 

VF Rx #2 34J/SEO 

VF Rx #3 34J/SEO 

VF Rx #4 34J/SEO 

The patient was not discharged from the hospital after the prior 
to discharge EPS but was instead transferred to a nursing home 
for his continued recovery. The patient developed symptoms of 
infection and eventually expired due overwhelming staphylococcus 
§.eps. is. The inves~a.t. or indicated that patient presumably ha~ an 
I (i?Ylf) JOf his J (S)(L{) J. The patient death was not 
associated with any spontaneous VT/VF episodes. No autopsy 
was performed nor was the peD Transvene System explanted 
prior to the patient's burial. 

The investigator classified the patient death as perioperative, 
noncardiac and not related to the implanted PCD Transvene 
System. The CERC committee reviewed the circumstances of this 
patient creath and- agreed- with the rnvestigator's classification. 
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Patient 94244 
(o) (4), (0) (6) 

peD Serial Number: 
Date of Implant: (b)(4), (b)(6) 

Date of Death: 
Death Classification: Sudden Cardiac 

This patient was a 72 year old male with a history of recurrent 
ventricular tachycardia. In the six months prior to the implant of 
the PCO Transvene System the patient had experienced 3 
episodes of spontaneous ventricular tachycardia. The patient's 
cardiovascular history included coronary artery disease and 
congestive heart failure. The patient's ejection fraction was 20% 
with a NYHA Classification of Class III. The patient was on no 
antiarrhythmic drug therapy at the time of implant. 

The patient received a PCD Transvene System that consisted of 
RV ICS/SQ. The implant OFT was 5 Joules with a programmed 
defibrillation pathway of SIMULTANEOUS. A total of 12 
inductions were performed and with one lead configuration being 
evaluated. The total duration of VF for the implant procedure was 
1 29 seconds with one episode last 45 seconds and requiring two 
transthoracic defibrillations for successful termination. 

The patient's post-operative course was complicated by recurrent 
VT IVF episodes as well as the delivery of inappropriate VT 
therapy for atrial fibrillation with a rapid ventricular response. The 
patient experienced 1 3 episodes of VT that were successfully 
reverted by VT Therapy #1 (Burst) and two episodes of VF that 
were successfully reverted by VF Therapy #1 (18J/SIM). In 
addition, the patient experienced 7 episodes of atrial fibrillation 
that resulted in the delivery of inappropriate VT therapy. The PCD 
Device TOI was reprogrammed to manage this delivery of 
inappropriate VT therapy. 
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At the prior to discharge EPS, VF was induced and successfully 
reverted with VF Therapy #1 (18J/SIM). In addition, VT was also \ 12 
induced and successfully terminated by the PCD Device. The PCD 
Device programmed status was as follows: 

P8r~~t~;::;::::;:-:-:::::· .. :::\:::::j ::V~u~ 
.... 

.:::::/:o::.:::~.;.:<::.:.: •.• :.::'::::: .. : 
.. .. . . .. 

Sensitivity 0.3 mV 

TOI 490 ms 

VTNID 12 

VT Rx #1 Burst 

VT Rx #2 CV/5J/SIM 

VT Rx #3 CV/34J/SIM 

VT Rx #4 CV/34J/SIM 

FOI 320 ms 

VFNID 18 

VF Rx #1 18J/SIM 

VF Rx #2 34J/SIM 

VF Rx #3 34J/SIM 

VF Rx #4 34J/SIM 

The patient's death was unwitnessed however an interrogation of 
the device was performed prior to explant and return to Medtronic 
for analysis. The results of this analysis are not available as of this 
submission but will be provided to the FDA. 

Since discharge from the hospital the patient had e?<perienced an 
additional 23 episodes of spontaneous VT and 1 episode of 
spontaneous VF. In the case of VT, 22 episodes were 
successfully treated by VT Therapy #1 (Burst) and one episode 
required VT Therapy #4 (CV/34J/SIM). The episode of VF was 
successfully reverted by VF Therapy #1 (34J/SIM). 

The last episode detected by the peD Device was VT and the 
cycle length of the episode was 480 ms. VT Therapy #1 (Burst) 
successfully terminated this episode however the cycle length of 
the 10 intervals post the delivery of therapy were 490 ms. There 
was no autopsy performed per the patient's family request. 
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The investigator classified this patient death as perioperative ,\nd 124 
sudden cardiac. . The relationship of the death to the implanted 
PCD Transvene System was classified as unknown. The CERC 
committee reviewed the circumstances of this patient death and 
agreed with the investigator's classification. 
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Patient 94268 

pce Serial Number: 
\b) (4), (b, (6) 

Date of Implant: (b)(4), (b)(6) 

Date of Death: 
Death Classification: Sudden Cardiac 

This patient was a 56 year old femal·e with a history of recurrent 
ventricular- t.ach-ycar-dia~- In the- six months- pdO! to. the. implant at 
PCD Transvene System, the patient experienced one episode of 
spontaneous VT and no'episodes of cardiac arrest. The patient's 
cardiovascular history included cardiomyopathy and congestive 
heart failure. The patient's ejection fraction was 13% with a 
NYHA Classification of Class III. The patient was on no 
antiarrhythmic drug therapy at the time of implant. 

The patient initially received a PCD Transvene System which 
consisted of RV /SVC/SQ. The implant OFT was 20 Joules with 
a programmed defibrillation pathway of SEQUENTIAL. A total of 
five inductions were performed and three lead configurations were 
evaluated: With the lead system connected to the PCD Device, 
VF was successfully terminated with 20 Joules. 

The patient underwent her first post implant electrophysiology 
study two days post the implant procedure. Two inductions of VF 
were performed both indicating a increase in defibrillation 
requirements. In the first episode, VF Therapy #1 was 
programmed to 20J1SEQ however VF Therapy- #4 ('34J/SEQ). was 
required for successful reversion. In the second episode, VF 
Therapy #1 was reprogrammed to 34J and in this case VF 
Therapy #2 was required for successful reversion. There was no 
evidence of lead dislodgement. The patient was scheduled for a 
second EPS with possible modification to an PCD Epicardial 
System if successful defibrillation could not be demonstrated. 
After this procedure, VT and VF Detection and Therapies were 
both enabled. 

The patient underwent her second post implant electrophysiology 
study four days post implant of the PCD Transvene System. The 
initial interrogation of the PCD Device indicated a Power On Reset 
with VT/VF Detection and Therapies disabled. There had been no 
history of electrocautery use near the PCD Device or the delivery 
of external defibrillation since the first EP study. The Power On 
Reset was cleared from the PCD Device memory, the device was 
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successfully reprogrammed and VF inductions were performed. 

A total of two inductions were performed with the PCD Transvene 
System. In the first induction, VF was successfully reverted with 
VF Therapy #1 (20J/SEQ). In the second induction, with VF 
Therapy #1 still programmed to 20 Joules, VF Therapy #3 
(34J/SEQ) was required for successful termination. Post delivery 
of this therapy, the patient's rhythm was atrial fibrmation with a 
wide complex QRS. Based on these results, the patient was 
scheduled for surgery that day and evaluation of a PCD Epicardial 
System. 

In the second implant procedure, the PCD Transvene Systems lead 
configurations evaluated were unable to produce the original 
implant OFT of 20 Joules and the only effective energy was 
34J/SEQ. The investigator elected to explant the PCD Transvene 
System and implant a < (6).L4». . The LED with 
the epicardial defibrillation lead system was 1 5 Joules. In the final 
induction with the lead system connected to the PCD Device, VF 
was successfully reverted with 18 Joules. 

The patient underwent her third electrophysiology study 12 days 
post her initial implant procedure. In this case, the efficacy of the 
implanted epicardial defibrillation lead system was evaluated. A 
total of three VF inductions were performed. In the first 
induction, VF Therapy #1 was programmed to 18 Joules however 
VF Therapy #3 (34J/SINGLE) was required for successful 
reversion. In the second induction, VF Therapy #1 (34J/SINGLE) 
was successful. In the final induction, VF Therapy #1 was 
programmed to 28 Joules however VF Therapy #3 (34J/SINGLE) 
was required for successful reversion. Based on these results and 
the patient history, Medtronic was contacted. After review of the 
data, it was recommended that the PCD Device be explanted 
however the investigator elected to discharge the patient over 
concern about her psychological status. The PCD Device 
programmed status was as follows: 
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[fillmuITIDm~rn rnrnrnrnl[ill[mJuill[ 51, 

Parameter-.:? t.: ":::-".::',: Value ". ::: . ... ::, .. 
.: .•..... . . .. 

Sensitivity 0.3 mV 

TOI 450 ms 

VTNID 12 

VT Rx #1 Ramp 

VT Rx #2 CV 134J/SINGLE 

VTRx#3 CV 134J/SINGLE 

VT Rx#4 CV 134J/SINGLE 

FOI 300 ms 

VFNID 12 

VF Rx #1 34J/SINGLE 

VF Rx #2 34J/SINGLE 

VF Rx #3 34J/SINGLE 

VF Rx #4 34J/SINGLE 

Approximately one week post discharge from the hospital, the 
patient was at home and developed symptoms of chest pain and 
received several shocks from the PCD Device. Upon arrival of the 
EMT's, the patient was in a ilL (b) (~) . J" and was 
still conscious. Upon arrival to the emergency room, her heart 
rate was 150 beats per minute, she was pale, anxious and 
dyspneic. Her blood pressure gradually decreased and 
defibrillation by the emergency room personnel was unable to 
terminate her ventricular tachyarrhythmia. She underwent a 
lengthy code with mUltiple defibrillations, IV medications and CPR 
without success. 

The PCD Device was explanted and returned to Medtronic for 
analysis. The analysis of the device indicated that the PCD Device 
was performing within normal specifications. However, due to the 
Power On Reset condition, the device is undergoing further 
analysis. No autopsy was performed per the patient's family 
request. 

A final interrogation of the device was obtained. There was no 
evidence of Power on Reset, the battery voltage was 6.32 Volts 
and the Charge Time was 6.32 seconds. Since discharge the 
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patient had experienced a total of 1 5 VT episodes and 8 VF 
episodes. Eieven of the spontaneous VT episodes wer~ '10t 128 
successfully terminated by the peD Device and in fact the last VT 
episode was not effectively terminated. The remaining VT 
episodes had been successfully reverted by VT Therapy #1 
(Ramp). 

All eight episodes of VF were terminated, 7 being successfully 
reverted by VF Therapy #1 (34J/SINGLE) and one episode 
requiring VF Therapy #4 (34J/SINGLE). The last episode detected 
by the peD Device was VF with intervals ranging from 130 - 760 
ms. The events after the last therapy were a paced rhythm and 
VF Therapy #1 (34J/SINGLE) was successful. 

The investigator classified this patient death as perioperative, 
sudden cardiac and not related to the implanted peD Transvene 
System. The investigator felt that the patient's death was related 
to her severe left ventricular dysfunction. The CERe committee 
reviewed the circumstances of this patient death and agreed with 
the investigator's classification. 
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Patient 95170 

PCD Serial Number: 
Date of Implant: (b)(6), (b)(4) 

Date of Death: 
Death Classification: Non-Su ardiac 

This patient was a 73 year old male with history of recurrent VT, 
coronary artery diseas'e and dilated cardiomyopathy as well as 
severe chronic obstructive pulmonary disease that had been 
treated with steroid therapy. The patient's ejection fraction was 
30% with ·a NYHA Classification of Class I. Prior to implant of the 
PCD system the patient had failed( ~ (btCo) " -'- J 
however the patient was on no anttarrhythmic drug therapy at the 
~e, of implant. Due to the. pa.tient's. se~ererlb)('fl' a 
L( b) (,) '. . Jwas indicated In this pcroent. 

The patient received a PCD Transvene System which consisted of 
RV ICS/SO. The right ventricular lead (Model 6884) was 
positioned easily with two attempts necessary to screw the helix 
into the myocardium. The R wave amplitudes measured 4.0 mV 
in sinus rhythm. Only one lead configuration was tested with the 
Model 6884 lead serving at the COMMON electrode, the Model 
6895 patch serving as PULSE 1 and the Model 6881 lead serving 
as PULSE 2. The defibrillation pathway evaluated' was 
SEQUENTIAL. 

A total of six inductions were performed utilizing the Model 5355 
ETCD with 18, 15, 10, and 5 Joules being successful in 
terminating the induced ventricular fibrillation. During these 
inductions . appropriate sensing and detection of VF was 
documented. The lead system was connected to the Model 
72178 PCD and one final VF induction was performed. This 
episode was neither sensed or converted by two 34 Joule shocks 
delivered manually from the PCD device. Several external 
defibrillations and prolonged resuscitative measures restored sinus 
rhythm. After thi's eprsod"e it was determined" tliat tlie pacing 
thresholds had increased to greater than 10 Volts and there were 
no identifiable ventricular electrogram from the RV lead. The 
investigator felt at this time that this suggested either RV lead 
dislodgement or perforation, lead malfunction or device 
malfunction. However, due to the patient's pulmonary status the 
procedure was terminated without performing any further 
procedures. The PCD device VT/VF detection and therapies were 
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deactivated for the immediate post-operative period. The 
investigator noted that the plan was to reevaluate the lead system, 13 ( 
post-operatively once the patient's status had stabilized. 

The patient's recovery was uneventful over the next 48 hours 
with no significant chest pains or cardiac rubs on physical exam. 
With the PCD device programmed to VVI mode with a rate of 30 
ppm and sensitivity of 0.3 mV, asynchronous ventricular pacing 
with non capture was noted continuously post-operatively. 
Occasional episodes of non sustained VT were noted, alternating 
with sinus"rhythm but this was not significantly different from the 
patient's pre-implant rhythm. No significant ST-T changes were 
noted on ECG. 

The patient then developed C (b) (&) 

( b) ( (p) - '"1. Despite intubation and administrat~on of 
fluids and pressors J he had electro-mechanical dissociation 
followed by episodes of (b) LiP)~ " J 
tachycardia/fibrillation. ~he diagnosis of L (l,) ((,) ]was 
made but due to the patlent'sr (bXti) _ J and 
r.J b) (~) "". -" . Jwas not performed. The 
patient expired after prolonged resuscitative measures. It should 
be noted, that at the time of the patient's death VT/VF detection 
and therapies were programmed OFF. 

The PCD device was explanted and an autopsy was performed. 
The autopsy identified a perforation of the right ventricle by the 
RV lead, accompanied by hemopericardium and presumed 
tamponade. No other potential causes of death could be 
identified. 

The Model 72178 PCD device was explanted and returned for 
analysis and was found to be performing within specificatiqns. 

The investigator classified this patient death as periopertive, non
sudden cardiac and related to the implanted PCD Transvene 
System. The CERC reviewed the circumstances of this patient 
death and felt that the death was related to the implant procedure 
and not the implanted PCD Transvene System. 
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Patient 95774 

PCD Serial Number: 
Date of Implant: 

(b)(6), (b)(4) 

Date of Death: 
Death Classification: Non-Sudden Cardiac 

This patient was a 71 year-old male with a history of recurrent 
ventricular tachycardia. His cardiovascular history included 
coronary artery disease and congestive heart failure. His ejection 
fraction was 10% with a NYHA Classification of Class III. In the 
six months prior to implant of the peD Transvene SysterT), the 
patient experienced three spontaneous VT episodes. At the time 
of implant the patient was on no antiarrhythmic drug therapy. 

The patient received a PCD Transvene System consisting of 
RV/SVC/SO. A total of four inductions were performed, one lead 
configuration was tested and the total time in VF was 53 
seconds. The lowest energy of defibrillation was 18J. 

The prior to hospital discharge electrophysiology study was done 
two days post implant of the PCD Transvene System with two 
inductions of VF. In the first episode, VF Therapy #1 was 
programmed to 34J/SEQ which successfully reverted the episode. 
In the second episode, VF Therapy #1 was programmed to 
10J/SEQ which was unsuccessful but VF was successfully 
reverted by VF Therapy #2 (34J/SEQ). Based on the results of 
this study, the PCD device was programmed as follows: 
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I. 

: :',: .. :: .. : .. ::;.:::.::::;.:: ...... :;. :.'::'::'.' ........... . 
vtNIO).::/:\:-::},,";.:,·:,;/:,::{::· OFF 

... ::.: ....... :.:;. -'";":': Vr'Rx #2 .::.' :. OFF 
", " ... .: 

VTRx#3 .. OFF 
-: .. "." .. : 

VTRX'#4 OFF 
.. . 

FDJ .: ....... . 320 ms 
. ... :.... : .... 
VF.NIO .. 24 

VF Rx #1 34J/SEQ 

VF Rx#2 34J/SEQ 

VF Rx #3 34J/SEQ 

VF Rx#4 34J/SEQ 

The patient was not discharged at this time due to symptoms of 
congestive heart failure. Over the next two days the patient's 
condition worsened and aggressivetherapy was started in attempt 
to improve the patient's condition. At the time of his death the 
patient was receiving [fb) C. ~) )herapy without 
improvement. Prior to his death the patient experienced an 
episode of VF that was successfully treated by the PCD Device VF 
Therapy #1 (34J/SEQ). After this episode, the patient also began 
re~eivingCl"') (.) )therapy. The patient eventually expired C (b)(r,) .. . ]failure not associated with a VT/VF 
episode. The PCD device was explanted and was found to be 
within normal specifications. 

The cause of death was reported as perioperative, non·sudden 
cardiac secondary to end stage heart failure by the investigator 
and not related to the implanted PCD Transvene System. The 
CERC reviewed the circumstances of the patient death and agreed 
with the investigator's classification. . 
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MEDTRONIC CONFIDENTIAL 1 
. I 3~ 

33. You state that there have been no reported patient .deaths in the group 
with a 1 year sudden cardiac death survival and overall actuarial survival 
of 100 percent. Does this include the perl operative deaths and the 
patients who have been followed out for a year? 

RESPONSE: 

This question refers to our response to Deficiency No. 17 from the 
9/18/92 Transvenelll PMA update. A copy of that response is provided 
for your convenience. That deficiency asked us to discuss our clinical 
experience (treatment efficacy, lead orientation, complications and 
survival rates) of the patient who have been followed for 1 year and 
more. 

The patients who were included in. that group. were. tbose wbO- bad 
completed at least one year of follow·up. This included patients of all 
indications. Therefore, by definition all of these patients were alive at 
one year post implant so their survival from all causes of death (sudden, 
non·sudden cardiac, non-cardiac, perioperative) was 100%. Patients 
who died in the perioperative period are those who died in the first 30 
days after implant, and therefore, cannot be followed for more than 30 
days and are not a part of the patient group with one year follow-up. 



17. Please discuss your clinical experience (treatment efficacy, lead 13 
orientation, complications and survival rates) of the patients who have 
been followed for 1 year and more. 

RESPONSE: 

A summary table of this experience and relevant discussion is provided below. 

. .' .. ;. ....... ". . 
"""_,--"...,..,,n.t Tramvene'"'!S~ 

-:J)~ta"SUnmiarY:: :::,: ---

:::NUinber, ~-MaJe 
_-Number, '-'Female 

.- --Mean Age 

:'-: _ .. _, -Primary Indication: 
SeD 
VT 

SCDIVT 

Coronary Artery Disease 

Mean Ejection Fraction 

Lead Orientation: 
RV-CS-SQ 

RV-SQ--S¥C 
RV-CS-SVC 

Mean LED 

MeanDFT 

Spontaneous VT: 
Number of Patients 
Number of Episodes 

% Success 

Spontaneous VF: 
Number of Patients 

- Number of Episodes 
% Success 

,One Year Overall Survival 
One Year SCD Survival 

Patients with complications 

37 

All Patients 
(3 Electrode Systems) 

757 

4246.4 mo 

5.6 rno 

28.6 mo 

610 80.6% 
147 19.4% 

59.4 yrs 

281 37.1% 
377 49.8% 
99 13.1 % 

561 74.1 % 

35.6% 
(0=688) 

222 29.3% 
496- 65-.5-%-

39 5.2% 

16.0 (0=702) 

14.8 (0=::316) 

226 
5430 

98.7% 

198 
973 

99.1 % 

95.3% 
99.8% 

138 18.2% 

Patients with 12 months of 
Follow-up 

115 

1835.5 mo 

15.7 mo 

28;6 mo 

91 79.1 % 
24 20.9% 

57.0 yrs 

45 39.1 % 
56 48.7% 
14 12.2% 

85 73.9% 

40.5% 
(n= 104) 

33 28.7% 
7-3- 63-.5-%-
9 7.8% 

15.2 (0= 105) 

13.8 (0=62) 

60 
1770 

98.9% 

37 
248 

98.8% 

100.0% 
100.0% 

24 20.9% 



The patients population (n = 115) with 12 months or more of follow
up is predominantly male (79.1 %) with a mean age of 57.0 yeats. 
In the majority of patients (48.7%), the primary indication for 
implant was recurrent, sustained ventricular tachycardia without an 
epi-sode ef suddea- CMdia{Z death-. The- treatment efficacy- far thiS
patient population was 98.9% for spontaneous VT episodes, and 
98.8 % for VF episodes, which is equivalent to the overall patient 
population with 98.7 % and 99.1 % respectively. Overall and sudden 
cardiac death one year survival for this patient popUlation is 100.0% 
since all patients have been followed for one year or greater. In the 
patients followed for 12 months or more there has been one death 
which is classified as non-sudden cardiac. This death occurred 684 
days (22.5 months) post implant. Twenty-four (20.9%) of the 
patients followed for 12 months had a complication. 

Based on the data above, the pcn™ has performed safely and 
reliably for patients foItowed- for 12- months- or greater. 
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34. Please provide an engineering drawing of each Transvenelll lead model 136 
which identifies the segments of the lead and a description of the tests 
that each segment and the full lead body underwent. 

RESPONSE: 

The table below lists the tests which each Transvene™ lead underwent 
as indicated by the "x". The segments are labeled on the engineering 
drawings that follow. For consistency, each lead has been labeled as 
follows: 

Segment A Full Lead 
Segment B Electrode 
Segment C Lead Body 
Segment D Proximal 

- '/'-'!~ 

Segment 
Tgll MglhQd A B ~ 0 
Lead System Test' x x x 
DC Resistance x 
Leak Test2 x 
Lead Stiffness3 x 
Anchoring Sleeve Sliding x 
Flex Testing4 x x 
Tensile Strength x 
Crimp/Weld Strength x x 
Crush Test x 
Biostability5 x x x x 
Biocompatibility x ,J 

L-.., 

1 The Lead System Test consists of four (4) tests that were repeated sequentially 
over a one (1) year period of time on forty-five (45) total leads. The tests are; 1) L - _. / \( ~ \ _ _. ..I 

. J3Jl~/ I 
- _. - ;..-l 

2 ( (6Y l{) Jon the tripolar RV lead is the only lead that has more than one 
condrrctofwhere Internal lead shorting could occur due to conductive fluid ingression. 

3 Lead Stiffness testing is done on[ (B'fLf) JnIY• 

4· rn "addition to the normal" lead body flex testing, the( . rB XI.f)Jmd 
the( ~.~}(tI) were flexed to (p-lt.j) ) cycles without failUre during the Lead System 
T 

. \ ., / ~.. {~ 
es . 



Test Method 

Lead System Test 

DC Resistance 

Leak Test 

Lead Stiffness 

Anchoring Sleeve 
Sliding 

Flex Testing 

Tensile Strength 

Crimp/Weld Strength 

Crush Test 

Biostability 

Biocompatability 

Safety Issue 

MEDTRONIC CONFIDENTIAL 
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Lead reliability due to a combination of flex, soak 
and high energy pulsing. 

Lead Continuity 

Conductive Fluid Leakage Between Conductors 

Conductor to Conductor Shorting 

Fluid leakage which could prevent helix extension 
durhlg placement and repositioning. 

Heart Tissue Damage 

Stability of Lead Position 

Conductor Fracture 

Normal Handling during Implantation 

Reliable Mechanical/Electrical Connection 

Lead to Lead Insulation Stability 

Material Disassociation in the Body 

MIO resistance for Polyurethane 

Mutagenic or Carcinogenic Activity 



Test Description 

Lead System Test 
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Initially each lead was inspected and tested for DC resistance. In the! (gIlt) 
(h)C4) ] protocol, each lead went through the following sequence 'err tests 
eight (8) times: . 

Flex Testing at Room Temperature 
Lead Body i (bM4\) I cycles} Segment C 
Defibrillation Electrode Body «(bM>t)) Icycles) Segment B 

I ~~~ (4) (b)(4): IFluid Soak I (b(b)(4) I 
Submerge Entire Lead in solution C (BY/-I) Segment A 

High j~eI~y Pulsing . 
iIlR) Volt Shock ~ shocks) serment A 

I (b) (4) (b)(4) IFluid Soakl (b(b)14) 

Submerge Entire Lead in solution (BX~) ) Segment A 

By repeating the sequence of testing outlined above, each lead would receive: 

Flex Testing 
Lead Body (8 x I .... (-:b_) (_47"~ -=(b~)(4--:) __ :::----;!.;I c~y:-=;c.:;le;.:s!.) .::S:.:.e~g:..:.m:::e~n.:..t ..:C:.., 
Defibrillation Electrode Body (8 x I (b) (4) (b)(4) I cycles) 

. Segment B 
~Soak I ~k~~)(~j1l I 

Submerged' lead' fax I (b) xt5!)(lI) I days)' Segment A 
High j~er~y Pulsing 

\J)() Volt Shock (8 x (b) t~( ) shocks) Segment A 
[]§1I] Soak I (b(h)i4t ~ I 

Submerged Lead (8 x I (b) (tt)Q4) ldays} Segment A 

The lead body and the defibrillation electrode body were flexed at a I (x1»)(4Q4 )1 inch 
radius. The Model 6999, unipolar, subcutaneous patch, received patch 
(defibrillation electrode) flexing in a fixture that is slightly different than the lead 
body flexing, because of the design of the subcutaneous patch. The patch is 
the region of the lead where the I (b) (4) (b)(4) I electrode coils are 
imbedded. 

At the end of the Lead System Testing, each lead was visualiy reinspected, had 
the DC resistance measured and intermittency tested. In conclusion, all the 
leads met all test requirements without failure and therefore demonstrate an 
acceptable assurance of safety and reliability in lead design. 
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DC Resistance 

Electrical resistance is measured from thee . (PtXI.f) _.. -. J This test is performed on[- (B'(~) pf production 
devices. 

leak Test 

'---
Lead Stiffness 

r 
Anchor Sleeve Sliding 

r......-'" 
i 



Flex Testing 
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r L ..J See figure below: 

---

SET SCREW 

INSERT 

See response to #35 for an illustration of the flex test fixture. 



I 
L 
Tensile Strength 

Crimp/Weld Strength 

Crush Test 

r 
~. 

Biosta b ility 

[ 

l 
C6'jy) 

CBX4) 
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Biocomoatibility 
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The biocompatability testing performed on both silicone andl (b) (4(\))(4) Ileads 
is in accordance with the Office of Device Evaluation, Division of 
Cardiovascular Devices, Implantable Pacemaker Lead Testing Guidance for the 
Submission of a 510(k) Notification, September 1989. Per this guidance, the 
following biocompatibilitytests were performed; hemolysis, tissue culture, USP 
Pyrogen, USP Biological Test for Plastics Class V, 4·12 week Intramuscular 
Implant, Ames Mutagenicity, and GPMT. 

Details on all nonclinical testing performed on the Transvene leads can be found 
in Appendix B. 
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35. Since flex testing exerts a considerable amount of stress on the lead, 
and is essential to life testing, why was it considered thatDh lb)(4.)) ]cycles 
at a bend radius of inch per lead model over a 12 month period 
would be sufficient? Describe how the full lead and different segments 
were flexed. Did you do a finite element stress analysis to validate the 
flex testing stress? 

RESPONSE: 

Flex testing is considered an important factor in assessing lead flex life 
longevity. The Medtronic flex standard minimum requirement is a B50 
(median) of cycles at a I (r~M)'l) linch radius. This flex standard 
was applied to the design of the one (1) year Lead System Test 
sequence. Initially each lead wa's inspected and tested for DC 
resistance. In the one (1) year test protocol, each lead went through the 
following sequence of tests eight (81 times: 

Flex Testing at Room Temperature 
Lead Body I: lb lb~4l) 1::1 cycles) 
Defibrillation Electrode Body ( (bN4)1 ]cycles) 

~ __ ~~~~~F~lu~id~S~oak~9TI 
Submerge in solution '-_;""""""-1 

High Ener y Pulsing 
Volt Shock ~ shocks) 

r-rr::"~r-~------.! Fluid Soak ~ 
Submerge Entire Lead in solution '-_:""--J 

By repeating the sequence of testing outlined above, each lead would 
receive: 

Flex Testing 
Lead Body (b)(4) cycles) 
Defibrillation Electrode Body Pb) ('"') (b)(4) 

Soak~~--, 
Submerged Lead 

High Energy Pulsing "'-------------' 
~ Volt Shock shocks) 

Soak @(b){4"~]] 
Submerged Lead '-;............~~.:--__ --I 

I cycles) 

The lead body and the defibrillation electrode body were flexed at a 
~~-J inch radius. The Model 6999, unipolar, subcutaneous patch, 
received patch (defibrillation electrode) flexing in a fixture that is slightly 
different than the lead body flexing, because of the design of the 
subcutaneous patch. The is the region of the lead where the mill] 
!....;.;;;.~.:..----~ _____ ---i are imbedded. 

15 
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~t the end of the- Lead System Testing, each lead wasCvi;~~liy\ / 

(reinspected, had the DC reS-istance measured and intermittency tested.J 
Yrl conclusion, all the leads-met all test requirements without failure and 
therefore demonstrate an acceptable assurance of safety and reliability 
in lead design. 

Each lead had a section marked to identify were to flex the lead body. 
This was done to assure that each lead had the same section of the lead 
body flexed for each OtJ(J)YIf) /, test cycles. By assurin the same 
location, each lead bod/Was· subjected to a total of b

, ~) cycles of 
flexing. The marked section was in the same region identified as "Lead 
Body" in the answer to question 34 for each lead Model. The Lead Body 
flex test set-up is illustrated below: 

FLEX TEST FIXTURE 

(b)(4) 

\ 
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Each lead was flexed at the rate Of~CYCleS per minute over a radius 
ofl (q~)M) I inch at room ambient temperature until reaching the required 
number of cycles per the Lead System Testing protocol. 

The Model 6999, a unipolar, subcutaneous patch, was subjected to a 
flex test of the electrode region that could be a result of patient body 
motion. The patch flex set-up is illustrated below: 

(b)(4) 

TEST FIXTURE FOR FLEX OF PATCH BODY 

The design of the Lead System Testing protocol required that the leads 
remain intact throughout the entire test, therefore no leads were 
segmented during the test. 



(b )(4) 



MEDTRONIC CONFIDENTI~L 159 
36. In light of the failure of your platinum sputtered polyurethane bradycardia 

pacing leads, and since the Transvenelll lead Model 6966 is also a 
platinum sputtered polyurethane lead, please provide documentation 
regarding the failure mechanism of the pacing leads and all relevant 
information pertaining to these cases. How can we be assured that the 
failure may be restricted to the bradycardia pacing leads? Based on your 
testing to date regarding the pacing leads and the testing of the Model 
6966 lead, discuss the potential and the probability of failure of the 
Model 6966 lead. A side by side comparison of the Model 6966 and the 
4,000 series bradycardia pacing leads must be provided. The 
comparison must include material, design, dimensions, fu"nction, tests 
performed and a schematic drawing. 

RESPONSE": 

Background on Brady Pacing Lead Experiences 

Medtronic utilizes two systems to monitor performance of its brady 
pacing leads. The analysis of returned product is used to identify lead 
failure mechanisms. However, it cannot be used to estimate clinical 
performance since allieads/iead segments are notexplanted or returned. 
Clinical performance is monitored through our Chronic Lead Study (ClS), 
a multi-center study currently involving eleven representative U.S. 
Clinical centers and over 20,000 leads. Lead performance in the CLS is 
presented as actuarial survival from clinical complications resulting in 
lead explants or abandonment. Specific complication criteria have been 
established (reference Medtronic Product Performance Report, February 
1993, in Appendix C). Since all leads are not explanted it is not always 
possible to relate a clinical complication to a specific failure mechanism 
and not all complications are associated with lead failure. 

The primary failure mechanisms for brady pacing leads are conductor 
fracture and insulation failure. Conductor fractures are primarily 
associated with the widely accepted "Subclavian Stick" implant 
procedure using percutaneous lead introducers. Leadsimplanted by this 
procedure can be clamped and crushed between the first rib and clavicle, 
leading to fracture of the conductor, and sometimes, insulation failures 
as well. Bipolar leads are more susceptible to this failure mechanism 
than unipolar leads because of their larger lead body diameter. Crush 
fractures tend to occur primarily during the first two years post implant. 

For leads with polyurethane insulation, the primary insulation failure 
mechanisms are Environmental Stress Cracking (ESC) and Metal Ion 
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Oxidation (MIO); both tend to occur starting about 2 years post implant. 
Bipolar leads tend to be more susceptible to insulation failure than 
unipolar leads. 

ESC is associated with stress on the lead either induced during 
manufacture or via implant procedure. Newer generation Medtronic 
leads have greater ESC resistance due to improvements in design, 
manufacturing processes and materials. 

MIO is an oxidative degradation of polyurethane insulation. The reaction 
is catalyzed by metal ions released by the corrosion of the conductor 
coils. To reduce the potential for MIO, newer Medtronic lead designs 
have applied a sputtered coating of platinum to the conductor coils. 
Also, ~ () polyurethane tends to be more resistant to MIO than (iJ (4 4 

Medtronic has used an accelerated oxidation environmente-=.;.....;...;;=_ .......... 
to evaluate MIO and potential factors that can minimize its occurrence. 

A table depicting the fr.equency of these failure mechanisms (conductor 
fractures, MIO and ESC) for brady leads, Models 4004/M and 4058/M, 
follows this response. As shown, conductor fracture due to crush is the 
predominate failure mode. See table, Failure Mechanisms, following this 
response. 

The Mode14004/M is a bipolar lead incorporating (~14i1polyurethane and 
platinum coating. As of February 28, 1993, survival probability of the 
Models 4004/4004M is 97.0 ± 1.7% at 36 months (reference the 
February 1993 Product Performance Report in Appendix C). Crush 
fracture is the primary source of lead failures to date, with rates 
comparable to that of earlier bipolar lead designs. 

Over the past several months Medtronic and FDA have had numerous 
discussions about the occurrences of failure associated with MIO in the 
Model 4004/M lead. As of February 28, 1993, Returned Product 
Analyses has identified 22 MIO failures out of approximately 74,000 
leads implanted (.030%). MIO failures in previous lead designs tend to 
predominate·in 3 areas: proximally in the pacemaker pocket, medially in 
the clavicular region, and distally near the ring electrode. With Models 
4004/M, platinum sputter coating appears to reduce the occurrence of 
MIO proximally and medially. The majority of the MIO failures (20 of 22) 
occurred distally. Distal failure occurs between the ring electrode and 
the A V valve and appear to be related to flexing of the lead associated 
wtth- vefltfic ulai' contractions. 

Initial Solution A testing was conducted under static conditions and gave 
no indication of this failure mechanism. Currently testing is underway 
to develop a dynamic Solution A test to study factors affecting this 
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failure mechanism and potential corrective actions. To date, we have 
been able to induce failures and are conducting experiments to 
understand contributing factors. 

In order to illustrate the similarities and differences between the brady 
and tachy leads, a side-by-side comparison of the Model 6966 to the 
4,000 series brady leads is presented in a table following this response. 
Note that only bipolar, polyurethane, brady leads from the 4,000 series 
are presented" (lncl"ud-es Models 4Ot6A, 40581M, 4024, 4-004/M and-
4012/4082). This is due to their similarity of design characteristics to 
the 6966, and also because these brady leads are being, or were, widely 
used" rn the field", and" therefore present with comprehensive data from 
the Chronic Lead Study and Medtronic's returned product analysis. 
Tests performed to qualify the brady leads were the same as those used 
for the tachy leads (except for high voltage system and crush testing). 
All tests are consistent with Medtronic standards and requirements for 
implantable cardiac leads (reference response to #34). Drawings of 
these brady leads are also presented following the comparative tables. 

Some common features to all the leads in the table are the ( !f4 
conductor coil, coaxial coil design, polyurethane insulation nd/or 

I Ucil\(J)4)1 and platinum alloy electrode material. Like the 6966 lead, the 
Models 4016A, 4058/M and 4024 also have platinum coating on the 
conductor coil and I (M;;14,l4f as the inner insulation. Individual lead 
differences include the electrode fixation mechanisms, i.e., screw-in helix 
versus tines and the ~ versus insulation usage. Using ~ 
insulation provides more stiffness, and greater resistance to insulation 
failure, wherea )- provides for greater ease of handling. 

As presented in the lead comparison table, the brady lead most similar 
to the 6966 lead is the 4016A. Both have~polyurethane as the 
inner(most) insulation, I (/B~4t41 for the middle/outer insulations, distal 
screw-in fixation mechanisms, similar French (introduction) sizes and 
virtually identical insulation dimensions. Only the coil dimensions vary 
slightly. Note that the 4058/M lead is also very similar to the 4016A; 
the only substantive change is the introduction size, 9 French. Model 
4016A and 4058/M leads have shown excellent clinical performance; for 
the 4016A actuarial survival is 98.2% at three years (3,800 implants) 
and for the 4058/M actuarial survival is 99.7% at three years (37,000 
implants), reference the CLS and returned product analysis as presented 
in the Medtronic Product Performance Report, Appendix C. 

As previously presented, the 6966 lead has a larger body diameter than 
the brady leads. This is to be expected given the tripolar coaxial design 
of the lead. Given the larger French size of the 6966, it is more 
susceptible to crush between the clavicle and rib than the smaller French 

, 

161 
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leads  Lead fracture due to crush in this area is  however  a recognized 
failure mechanism for all transvenous leads implanted via subclavian 
insertion   brady or tachy leads   This is vigorously addressed in product 
labeling  lead technical manuals  and includes appropriate cautions about 
the use of the procedure  

Also  the larger diameter of the 6966 lead body and presence of a 
defibrillation coil electrode proximal to the distal pace sense ring of the 
6966 lead imparts more stiffness to it than the brady leads  Hence  
there is less lead body movement below the valve when the 6966 is 
implanted in the right ventricle as compared to a brady lead  This was 
clearly evident in the videotape comparing the in vivo flexing of both a 
brady and tachy lead  presented in FDAIMedtronic meeting of February 
18  1993   Decreased flexing of the 6966 lead below the valve is our 
basis for expecting flex related MIO will not be a significant failure 
mechanism of the 6966 lead  

Anal i f Transvene Mo el 966 Lead and Clinical Pres n a i n 

The Model 6966 tripolar tachy lead is comparatively less flexible than 
brady leads  Therefore  distal MIO as evident in a very small percent 
  030   of brady 400414004M leads is not necessarily indicative of a 
similar occurrence in the 6966 lead  A videotape illustrating the clinical 
i ex pertormance ditferences betW8on  h BGE f BA4 tsC  f I8848 W38 

presented during the FDAIMedtronic meeting on February 18  

Analysis of the Model 6966 lead  as it relates to the potential for MIO  
indicates that it would be more likely to occur on the middle versus the 
outer or innermost insulations  Lead failure due to MIO typically is found 
on the inner insulation on returned bipolar brady leads  Therefore  this 
failure mechanism is not expected to significantly affect the ----- outer 
insulation of the 6966 lead  Should MIO occur on the outer insulation 
of the 6966 lead  the net effect would be an increased defibrillation 
electrode surface area  This would not be expected to significantly 
aff---- - ystem performance  Additionally  the more resistant properties 
of -----  to MIO   of the 6966 innermost insulation  are expected to 
further reduce the potential for MIO  99 7  survival Model 40581M at 
three years  see Product Performance Report  Appendix C   

For the Model 6966 lead  should the middle  ------ insulation fail  it 
would likely present initially as an intermittent short  as is more typical 
with brady leads  and can progress over time if not identified and 
treated  to a hard  direct  short  These could manifest initially as 
oversensing  and ultimately as integrated bipolar sensing  respectively 
 intermittent versus hard short   ln the case of a hard short of the 
middle insulation  specifically  shorting the pacing tip to the common 

 l 

(b)(4)

(b)(4)

(b)(4)
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defibrillation electrode  an integrated bipolar sensing system is created  
In this type of system  sensing occurs between the unipolar pacing tip 
and the common deiibriitaiion eiectrade iversus standarct bipolar serisirig 
between the pace sense tip and ---- ----- -------------- This type of 

sensing system is identical to the ----- ---------- ----------------- currently 

in clinical trials  and also to Medtronic s historic Transvene RV lead  the 

Model SP2100 lead  These type of integrated systems have been shown 

to be clinically acceptable  Note that fifteen Model SP2100 leads were 

implanted at the start of the Transvene clinical study  There have been 

no observations or reported problems related to the SP2100 lead 

performance   Data from the SP2100 lead have been incorporated in the 

clinical experience analysis reported in this PMA application   

Intermittent sensing could result in oversensing  if the detection criteria 
are also met  and this could result in delivery of inappropriate  i e   not 
needed  therapies  This can be considered a  safe failure  given the 
system would  err  by oversensing  versus undersensing  and the patient 
could receive an unnecessary therapy  Also  patients are instructed to 
report therapies to their physicians  this facilitates identification of any 
inappropriate therapy  

Recently  a Model 6884  lead was explanted after 27 months when the 

patient received a heart transplant  The lead was fully functional at 
explant  however  returned product analysis has indicated the presence 
of some MIO in the clavicular region  Transvene leads  like brady leads  
are implanted by subclavian insertion and are susceptible to being 
crushed between the clavicle and first rib  As indicated above  with 
brady leads this can result in conductor fractures  insulation failures or 
both  Analysis of the specific Model 6884 lead is ongoing and a more 
detailed report will be provided in approximately 30 days  

It should be noted that MIO is only one potential failure mechanism of 
implantable leads  As discussed  others include fracture due to crush in 
the area of subclavian insertion  environmental stress cracking due to 
stresses the in vivo environment may impart to the lead and lead 
dislod gement  

  The Model 6884 lead is the earlier vers---- --- -- e Model 6966 lead and differs only in the 
conne----- ---- - onfiguration  the 6884 has a ---- ------ high voltage connector pin and the 6966 
has a ---- ------ high voltage connector pin  Otherwise the leads are the same  

(b)(4)

(b)(4)
(b)(4)
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Tr n vene Clinical Assessment Ex erience 

Given over 2000 worldwide Transvene patients implanted to date  
ranging from zero to forty months implant duration  there have been no 
reports of undersensing  insulation failures  or oversensing that could not 
be managed via reprogramming  Furthermore  the benefits of Transvene 
implantation are dramatically apparent from the perspective of 
perioperative mortality  0 7 percent for Transvene versus 5 3 percent for 
epicardial imp ants  Transvene survival from SCD is 99 5 percent and 
overall survival is 93 3 percent at one year  Additionally  Transvene 
implants  on average  require 8 days in hospital versus 11 days for an 
epicardial system  a significant cost savings  In summary  the benefits 
of the Transvene system performance clearly surpass the potential for 
MIO  or other potential failure mechanisms  in the 6966 lead  

Con lusions 

Although Medtronic cannot assure that MIO or other lead failure 
mechanisms will not occur in the Model 6966 lead  the actual benefits 
of the Transvene system  as previously discussed  would appear to 
exceed the potential risk due to MIO  Analysis shows that the potential 
for MIO to occur in the 6966 lead would result in a  safe failure   Note 
that preclinical and animal testing cannot completely simulate the long  
term implant environment  thereby eliminating all potential for lead 
failures in vivo  This was recognized by Congress in implementing the 
Postrnarket surveillance provision in the Safe Medical Device Act of 
1990  It is clear that postmarket surveillance mechanisms  e g   
returned product analysis and chronic lead monitoring  are more 
appropriate mechanisms for evaluating and managing potential failure 
mechanisms of implantable cardiac leads  
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FAILURE MECHANISMS 

 CLEiICAL ELECTRICAL FAILURES FRQM RETURN PRODUCT ANALYSIS  

------ --- -- 
- --- ---------- --- ----- 

------ -- 
- --- ----------- ----- 

------- --- --- 
- --- ----------- --- --- 
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37  A copy of the Summary of Safety and Effectiveness which includes the 

updated data must be provided  

RE PONSE  

See Attachment 3  
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A  Ini in Fr 

The Medtronic PCD Model 7217B Multiprogrammable Tachyarrhythmia 
Control System with Nonthoracotomy Cardioversion and Defibrillation 
Electrodes  hereafter referred to as the PCD Transvene System  is 
intended to treat patients at risk of sudden cardiac death due to 
ventricular tachyarrhythmias  Indications for use incIude  

Patients who have survived at least one episode of cardiac arrest due to a 
ventricular arrhythmia not caused by an acute myocardial infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain inducible 
via programmed electrical stimuli or exercise  or occur spontaneously  despite 
the most efficacious antiarrhythmic drug therapy that can be tolerated by the 
patient chronically  

Patients undergoing replacement of a previously implanted implantable 
cardioverter defibrillator  

The patients who meet the above patient selection criteria should have 
also undergone a complete cardiological evaluation that includes 
electrophysiological testing  Electrophysiologic evaluation and testing of 
the safety and efficacy of the proposed pacing  cardioversion  or 
defibrillation therapies are recommended during and after the 
implantation of the PCD Transvene System  

The PCD Transvene System components  except for the defibrillation 
lead system  are identical to the PCD Epicardial System which was 
unanimously recommended for approval by the FDA Advisory Panel on 
February 3  1992 and FDA approved on February 11  1993  

Market approval is not being sought for use of the PCD Device with 
other manufacturers transvenous defibrillation lead systems  In addition  
market approval is not being sought for the use of the PCD Transvene 
lead system with other manufacturers implantable cardioverter 
defibrillators  
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183 
B  Descri tion of the Transvene Lead PCD S stem 

The Medtronic Tachyarrhythmia Control System consists of two 

fundamental configurations   1  the implantable configuration and  2  the 

external configuration  Both configurations use the Transvene lead 

system  See Figure III B 1 

The implantable configuration is composed of a Pacer Cardioverter  

Defibrillator  PCD  device  implantable leads  and a programmer  The PCD 

device is an implantable  multiprogrammable  automatic tachyarrhythmia 
control device  

The external configuration is composed of an External Tachyarrhythmia 

Control Device  ETCD   a patient cable  implantable leads  and a 

programmer  The ETCD is an externally operated  multiprogrammable  
tachyarrhythmia control device  

Intended Uses   Transvene Leads 

Model 6963 Lead 

Tn8 fA8G i fOfiiC T BtiSV8fi8 MOB  6963 UfiipQ af  CO  Gtiaf j SifitiS Of 

Superior Vena Cava  Transvenous Lead features an electrode for the 
delivery of cardioversion and defibrillation therapies  It is intended for 
long term use in the coronary sinus or superior vena cava and is 
designed to be used with an implantable tachyarrhythmia control device 
along with at least one other lead  such as the Model 6966 Tripolar  
Right Ventricular  Transvenous Lead  

The lead has application where implantable tachyarrhythmia 
cardioversion or defibrillation systems are indicated  

Model 6966 Lead 

The Medtronic Transvene Model 6966 Tripolar  Endocardial  Screw In 
Lead is designed for pacing  sensing  and delivering cardioversion and 
defibrillation pulses in the ventricle  The lead has application where 
implantable tachyarrhythmia control systems are indicated  

The Model 6966 lead has a helical electrode made of platinum alloy that 
can be actively fixed in the endocardium  The helix can be extended or 
retracted by rotating the lead connector pin with a special fixation tool  

Active fixation leads are particularly beneficial for patients who have 
smooth or hypertrophic hearts where lead dislodgement may be potential 
a problem  



ONIC CONF1DENTIAU  MEDTRO 
C7 

H 
V 

Q Ch 

 30 
D 

  

g4 

  D 

ill 
V  

X g 
0 

0 Cr 
V 

g 
id 

o   
0 

  
co Vl 

    os n 
z 

l I I I 

l I 
I 

I 

I 

4 AU    
D tll 

  a z 
z 

igu1 
p  rlV 
g 

o  5 
0 
V 

C 
g 

g O 

V  3 

 9 

P 
Ol 

Xf 
Zl 

gV 
X Cl 

g 
T0 
wO 

e C 

Q 
R 

A 

C 
C 0 
CL 

C 
O zr 
E 

  0  
  p    

Qe 

  ill 

au 



MEDTRONIC CONFIDEN IAlt 8 

The three electrodes of this lead are the coil  ring  and helix  

The defibrillating coil electrode is most proximal to the pulse generator and connects 
electrically to the connector pin of the unipolar leg of the bifurcation  This unipolar leg 

will not accept a stylet  

The ring electrode is proximal to the helix and connects electrically to the 
connector ring of the bipolar leg of the bifurcation  

The helix tip electrode is most distal to the pulse generator and provides active 
fixation in the endocardium  It can be extended or retracted by rotating the 
lead connector pin with a special fixation tool  The helix electrode connects 
electrically to the connector PIN of the bipolar leg of the bifurcation  This 
bipolar leg is the only one that will accept a stylet  

The helix tip electrode and the ring electrode may be used for bipolar 

pacing and sensing  the coil electrode is intended to be used for delivery 
of cardioversion and defibrillation pulses  

The lead has application where implantable tachyarrhythmia 
cardioversion or defibrillation systems are indicated  

Model 6999 Lead 

The Medtronic Model 6999 Unipolar  Subcutaneous  Oval  Patch Lead 
features an electrode for the delivery of cardioversion and defibrillation 
therapies  It is intended for long term use and is designed to be used 
with an implantable tachyarrhythmia control device along with at least 
one complementary defibrillating electrode and a pacinglsensing lead  a 
third defibrillating electrode may also be used  

The lead has application for patients in whom implantable 
tachyarrhythmia cardioversion or defibrillation systems are indicated  

4 
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Intended Uses   PCD Device 

The Model 7217B PCD device is intended for use in patients who are at 

high risk of sudden death due to ventricular tachyarrhythmia  

Current medical research indicates that such patients should  

have survived at least one episode of a cardiac arrest  presumably due to a 
ventricular tachyarrhythmia as evidenced by resuscitation using a transthoracic 
defibrillator  The ventricular tachyarrhythmia should not be caused by an acute 
myocardial infarction  or 

in the absence of a prior cardiac arrest  have recurrent  sustained ventricular 
tachycardia that occur spontaneously or can be induced  despite the most 
efficacious antiarrhythmic drug therapy that can be tolerated chronically  

Extensive electrophysiologic evaluation and testing of the proposed 
pacing  cardtoversion  or detibri11ation therapies are recommended during 
and after the implantation of the Model 7217B PCD device  Before 

permanently programming the PCD device to the automatic detection 
and delivery of the VT and or VF therapies  the patient should have 
demonstrated a satisfactory response to the proposed therapy  

Intended Uses   ETCD 

The Model 5355 External Tachyarrhythmia Control Device is intended for 
use in conjunction with an antitachycardialdefibrillation lead system 
during diagnostic studies for implanting the ModeI 7217B PCD device  

Indications for use of the ETCD include  

Patients experiencing recurrent episodes of ventricular tachyarrhythmia  

Patients who survived a cardiac arrest due to a ventricular tachyarrhythmia and 
Bf6 Bt FiSk fOf t Bp83t8d Bp150d8S  

Patients who are undergoing an assessment of the efficacy of antitachycardia 
pacing  cardioversion  or defibrillation therapies in anticipation of an implantable 
cardio verter defibrillator  

49 
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Com onents of the S stem 

A list of components used in the system is given below  It is separated 
into a listing of those components for which market approval is sought 
and those components that are now commercially available  Market 
approval is not being sought for use of the PCD Device with other 
manuiacturers transvenous aetibriitaiion iead sysiems or d or ihe use oi 
the PCD Transvene lead system with other manufacturers implantable 
cardioverter defibrillators  

Seekin A roval  Commerciall Available  

Transvene Leads 
Model 6963 
Model 6966 
Model 6999 

Programmers Model 9710 and 
accessories 

Printers Model 975119712 

Pacer Cardioverter Defibrillator 

 PCD  Device 

Model 7217B 

External Tachyarrhythmia 
Control Device  ETCD  

Model 5355 ETCD 
Model 5418 Patient Cable 
Model 5419 Patient Cable 
Model 5414 Test Load 
Model 5417 EGM Cable 

Programmer Software Cartridge 

Model 9788   Memory Module 
for 7217B PCD Device and 5355 ETCD Devices 

Lead Accessories 

Model 6701 Lead End Cap 

A 
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Com onents Used in the 1m lantable Confi uration 

The implantable configuration is composed of a PCD Device  lead 
system  and a 9710 Programmer with applicable software cartridge  The 
implantable device is a Model 7217B PCD Device  The PCD device 
requires an appropriate lead system consisting of up to three 
cardioversion defibrillation electrodes  See Figure III B 2  The Transvene 
leads used with the Model 7217B PCD Device are the Models 6963  
6966  and 6999  

The Model 9710 Programmer is commercially available  Two printers are 
also commercially available  When higher printing speeds are desired  it 
is recommended that the programmer be used with the faster printer  the 
Model 9751  If slower printing speeds are acceptable  as may be the 
case in some follow up situations  the Model 9710 Programmer can be 
used with the battery powered Model 9712 Printer  

Corn onents used in the External Confi uration 

The external tachyarrhythmia control system is composed of the Model 
5355 ETCD  a Model 5418 Patient Cable  a Model 5419 cable  lead 
system  and a Model 9710 Programmer with applicable software 
cartridge  see Figures IV A 3  4  The ETCD uses replaceable batteries 
as its power source  The Model 5418 Patient Cable and Model 5419 
Cable are designed to connect the Transvene leads to the ETCD  Like 
the implantable system  the ETCD uses the same Transvene leads 
 Models 6963  6966  and 6999   

4 
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Battery Compartment 

Display 

Power Indicators 

Cradle For 

Keystrip 
Programmer Head 

Connector Panel 

Figure IV A 4  Model 5353 External Tachyarrhythmia Coatrol Device 
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Pur ose of the S stem 

PCD S stem Confi uration 

The PCD Device is an implantable device designed to detect episodes of 
ventricular tachycardia  VT  and ventricular fibrillation  VF   and upon 
detection  automatically deliver the appropriate therapy or a progression 
of therapies programmed by the physician for each patient  The available 
therapy types that can be programmed are overdrive pacing  
cardioversion  and defibrillation  The PCD Device also has bradycardia 
pacing capability  The Transvene leads allow the PCD device to deliver 
these therapies to the heart  

ETCD S stem Confi uration 

The ETCD is an external tachyarrhythmia control device designed to 
deliver overdrive pacing  cardioversion  defibrillation  and bradycardia 
therapies in the same fashion as the PCD device  The ETCD can be 
programmed to automatically deliver overdrive pacing therapy upon 
detection of VT  When used as a component of a system that includes 
the appropriate Medtronic programmer and applicable software cartridge  
the ETCD can deliver manually initiated VT pacing  cardioversion  and 
defibrillation therapies  The ETCD allows the assessment of the 
Transvene lead system characteristics and aids in the assessment of lead 
system pacing and sensing characteristics  

Overview of S stem Features 

General 

The PCD device is designed to automatically detect episodes of VT or VF 
and  upon detection  deliver the appropriate programmed pacing  
cardioversion  or defibrillation therapies  The device has two 
independently programmable detection and therapy procedures  one for 
VT and a second for VF  

When used as a component of a system that includes the appropriate 
Medtronic programmer and dedicated software  the ETCD is designed to 
deliver manually initiated cardioversion and defibrillation therapies  The 
ETCD is also designed to detect episodes of VT and VF  It can 
automatically deliver VT overdrive therapies  burst and ramp  upon 
detection of a VT  



MEDTRONIC CONFIDENTIAL f  3 

VT Detection and Thera 

Both the PCD device and ETCD use a VT detection algorithm which can 

use up to three separately programmable criteria as it monitors the 

cardiac cycle length to identify the presence of a tachycardia  Upon 
detection  the devices deliver their first programmed VT therapy  If the 
VT episode persists and is again detected  up to three additional 
independently programmable VT therapies may be delivered to restore 

the patient s normal cardiac rhythm  This progression of four VT 

therapies can be tailored to each patient s need  For the PCD device the 
therapies may be selected from two methods of overdrive pacing  burst 
and ramp  and synchronized cardioversion  

For the ETCD the same overdrive pacing therapies can be automatically 
delivered  with cardioversion therapy being available as a manual 
the raoy  

VF Detection and Thera 

The VF Detection algorithm monitors the cardiac cycle length to identify 
a VF episode  Upon detection  the PCD device provides a programmable 
high energy defibrillation pulse for VF therapy  Up to a maximum of four 
VF therapies may be delivered for ongoing detected VF episodes  Each 
defibrillation therapy consists of one  single pulse  or two  simultaneous 
or sequential  high voltage pulses designed to restore the normal cardiac 
rhythm  

For the ETCD  each cardioversion or defibrillation therapy  which must 
be initiated manually via the programmer  also consists of one high  
voltage pulse or two  simultaneous or sequential  high voltage pulses in 
the same fashion as the PCD devices  

Brad cardia Thera 

For both the ETCD and PCD devices  bradycardia pacing is delivered in 
the VVI mode  Asynchronous   VOO   pacing is not available  and is 
avoided even with magnet application since this type of pacing has 
increased potential to initiate ventricular arrhythmias in patients receiving 
this system  
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Lead S stems 

The PCD Device and the ETCD perform pacing  sensing  cardioversion  

and defibrillation through multiple electrodes in the lead system  Listed 

below are the electrodes and their function  

  The PACE SENSE electrodes are incorporated in the right ventricular 
defibrillation lead  These electrodes function as the sensing circuit and deliver 

pacing pulses  The PACE SENSE electrodes are used for sensing in conjunction 
with the SENSE2 electrode  

The COMMON electrode is an electrode coil that serves as the cathode for 
cardioversion  defibrillation  and pacing  

The PULSE2 electrode is an electrode coil that serves as the anode for 
cardioversion and defibrillation  

The PULSE1 electrode is art optional elei  u i  ttiat serves as an additiori81 

anode for sequential and simultaneous cardioversion and defibrillation  

Cardioversion and defibrillation current pathways are between the 
PULSE2 and COMMON electrode coils and  if the additional lead is 

implanted  between the PULSE1 and COMMON electrode coils  

Oil  8f C8 3biliti68  

The physician may use the ETCD or the PCD devices to conduct 
noninvasive electrophysiologic studies  EPS  via the programmer with the 
appropriate software cartridge  The physician can also manually deliver 
various therapies via the programmer to manage an induced or 
spontaneous tachyarrhythmia  

The PCD device will provide the physician with information  via the 
Programmer  about its present programmed status and data on its 
operation accumulated between office visits  This information may be 

printed and retained in the patient s file  

The PCD Device and ETCD can also transmit an electrogram to the 

programmer  The electrogram is the electrical signal sensed on the leads  

A programmer generated set of symbols  termed Marker Channel  
allows real time visualization of sensing  pacing  detection  and therapy 
events occurring within the device  

In addition  the ETCD provides a display of measurements and other 
information related to delivered cardioversion and defibrillation pulses  
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With this information and other features  the ETCD can be used to 
assess the suitability of the lead system and its placement for individual 

patients  

P DBat r Lnevi Ex i n 

The longevity of the Model 7217B PCD Device depends upon several 
factors  including programmed bradycardia pacing parameters  the 

percentage of paced to sensed events  the pacing load  and on the 
frequency of high voltage capacitor charging  The longevity projections 
found in Table IV A 1 apply under the following conditions  

65 ppm pacing rate  
5 4 V pacing pulse amplitude  
0 49 ms pacing pulse width  and 
500 ohm pacing lead  

1 
Projected Longevity 

Table IV A 1 

100  Sensing Quarterly 5 0 years 

15  Pacing Monthly 4 2 years 

100  Pacing Monthly 3 4 years 

The longevity of the device decreases with the following  

An increase in pacing rate  
An increase in pacing amplitude  
A decrease in pacing impedance  
An increase in pacing pulse width  
An increase in the percentage of bradycardia paced to sensed events  or 
An increase in the charging frequency  

Each 34 Joule charging cycle will typically decrease the longevity of the 
device by approximately six days  

These preliminary longevity projections are based upon accelerated battery data and 
device modeling  They include an estimate of five months between time of 
manufacture of a PCD device and its implant  If a device was stored for the full 
twelve month shelf life  the average longevity would be reduced an estimated 4 3 to 
5 9 months  depending on device use  With the stated condition  100  pacing and 
monthly 34 Joule charging cycles  the minimum longevity of the device will be 2 5 
years  72178   Average refers to the projected mean longevity of the modeled run of 
PCD devices at the stated conditions  Minimum longevity means that virtually all  i e   
99 9   of all modeled production run of PCD devices will attain the value given  

1 
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C  Alternative Practices and Procedures 

The use of implantable defibrillators in patients with drug refractory 
ventricular tachycardia  fibrillation  VTIVF  and in survivors of sudden 
cardiac death has reduced the arrhythmic mortality in these patients  
Other treatments available to treat ventricular tachyarrhythmias include 
antiarrhythmic drug therapy  ventricular tachycardia surgery  
transthoracic defibrillation and other market released implantable 
defibrillators with epicardial defibrillation lead systems  

1W 
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D  Marketin Histor 

All of the Medtronic Transvene Tachyarrhythmia Control System device 

components which have been implanted in the U S  to date have been 

part of the IDE clinical study and have followed the FDA approved 

investigational protocol  In November 1991  the Medtronic PCD 

Transvene System  and respective components described in this 

SU b mission  were market relem  i i Eumpe   In iVarc h    9 9 1    he 

Medtronic PCD Epicardial System  and respective components  were 

market released in Europe  And in February 1993  the FDA approved the 

Medtronic PCD Epicardial System  
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E  Adverse Effects 

Potential adverse effects which may be associated with the use of the 

PCD Device include but are not limited to  failure to detect ventricular 

tachycardia or ventricular fibrillation  failure to terminate ventricular 

tachycardia or ventricular fibrillation  delivery of pacing or shock therapy 

when no ventricular tachyarrhythmia is present  which would precipitate 
an episode of ventricular tachycardia or ventricular fibrillation  

acceleration of a ventricular arrhythmia  failure to capture after a shock 

delivery  discomfort or pain during or following the delivery of electrical 

shock  or infection  

The following additional  potential adverse effects associated with all 

pacemaker systems include loss of normal pacemaker function due to 

battery failure or other component failure  inability to program a 

pacemaker pulse generator because of programmer failure  infection  

erosion  undesired muscle or nerve stimulation  and inadequate sensing 
or pacing  Any demand pulse generator can be affected by magnetic  

electrical and electromagnetic signals of sufficient strength or with 

characteristics which mimic cardiac function  Possible effects of 

electrical interference on pulse generator operation include reversion to 
asynchronous pacing  inhibition of output pulses and rapid synchronous 

pacing  Certain environmental sources can couple sufficient energy into 

a cardiac pacing system to damage the pulse generator or cardiac tissue 
adjacent to the electrodes  

Failure of the pulse generator system to function properly may result in 

the patient experiencing the symptoms for which the pulse generator 
was originally indicated  

The potential complications related to the use of the PCD Transvene 
Lead System include  but are not limited to  the following patient related 
conditions  fibrillation  air embolism  cardiac perforation  heart wall 
rupture  cardiac tamponade  pericardial rub  infection  myocarditis  
constrictive pericarditis  pneumothorax and hemothorax  Other potential 
complications related to the lead system include  but are not limited to  
the following  lead dislodgement  lead conductor fracture  and insulation 
failure  

The above referenced information is provided in the labelling of the PCD 
Transvene System  
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F  Summar of tudies 

To validate the performance of the Medtronic Tachyarrhythmia Control 
System nonclinical laboratory  bench  testing  animal studies and human 
clinical trials were performed  All of the nonclinical bench and animal 
testing demonstrated that the devices are safe and performed according 
to design intent  

The nonclinical laboratory  bench  testing provides information relative 
to the Model 6966  Model 6963 and Model 6999 Transvene Leads  
Model 7217B PCD  Model 5355 ETCD  and Model 9788 Memory 
Module  

The animal studies were performed to evaluate acute and chronic 

performance PCD Transvene System and to validate that the PCD and 
ETCD System are safe for human use  

Finally  human clinical trials were performed to evaluate the safety and 
effectiveness of the PCD Transvene System in treating patients with life  
threatening ventricular arrhythmias  

wit of the studies have demonstrated that the PCD Transvene system 
functions safely and is appropriate for human use  

The following summaries are provided in this section  

1  Model 6966  Model 6963 and Model 6999 Nonclinical Testing 

2  Non clinical Testing of the Related Components of the Transvene 
Lead system  Models 7217B PCD  Model 5355 ETCD and Model 
9788 MemoryMod Model 7217B PCD Nonclinical Testing 

3  Animal Testing 

4  Clinical Study of the PCD Transvene System 
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1  Mod I 696 Model 6963 and Model 6999 Defibrillation Leads   Q6  

Summar of Nonclinical Testin 

To validate the performance of the Medtronic Tachyarrhythmia 

Control System nonclinical laboratory  bench  testing  animal 

sties and human clinical trials were performed  All of the 

nonclinical bench and animal testing demonstrated that the 

devices are safe and performed according to design intent  

The nonclinical laboratory  bench  testing provides information 

relative to the Model 6963 CSISVC lead  Model 6966 RV lead  

Model 6999 SQ patch lead  and related system components  

a  Electrical Testin 

Electrical D C  resistance testing was performed to ensure 

proper functioning of the Model 6963  6966 and 6999 
leads  

SBVBAteeQ iu1Gda  6963  u rtf i y f ivy iMQd4 6966 Btid 

eighteen Model 6999 leads were submitted for testing  
Electrical resistance was measured utilizing a milliammeter 
under ambient room conditions  All samples measured 
were within the individual design specifications  

b  Environmental Anal sis Testin 

The purpose of the testing was to subject the lead to 
temperature extremes to determine the lead s resistance to 
the thermal stresses when transported from extremes of 
climate  

Thermal Shock 

Fifteen Model 6963 and thirty five Model 6966 leads were 
subjected to five cycles from  45 C to 70 C with a soak 
time of thirty minutes at each temperature extreme with a 
transfer time of one minute  Thirty five Model 6999 leads 
were subjected to five cycles from  40 C to 66 C with a 
soak time of thirty minutes at each temperature extreme 
with a transfer time of one minute  

After the thermal shock testing was completed visual 
inspection and electrical resistance measurements were 

performed  There were no visual defects and the electrical 
D C  resistance of all the samples met the design 
specification  
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C  Mechanical Testin 

The purpose of the mechanical testing was to determine 
the mechanical integrity of the leads to ensure that the 
devices are safe  reliable  and suitable for their intended use 
and conform to design specifications  The leads and or 
assemblies were subjected to the following  

flex testing 
composite pull strength testing 
crimp weld pull strength testing 
insertionlwithdrawal force testing 
A C  impedancelleakage testing 

Flex Testin 

The flex testing consisted of mounting the insulated 
conductor coils and uninsulated electrode coils of the 
Models 6963  6966 and 6999 in a lead flex test fixture  
The insulated conductor coils and uninsulated electrode 
coils were flexed under ambient room conditions at a 
specified radius  Eleven samples were used in each test  
Samples exceeded specifications and therefore are 
considered to be satisfactory for their intended use  

Lead Joint Tensile Stren ths 

Pull testing of the various lead joints is conducted to ensure 
that the integrity of the joint meets the design specification 
and is  therefore  adequate for its intended application  The 
testing conducted consists of a composite pull test which 
evaluates the overall pull strength of the lead and crimp pull 
testing that evaluates the crimped connections of the leads 
to assure specification conformance  

Corn osite Pull Stren th 

i eads were boiied in Ringer   s soiution or soaked in normai  
saline and pull tested  while wet  the lead is usually cut in 
half to facilitate fixturing limitations  utilizing a tensile 
testing machine  The samples were pulled until failure at a 
rate of five inches per minute  The initial failures were then 
analyzed statistically for the confidence level in meeting the 
specification for the composite lead which is 1 0 lb  
minimum  
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Model 6963 data demonstrates that with a 95  
confidence at least 97   distal  and 99 9   proximal  of 
the leads will meet or exceed the specification  

Model 6966 data demonstrate that with a 99  confidence 
at least 99 9  of the leads will meet or exceed the 
specification  

Model 6999 data demonstrate that with a 99  confidence 
at least 99 9  of the leads will meet or exceed the 
specification  

Therefore  Models 6963  6966 and 6999 leads  with 
respect to composite pull strength  are adequate for their 
intended use  

Crim Weld Pull Stren ths 

Crimp and weld pull strength tests were conducted to 
evaluate the strength of the connections to ensure that 
they meet the design specification and are  therefore  
adequate for their intended application  The connections 
tested are  

Distal crimp sleeve to conductor coil crimp  6963  
Double crimp core to conductor coil crimp  6963  
Electrode coil to double crimp core weld  6963  
Electrode coil to distal crimp sleeve weld  6963  
Tip crimp sleeve to conductor coil crimp  6963  
Connector pin to conductor coil crimp  6963 and 6999  
Helix electrode to inner conductor coil crimp  6966  
Electrode ring to middle conductor coil crimp  6966  
Transition sleeve to electrode coil weld  6966  
Transition sleeve to outer conductor coil crimp  6966  
Fixed connector pin to outer conductor coil crimp  6966  
Connector ring to middle conductor coil crimp  6966  
Rotating connector pin to inner conductor coil crimp  6966  
Manifold crimp sleeve to conductor coil crimp  6999  
Manifold crimp sleeve to electrode coil ---- ------ ---- ------ 
crimp  6999  
Manifold crimp sleeve to electrode coil ---- ------ ---- ------ 
crimp  6999  

Subassemblies were submitted for testing and pull tested 
by using a tensile testing machine  The samples were 
pulled until failure at a rate of four inches per minute  

Pull strength testing consisted of a minimum of 15 
subassemblies of each crimp connection and a minimum of 

5  

(b)(4)
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7 subassemblies of each weld connection All samples 
tested exceeded the individual specification  The test 
results indicated that with a 95  confidence  at least 95  
of the leads will have crimp and weld strengths that exceed 
the specification  

Therefore  the Model 6963  6966 and 6999 leads  with 
respect to crimp and weld connection pull strengths  are 
adequate for their intended use  

Insertion Withdrawal Forces 

Insertion withdrawal forces are measured to ensure 
compatibility with the implantable device without causing 
damage to the lead  Twenty five each of the lead Models 
6963  6966 and 6999 were tested with the Model 7217B 
PCD Device connector modules  There were no physical 
changes and all measurements met the design specification  

A C Im cdance Leaka e Testin 

Fluid leakage tests are conducted on the lead 
assemblieslimplantable device connector to determine 
leakage  Ten of each lead model Models 6963  6966 and 
6999 were tested with the Model 7217B connector 
modules  A C  impedance was measured from the PCD 
device case to the lead connections while immersed in 
fluid  All samples met the design specification  

d  Biocom atibilit Testin 

The materials used in the Models 6963  6966 and 6999 
that are directly exposed to body tissue are  

Polyurethane 
Silicone rubber  methylvinylpolysiloxane  
Silicone rubber titanium dioxide 
Platinum Iridium 

These materials have been shown to be biocompatible 
through many years of use in Medtronic permanent 
implantable endocardiallmyocardialpermanent pacing leads  
In addition to extensive implant experience with these 
materials  standard biocompatibility tests have been 
performed to verify the biocompatibility of the above listed 
materials  Testing has demonstrated that all materials are 
nonhemolytic  nonpyrogenic  nontoxic  nonmutagenic and 
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biocompatible  Therefore  the materials passed the tests 
and are considered suitable for human implant  The 
materials used in the Models 6963  6966 and 6999 are 
identical to those used in other commercially available 
Medtronic pacing leads  

e  Lead S stem Life Testin 

Ig addjtion to the aforamenfione5 test   the Transvene 

leads were subjected to system  or life  testing  Further 
testing also evaluated the leads with respect to crush 
resistance  Testing included subjecting the leads to 
soaking  flexing and high voltage pulsing  A separate test 
evaluated crush performance  The purpose of these tests 
was to subject the leads to severe conditions and assess 
the overall integrity of the system  

D C  resistance values and intermittance data measured 
before and after being subjected to soaking  multiple flexing 
and high voltage pulsing  as well as crushing  demonstrated 
the non thoracotomy leads satisfied requirements and are 
therefore acceptabie d or iheir intended use  
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2  Non clinical Testin of the Related Com onents of the Transvene 
Lead s stem  Models 7217B PCD Model 5355 ETCD and Model 
9788 Memor Mo 

Non clinical testing of these components was provided Volume 4 
of the original PMA application  P900061  dated September 27  
1990  Volume 3 of the amendment dated March 8  1991  and 
Volume 2 of the amendment dated August 30  1991  A summary 
of the test results for each of the components is provided  

Model 7217B PCD  Summar of Nonclinical Testin 

Testing of the Model 7217B pulse generators and the peripheral 
devices that comprise the system  i e   the Pacing System 
Analyzers  the Model 9710 Programmer utilizing the Model 9788 
MemoryMod and the Model 9751 Printer have been tested and 
found to be acceptable  All aspects of system interaction and 
operation are in accordance with the Model 7217B PCD Device 
and Model 9788 technical manuals and system specifications  
Therefore  the Medtronic Tachyarrhythmia Control System  in its 
entirety  is acceptable for its intended use  

Model 9788 Memor Module  Summar of Nonclinical Testin 

The Medtronic Model 9788 MemoryMod Cartridge was designed 
for insertion into the commercially available Model 9710 
Programmer  When inserted  it becomes an integral part of the 
non invasive programming system for the implantable PCD devices 
to establish pacing  ventricular tachycardia  VT  detection and 
therapy  ventricular fibrillation  VF  detection and therapy  and 
electrophysiological study  EPS  capabilities of an implanted 
pacemakerl cardioverterldefibrillator  PCD   Both the Model 
7217B PCD device and the Model 5355 ETCD are programmed 
with the Model 9788 MemoryMod cartridge when used with the 
Model 9710 Programmer  

Testing of the Model 9788 MemoryMod cartridge has 
demonstrated conformance to specification requirements  
Therefore  the Model 9788 MemoryMod is acceptable for its 
intended use with the Model 7217B PCD Devices and the Model 
5355 ETCD Device  

Model 5355 ETCD  Summar of Nonclinical Testin 

Testing of the Model 5355 ETCD and respective accessories has 
shown conformance to specification requirements  Therefore  the 
Model 5355 ETCD Devicelaccessories are acceptable for their 
intended use  
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3  Animal Testin 

The information presented in this section is an accumulation of 

several studies  some of which FDA has previously reviewed in 

IDE submissions  G870102   These studies demonstrate the 

safety of the Transvene lead Models 6963  6966 and 6999  

A variety of non thoracotomy leads were evaluated in a series of 

four canine studies  Descriptions of the leads  as well as the 
study number s   1  2  3 or 4  in which they were evaluated  are 

presented below  

Description  Non thoracotomy Leads 

CORONARY SINUS SUPERIOR VENA CAVA LEADS 

Model 6963 evaluated in Study No  4  is a silicone  unipolar  
coronary sinus or superior vena cava lead with a 6 5 mm 
connector and platinum alloy electrode for delivery of 
cardioversion and defibrillation therapies  

Model 6881  evaluated in Study Nos  2  3 and 4 is functionally 
equivalent to the Model 6963 except the 6881 has a 3 2 mm 
connector  

Model 10285  evaluated in Study No  1  is the temporary version 
of the Model 696316881  

RIGHT VENTRICULAR LEADS 

Model 6966  evaluated in Study No  4  is a polyurethane  tripolar  
extendablelretractable  screw in lead with a 6 5 mm connector 
and platinum alloy electrode for delivery of cardioversion and 
defibrillation therapies  Additionally  the 6966 has a 3 2 mm 
connector for pacing and sensing  

Model 6884  evaluated in Study Nos  2 and 3  is functionally 
equivalent to the Model 6966 except the 6884 has a 3 2 mm 
connector in place of the 6 5 mm connector for the cardioversion  
defibrillation electrode  

Model 10284  evaluated in Study No  1  is the temporary version 
of the Model 696616884 
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SUBCUTANEOUS aATCH LEADS 

Model 6999 evaluated in Study No  4  is a silicone  unipolar  
oval  subcutaneous patch with a 6 5 mm connector and platinum 
alloy electrode coils that are partially embedded in the silicone 
patch for delivery of cardioversion and defibrillation therapies  
Additionally  the patch is embedded with -------------------- ------- 

Model 6895 evaluated in Study Nos  2 and 3  is functionally 
equivalent to the Model 6999 except the 6895 has a 3 2 mm 
connector and is covered with -------------------- ------- 

Model 10317 evaluated in Study No  3  is functionally equivalent 
t t is 6895 except it is embedded err the outer edge with 

-------------------- ------- 

Although model numbers differ  all leads in each of the three 
groups are functionally equivalent  The various model numbers 
reflect an evolution of temporary to transvenous lead 
development  as well as minor changes  such as the connector pin 
mod iti ation fram 3 2  mm to 6 5 mm  

Additional devices were used to evaluate the non thoracotomy 
lead studies in canines  These are described below  

External Devices for Implant Support 

Model 5355 External Tach arrh thmia Control Device ETCD 

The Model 5355 ETCD provides the same detection capabilities as 
the implantable Model 7217B PCD Device  Therapies are identical 
except that the maximum output energy is 40 joules  J  and 
automatic defibrillation and cardioversion are not available in the 
Model 5355  The Model 5355 ETCD provides measurement and 
display of output waveform parameters and ETCD status  an 
isolated electrogram signal  and passthrough connections of 
pacing and sensing electrodes to external instrumentation  

Model 2394 External Cardioverter Defibrillator ECVD 

The Model 2394 ECVD instrument can deliver   1  a single 
stimulation pulse on one output channel  or  2  a pair of pulses  
delivered individually on the two different output channels  
Monophasic and biphasic pulses are provided  output capacitance 
can be varied between 10 and 150 microFarads  mf  depending 
on which external capacitor modules are used  and pulse width 

6 
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can be specified as a fixed duration  0 1 19 9 ms  or  tilt  
 10  

90    Pulse output voltages can range between 50 and 1090 
volts and may be delivered asynchronously  upon manual 
command  or synchronized with an intrinsic sensed event  

Model 2376 External Cardioverter Defibrillator ECVD 

The output stimulation parameters of the Model 2376 are very 
similar to those of the Model 2394 except for the following 
modifications  

All pulses are monophasic  truncated  exponential waveforms  
Output capacitance is fixed at 50 microFarads and pulse width is 
determined by a fixed pulse duration only  
Pulse output voltages can range between 50 and 1090 volts and may 
be delivered asynchronously  upon manual command  or synchronized 
with an intrinsic sensed event  

Stud Methods 

All canine studies were conducted according to the 1966 and 
1970 Animal Welfare Acts  1985 NIH Laboratory Animal Use and 
Care Guidelines and GLP regulations  Adult mongrel canines were 
used for all studies  The dogs weighed 20 kg or more  

Specific details of each study are presented in the following 
 Animal 

Studies Results  section  

Each study is briefly described below  Both acute and chronic 
studies were performed to assess the toxicity of the non  
thoracotomy lead system as well as its stability over time  

Stud  1  Acute Toxicit Testin of Non thoracotom Leads 

The objective of this study was to quantify the amount and nature 
of shock induced damage to the myocardial tissue resulting from 
multiple  high energy defibrillation shocks delivered through 
transvenous defibrillation leads and a subcutaneous patch  This 
information has previously been submitted to the agency in the 
Non Thoracotomy IDE  reference Document Control Number 
G8701021S23  FDA Approved October 4  1990  Lead models 
evaluated in this study are functionally equivalent to the Models 
6963  6966 and 6999  Results of these studies revealed only 
minimal shock induced necrosis   0 1 0 5 percent by weight   
which did not result in functional impairment of the cardiac tissue  
Therefore  the use of the Model 6963  6966 and 6999 leads did 

be safely implanted in humans  

C 
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Stud  2  Model 6881 6884 and 6895 Chronic Lead Evaluation 

The objective of this study was to evaluate the suitability of the 
lead system for human clinical use  Lead models evaluated in this 
study are functionally equivalent to the Models 6963  6966 and 
6999  Study results demonstrate that the performance of the 
non thoracotomy lead system when used with the PCD and ETCD 
devices is in conformance with system design and expected 
operation  

One canine in this study has presented with two mastocytomas  
a common type of skin tumor in middle aged canines  This 
observation is not related to the PCD system  nor is it relevant to 
the clinical application of the PCD system  The tumors were 
excised and the animal remains in good health  

Stud  3  Model 6881 6884 and 6895 Chronic Lead 
Defibrillation Stud 

This study is an evaluation of the chronic stability of the non  
thoracotomy lead system via the monitoring of defibrillation and 

pacing thresholds  In addition  histopathological examinations 
have been performed to assess the amount and nature of shock  
induced damage to the myocardial tissue resulting from 
defibrillation shocks  Lead models evaluated in this study are 
functionally equivalent to the Models 6963  6966 and 6999  
Results demonstrate stable pacing  sensing and defibrillation 
thresholds over time  Additionally  histopathology analysis shows 
no cardiac tissue damage due to delivery of defibrillation shocks  

Stud P4  Model 6963 6966 and 6999 Chronic Lead 
Defibrillation Stud 

This study is an ongoing evaluation of the non thoracotomy lead 
system to assess chronic defibrillation threshold stability  pacing 
thresholds  intracardiac sensing capabilities and tissue damage  
Results indicate the lead system performs as intended  DFTs and 

pacing thresholds have remained stable throughout the study  60 
weeks  and intracardiac sensing is appropriate  Additionally  

pathology data  to date  indicates minimal localized trauma to the 
cardiac tissue   0 05 percent by weight   

Conclusion 

All of these canine studies have demonstrated that the non  
thoracotomy lead system  which includes the Model 6963 
CSISVC lead  6966 RV lead and 6999 SQ patch lead  functions 
safely and is therefore appropriate for human use  
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4  Summar of Clinical Ex erience 

A  Introduction 

The efficacy and safety of implantable cardioverter defibrillator 
 ICD  therapy for recurrent ventricular tachycardia  VT  and 
ventricular fibrillation  VF  has been well established  The current 
market released device  Medtronic Model 7217B with Epicardial 
CardioversionlDefibrillation Leads  incorporates 
multiprogrammability  multiple detection and therapeutic options 
for the treatment of ventricular tachycardia and fibrillation  The 
current system  while providing lifesaving treatment of ventricular 
arrhythmias  requires a significant surgical procedure 
 thoracotomy  median sternotomy  etc   for the placement of the 
epicardial lead system  The need to reduce the surgical mortality 
and morbidity associated with epicardial cardioversionldefibrillation 
lead systems has lead to the development of the PCS 
Transvene  System  

This report represents a full report of Medtronic s clinical 
experience with the Medtronic PCS Model 7217B 
Multiprogrammable Tachyarrhythmia Control System with 
Transvene  Cardioversion and Defibrillation Electrodes  Reference 
IDE G870102   The data included in this analysis is all data that 
was received by Medtronic and entered onto the clinical database 
as of February 1  1993  

The PCD  Model 7217B Multiprograrnmable Tachyarrhythmia 
Control System described in this submission is identical to the 
system which was recommended for approval by the FDA 
advisory panel on February 3  1992  with the addition of 
Transvene  leads  

The data analysis is organized in functional rather than 
chronological categories in order to present a complete picture of 
each of the PCD  Device s various functions  The sections 
included in this summary are  

Indicated Patient Population Therapeutic Options 
PCD Therapy Applications 
Indicated Patient Population 
Study Objectives and Protocol Summary 
Overview of Clinical Experience 

Implant Data 
Spontaneous VTIVF Episode Experience 

S1 
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Overall Success Rate 
Complications and Observations 
Inactive Patients 
Patient Deaths 
Clinical Experience by Primary Indication 
Patients not Meeting Implant Criteria 
Comparison to AICD Clinical Experience 
Comparison to PCS Epicardial Clinical Experience 
PCS Transvene System Performance 

This summary provides an overview of the clinical experience 
which verifies that the PCS Transvene  System is safe and 
effective in the indicated patient population  

B  Indicated Patient Population 

B  1 Patient Population 

The PCS Transvene  System is intended to treat patients 
at risk of sudden cardiac death due to ventricular 
tachyarrhythmias which have been shown to be reliably 
terminated  and in the case of VF  terminated at an energy 
level below the maximum output of the PCD  Device  

Results provided in this application will support Medtronic s 
request for market release of the PCS System for use in 
the following patient population  

Patients who have survived at least one episode of cardiac 
arrest due to a ventricular arrhythmia not caused by an acute 
myocardial infarction  or 

Patients with recurrent  sustained ventricular tachycardia that 
remain inducible via programmed electrical stimuli or exercise  
or occur spontaneously  despite the most efficacious 
antiarrhythmic drug therapy that can be tolerated by the patient 
chronically  

Malignant ventricular tachyarrhythmias remain a major 
unsolved problem in the management and prevention of 
coronary artery disease  It is estimated that 450 000 
people experience sudden cardiac death annually  and 80   
90  of these events are caused by ventricular fibrillation  
 Gillum RF  Sudden coronary death in the United States  
Circulation 1989  79 756 765   

S2 

q  



MEDTRONIC CONFIDENTlAL 
212 

Survivors of out of hospital cardiac arrest not associated 
with acute myocardial infarction are at risk for recurrent 
cardiac arrest as reported by Wilber  et al  Wilber  et al  
Out of Hospital Cardiac Arrest   Use of Electrophysiologic 
Testing in the Prediction of Long Term Outcome  NEJM 
1988  Vol 318 19 24    In this study group of 166 
survivors of out of hospital cardiac arrest  ventricular 
arrhythmias were inducible in 131 patients  79   and were 
suppressed by antiarrhythmic drug therapy or surgery  or 
both  in 91 patients  72    During a median follow up of 
21 months  cardiac arrest recurred in 29 patients  11 in 
whom inducible arrhythmias had been suppressed  12 in 
whom inducible arrhythmias persisted and 6 in whom 
arrhythmias could not be induced at initial 
electrophysiologic study  

C  PCD  Transvene System Therapy Applications 

The PCD  System is intended to treat patients at risk of sudden 
cardiac death due to ventricular tachyarrhythmias and or recurrent 
ventricular tachycardia  

For this patient population  the primary benefits from the use of 
the PCS System center on the detection and termination of life  
threatening ventricular arrhythmias  The use of the PCS 
Transvene  system allows for the application of identical therapies 
as an epicardial system without requiring an open chest procedure 
for implantation of the lead system  This less invasive surgical 
approach allows the system to be applied in patients who may not 
be able to undergo an open chest procedure  The use of pacing 
therapies for the treatment of ventricular tachycardia reduces 
patient trauma associated with higher energy cardioversion pulses 
gag oytonQc thy lgpg gjty nf  l g  pC   g g6    
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The PCS System allows the titration of therapies for patients 
with ventricular tachycardia while providing critical defibrillation 
backup  Multiple detection algorithms are designed to allow the 
device to distinguish ventricular tachycardia from sinus 
tachycardia and atrial fibrillation  In addition  independent 
detection algorithms for VT and VF allow the delivery of different 
types of therapy for each of these two arrhythmias  The 
incorporation of antitachycardia pacing algorithms allows the use 
of pacing for the termination of well tolerated ventricular 
tachycardia  These algorithms  which are rate adaptive  can adapt 
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to changes in the ventricular tachycardia and successfully 
terminate the episode  Defibrillation therapy is important in the 
event that an episode of VT accelerates to VF whether 
spontaneously or as a result of a delivered therapy  The 
incorporation of multiple cardioversion and defibrillation pathways 
 SINGLE  SEQUENTIAL and SIMULTANEOUS  allows the physician 
to provide an adequate cardioversionldefibrillation efficacy safety 
margin for all patients  The capacity to provide programmable 
extrastimuli pacing allows noninvasive electrophysiologic studies 
to be performed  The potential benefits from permanent cardiac 

pacing provide support for chronic and transient episodes of 
bradycardia  

Finally  the benefits of programmability of tachyarrhythmia 
detection and therapy parameters  VVI parameters  and stored 
telemetry data on the delivery of therapy may avert the need for 
reoperation in the event of changing patient conditions or 
complications  

D  Study Objectives and Protocol Summary 

The clinical study was designed to evaluate the operation  safety 
and effectiveness of the PCS System components in detecting 
and treating episodes of ventricular tachycardia and ventricular 
fibrillation  

The analysis focuses on data supporting the safety and 
effectiveness of the PCS system  including the implantable pulse 
generator and associated transvenous lead system and its therapy 
in this patient population  The analysis includes the clinical 
experience with the PCD  system  pace sense  detection and 
therapy functions in both the acute and chronic implant settings  
In addition  data is provided on clinical observations  clinical 
complications and deaths in this patient population  The analysis 
will also provide data demonstrating the safety and effectiveness 
of the Model 5355 ETCD 

This summary presents safety and efficacy evaluation performed 
on 757 patients  657 of which have implant durations equal to or 
greater than six months  

S4 
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Clinical data was collected at the following study points to 
support the safety and efficacy of the PCS System  

Pre implant Patient Assessment 
Lead System Testing at Implant 
Implantable Pulse Generator Testing at Implant 
Pre hospital Discharge Testing 
Follow up Evaluation 1 and 3 months post implant then at 

3 month intervals 

Patients were evaluated prior to hospital discharge and or one  1  
month post implant  three months post implant and then at 
intervals of every three months  In some cases additional testing 
was performed at physician discretion to evaluate spontaneous 
events and or potential clinical complications  

Medtronic collected all clinical data on the PCS System and its 
components under the clinical protocoI outlined in the 
Investigational Plan  A common protocol was used on all study 

patients on a worldwide basis  

International centers were subject to the appropriate requirements 
 e g   the Declaration of Helsinki  in order that the data met the 
statutory requirements of the FDA  All clinical data  U S  and 
International  obtained with the PCD  System with Transvene 
Leads is included in this report  
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E  Overview of Qinicai Experience 

This report covers a total of 762 implants in 757 patients of the 
PCS Device with the Transvene  Defibrillation Lead System  A 
total of 78 investigative centers participated in the clinical trial 
with 35 centers in the U S  and 43 Internationally  The first 
implant occurred internationally on October 20  1989  and the 
first implant in the U S  occurred on October 16  1990  Table E 1 
shows the distribution of Model 7216A and Model 7217B patients 
between U S  and International investigators  

Total U S  Int I 

7216A 18  2 4   3  0 7   15  48   

7217B 744  97 6   444  99 3  o  300  95 2    

Table E 1  PCD  Transvene  System   Implant Distributions   211193 

The mean documented implant duration for this patient population 
is 11 7 months and ranged from implant to 37 4 months  The 
cumulative implant duration is 8894 8 months  There are 657 

patients with implant durations equal to or greater than six 
months  Table E 2 provides the distribution of follow up quantity 
of patients by data form type  

PCS Transvene System 

Follow Up Quantity 
by Data Form Type 

------- --- --------- 

------ -- -- -- -- --- --- --- --- --- --- --- --- --- ------- 

----- ----- ----- ----- ----- ----- ----- ----- --- --- --- --- -- -- ----- 

Table E 2  PCS Transvene  System   Follow Up Quantity   211193 

The patient population enrolled in the clinical trial was 
predominately male  80 6   with a mean age of 59 4 years  In 
half of the patients  49 8    the primary indication for implant 
was recurrent  sustained ventricular tachycardia without an 
episode of sudden cardiac death  Sudden Cardiac Death was the 
primary indication for 37 1  of the patients and SCD in 
combination with recurrent  sustained VT was the primary 
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indication in 13 1   Coronary artery disease was the primary 
heart disease in 74 1  of the patient population with a mean 
reported ejection fraction of 35 6  Table E 3 provides a data 
summary on these patients  Also included is the data summary 
of the patients with 6 months and 12 months of follow up  

All Patients 

 3 Electrode 

Systems  

Patients with 6 
months of 
Follow up 

Patients with 12 
months of 
Follow up 

Number of Patients 757   657 393 

Device Months Follow up 

Mean Follow up Time 

8894 8 

11 7 ma 

8602 6 

13 0 mo 

6454 6 

16 3 mo 

Maximum Follow up Time 37 4 mo 37 4 mo 37 4 mo 

Number    Male 
Number  9o Female 

610 80 6  
147 19 4  

527 80 2  
1 30 1 9 8 le 

310 78 9  
83 21 1  

Mean Age 59 4 yrs 59 1 yrs 58 8 yrs 

Primary Indication  
 n   1 

 D 
1 0  ngn 

p  
ng 

I BV 36 2  a 

VT 
SCD VT 

Coronary Artery Disease 

Mean Ejection Fraction 

Defibrillation Pathway  
Sequential 

Simultaneous 
Single 

Mean LED 

Mean DFT 

Spontaneous VT  
Number of Patients 
Number of Episodes 

le Success 

Spontaneous VF  
Number of Patients 
Number of Episodes 

  Success 

One Year SCD Survival 

377 49 8  
99 13 

326 49 6  
82 12 5  

191 48 6   
52 13 2  

561 74 1  483 73 5  272 69 2  

688 35 6  595 36 6  357 38 0  

574 75 3  
178 23 4  

10 1 3  

496 74 9  
1 56 23 6  

10 1 5  

296 74 9  
93 23 6  

6 1 5  

16 0J  N   702  16 0J  N   609  15 6J  N   365  

14 8J  N  316  14 8J  N  277  14 3J  N  184  

316 
10027 
98 4   

288 
8820 

98 3  

186 
6338 

99 0  

317 
1982 

98 4  

292 
1742 

98 3  

176 
1105 

98 6  

99 5  99 7  100 Oo  

Table IF 2  PCD  System Data Summary   AII Transvene  Patients 
versus Transvene Patients with 6 mo Follow up   211193 
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E 1 Implant Data 

Implants of the PCS Device may use two or three 
Transvene  leads  The physician has the flexibility to use 
whichever lead system best meets the patient s needs  

Table E 4 illustrates the lowest energy of defibrillation  LED  
and defibrillation threshold  DFT  for the implanted lead 
systems  The implant criteria for the PCS Device was 3 of 
4 episodes of VF successfully terminated at 18 Joules or 
less with a given lead configuration  Some patients did not 
have a LED at implant  The LED is only identified if the 
investigator reported the induced rhythm as VF  
Conversion of VT or V Flutter  as defined by the physician  
to sinus rhythm was not inrJuderJ in tge rJeta mination of 
the LED  In addition  it is not a protocol requirement to 
obtain a DFT at implant  However  recommendations have 
been provided to those institutions that prefer to obtain 
DFT s during the implant procedure  

PCS Transvene System 
Mean LED and DFT Values 

Lead System Implant Mean LED 

Frequency 
Implant 

Frequency 

Mean DFT 

All Systems 702 16 0J 316 14 8J 

RV SVC SQ 455 1 6 7 J 187 15 8J 

RV CS SQ 210 14 6J 110 1 2 8J 

RV CS SVC 37 1 5 2 J 19 16 0J 

Table E 4  PCS Transvene  System   LED and DFT Values   211193 

The mean implant Lowest Energy of Defibrillation  LED  for 
all lead systems was 16 0J and mean implant Defibrillation 
threshold  DFT  for all lead systems was 14 8J  As the 
mean DFT s and LED s indicate  VF was reliably terminated 
at an energy value below the maximum output  34 Joules  
of the PCD  Device  
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E 2 Spontaneous VT and VF Episode Experience 

A total of 458 patients  60 5   have experienced a 
spontaneous ventricular tachyarrhythmia episode that has 
been detected and treated by the PCS Device  A total of 
141 patients experrienced VT only  142 patients  18 8   
experienced VF only and 175 patients  23 1   experienced 
both an episode of VT and VF  

There have been a total of 12 009 episodes of spontaneous 
VT or VF as detected by the PCS  The overall PCS 
pevjce success rate i0 tn mjnatigg spgntzgeogc lJT 4JF 

episodes as detected by the PCS is presented in Table E  
5 

PCS Transvene System 

Success Rate in Terminating Spontaneous VTIVF Episodes 

Number of Episodes Total Number of Efficacy Rate 
Successful Episodes 

VT 9864 10 027 98 4  

VF 1951 1982 98 4 

Total 11 815 1 2 009 98 4  

Table E 5  PCD  Transvene System   Success Rate for Spontaneous 
VT VF Episodes   211193 

E 2 1 Spontaneous VT 

For the purposes of this clinical trial  spontaneous VT 
was defined as those episodes that satisfied the 
programmed VT detection criteria  Specifically  all 
programmed VT detection criteria must be fulfilled to 
detect a VT episode  Successful termination of the 
episode was defined as satisfying the VT episode 
termination criteria  

To date  10 027 spontaneous episodes of VT have 
been detected by the PCS Device in 316 patients  
The mean number of episodes per patient with VT 
was 31 7 and ranged from 1   531 episodes  
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Most spontaneous VT episodes  90 7   were 
successfully treated with VT Therapy  1 and 98 4  
were successfully treated with one of the four 
programmable VT therapies  

Of the 9864 successfully terminated spontaneous 
VT episodes  91 4  were treated with one of the 
programmed antitach yea rdia pacing therapies 
incorporated in the PCS Transvene System  The 

ijpi QQ  gpQf i Qf i gfg5 ni gp y  i  tpiQ fB6QQaiQfi Gf 

delivery of high energy shocks for the treatment of 
stable recurrent ventricular tachycardia  This greatly 
enhances the patient acceptance of ICD therapy 
since antitachycardia pacing is usually not perceived 
by the patient  

Sixty patients experienced 163  1 6   episodes in 
which the PCD  Device was ineffective in 
terminating a spontaneous episode of VT despite 
delivery of all four programmed VT therapies  Thirty  
nine patients experienced 95 ineffective episodes 
that were due to sinus tachycardia or atrial 
fibrillationlflutter  SVT  with a rapid ventricular 
response that had been detected as VT  These 
episodes were resolved with either modification of 
programmed parameters or of antiarrhythmic drug 
therapy  It should be noted that the PCS Device 
responded appropriately based on the programmed 
detection parameters  

The remaining 68 episodes occurred in 21 patients 
in which the programmed VT therapies were 
ineffective in terminating a spontaneous VT episode  
No patient deaths occurred as a result of ineffective 
VT therapy  Reprogramming and pharmacologic 
intervention resolved these events  
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E 2 2 Spontaneous VT Episode Experience By Primary 

Indication 

The primary indications for implant of the PCD 
Transvene System were sudden cardiac death  SCD   
recurrent sustained ventricular tachycardia  VT  and 
sudden cardiac death associated with recurrent 
sustained ventricular tachycardia  SCDIVT   
Spontaneous VT episode efficacy by primary 
indication is provided in Table E 6  The overall 
efficacy for spontaneous VT episodes is greater than 
98  for each of the patient groups  There is no 
difference in therapy efficacy among the patient s 
indications  1able E 6 contains the spontaneous VT 
episode therapeutic efficacy  

PCS Transvene System 
Spontaneous VT Episode Therapeutic Efficacy 

By Primary Indication 

Indication 4 Episodes Successful   Total Episodes 9 o Success 

SCD 1148 1157 99 2  

VT 7450 7591 98 1  

SCDIVT 1266 1279 99 0  

Total 9864 10027 98 4  

Table E 6  PCS Transvene  System   Spontaneous VT Episode 
Efficacy by Primary Indication  211193 
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E 2 3 Spontaneous VT Episode Experience By Therapy 
Type 

The PCS Device incorporates three programmable 
VT therapy types  RAMP  BURST and 
CARDIOVERSION  for the treatment of recurrent 
ventricular tachycardia  Spontaneous VT episode 
efficacy by programmed therapy type is provided in 
Table E 7  

PCS Trsnsvene System 
Spontaneous VT Episode Efficacy 

By Programmed Therspy Type 

VT Therapy Type 4 Success 4 Attempts   Efficacy 

Ramp 4903 5374 91 2  

Burst 4266 4738 90 0  

Cardio version 695 818 85 0  

Table E 7  Spontaneous VT Episode Efficacy by Therapy Type 
211 193 

E 2 4 Spontaneous VF 

For purposes of t    is chnicaf  tria    VF is decried as 
those episodes that satisfy the programmed VF 
detection criteria  Specifically  all programmed VF 
detection criteria must be fulfilled to detect a VF 
episode  Successful termination of the episode is 
defined as satisfying the VF detection criterion for 
episode termination  

To date  2491 spontaneous episodes of VF have 
been detected by the PCD  Device in 317 patients  
The mean number of episodes per patient was 7 9 
and ranged from 1 262 episodes  A review of the 
chart per investigator for this patient that 
experienced the 77 episodes of VF revealed that 75 
were most likely due to atrial fibrillation  VF 
detection parameters were modified in this patient  
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Most  91 3   spontaneous VF episodes were 
successfully treated with VF Therapy 4 1 and 99 1  
were successfully treated with one of the four 
programmable VF therapies  

Sixteen patients experienced 31 episodes  1 3   in 
which the PCS Device was ineffective in 
terminating a spontaneous episode of VF despite 
delivery of all four programmed VF therapies  Nine 
patients had 22 reported ineffective VF spontaneous 
episodes that were due to sinus tachycardia or atrial 
fibrillation with rapid ventricular response rather than 
VF  Reprogramming and pharmacologic intervention 
resolved these problems  

Four patients experienced 5 ineffective episodes that 
were detected as VF by the PCS System  One of 
these patients --------- required external defibrillation 
to convert the VF episode  This patient s 
antiarrhythmic drug regimen was modified to 
improve defibrillation efficacy  Another patient 
--------- had an episode recorded as ineffective on 
the event counters but presented in sinus rhythm  
Suosequent evaluation demonstrated app---------- 
PCD  function  Another of these patients --------- 
had two spontaneous episodes of VT that were 
detected as VF by the PCD  while in the hospital for 
progressive CHF  These episodes required external 
cardioversion  The patient requested the PCS be 
turned OFF  Patients was alive at the last -------- 
follow up  The last of these four patients --------- 
experienced cardiac arrest at home and was found 
by the paramedics to be in sinus rhythm  While on 
a monitor the patient developed VF  The PCD  
delivered the programmed therapy which terminated 
the episode but the patients developed EMD  arrived 
at the ER comatose and died  

Four patients  one patient -------- experienced 2 
episodes due to AF but is described below again  
experienced 4 episodes in which the PCS detected 
the episodes as VF but were actually episodes ----- --- 
extraordinary circumstances  One patient --------- 
experienced an episode where all four therapies 
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failed secondary to RV lead fracture  The patient 
had Twiddlers Syndrome  Reoperation was required  
It appears that the inappropriate therapy was ---- ----- 
to VTIVF but due to noise  Another patient --------- 
had a surgical procedure  CABG  where the CS lead 
dislodged post surgery  The episode that was 
detected was due to the lead dislodgment  The third 
patient --------- had incessent episodes of fast VT 
 cycle length 280 ms  that were e----------- resolved 
by drugs  The fourth patient --------- was in 
hospital and there was an episode of VF detected  
However  the device was interrogated before 
termination of the episode was detected  There was 
external intervention associated with the terminal 
event  The device was not interrogated again  

E 2 5 Spontaneous VF Episode Experience By Primary 
Indication 

The primary indications for implant of the PCD  
Transvene System were sudden cardiac death 
 SCD   recurrent sustained ventricular tachycardia 
 VT  and sudden cardiac death associated with 
recurrentsustained ventricular tachycardia  SCDIVT   
Spontaneous VF episode efficacy by primary 
indication is provided in Table E 8  There is no 
difference in therapy efficacy among the patient s 
indications  The overall efficacy for spontaneous VF 
episodes is greater than 98  for each of the patient 
9I OUps  

PCS Transvene System 
Spontaneous VF Episode Therapeutic Efficacy 

By Primary Indication 

Indication t Episodes Successful 4 Total Episodes   Success 

SCD 665 686 96 9  

VT 908 916 99 1  

SCDIVT 378 380 99 5  

TOTAL 1951 1982 98 4  

Table E 8  PCS Transvene  System   Spontaneous VF Episode 
Efficacy by Primary Indication  211 93 
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E 2 6 Spontaneous VF Episode Experience By Therapy 
Tvve 

The PCS Device incorporates three programmable 
defibrillation pathways  SEQUENTIAL  SINGLE and 
SIMULTANEOUS  for the treatment of ventricular 
fibrillation  Spontaneous VF episode efficacy by 
programmed defibrillation pathway is provided in 
Table E 9  

Spontaneous VF Episode Efficacy 
By Programmed Therapy Type 

VF Therapy Type   Success   Attempts   Efficacy 

Sequential 1525 1549 98 5  

Simultaneous 426 433 98 4  

Table E 9  PCS Transvene System   Spontaneous VF Episode 
Efficacy by Therapy Type   211193 

E 3 OveraII Success Rate 

Of the 757 patients who received a PCS Transvene  
System  597 patients  78 9  5971757  have either 
experienced a spontaneous VT VF episode or had VTIVF 
induced during a post implant electrophysiology study  The 
performance of the PCS Transvene  System therapies 
have been thoroughly evaluated and been shown to be 
effective in detecting and terminating episodes of 
ventricular tachyarrhythmia  

There have been no reports of a patient death due to the 
PCS Transvene  System not detecting a spontaneous 
episode of VT or VF  

The overall success rate of the PCS Transvene  System 
iver terminating spontaneous episodes of either VT or VF was 
98 4  with a VT success rate of 98 4  and VF success 
rate of 98 4   The incidence of unsuccessful termination 
oi an apparent  true  

episode of ventricular tachycardia 
despite delivery of all four therapies was 0 7   68 10027   
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The incidence of unsuccessful termination of an apparent  true  
episode of ventricular fibrillation despite delivery of 

all four therapies was 0 3   5 1982   

The evaluation of spontaneous episode experience indicates 
that the PCS Transvene  System s VT and VF detection 
and therapy functions have performed safely and effectively 
in the indicated patient population  

F  Complications and Observations 

T 8 
   SB 

Qf 8   nU tipfOgfBTAfAGDe implantabie cardioverter 
defibrillator  ICD  device allows the physician to resolve most 
relevant medical events by noninvasively changing programmed 
parameters thus  avoiding invasive procedures  However  there 
will continue to be certain relevant medical events which will 
require invasive procedures for resolution  

For purposes of this clinical study  reported relevant medical 
events were divided into complications and observations based on 
the following definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event with 
potential adverse effects  which can NOT be treated or 
resolved by reprogramming the device and REQUIRES 
invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event with 
potential adverse effects  which either does NOT 
require invasive intervention  or which CAN be 
corrected by reprogramming the device  

As of February 1  1993  there have been a total of 176 
complications identified in 147 patients and 214 observations 
identified in 180 patients in the PCDo Transvene  System patient 
population  Thus  19 4   147 757  of the patients have 
experienced a clinical event which was defined as a complication 
and 23 8   180 757  of the patients have experienced a clinical 
event which was defined as an observation  Table F 1 
summarizes how these events were reported with U S versus 
International  
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104 93 

International 72 121 

Total 176 214 

Table IG 1  PCS Transvene System Complications Observations U S  
versus International   211 193 

Table IG 2 summarizes the reported PCS Transvene  System 
complications and observations by category  The reported 
complications and observations are recognized clinical events that 
may occur with any of the current I CD devices  These 
complications and observations are discussed in the PCS device 
and Transvene  manual  None of the reported complications or 
observations have resulted in a patient death  
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Observations 

Num t  of Pts  

o  14  1 8   

Total 176 214 

Table IG 2  PCD  Transvene  System  Reported Complications and 
Observations   211193 
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Table IG 3 contains a description of the lead dislodgements that 
have occurred in less than 30 days and in greater than 30 days  

Observations 

RV Lead Oislodgement n   741 

CS Lead Dislodgement n  261 

SVC Lead Dislodgement n   535 

 30 days  30 days 

14  1 9   10  1 3   0  p   1  0 1   

12  4 6   10  3 8   2  0 8   2  O S   

1 6  3 0   29  5 4   1  0 2   6  1 1   

Total Lead Dislodgement n   757 42  5 6 10  49  6 5   3  0 4   9  1 2   

Table IG 3  PCD Transvene System  Lead Dislodgements  30 days 
and  30 days   211193 

There have been a total of 49 lead dislodgements reported in 
patients at greater than 30 days  None of the lead dislodgements 
resulted in an ineffective therapy for a spontaneous VT of VF 
episode or patient death  Lead dislodgements were documented 
by fluoroscopic examination during electrophysiologic evaluation  
chest x ray obtained during routine follow up  or during 
pacinglsensing threshold evaluation during routine follow up  In 
all 48 cases  reoperation was required to reposition the lead and 
reestablish an effective defibrillation lead system  

Lead dislodgements are not specific to the PCS Transvene  
System and have been reported with dual chamber pacemakers 
and the current market released implantable cardioverter 
defibrillator  ICD  system  The early history of dual chamber 
pacemakers witnessed a high lead dislodgement rate of at least 
20   Smyth  PND  et al  Permanent pervenous atrial sensing and 
pacing with a new J shaped lead  J Thoracic Cardiovascular 
Surgery  1976 72 565 570   Winkle  et al reported that the 
incidence of dislodgement of the superior vena cava spring leads 
with the current market release ICD system to be 6 3    Winkle  
et al  Automatic Implantable Cardioverter Defibrillator  Efficacy  
Complications  and Survival in Patients with Malignant Ventricular 
Arrhythmias  JACC  June 1988  Vol 11  No 6 1278 86   
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G  Inactive Patients 

There are a total of 82 patients who had received a PCS System 

and are no longer active in the study as of 211193  Table G 1 

shows the distribution of inactive patients by reason for no longer 

being active in the PCS Transvene  System clinical study  

inactive Patients All Patients 

Patient Deaths 51 

Infection  Explant  22 

Heart Transplant 9 

Total 82 

Table G 1  PCS Transvene  System   Inactive Patients   211 93 

H  Patient Deaths 

The positive impact of implantable cardioverter defibrillator  ICD  
therapy on sudden cardiac death mortality has been well 
documented in the medical literature  The use of device therapy 
for the treatment of recurrent ventricular arrhythmias has become 
an accepted and important clinical tool  An analysis of the sudden 
cardiac death survival in the PCS Transvene  System patient 
population was performed  

For purposes of the clinical study  each of the patient deaths was 
categorized using the following definitions  

Non Cardiac  Deaths that occurred where the primary cause 
of death was determined to be non cardiac in 
ABOJf8  B g  StA3k8  CBITCBT  AC  

Cardiac  Deaths that occurred where the primary cause 
of death was determined to be cardiac in 
nature  

Non Sudden  Deaths that occur greater than one hour after 
the onset of symptoms  

Sudden  Deaths that occur within one hour of the onset 
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of symptoms or where the death is 

unwitnessed  Sudden cardiac deaths were also 

categorized as being Witnessed or 

Unwitnessed  

Perioperative  Deaths that occur within thirty days of implant  

System Related  A death which results from a maIfunction 

 operation not according to design 

specification  of a PCS System component  or 

as a result of a device induced arrhythmia  or 

an interaction between a PCS System 

component and the patient  

Procedure Related  A death which occurs as a result of a 

procedure required to implant  follow or test a 
PCS System  

All deaths and significant complications have been and will 
continue to be reviewed by a committee comprised of PCD  
Transvene  System investigators and other physicians  Two 
committees  Clinical Event Review Committees  have been 
formed  one to review North American deaths and complications  
and the other to review European clinical events  The primary 
purpose of these reviews was to determine whether the PCD  
System was related to the deaths or significant complications that 
have occurred and  if so  what changes may be required to 

prevent such events in the future  

There have been a total of 51 patient deaths reported in the PCS 
Transvene System patient population  Table H 1 summarizes 
how these patient deaths have been classified  

PCS Transvene System 

Summary of Death Classifications 
 n   757  

Classifications Number of Deaths 

Sudden Cardiac 5 

Non Sudden Cardiac 30 

Noncardiac 16 

Total 51 

Table H 1  PCD  Transvene  System   Summary of Death 
Classifications   211 193 
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None of the patient deaths were attributed to a malfunction of the 

PCS Transvene System  

Actuarial survival analysis on the PCS Transvene  System was 

done on all patients who were either evaluated for implantation or 

in whom the device was implanted  Thus  the analysis is done 

from the perspective of intention to treat  Those patients in 

whom the PCS Device was OFF at the time of death or in whom 

no device was implanted are included in the survival analysis  

Those patients that were screened for a PCS Transvene  System 

but failed to receive a Transvene  system are not included in this 

analysis  

Projected one year survival calculations for the various death 

classifications are provided in Table H 2  The actuarial projections 
include perioperative deaths only in the calculation of one year 
survival from death due to all causes  shown in the row labelled 
Gv alti   The perioperative deaih rate  defiried as  deut  e  which  
occurred within thirty days of implant was 0 7   5 757  which 
is considerably less than the perioperative mortality for the PCD  

System with Epicardial leads  S 3    39 742   Included in this 
table are the projected one year survival calculations for patients 
who ultimately received a PCS Transvene System  n   757  
and all patients that were screened for a PCS Transvene  
System in   854  regardless of implant outcome  

PCS Transvene System 

Oae  Year Ac m  la  Smvcva4 

Received PCS Transvene  
System 

Screened for a PCS 
Transvene System 

Sudden Csrdiac Death 99 5  99 4  

Non Sudden Cardiac 96 2  96 6  

All Cardiac 95 8  96 1  

Non cardiac 98 1  98 3  

Perioperative 0 7  1 6  

Overall 93 3  92 9  

Table H 2  PCD  Transvene  System   One Year Actuarial Survival   

2 1 93 
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The positive impact of the PCS Transvene System on patient 
mortality is clearly obvious from this analysis  The sudden cardiac 
death survival rate in this patient group is 99 5  in the patient 
group that received a Transvene  System and 99 4  in those 
who were screened for a Transvene  System  This is marked 
improvement when compared with the reported survival of similar 
patient groups treated with drug therapy alone of between 34  
and 73  at one year  

I  Clinical Experience By Primary Indication 

Medtronic is requesting approval for use of the PCS Transvene 
System in the following patient population  

Patients who have survived at least one episode of cardiac arrest due 
to a ventricular arrhythmia not caused by an acute myocardial 
infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain 
inducible via programmed electrical stimuli or exercise  or occur 
spontaneously  despite the most efficacious antiarrhythmic drug 
therapy that can be tolerated by the patient chronically  

Sudden cardiac death without recurrent VT  SCD  was the 
indication for implant in 37 1  of the patients  recurrent 
ventricular tachycardia without an episode of sudden cardiac 
death  VT  was the indication for implant in 49 8  of the 
patients  and sudden cardiac death and recurrent VT  SCDIVT  
was the indication for implant in 13 1  of the patients  

The performance of the PCD  Transvene System in these three 
groups are summarized in Table l 1  

In all three patient groups  coronary artery disease was the 
predominant heart disease and the patients exhibited moderate left 
ventricular dysf unction as demonstrated by mean ejection 
fractions of less than 40   The mean LED at the time of implant 
was similar among the patient groups as was the mean DFT 

The overall efficacy in terminating spontaneous VTIVF episodes 
in the SCD patient group was 98 4   in the VT patient group 
98 3   and in the SCDIVT group 99 1   Thus  independent of 
the indication for implant  the PCS Transvene  System was 
highly effective in terminating spontaneous episodes of VT VF  
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Thy npg 
ygpg ggdQpp rmrJjac rJegth gurviVBJ rates for all aroups 

was greater than 98 6  

This analysis indicates that the PCS Transvene  System has 

performed safely and effectively in the indicated patient groups 
and should be approved for use in the indicated patient 

population  

SCD VT SCDIVT All Patients 

  of Patients 281  37 1   377  49 8   99  13 1   757 

Number  9o Dials 

Number  9o Female 

2 2 75 4  

69 24 6  

309 82 0  
68 1 8 0  

89 89 9  
10 10 1  

610 80 6  

147 1 g 4oio 

Mean Age 60 0 yrs 59 4 yrs 

Coronary Artery 

Disease 

191 68 0  292 77 5  78 78 8  229 72 2  

Mean Eiection 

Fraction 

39 1  

 N   259  

33 7  

 N  339  
32 5  o 
 N  90  

35 6  

 N  688  

Defibrillation 

Pathway  

Sequential 

Simultaneous 

Single 

201 71 5  
74 26 3  

6 2 2  

295 77 6  
82 21 6  

3 0 8  

76 76 8  
22 22 2  

1 1 p  

574 75 3  

178 23 4  

10 1 3  o 

Mean LED 15 3J 

 Al   264  

16 2J 
IpJ 

351   

17 3J 
lg Q ll 

16 0J 
IAJ   7A J I 

Mean DFT 14 0J 

 N  117  
15 5J 

 N  155  
13 9J 

 N  44  
14 8J 

 N  316  

Spontaneous VT  

4  of Patients 

4 of Episodes 

  Success 

58 
1157 

99 2  

206 
7591 

98 1  

52 
1279 

99 0  

316 

10027 

98 4  

Spontaneous VF  

4 of Patients 

4 of Episodes 

9o Success 

107 
686 

96 9  

162 

916 

99 1  

48 
380 

99 5  

317 

1982 

98 4  

1 Year SCD Survival 100 0  99 4  98 6  99 5  

Table l 1  PCD  Transvene  System Data Summary by Primary 
Indication   211193 
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J  Patients Not Meeting Implant Criteria 

J  1 Overview 

The PCS Transvene  System offers a simpler and safer 

implantation technique for an implantable cardioverter 
defibrillator system  In addition  the PCS Transvene 

System decreases the potential perioperative and long term 
mortality associated with current epicardial system 
iTITplGAt8tlQiT 8ppf08i ASS  

There is a class of patients who cannot tolerate the 
thoracotomy required for the utilization of the epicardial 

patch iead  deiibriiiation iead  system and  who are ai high 
risk of sudden cardiac death  Because of the surgical risks 
and postsurgical complications associated with the implant 
of an epicardial lead system  implantation in the following 

patient groups may not be desirable or possible  

 1  patients in whom there is no indication for concomitant 
cardiovascular surgery at the time of ICD implant  

 2  patients with severe pulmonary disease who can not tolerate 

prolonged anesthesia or an open chest procedure  

 3  patients with severe congestive heart failure  ejection fraction 
  40   who are at increased risk for perioperative mortality 
following a thoracotomy procedure  

 4  patients who may eventually require open chest procedures for 
treatment of their coronary artery disease or cardiac transplant  

For these patients  a transvenous ICD System is the only 
therapy available  The PCS Transvene  System simplifies 
and greatly reduces the risk associated with lead 
introduction  making therapy available to these patient 
groups  Because there is no need to open the chest of 
these patients  more options for future therapy remain 
available  e g  CABG is associated with increased morbidity 
and mortality if there has been prior open chest surgery  

However  it is expected that nonthoracotomy lead systems 
will have higher mean implant defibrillation thresholds as 
compared to traditional epicardial lead systems  In an 
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epicardial lead system  the lead system has a larger 
electrode surface area theoretically decreasing defibrillation 
requirements  

The smaller electrode surface areas of the PCS 
Transvene  System defibrillation leads might reduce the 
proportion of patients in whom the implant criteria could be 
met  Not meeting the implant criteria may reduce the 
chronic effectiveness of the lead system  Recent studies 
indicated that 70  of patients evaluated may be 
candidates for a nonthoracotomy defibrillation lead system 
 Wilber  D  et al  Clinical Advances in Nonepicardial 
Implantable Defibrillator Lead Systems  The Journal of 
Invasive Cardiology  Vol 3  No 6 November December 
1991   

For purposes of the PCS Transvene  System  the implant 
criteria was defined as successful VF termination at least 3 
times in 4 attempts with the final lead configuration with 
an output energy of 18 Joules or less  The determination 
of a defibrillation threshold was not required  

A defibrillation threshold  DFT  was defined as the energy 
at the lowest successful defibrillation attempt  provided the 
patient had a failure below the lowest success or a success 
at   5J  The lowest energy of defibrillation  LED  was 
defined as the lowest programmed energy that successfully 
defibrillated the patient  In both cases  conversion of 
ventricular tachycardia or ventricular flutter to sinus rhythm 
was not included in the determination of the DFT or LED  

-- ------ --- ----- ---------- ----- --- ------------- --- -- ------- ------------- 
--------- and are divided into the following groups    1  Patients 
who received a PCS Transvene M System  and  2  Patients 
screened for a PCS Transvene System and received a PCS 
Epicardial System  Figure 1 provides an overview ot the outcome 
of these patients  
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PCD(!) Transvene 11A SYSTEM IMPLANT EVALUATION 
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PATIENTS SCREEN~D FOR 
PCD TRANSVENE SYSTEM 

N=854 

r-- VT EFFICACY = 98.4% 

r-- VF EFFICACY = 98.5% U\ 
$L) 

J 
r-- SUD~EN CARDIAC DEATH SURVIVAL = 99.4% 

r-- OVERALL SURVIVAL = 92.9% 

PATIENTS RECEIVED 
PCD fRANSVENE SYSTEM 

N~757 

t VT EFFICACY = 98.4% 

VF EFFICACY = 98.4X 

~ SUDDEN CARDIAC DEATH SURVIVAL = 99.SX 

-- OVERALL SURVIVAL = 93.3% 

MET IMPLANT 
CRITERIA 

N=543 

r-- VT EFFICACY = ~8.7% 
r-- VF EFFICACY = 98.2% 

r-- SUDDEN CARDIAC DEATH 
SURVIVAL = 99.~% 

L-- OVERALL SURVIV~L = 93.2% 

DID NOT MEET 
IMPLANT CRITERIA 

N=214 

r-- VT EFFICACY = 97.6~ 

r-- VFEFFICACY = 99.0~ 

r-- SUDDEN CARDIAC DEATH 
SURVIVAL = 99.S% 

L-- OVERALL SURVIVAL = 93.5% 

ure 1: Patients Screened for a Transvene™ System 

~-----~ 
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PATIENTS RECEIVED 
PCD EPICARDIAL SYSTEM 

N=97 
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r-- OVE~ALL SURV~VAL = 89.5% 

MET IMPLANT 
CRITERIA 

N=81 

t VT,EFFICACY = 98.7% 

VF EFFICACY = 98.7% 

r-- SUDDEN CARDIAC DEATH 
SURVIVAL = 98.~% 

L-- OVERALL SURVIV~L = 91.1% 

QID NOT MEET 
IMPLANT CRITERIA 

N=16 

~ 

~ o z ... 
r-- VT EFFICACY = 96.1% ~ 
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As can be seen  88 6  ------------ of the patients who 
were screened for a PCS Transvene  System ultimately 
received the system  Of these 757 patients  71 7   543 
patients  met the recommended defibrillation implant criteria 
which compares favorably with the predicted success rates 

published in the literature  Wilber et al   However  28 3  
 214 757  of the patients did not meet the recommended 
defibrillation efficacy implant criteria and still received the 
PCD  Transvene  System  It should be noted that 97 4  
of the patients  737 757  received the PCS Transvene 
System with at least a 10 Joule defibrillation safety margin 
between the lowest energy of success  24J  and the 
maximum output  34J  of the PCS Device  

The investigators utilized this 10 Joule safety margin as a 
benchmark based on the clinical experience discussed in 
the article  Troup P   et al  The Implanted Defibrillator  
Relation of Defibrillating Lead Configuration and Clinical 
Variables to Defibrillation Threshold  Journal of American 
College of Cardiology 1985  6 1315 1321  Finally  and 
perhaps most importantly  the investigators also felt that 
for these patients the risk associated with not meeting the 
recommended implant criteria was outweighed by the risk 
of not implanting an ICD or implanting an epicardial system  

There were twenty patients  2 6    who received a PCD  
Transvene  System  whose cardiovascular condition 
precluded further completion of the PCS Transvene  
System and adequate definition of a defibrillation safety 
margin  In all cases  the physician felt that the benefit of 
the PCD  Transvene  System outweighed the risk of 
further inductions or the risk of a thoracotomy and elected 
PQ  tO   V8UGt8 f  A 

pfBAt 3 PCD  EpiCafdPat SySt6f I i  
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J.2 Patients· Receiving PCD® TransveneTli System & Did Not 
Meet Implant Criteria 

For purposes of the PCD® Transvene1M System, the implant 
criteri"a was defined as successful VF termination at least 3 
times in 4 attempts with the final lead configuration at an 
output energy of 18 Joules or less. Of the 757 patients 
who received a PCD® TransveneTli System, 214 patients 
(28.3%) did not meet the recommended defibrillation 
implant criteria and yet still received the PCD® TransveneTli 

System. The physicians justification for implanting the 
PCD® Transvene 1M System despite not meeting the 
recommended defibrillation implant criteria are presented in 
Table J-1. 

PCO® Transvene'" System 
Reasons for Not Meeting Implant Criteria 

Physician Justification 

Reason I Number of Patients I 
Success at ~ 24 Joules 170 

Difficult/Unable to Induce VF 24 

Patient Condition 20 

Total I 214 I 
Table J-': PCD® Transvene™ System: Physician Justification for Not 

Meeting Implant Criteria - 2/1/93 

Further analysis of the patient who did not meet the 
recommended implant criteria indicates however, that 91 % 
(194/214) had a 10 Joule safety margin between the 
lowest energy of successful defibrillation and the maximum 
output of the PCD Device (34J). Therefore, of the 757 
patients who received a PCD® Transvene™ System, 97.4% 
(737/757) had at least a 10 Joule defibrillation safety with 
the implanted lead configuration. 

There were 20 patients (2.6%) in whom the implant 
procedure was terminated due to poor patient condition.· 
These patients received a PCD® Transvene TM System 
without at least a 10 Joule defibrillation safety margin. The 
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implant Circumstances of these patients is summarized as 
follows: 

• At least one successful defibrillation was obtained at an energy 
level greater than 24 Joules and or equal to 34 Joules IN = 11); 

• Multiple inductions of VT were performed and successfully 
reverted with an energy level of 18 Joules or less. However, 
induced VF was not successfully reverted by an energy level of 
less than or equal to 34 Joules (N=6); and 

• Physician elected to terminate the procedure due to the 
patient's condition before inductions with the final implanted 
lead configuration were performed (N=3). 

Table J-2 provides a comparison of patient characteristics 
between p-atients who met the PCD® Transvene1l.l System 
implant criteria and those patients who did not meet the 
implant criteria but still received the PCD® Transvene TV 

System. 
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Number of Patients ----- 214 

Mean Follow Up 1 2 3 months 10 1 months 

Male  

Female 

-----  77 7   

-----  22 35  

-- ---  87 9   

---  12 1   

Mean Age 59 4 yrs 59 6 yrs 

Indication  

SCD 

VT 

SCDNT 

---  33 6    

-----  38 5   

-----  51 2   

---  46 3   
---  20 1   

---  10 3   

CardiovascuIar History 

CAD 

Cardiomyopathy 

------  79 g g  

-----  31 9   
- ----  77 1 o o1 

---  30 4   

Mean EF  6 3  33 7  

NYHA Class 

I 

II 

III 

IV 

-----  30 9   

-----  52 4   

---  1 5 4   

--  1 3   

---  25 8    

-- ---  56 6   

---  1 6 6   

- 2 0   

Number ON Drugs at Implant 

Number ON Amiodarone 

-----  41 1    

---  14 4 lo  

---  45 3   
---  17 8   

-------------- ------------- --- - ------ 

Table J 2  PCD  Transvene  System  Patients Meeting Implant Criteria 
vs Not Meeting Implant Criteria   Comparison of Pt 
Characteristics   211 193 

Statistical analysis indicated three significant differences 
between these two patient groups   patient sex  indication 
for implant and mean ejection fraction  

Patients not meeting implant criteria had a statistically 
higher percentage of patients who were male  p  0 002   
This difference reflects that the majority of patients with 
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coronary disease with concomitant life threatening 
ventricular arrhythmias are males  

Analysis indicated the patients not meeting the implant 
criteria had a statistically higher percentage of patients 
whose primary indication for implant was sudden cardiac 
------- ------- ated with recurrent ventricular tachycardia 
--- --------- This difference reflects the physicians use of 
the PCS Transvene  System  

Finally  patients who did meet the imp----- --------- had a 
statistically lower mean ejection fraction --- - --------- which 
reflects a higher degree of underlying cardiovascular 
disease in these patients  

It should be noted  that none of these differences should be 
used as predictors for patients who should be screened for 
a PCD  Transvene  System  

In order to determine if the patient s not meeting implant 
criteria had higher risk for morbidity and mortality  a 
comparison of their clinical outcome was made with those 
patients who did meet the implant criteria  This 
comparison is provided in Table J 3  
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Not Meeting Criteria 

543 214 

Spontaneous VT Episode Efficacy 98 7  97 6  

Spontaneous VF Episode Efficacy 98 7  99 0  

Number of Patient Deaths 37 14 

Perioperative Mortality 0 7  0 5  

One Year Survival 

Sudden Cardiac 
Non Sudden Cardiac 

All Cardiac 
Noncardiac 

Overall 

99 5  
95 8  
95 4  

98 5  
93 2  

99 50 0 
97 2  
96 7  
97 1  
93 5  

Table J 3  PCS Transvene  System  Patients Not Meeting Implant 
Criteria versus Patients Meeting Implant Criteria 
Comparison of Clinical Outcome   211193 

The two patient groups had similar efficacy in the 
treatment of spontaneous VTIVF episodes  Importantly  in 
the patient population who did not meet the implant criteria 
there were no patients who experienced actual 
spontaneous VF episodes where all programmed PCD  
Device therapies failed to terminate the episode  

Five patients experienced 7 episodes in which the PCD  
Device was ineffective in terminating a spontaneous 
episode of VF despite delivery of all four programmed VF 
therapies  Three patients had 5 reported ineffective VF 
spontaneous episodes that were due to sinus tachycardia 
or atrial fibrillation with rapid ventricular response rather 
than VF  Reprogramming and pharmacologic intervention 
resolved these problems  
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Two patients experienced 2 episodes in which the PCS 
detected the episodes as VF but were actually episodes due 
to extraordinary circumstances  The first patient --------- 
had incessant episodes of fast VT  cycle length 280 ms  
----- ------ eventually resolved by drugs  The second patient 
--------- was in hospital and there was an episode of VF 
detected  However  the device was interrogated before 
termination of the episode was detected  There was 
external intervention associated with the terminal event  
The device was not interrogated again  

Eighteen patients experienced 68 episodes in which the 
PCS Device was ineffective in terminating a spontaneous 
episode of VT despite delivery of all four programmed VT 
therapies  Nine patients experienced 44 ineffective 
episodes that were due to sinus tachycardia or atrial 
fibrillation flutter  SVT  with a rapid ventricular response 
that had been detected as VT  These episodes were 
resolved with either modification of programmed 
parameters or of antiarrhythrnic drug therapy  It should be 
noted that the PCS Device responded appropriately based 
on the programmed detection parameters  

The remaining 24 episodes occurred in 8 patients in which 
the programmed VT therapies were ineffective in 
terminating a spontaneous VT episode  No patient deaths 
occurred as a result of ineffective VT therapy  
Reprngramming and phar   aco agic ir tervention resolved  
these events  

There was no difference in the one year sudden cardiac 
SLfVlVBI Of i  6 GV8faH SUfViVB   iti tn8  tVVQ  gfOfJpS  BtlllGUgtl 

follow up was shorter for patients not meeting implant 
criteria  10 1 vs 12 3 months   This indicates  that despite 
not meeting the implant criteria these patients were not at 
higher risk of sudden cardiac death  

Finally  the survival of patients receiving a PCD  
Transvene System without meeting implant criteria 
 N  214  was compared to patients receiving a PCS 
Epicardial System without meeting implant criteria  N   92   
This comparison is provided in Table J 4  
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 umber of Patients 2141757  28 5   921742  1 2 4   

Number of Deaths 14 17 

Sudden Cardiac 99 50 0 98  6  e 

Non Sudden Cardiac 97 2  98 8  

Noncardiac 97 1  

Overall  93 5  

Statistically Significant  p   0 05  

97 3  

87 6  

Table J 4  PCD  Transvene  System  Patients Not Meeting Implant 
Criteria   PCD Transvene System vs PCS Epicardial 
System   2 1 193 

Though the PCD  Transvene  System had a higher 
iAClde  cB Of atletlts  o     v eeiiPig iri plaPit 0  i   Gaia  f28 5 a   

compared to the PCD  Epicardial System  12 4    there 
was no statistical difference in the sudden cardiac death 
patient survival  However  the overall survival of patients 
not meeting implant criteria with the Transvene  System 
was significantly better  p  0 037  when compared to the 
PCD  Epicardial System patients not meeting implant 
criteria  93 5  and 87 6   respectively  

The investigators felt in every case that the testing 
performed at the time of implant  though it did not meet 
the recommended implant criteria  did provide an adequate 
demonstration of device effectiveness and justified the 
implant of the PCD Transvene System  Finally  there have 
been no patients deaths secondary to unsuccessful 
termination of a spontaneous VT or VF episode in this 
patient population  
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J 3 Description of Patients Not Meeting Implant Criteria 

As noted previously  the patients not meeting implant 
criteria  N   214  were divided into three groups  1  
Successful defibrillation at an energy level of equal to or 
less than 24 Joules  79 4  of the patients    2  Difficult 
to induce VF  11 2  of the patients   and  3  Implant 

procedure terminated due to poor patient condition  9 4  
of the patients   These patient groups are reviewed in the 
following discussion  

Lowest Ener of Defibrillation   24 JouIes 

There were 170 patients in whom the PCS Transvene  
System was implanted with a defibrillation safety margin of 
at least 10 Joules  Table J 5 provides an overview of 
these patients clinical experience  

These data indicate that the final implanted PCEP 
Transvene  System was evaluated and significant attempts 
were made to meet the recommended implant criteria  In 
most of these patients  79 4    a safety margin of 10 
Joules was obtained between the successful defibrillation 
energy  24 J or less  for ventricular fibrillation and the 
maximum output of the PCD Device  34 J   The 
investigators decided in certain circumstances that this was 
appropriate demonstration of device effectiveness and that 
the PCD  Transvene System could be implanted  

Of these patients  159  93 5   have had VT or VF induced 
at a chronic follow up visit and in each case  VT or VF was 
successfully terminated by the PCD Transvene System 
 141 patients or 82 9  had only VF induced   In addition  
65 patients  38 2   have experienced a spontaneous VF 
episode with an overall efficacy of 99 4   

Thus  the clinical outcome in these patients was not 
adversely affected by not meeting implant criteria since 
their spontaneous VF episode efficacy was 99 4   and 
the one year sudden cardiac death actuarial survival was 
also 99 4   The duration of follow up  however  is limited 
to an average of 9 7 months  
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170 

87 
58 
18 

  3 Success with 10J Safety Margin 7 

Oversll Spontaneous VF Episode Efficacy 99 4  

One Year Survival  
Sudden Cardiac 

Overall 
99 4  
93 8  

Table J 5  PCD  Transvene System  Patients Not Meeting Implant 
Criteria with 314 Successes at   24 Joules Clinical 
Experience   211 193 

Difficult to Induce VF 

There were 24 patients who did not meet the 
recommended PCS Transvene  System implant criteria 
because at least three episodes of VF were not induced at 
the time of implant  Of these  15 patients had ventricular 
tachycardia induced and successfully reverted  The 
remaining 9 patients had ventricular flutter induced and 
successfully reverted  In all 24 patients  the lowest 
successful energy was equal to or less than 18 Joules  

The indication for implant was sudden cardiac death  SCD  
in 6 patients  25    recurrent ventricular tachycardia  VT  
in  1 

3 patients  54 2   and sudden cardiac death 
associated with recurrent ventricular tachycardia  SCDIVT  
in 5  20 8   patients  Thus the majority of the patients  
75   had documented recurrent ventricular tachycardia as 

part of their ventricular tachyarrhythmia history  Eight of 
the these patients  33 0   were on Amiodarone therapy 
which may have contributed to the inability to induce VF  

Of the 24 patients who did not meet the recommended 
PCS Transvene System implant criteria because at least 
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three episodes of VF were not induced at the time of 
implant  13 patients  54 2   have experienced a 
spontaneous VF episode and 21 patients  87 5   have had 
 v 

r Of VF iACkit  CkiTitTg 8 chMiTit  fOHOvV Up  IA BH t dSes  

VF was successfully reverted by the PCS Transvene 
System  

There has been one reported patient death --------- in the 

patient group with a resultant one year sudden cardiac 
death and overall actuarial survivai of too io  

Patient Condition 

There were 20 patients in whom the implant procedure was 
terminated due to poor patient condition  These patients 
received a PCS Transvene  System without at least a 10 
Joule defibrillation safety margin  The implant 
circumstances of these patients is summarized as follows  

  At least one successful defibrillation was obtained at an energy 
level greater than 24 Joules but less than 34 Joules  N 11 
patients   

  Multiple inductions of VT were performed and successfully 
reverted with an energy level of 18 Joules or less  However  
induced VF was not successfully reverted by an energy level of 
less than or equal to 34 Joules  N  6 patients   and 

  Physician elected to terminate the procedure due to the 
patient s condition before inductions with the final implanted 
lead configuration were performed  N 3 patients   

The mean ejection fraction of this group was 26 9   
indicating more severe underlying cardiovascular disease  
and may have contributed to the physicians decision to 
terminate the implant procedure prior to meeting implant 
criteria  This group had a mean of 6 8 VF inductions  2 2 
lead configurations evaluated and a mean duration of VT VF 
for the implant procedure of 220 total seconds  The 
circumstances of the implant procedures  mainly the 
duration of induced ventricular tachyarrhythmia and 
associated hemodynamic compromise  limited the number 
of inductions that could be performed and whether the 
recommended implant criteria could be met  
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Of these 20 patients  VT or VF has been induced at a 
chronic follow up visit in 16 patients  80   and in all cases 
successful defibrillation with the implanted PCD  
Trggcvapg  Qycgo  pyric rlggugngpt Q 

The overall spontaneous VF episode efficacy for this patient 
group was 96 0   However  further reviewed indicated 
that one patient experienced atrial fibrillation that was 
detected as VF and in whom all four programmed VF 
therapies were ineffective  This patient s antiarrhythmic 
drug therapy was modified and there were no further 
reports of ineffective therapies  

Thus  there have been no patients who have experienced 
an actual spontaneous VF episode where all four 
programmed VF therapies failed to terminate the episode  

------- -- ve been two reported patient deaths  Patient ID 
--------- which was classified as non sudden --------- 
secondary to end stage heart failure and Patient ID -------- 
which was also classified as non sudden cardiac  The one 
year sudden cardiac death survival in this patient population 
is 100  while the overall one year survival was 85 5   
This lower overall one year survival may due to the lower 
mean ejection fraction of this patient group  

The clinical outcome in these twenty patients was not 
adversely affected by not meeting implant criteria since 
there was no reports of failure to terminate a spontaneous 
VF episode and the overall one year sudden cardiac death 
survival was 100   
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K  Comparison to AICD System Experience 

K 1 Overview 

The current AICD Epicardial System is implanted only with 
a defibrillation lead system requiring a thoracotomy  The 
PCS Transvene System allows the implantation of an 
implantable cardioverter defibrillator  ICD  system without 
the potential increased perioperative morbidity and mortality 
associated with a thoracotomy  This allows the application 
of ICD therapy in patients who may not otherwise be 
candidates for this type of therapy  Though the PCD  
Transvene System will have complications and 
observations that are specific to the lead system  the 
overall performance should be at least equivalent to that 
reported with the current AICD Epicardial System  

This section provides a comparison of the PCS 
Transvene  System clinical experience to that of the 
reported AICD Epicardial System clinical experience  The 
following areas will be discussed  

  Patient characteristics 
  Clinical performance 
  Survival analysis 

For purposes of comparison  the Ventak P Epicardial 
System patient population described in the Summary of 
Safety and Effectiveness Data  PMA Application Number 
P890061  dated May 2  1991 will be used  A copy of this 
summary was obtained through the Freedom of Information 
Act  

K 2 Comparison of Patient Characteristics 

In comparing the clinical experience with the PCD  
7rglgvglp  Ryc ggrn tn thy ron a ftorJ Vogti3k P  C3f 

 usa  

System clinical experience  it is important to determine that 
the patients who received the device are comparable  

The characteristics of the patients receiving the PCD  
Transvene  System were compared to the characteristics 
of patients discussed in the Ventak P Summary of Safety 
and Effectiveness Data and are presented in Table K 1  
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There were no differences between the two patient groups  

Number of Patients 757 292 

Mean Follow Up Time 11 7 months 6 8 months 

  Males 
  Females 

610  81   
147  19   

231  79   
61  21   

Mean Age 59 4 years 61 5 years 

Primary Indication  
SCD 
VT 

SCDNT 

281  37   
377  50   
99  13   

49  16   
169  59   
73  25   

Coronary Artery Disease 561  74   228  78   

Mean Ejection Fraction 35 6  34  

Drug Therapy at Implant 42  45 0  

Concomitant Surgery 0  1 8 0  

Table K 1  Comparison of Patient Characteristics  PCS versus Ventak  
P 211193 

The two patient groups are comparable in mean age and 
mean ejection fraction  Both groups had moderately 
depressed left ventricular function demonstrated by the 
mean ejection of 35 6  for the PCD  Transvene  System 
patient group and 34  for the Ventak P Epicardial System 
patient group  

Analysis indicated that no statistical differences between 
the PCS Transvene  System and Ventak P Epicardial 
System patient populations except in the category of 
patient indication  There are more patients that had Sudden 
Cardiac Death as the primary indication in the PCS 
Transvene  population than in the AICD population 
 p  0 001   
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K 3 Comparison of Clinical Performance 

Areas of clinical performance that were compared were 
implant defibrillation thresholds  incidence of spontaneous 
VT VF events  incidence of complications and patient 
survival  These specific areas were selected in order to 
evaluate the system performance in the two patient 
populations  

Im lant Defibrillation Thresholds 

For the purposes of the PCS Transvene  System clinical 
study  determination of defibrillation threshold was not 
mandatory  However  the preferred method of evaluating 
defibrillation efficacy was to determine the defibrillation 
threshold using a testing sequence of 18J  15J  10J  5J 
with a failure at any level causing a return to 18 J for the 
remaining attempts  For the purposes of this report a 
defibrillation threshold was defined as the energy at the 
lowest successful defibrillation attempt  provided a patient 
had a failure below their lowest defibrillation success or a 
success at  5J  The rhythm treated must have been VF to 
be included in the analysis  

It should be noted  that it was expected that the PCS 
Transvene  System would have a higher mean defibrillation 
threshold as compared to a traditional epicardial 
defibrillation lead system  In a epicardial system  the 
increased electrode surface area would theoretically 
decrease defibrillation requirements  

A total of 316 patients had a defibrillation threshold 
determined at the time of PCD  device implant  The mean 
defibrillation threshold  DFT  for all lead systems was 
14 8J  The recommendation for VF Therapy  1 is to 
program the stored energy to twice the implant DFT or 18 
Joules  whichever is greater  Thus an adeguate defibrillation 
safety margin was provided when following the VF therapy 
programming recommendations  

In the Ventak P Epicardial System  the mean defibrillation 
threshold at implant was 13 4J  Thus the two systems had 
similar defibrillation thresholds at implant despite the fact 
that one system utilized an epicardial defibrillation lead 
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system while the other utilized a transvenous defibrillation 
 88d SoS Sf 

These data indicate that the PCS Transvene  System had 
comparable implant defibrillation threshold performance 
when compared to the reported Ventak P Epicardial System 
clinical experience  

Incidence of S ontaneous VT VF E isodes 

The incidence of spontaneous VT VF episodes in the 
Ventak P Epicardial System and PCS Transvene M System 

patient population was evaluated by utilizing the stored 
episode information provided by both devices  

In the Ventak P device  the total number of shocks 
delivered to the patient is provided via interrogation of the 
device  The PCS device provides information on the total 
number of VT and VF episodes detected by the PCS 
device and the total number of VT and VF episodes 
successfully treated by the PCD  device as well as the 
number of VT VF episodes where the PCD  device was 
ineffective  In addition  the last 20 intervals of the last 
episode satisfying detection criteria along with the first 10 
intervals after the last therapy delivered are recorded by the 
device  These data assist the physician in evaluating the 
frequency of VT VF episodes  the efficacy of the PCS 
device programmed parameters and the need for 
reprog ramming  

In the Ventak P Epicardial System experience of 292 
patjpnts with a mean fnJ nvy Lip nf R A mopthc  1  7 

 46 9   received a device countershock in response to a 
spontaneous ventricular tachyarrhythmia episode as defined 
by the Ventak P Device detection criteria  

In the PCD  Transvene System experience of 757 patients 
with a mean follow up of 11 7 months  458 patients 
 60 5   have received device therapy in response to a 
spontaneous ventricular tachyarrhythmia episode as defined 
by the PCD  Transvene System detection criteria  

A total of 10 027 spontaneous VT and 1982 spontaneous 
VF episodes have been recorded by the PCS device 
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episode counters  Of the 9864 successfully treated 
spontaneous VT episodes  91 4  were treated with one of 
the programmed antitachycardia pacing therapies 
incorporated in the PCS device  The clinical benefit of 
tiered therapy is the reduction of delivery of high energy 
shocks for the treatment of stable recurrent ventricular 
tachycardia that may be responsive to antitachycardia 

pacing  

Incidence of Com lications 

Table K 2 provides a comparison of reported complications 
and observations  The AICD clinical experience data is 
from the Winkle  et al Long Term Outcome with Automatic 
Implantable Cardioverter Defibrillator  JACC  May 1989  
13 6   135 161  This article was selected because it 

provides a detailed clinical complication experience on a 
large patient population  270 patients  Note that the 

percentage reported in the PCD  Transvene  System 
includes both complications and observations  In the 
following table  the complications are reported for the 
categories of Fail to CardiovertlDefibrillate  Pocket 
Infection  and Erosion  Observations are reported in the 
Inappropriate Problematic VT VF Therapy Deliverycategory  

PCS Transvene System 

Comparison of ComplicationlObservation Rates 
PCS versus AICD 

Category PCS  AICD  

Fail to Cardiovert Defibrillate 2 3  41  

Inappropriate Problematic 
VTNF Therapy Delivery 9 6  20  

Pocket Infection 2 9  2 2  

Erosion Q 8   0 7  
Includes Observations only  there were no Complications in this category  

Table K 2  Comparison of Complication Observation Rates  PCS 
Transvene  System vs AICD Epicardial System   2 1 93 
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The incidence of failure to cardiovert and or defibrillate was 

lower in the PCS Transvene  System patient population  
T 8 ifiStafiC88 Of failure  to  cardiover     and or  defibr01ate  ir   

the PCS Transvene System patient population were 

associated with increased defibrillation requirements during 
induced episodes  none of which resulted in patient death  

The failures to cardiovert defibrillate reported in the Winkle  

et al article were associated with patch dislodgement  

patch crinkling  lead conductor fracture and elevated 

defibrillation thresholds  

The incidence of inappropriate problematic VTIVF therapy 
delivery was lower in the PCS Transvene  System patient 
population  This is to be anticipated since the device 
incorporates independently programmable detection 
algorithms for VT and VF  The reasons for inappropriate 
VT VF therapy delivery included sinus tachycardia being 
detected as VT or VF and atrial fibrillation with rapid 
ventricular response being detected as VT or VF  

The overdetection circumstances reported in Winkle  et al 
were nonsustained VT  VT  sinus tachycardia  atrial 
fibrillation with rapid ventricular response  sensing lead 
fracture and pacemaker interaction  The patients with VT 
complained of receiving multiple shocks with limited or no 
symptoms  The incorporation of antitachycardia pacing in 
the PCD  device decreases the need for delivery of 
cardioversion shocks for the termination of stable VT and 
increases patient acceptance of ICD therapy  

In the Winkle  et al experience all patients with oocket 
infection had the devices explanted  In the PCD Transvene 
System experience  the incidence of device explant 
secondary to pocket infection was 3 2  which was 
comparable to Winkle s article  

Thus  the incidence of complications and observations was 
similar to that of the AICD Epicardial System in the 
categories of ineffective VT VF therapies  infection 
requiring explant and erosion  The incidence of 
inappropriate delivery of therapy is lower in the PCD 
Transvene System experience than in the AICD Epicardial 
System experience  which is clinically significant  
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This analysis indicates that the PCD  Transvene  System 

offers clinical advantages in reducing the need for a 

thoracotomy for implantation and reducing the number of 

shocks due to successful antitachyarrhythmia pacing  

K 4 Comparison of One Year Actuarial Survival 

The Ventak P Epicardial System produced by Cardiac 

Pacemaker  Inc  has obtained market approval from the 

U S  FDA to date  While there are important differences in 

the function of the Ventak P Epicardial System and the 

PCD  Transvene System  there is a natural desire for 

comparison of the clinical outcome  particularly the impact 

of these devices on death rate  

A total of 51 deaths  6 7   were reported in the PCD  

Transvene System patient population  Of the 35 cardiac 

deaths  30 were non sudden cardiac and 5 were sudden 
cardiac  Sixteen deaths were classified as noncardiac  Five 
of the 51 total deaths occurred within the perioperative 
period  death less than 30 days post implant  with a 
resultant perioperative mortality of 0 7   

In the Ventak P Epicardial System patient population a total 
of 19 deaths  6 5   were reported  Of the 12 cardiac 
deaths  4 were classified as sudden cardiac and 8 were 
classified as non sudden cardiac  Six of the deaths were 
classified as noncardiac and the cause of one was 
uggn i n Piglet nf thy rlggthc nggggraQ t ithjp thy 

perioperative period with a resultant perioperative mortality 
of 2 7   The PCDo Transvene System population had a 
lower perioperative mortality  0 7  vs 2 7   p  0 006   

For purposes of this comparison  only the overall actuarial 
survival rate includes perioperative deaths  All other 
calculations in both the PCS Transvene System and 
Ventak P Epicardial System group exclude perioperative 
deaths  

For the Ventak P Epicardial System  patient deaths were 
censored if the Ventak P device had been either electively 
deactivated for various reasons prior to the patient s death  
thus preventing the device from attempting to convert the 
arrhythmia or it the pulse generators were known to be 
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nonfunctional and awaiting replacement  For purposes of 
this comparison  7 patient deaths were censored in the 
PCD  Transvene  System patient population because the 
devices were deactivated at the time of patient death  

This PCS Transvene  System sudden cardiac death 
survival of 99 7  at one year is comparable to that of the 
Ventak P Epicardial System sudden cardiac death survival 
rate of 98 6   More importantly  the overall one year 
actuarial survival for the PCS Transvene  System was 
94 2  as compared to 90 8  for the Ventak P Epicardial 
System  This difference was primarily due to the 
improvement in the reported perioperative mortality in the 
PCS Transvene System patient population   Note  
Confidence interval analysis was performed indicating that 
there was a statistical difference in the reported Overall 
mortality   

This comparison of actuarial survival rates indicates that 
the projected sudden cardiac death survival of patients 
receiving a PCS System patient population is comparable 
to that reported for the Ventak P Epicardial System  Thus  
the incorporation of programmable VTIVF detection and 
therapy algorithms has improved the type of therapy 
available for the treatment of recurrent VTIVF while 
maintaining the positive impact of ICD therapy on survival 
from sudden cardiac death  

In addition  the elimination of a surgical thoracotomy for 
implant in the PCD  Transvene System has improved the 

perioperative mortality and overall one year survival when 
compared to the Ventak P Epicardial System  

L  Comparison to PCS Epicardial System Clinical Results 

The PCS Epicardial System uses the same tiered therapy device 
that combines features of bradycardia support pacing  
antitachycardia pacing  low energy cardioversion as well as 
defibrillation therapy  This system has incorporated 
programmability and multiple detection and therapeutic options 
that allows the titration of device therapy to a patient s specific 
clinical arrhythmia history  
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The PCS Epicardial System requires a thoracotomy for 

implantation because of the need to insert epicardial patch leads  

This exposes the patient to surgical risk and potentially limits the 

type of patient who may be considered for implant of the system  

TiNe immy  fo  a simpler arid  safer implantation  tec nique is w  d4y 

recognized  The incorporation of a nonthoracotomy lead system  

such as the PCS Transvene  System  should decrease the 

potential perioperative and long term mortality and morbidity 

associated with current epicardial system implantation 

approaches  

The PCS Epicardial System and PCS Transvene System are 

identical except for the implanted defibrillation lead system  Thus  

the performance of the PCS device  associated support 
equipment  is similar in the two systems and therefore a 
comparison of clinical experience should focus on those areas 
where the implanted lead system may impact clinical outcome  

This section provides a comparison of the PCS Transvene  
System clinical experience to the reported PCS Epicardial System 
clinical experience  The following areas will be discussed  

Patient characteristics 
Implant Data 
Spontaneous VTIVF Episode Efficacy 
Complications and Observations 
Survival analysis 

This analysis will show that the incorporation of a 
nonthoracotomy defibrillation lead system has maintained the type 
of therapy available for the treatment of recurrent VT VF and 
decreased the potential mortality and morbidity associated with 
epicardial implant approaches while maintaining the positive 
impact of ICD therapy on VTIVF episode efficacy and patient 
survival  

L 1 Comparison of Patient Characteristics 

In comparing the clinical experience with the PCS 
Transvene  System to the PCD  Epicardial System clinical 
experience  it is important to determine that the patients 
who received the device are comparable  

Table L 1 contains the characteristics of the 757 patients 
receiving the PCS Transvene System versus the 
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characteristics of the 742 patients who received the PCS 

Epicardial System as of 115193  

Number of Patients 757 742 

Mean Fol1ow Up Time 11 7 months 16 3 months 

  Males  
  o Females 

610 80 6 le 

147 1g 4  

637 85 8  

105 14 2  o 

Mean Age 59 4 years 59 6 years 

Primary Indication   
SCD 
VT 

SCDNT 

281 37 1  

377 49 8  
99 13 2  

214 28 8  

405 54 6  
123 16 6  

Cardiovascular History  
Coronary Artery Disease 

Cardiomyopathy 

561 74 1  

238 13 1  

569 76 7  
222 29 9  

Mean Ejection Fraction 35 6  34 0  

Number of Drugs Failed  

-------------- ------------- --- - ------ 

2 3 3 0 

Table L 1  Comparison of Patient Characteristics  PCD  Transvene 

System versus PCD  Epicardial System   2 1193 

Both groups had moderately depressed left ventricular 
function demonstrated by the mean ejection of 35 6  for 
the PCD  Transvene  System patient group and 34 0  for 

the PCS Epicardial patient group  

Analysis indicated that the PCD  Transvene M System 

patient population had a higher percentage of patients 
-------- indication for implant was sudden cardiac death  p   

-------- and higher percentage of females --- --------- It is 
---- ---- ected that these differences will result in a different 
clinical outcome in the PCD  Transvene  System patient 
population as compared to the PCD  Epicardial System  
This difference in patient indication is a reflection of the 

physicians use of the PCD  Transvene System  
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It is interesting to note  that there was a statistical 

difference in the number of antia------------ ---- gs tested 

between the two patient groups --- --------- The PCS 

Transvene System patient group failed a mean of 2 3 

antiarrhythmic drugs prior to implant while the PCS 

Epicardial System patient group failed a mean of 3 0 

antiarrhythmic drugs  This difference is a reflection of the 

differences in the indications for implant between the two 

patient groups  The PCD  Transvene  System patient 

group had a higher incidence of patients whose primary 
indication for implant was sudden cardiac death  These 

patients have a higher probability of having experienced a 

sudden cardiac death episode but were non inducible during 

electrophysiologic testing so that drug testing was not 

feasible  

L 2 Spontaneous VTIVF Episodes Efficacy Comparison 

The primary benefits from the use of the PCD  System 

center on the detection and termination of life threatening 

ventricular tachyarrhythmias  An additional benefit of the 

PCD  Transvene  System is the elimination of the need for 

a thoracotomy for implantation of the defibrillation lead 

system and the resultant decrease in potential patient 
ITIOftl1G3Ly  BfiG T Qfta4t j aSSGCPatBG Witi v 8 ikiQfBCOtGPi4 g  

This clinical benefit should not be gained at the expense of 

providing effective termination of spontaneous VT and VF 

episodes  Table L 2 provides a comparison of the efficacy 
of the PCD  Transvene  and PCD  Epicardial System in 

treating spontaneous episodes of VT and VF  
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11 7 months 16 3 months 

10 027 20 061 

98 4  98 3  

  Unsuccessful Termination 0 7 Ya 

Spontaneous VF Episodes 

1 0  

PCS Transvene System PCS Epicardial System 

Mean Follow Up 11 7 months 16 3 months 

Number of Episodes 1092 2636 

  Overall Efficacy 98 4  98 7  

  Unsuccessful Termination 0 3  0  S IL 

Table L 2  PCS Transvene  System  Comparison of Spontaneous 
VTIVF Episode Efficacy   211193 

The overall success rate of the PCD  Transvene  System 
in terminating spontaneous episodes of VT or VF is 98 5   
In addition  there have been no reported patient deaths due 
to ineffective termination of a spontaneous VTIVF episode  
This success rate compares very favorably with the overall 
success rate of the PCS Epicardial System which was 
98 4   Therefore  the PCDo Transvene System offers 
the potentiaI of decreased patient morbidity and mortality 
without decreasing the treatment efficacy of spontaneous 
VT VF episodes  

L 3 Incidence of Complications Observations 

A comparison of the reported complications and 
observations was made between the PCS Transvene 
S y S M BAG 8 PCD  E iCBfui8i S y Si Bfi   Tn8 PCD  

Epicardial System patient population used for comparison 
included clinical experience as of January 5  1992 with 
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----- ---------- ----- a mean implant duration of 16 3 months  
These two patient groups are similar in the patient 
demographics and indication for implant of the PCS 
System  In the PCS Transvene  System patient 
population  19 4  of the patients experienced a clinical 
complication and 23 8  of the patients experienced a 
clinical observation  In the PCD  Epicardial System  12 8  
of the patients experienced a clinical complication and 
25 7  of the patients experienced a clinicaI observation  

Table L 3 provides a comparison of the reported 
complications and the incidence in the two patient 
populations  

PCS Transvene System 

PCS Transvene System versus PCS Epicardial System 
Reported Complications 

Reported Complications PCS Transvene  
--------- 

--- - ------ 

PCS Epicardial 
--------- 

--- - ------ 

Increased Defibrillation Requirements 1 2  0 5  

Inappropriate Therapy 2 2  a 

Pace Sense Related 0 8  3 5  

Infection Related   Explant 2 9  2 3  

Lead Related 15 1  2 8  

Device Related 0 5  0 9  

Table L 3  Reported Complications  PCS Transvene System versus 
PCD  Epicardial System   211 193 
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L 4 Survival Analysis Comparison 

Despite their excellent clinical performance  epicardial 
defibrillation lead system have important limitations  The 
requirement for direct thoracic access contributes 
significantly to patient morbidity and mortality  patient 
discomfort and prolonged hospitalization  The availability 
of reliable nonthoracotomy lead systems should provide 
positive clinical impact on these issues while not negatively 
impacting patient survival  Therefore  a comparison of the 
one year actuarial survival rates for the PCS Transvene  
and Epicardial System was performed  

Table L 4 provides a summary of the patient deaths 
reported in the two patient populations by classification  As 
a reference  the mean follow up time for the PCS 
Transvene  System patient population was 11 7 months 
while for the PCS Epicardial System it was 16 3 months  

PCS Transvene System 

Death Classifications 
PCS Transvene System versus PCS Epicardial System 

Death Classification PCS -------------- --------- ------ ------------- ------ m 

--- ------ --- ------ 

Sudden Cardiac 24 

Non Sudden Cardiac 30 54 

All Cardiac 35 78 

Noncardiac 16 34 

Total 51 112 

Table L 4  Death Classifications  PCD  Transvene  System versus 
PCD  Epicardial System 211193 

Table L 5 provides a comparison of actuarial survival rates 
between the PCD  Transvene  and PCD  Epicardial patient 
populations  The actuarial survival projections include 
perioperative deaths on v in the calcw3ation of su  viva  from 
death due to all causes  shown in table row labelled 
Overall   Perioperative mortality includes those deaths 
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which occur in the first thirty days post implant of the 
PCS System  

 lumber of Patients 757 742 

Sudden Cardiac 99 5  98 9  ---- --- 

Non Sudden 

Cardiac 
96 2  96 7  ------- 

All Cardiac 95 8  95 7  ------- 

Noncardiac 98 1  

Overall  --- --- 

-------------- ------------- -- - ------ 

98 0  

88 6  

------- 

------- 

Table L 5  Comparison of Actuarial Survival  PCD  Transvene  System 
versus PCD Epicardial System   211193 

There was a significant increase in overall survival in the 
patients receiving a PCD  Transvene Systems  As 
previously noted  the Overall one year actuarial survival 
includes death from all causes  The overall one year 
survival for patients receiving the PCS Transvene  System 
was 93 3   This is significantly improved as compared to 
the overall one year actuarial survival for the PCS 
Epicardial System  88 6   --- --------- This improvement 
in overall survival is primarily due to the marked 
improvement in perioperative mortality  the PCD  
Transvene  System having a 0 7   5 757  perioperative 
mortality versus the a perioperative mortality of 5 3  
 3917 2  in the PCS Epicardial System  This improvement 
in perioperative mortality is primarily due to the elimination 
of the need for a thoracotomy and its associated morbidity 
and mortality  
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M  PCS System Performance 

M 1 PCS Device 

Devices implanted for the treatment of recurrent ventricular 
tachyarrhythmias should perform safely and reliably in the 
indicated patient population  Device longevity  ventricular 
tachyarrhythmia detection  therapy performance  and 
analysis of explanted devices were evaluated to assess the 

performance of the PCS Device  

Extended longevity of implantable cardioverter defibrillators 
should decrease the number of device replacements a given 
patient would experience over their lifetime and decrease 
unnecessary patient morbidity  Thus  the PCS Device 
longevity  which is monitored utilizing battery voltage and 
charge time obtained via telemetry  was analyzed  The 
PCS Device lang evity ctata collected is corrsistent with the 
longevity projections  

The combined experience of induced and spontaneous 
VTIVF episode experience has shown that the PCD  Device 
VTIVF detection and therapies have performed safely and 
according to design specifications when required to treat 
induced and spontaneous VTIVF episodes  

There have been a total 58 device wzglaa e d Reasons 
for explant were patient death  23   infection  22   cardiac 
transplant  9   low battery voltage  1  and PCD Device 
performance issues  3   The analysis of the device that 
was explanted due to lower than expected battery voltage 
indicated that the decreased battery voltage measurement 
was due to hermetic leakage at the input to one of the 
integrated circuits and this affected the battery indicator 
circuit only and did not affect the critical functions of the 
device  This leads to a voltage drop across a resistor 
where the voltage measurement is taken  Analysis 
indicated that the battery was performing to specifications 
and the hermetic leakage was a random event  Analysis of 
the other three devices indicated that two were due to 
random component failure and one due to shorting on Pulse 
2 output  Thus  arcing occurred between the conductors 
inside the hermetically enclosed brazed ring of the high 
power hybrid  As a result  high voltage was momentarily 

S55 



MEDTRONIC CONFIDENTIAL 265 

applied to the low power circuitry  including the low power 
hybrid  This low power hybrid lost function including the 
capability to pace and transmit telemetry due to excessive 
voltage applied  Since this is the only device that exhibited 
this type of failure in the field and the hybrid manufacturing 

process has demonstrated that it will screen out infant 
mortality  this failure was assumed to be a random 
component failure  

Based on the clinical data collected  the PCS Device has 

performed safely and reliably in the indicated patient 
population  

M 2 Transvene Lead Performance 

The Transvene  Lead System consists of a Right 
Ventricular Lead  a Coronary Sinus Superior Vena Cava 
lead  and a Subcutaneous Patch lead  There have been a 
total of 757 Right Ventricular leads  15 with the SP2100 
and 742 with the Model 6884 6966   796 Coronary 
5nusl   periar  Vena  Cava leads  Mode  688 i  6963  are 
71 8 Subcutaneous Patch leads  Models 689511 031 716999  
implanted with a cumulative implant duration of 8894 8 
months  The reported incidence of conductor coil fracture 
is 0 5   4 757   

Based on the clinical data collected  the Transvene  leads 
have performed safely and reliably  
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N  Summary 

The overall clinical experience with the PCS Transvene  System 

indicates that the system performed according to design and 

specification  The reported clinical complications and patient 
deaths are appropriately addressed in the required labelling for the 
system and the patient selection criteria for implant of the device 
is appropriate  

The following can be drawn from this analysis of the data 

collected in this clinical study  

Patient Deaths 

  The projected one year survival probabilities for Sudden 
Cardiac Death  Non Sudden Cardiac Death  all Cardiac 
Deaths and Noncardiac Death were found to be 99 5   
96 2   95 8   and 98 1    respectively  

The incorporation of programmable VTIVF detection and 
therapies has improved the type of therapy available for the 
treatment of recurrent VT VF while maintaining the positive 
impact of ICD therapy on survival from sudden cardiac 
death  

  The sudden cardiac death survival of 99 5  at one year is 
comparable to that of the AICD patient population 98 0   

  There have been no deaths due to a PCS Device 
malfunction  

Complications Observations 

Complications were reported in 19 4  of the patient 
population and observations were reported in 23 8  of the 

patient population  

The incidence of complications was comparable to that of 
the market released AICD system in the categories of 
ineffective VTIVF therapy  pocket infection  and pocket 
erosion and was lower than the AICD in the category of 
inappropriate delivery of VT VF therapy  
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Patient Indications 

  All of the patients entered into this clinical evaluation met 

at least one of the primary indications  Sudden cardiac 

death  SCD  was the primary indication in 37 1  of the 

patients  recurrent ventricular tachycardia  VT  was the 

primary indication in 49 8   of the patients and SCD VT 

was the primary indication in 13 1  of the patients  

  The number of patients  60 5   receiving VT VF therapy 
for spontaneous episodes of ventricular arrhythmias 

supports the conclusion that the patient selection criteria 

are appropriate and that the PCDo Transvene  System was 

implanted in patients who benettt from this therapy  

  The one year sudden cardiac death survival rates for the 

SCD patient group was 100 0   for the VT patient group 
99 4  and the SCD VT patient group 98 6   

VTIVF Detection and Therapy Performance 

The PCD  Transvene  System properly detects and treats 
VT as demonstrated by the spontaneous episode data  The 
overall success rate for detection and treatment of 

spontaneous VT was 98 4   

The PCD  Transvene System properly detects and treats 
VF as demonstrated by the spontaneous episode data  The 
overall success rate for detection and treatment of 
spontaneous VF was 98 4   

  There were no reported patient deaths due to the 
nondetection of a spontaneous VT or VF episode by the 
PCS Transvene  System  

PCDo Transvene System Performance 

  The PCD  Transvene System components  Model 
721 6A17217B and Model 6884 6966  688116963  
689516999 Transvene  leads  have performed according to 
design and specification and are  therefore  considered safe 
and effective in the indicated patient population  
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O  Clinical Experience Summary Conclusions 

The PCS Transvene  System is a tiered therapy device which 

combines features of bradycardia pacing support  antitachycardia 

pacing  low energy cardioversion as well as defibrillation therapy  

The incorporation of these features has allowed the physician to 

titrate the ICD therapy to meet specific patient clinical needs  

allowed fewer shocks to be delivered for recurrent ventricular 

tachycardia because of antitachycardia pacing features  allowed 
fewer cases of inappropriate therapy delivery due to 

programmable detection and allowed a sudden cardiac death 
survival rate identical to the Ventak P Epicardial System  

The PCD  Transvene System  due to the elimination of the need 
for a thoracotomy  has provided a marked improvement in both 
the perioperative and overall patient mortality as compared to the 
PCD  Epicardial System  In addition  due to the decreased 

perioperative morbidity and mortality  the post implant hospital 
stay has been decrea---- to a mean of 7 6 days as opposed to a 
mean of 10 6 days --- --------- for the PCD  Epicardial System  

Medtronic asserts and the PCD  Transvene  investigators 
unanimously agree that the findings of the clinical study support 
the conclusion that the Medtronic Tachyarrhythmia Control 
System and the Transvene  Cardioversion and Defibrillation 
Electrodes are safe and effective in the indicated patient 
population  
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Summary of Clinical Experience 

A  Introduction 

The efficacy and safety of implantable cardioverter defibrillator 
 ICD  therapy for recurrent ventricular tachycardia  VV  and 
ventricular fibrillation  VF  has been well established  The current 
market released device  Medtronic Model 7217B with Epicardial 
CardioversionlDefibrillation Leads  incorporates 
multiprogrammability  multiple detection and therapeutic options 
for the treatment of ventricular tachycardia and fibrillation  The 
current system  while providing lifesaving treatment of ventricular 
arrhythmias  requires a significant surgical procedure 
 thoracotomy  median sternotomy  etc   for the placement of the 
epicardial lead system  The need to reduce the surgical mortality 
and morbidity associated with epicardial cardioversionldefibrill ation 
lead systems has lead to the development of the PCS 
Transvene  System  

This report represents a full report of Medtronic s clinical 
experience with the Medtronic PCD  Model 7217B 
Multiprogrammable Tachyarrhythmia Control System with 
Transvene  Cardioversion and Defibrillation Electrodes  Reference 
IDE G870102   The data included in this analysis is all data that 
was received by Medtronic and entered onto the clinical database 
as of February 1  1993  

The PCS Model 72178 Multiprogrammable Tachyarrhythmia 
Control System described in this submission is identical to the 
system which was recommended for approval by the FDA 
advisory panel on February 3  1992  with the addition of 
Transvene  leads  

The data analysis is organized in functional rather than 
chronological categories in order to present a complete picture of 
each of the PCD  Device s various functions  The sections 
included in this summary are  

0  

Name  Intended Use of System 
Tachyarrhythmia Control System Features 
lrdiaated Pati6flt Popufatiart 
Study Objectives and Protocol Summary 
Overview of Clinical Experience 

Implant Data 
Spontaneous VTIVF Episode Experience 
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Overall Success Rate 
Complications and Observations 

Inactive Patients 
Patient Deaths 
Clinical Experience by Primary Indication 

Patients not Meeting Implant Criteria 

Comparison to AICD Clinical Experience 

Comparison to PCS Epicardial Clinical Experience 

PCS Transvene System Performance 

This summary provides an overview of the clinical experience 

which verifies that the PCS Transvene System is safe and 

effective in the indicated patient population  

B  Name and Intended Use of the System 

The Pacer Cardioverter Defibrillator  PCD   device is an 

implantable  multiprogrammable  automatic tachyarrhythmia 

control device  The PCS Device is used in conjunction with 

appropriate lead systems for the treatment of patients with 

ventricular tachycardia  VT  and or ventricular fibrillation  VF   

The PCD  Device also provides backup pacing in the VVI mode 

and noninvasive electrophysiologic  EP  study capabilities  

The PCS Device is programmed with the market released 

Medtronic programmer and a unique MemoryMod  Cartridge  The 

PCD  Device incorporates a two way telemetry system which 

receives operational instructions from the programmer and 

transmits status  electrogram and event information back to the 

programmer for display and or printout  

The External Tachyarrhythmia Control Device  ETCD  is an 

external  multiprogrammable  tachyarrhythmia control device  Its 

operation is similar to the PCD  Device except that cardioversion 

and defibrillation therapies are delivered manually  In addition  it 

displays measurements of cardioversion and defibrillation therapy 

parameters  The ETCD is used for making defibrillation threshold 

measurements during the PCD  Device implantation procedure  

Components 

The Medtronic PCS Transvene System  which is represented in 

Figures 1A and 1B  for which market release approval is being 
requested  consists of the following components  
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Im lanted Device and Related Pro rammin S stem 

Pacer Cardioverter Defibrillator  PCD   Device 

Model 7217B 

Pro rammer 
Model 9710 programmer and related accessories  currently market released   

plus 
Model 9788 MemoryMod Software Cartridge 

Lead S stem 
Electrode Leads  

Model 6966 
Model 6963 
Model 6999 

Im lant Measurements S stem 

Model 5355 ETCD  External Tachyarrhythmia Control Device 

Modei 54TH Patient Cabie 

Model 5414 Test Load 

Model 5417 EGM Cable 

Model 5419 Jumper Cable 

The physical characteristics of the Model 7217B are summarized 

in Table IB 1  

PCS Model 7217B 

Physical Characteristics 

Feature Model 7217B 

Volume 113 cc 

Weight 198 grams 

Connector Module Four connector ports 

Power Source Wilson Greatbatch 
Model 8830 

Lithium Silver 
Vanadium Oxide 

Sensing Configuration Standard Bipolar 

Pacing Configuration Integrated Bipolar 

Table I B 1  Features  Model 721 7B   211 193 

The Madel 72178 PCD  Device uses  a pace sense leads for 

sensing  thus providing standard bipolar sensing  Pacing is 

delivered in the integrated bipolar configuration  

S3 
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C  Tachyarrhythmia Controi System Features 

C 1 PCS Device 

The PCS Device is an implantable device designed to 

detect episodes of ventricular tachycardia  VT  and 

ventricular fibrillation  VF   and upon detection  

automatically deliver the appropriate therapy or progression 
of therapies programmed by the physician for each patient  
The available therapy types that can be programmed are 
overdrive pacing  cardioversion  and defibrillation  

The main features of the PCS Device include the detection 
and treatment of recurrent ventricular tachycardia  VT  
and or ventricular fibrillation  VF   The device has two 
independently programmable detection and therapy 
algorithms  one for VT and a second for VF  A series of up 
to four tiered therapies can be delivered after detection of 
VT and a separately programmed series of up to four 
therapies after the detection of VF  If a therapy does not 
convert the arrhythmia  the next programmed therapy is 
delivered  

Other features of the device include VVI back up pacing  
flexible programming  noninvasive electrophysiology study 
capabilities  and information reports  

VT Detection and Thera 

The VT detection algorithm includes up to three separately 

programmable criteria to identify the presence of a 
tachycardia  

The PCD  Device employs a feature that automatically 
adjusts signal detection sensitivity to assure proper 
detection while minimizing sensing of T waves following 
intrinsic cardiac events  This function  Auto Adjusting 
Sensitivity  is active during any sensing period  including 
VT and VF detection  It allows use of sensitive settings 
required for VF detection without oversensing during 
normal sinus rhythm  

The device utilizes interval length as the primary VT 
detection criterion  it also provides two additional detection 
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criteria to add specificity in detecting pathological VT  

The two programmable parameters of the Interval Criterion 

are  

  Tachycardia Detection Interval  TDI   Intervals 

shorter than this value  and longer than FDI 
are classified as VT intervals  

  Number of Intervals to Detect  VT MD   This 

parameter determines how many consecutive 
VT intervals must be sensed for therapy to be 
delivered  

The two additional criteria are  

Onset Criterion  Used to determine when the 
rate of change in cycle length is sufficiently 
abrupt to qualify as the onset of paroxysmal 
VT and not sinus tachycardia  

Stability Criterion  Used to determine when 
the intervals vary sufficiently on a beat to beat 
basis to differentiate VT from a rapid 
ventricular response due to atrial fibrillation  

After a VT episode has fulfilled the programmed detection 
criteria  the system treats the arrhythmia by delivering one 
of the three types of VT therapies  Burst  Ramp  or 
Cardioversion Therapy  Therapy delivery is highly 

programmable and is  tiered  to allow progression through 
different therapies selected by the physician to match a 

patient s particular clinical needs  Up to four separate 
therapies may be programmed in any combination of the 
three types to treat each arrhythmia episode  The three 
therapies are detailed below  

Burst Therapy treats the VT episode by pacing the heart 
with a  burst  of pulses at a rate greater than that of the 
VT episode but adapted to the VT rate  The rate adaptive 

pulse intervals are a programmed percentage of actual 
tachycardia cycle length  If a pacing sequence is 
ineffective and the episode is redetected  the pulse interval 
of the next sequence can be decremented further resulting 
ip a hjgpgr nggipg rgtn 
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Ramp Therapy decrements each pulse interval within a 

single sequence of multiple pulses with the first pulse to 

pulse interval adapted to the VT cycle length  Each 

subsequent pulse interval in the Ramp sequence is 

shortened from the preceding interval by a programmed 
value  If the pacing sequence is ineffective and the VT is 

redected  Ramp Therapy adds an additional stimulus in each 

subsequent sequence  

Cardioversion Therapy  delivers synchronized  high energy 

pulses in one of the following configurations  

  A single pulse delivered over one pathway  

A simultaneous pulse delivered over two 

pathways  

Two sequential pulses separated by a very 

short interval delivered over two different 

pathways  

VF Detection and Thera 

In order to ensure appropriate sensing and detection of VF  

the device uses a probabilistic detection algorithm that 
allows for missed detections due to variations in ventricular 
depolarization amplitudes and intervals during VF  

Similar to the VT detection algorithm  the PCD  Device 
detects VF by monitoring the cardiac cycle length and 
comparing it to the programmed VF detection criteria  
which is called the VF Interval Criterion  

The two programmable parameters of this criterion are  

  Fibrillation Detection Interval  FDI   Intervals 
eaual to or shorter than this value are 
classified as VF intervals  

  Number of Intervals to Detect  VF NID   This 

parameter determines how many VF intervals 
must be sensed for therapy to be delivered  

After a VF episode has fulfilled the programmed detection 
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criteria  the system treats the arrhythmia by delivering up 

to four defibrillation therapies  

Defibrillation Therapy delivers high energy pulses in one of 

the following configurations  

  A single pulse delivered over one pathway  

A simultaneous pulse delivered over two 

pathways  

Two sequential pulses separated by a very 

short interval delivered over two different 

pathways  

Brad cardia Thera 

The PCD  Device delivers bradycardia pacing in the VVI 

mode  

Other Ca abilities 

The PCS Device can be used to conduct noninvasive 

electrophysiologic studies  EPS  via the programmer with 

the Model 9788 MemoryMod  software cartridge  The 

physician can also manually deliver various therapies via the 

pfGp3fAAl8f fu T 3fi3g8  Bfi  ifidtiC85 Of SpQf itBf i8GUS 

tachyarrhythmia episode  

The PCS Device will provide the physician with 

information  via the Programmer about its present 
programmed status and data on its operation  This 
information may be printed and retained in the patient s file  

A programmer generated set of symbols  termed Marker 
Channel  allows real time visualization of sensing  pacing  
detection  and therapy events occurring within the device  

Figure 2 provides an EGG example of an induced episode of 
VT detected and terminated by antitachycardia pacing and 
Figure 3 shows an induced episode of VF detected and 
terminated by a defibrillation therapy delivered by the PCS 
Device  
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C 2 Transvene Lead Systems 

The PCD  Transvene  System uses leads which do not 
require open chest surgery to implant  Multiple 

configurations involving either two or three leads may be 
used to deliver cardioversion and defibrillation pulses  
These configurations are based on a tri polar  Right 
Ventricular  RV  lead  Model 6966   and either a Coronary 
Sinus  CS  Superior Vena Cava  SVC  lead  Model 6963  or 
a Subcutaneous  SO  lead  Model 6999  or all three of 
these leads  e g  RV CS SQ  RV SVC SQ or RV SQ  
RVISVC   The Model 6963 lead can be placed in either the 
Coronary Sinus Great Cardiac vein or the Superior Vena 
Cava  SVC   

A system using two leads delivers cardioversion and 
defibrillation pulses between two electrodes  A system 
using three leads delivers cardioversion and defibrillation 

pulses either simultaneously or sequentially from the anode 
electrodes  PULSE  and PULSE2  to the COMMON 
defibrillation electrode  

In these systems  the retractable  helical tip and ring of the 
RV lead are used for sensing  thus providing standard  
bipolar sensing  The tip electrode is termed PACE SENSE 
and the ring electrode is termed SENSE2  Bradycardia 

pacing takes place between the tip  PACE SENSE  and the 
COMMON defibrillation electrode  

To detect VTIVF  the PCD  device monitors the cardiac 
cycle length for fulfillment of the programmed VT VF 
detection criteria  When the programmed criteria are 
fulfilled  the PCD  device detects the VT or VF episode and 
delivers the first programmed therapy  If this therapy is 
ineffective and the VT VF is again detected  the next 
programmeci therapy is deJivereM  This progression 
continues until the PCD  confirms termination or delivers all 
programmed therapies  

The performance of the Models 6966  6963  and 6999 are 
evaluated at the following times  

1  At implant by evaluating the pacing and sensing 
thresholds and the defibrillation efficacy in treating 
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induced VF  

2  Chronically by evaluating  1  the defibrillation 

efficacy in terminating induced episodes of VT or VF  

 2  the efficacy of VT and VF therapies in treating 

spontaneous episodes   3  the evaluation of 

pace sense characteristics of the implanted lead 

system and  4  the incidence of lead complications 

or observations such as dislodgement or fracture  

C 3 Model 9788 MemoryMod Software Cartridge and 9710 
Programmer 

Programming and interrogation of the PCS Device is 

performed using the Model 9788 MemoryMod software 

cartridge in conjunction with the Model 9710 programmer  
The use of the programmer allows the modification of VT 

and VF   tertian   t4mapy   and bradvcardia supporttherapy 

parameters  It allows the physician the ability to review 
and record programmed device settings  perform 
noninvasive EP procedures and deliver emergency therapy 
and review other non programmable information including 
charge time  battery voltage and event recording  In 
addition  it allows the user to evaluate the battery status of 
the PCD  Device as well as determine if the device has 
delivered therapy for spontaneous episodes of VT and VF  

C 4 Model 5355 External Tachyarrhythmia Control Device 

 ETC D  

The Model 5355 ETCD is intended for use in conjunction 
with an antitachycardialdefibrillation lead system to 
evaluate VT and VF sensing and therapy efficacy for 
terminating ventricular tachycardia and ventricular 
fibrillation prior to the implantation of the PCD  system  

Testing the lead system for permanent implantation  
including VF sensing and defibrillation efficacy  is done 
using the Model 53S5 ETCD  or Model 2394 ECVD  The 
5355 is an external  multiprogrammable  tachyarrhythmia 
control device  which can automatically deliver bradycardia 
and tachycardia pacing therapies and can deliver manually 
initiated cardioversion or defibrillation therapies  Its 
operation is similar to the PCD  Device except that 
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cardioversion and defibrillation therapies are delivered 
manually  In addition  it measures and displays parameters  
e g   pathway impedance of cardioversion and defibrillation 

therapies  The Model 2394 ECVD is also an external 
cardioverter defibrillator  However  its functions are limited 

to only manual cardioversion and defibrillation  The output 

pulses are equivalent to the Model 5355 and Model 7217B 
PCS  Additionally  the Model 2394 ECVD does not have 

the capability to deliver either bradycardia or tachycardia 

pacing therapies  

The Model 5355 ETCD  is controlled via the Model 9710 

programmer and the MemoryMod  software cartridge  
Model 9788  The Model 2394 ECVD is controlled 
manually  

D  Indicated Patient Population 

The PCS System is intended to treat patients at risk of sudden 
cardiac death due to ventricular tachyarrhythmias which have 
been shown to be reliably terminated  and in the case of VF  
terminated at an energy level below the maximum output of the 
PCD  Device  

Results provided in this application will support Medtronic s 
request for market release of the PCD  System for use in the 
fg oegi g natiePt nnpig atian 

Patients who have survived at least one episode of cardiac arrest due 
to a ventricular arrhythmia not caused by an acute myocardial 
infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain 
inducible via programmed electrical stimuli or exercise  or occur 
spontaneously  despite the most efficacious antiarrhythmic drug 
therapy that can be tolerated by the patient chronically  

For this patient population the primary benefits from the use of 
the PCS System center on the detection and termination of life  
threatening ventricular arrhythmias  The use of pacing therapies 
for the treatment of ventricular tachycardia reduces patient trauma 
associated with higher energy cardioversion pulses and extends 
the longevity of the PCD  pulse generator  

The PCS System allows the titration of therapies for patients 
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with ventricular tachycardia while providing the critical 

defibrillation backup  Defibrillation backup is important in the 

event that an episode of VT accelerates to VF whether 

spontaneously or as a result of a delivered therapy  The capacity 

to provide programmable extrastimuli pacing allows noninvasive 
electrophysiologic studies to be performed  The potential benefits 
from permanent cardiac pacing provide support for chronic and 
transient episodes of bradycardia  Finally  the benefits of 

programmability of tachyarrhythmia detection and therapy 

parameters  VVI parameters and stored telemetry data on the 
delivery of therapy may avert the need for reoperation in the event 
of changing patient conditions or complications  

E  Study Objectives and Protocol Summary 

The clinical study was designed to evaluate the operation  safety 
and effectiveness of the PCD  System components in detecting 
and treating episodes of ventricular tachycardia and ventricular 
fibrillation  

The analysis focuses on data supporting the safety and 
effectiveness of the PCS system  including the implantable pulse 
generator and associated transvenous lead system and its therapy 
in this patient population  The analysis includes the clinical 
experience with the PCD  system  pace sense  detection and 
therapy functions in both the acute and chronic implant settings  
In addition  data is provided on clinical observations  clinical 
complications and deaths in this patient population  The analysis 
will also provide data demonstrating the safety and effectiveness 
of the Model S35S ETCD 

The objectives of the clinical study were  

to evaluate the sensitivity and specificity of the PCS Device with 
Transvene lead systems to detect episodes of VT and VF  and to 
evaluate the ability of the system to appropriately discriminate between 
VTIVF and other potentially nonmalignant rhythms  

to monitor the efficacy of the PCS Device with Transvene lead 
systems in treating VT and VF episodes  VTIVF therapy efficacy is 
determined as the ratio of successful termination of episodes detected 
to the total number of episodes detected in which one or more 
therapies were delivered  Successful Termination Number of Detected 
Episodes with Therapy Delivered   Investigators were free to choose 
frnm ppy nf thy gv j ggg  gage gpss  iJT LJF thgrgpjga thy  the offig y 

was first evaluated acutely  
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to evaluate the performance of the Model 6966  6963 and 6999 

Transvene  leads  

to monitor the patient selection criteria and patient management 

methods required by the PCS Device and Transvene leads  

to evaluate the safety and effectiveness of the Model 5355 ETCD 

when used during the implant procedure  Specifically  tachyarrhythmia 

episode induction  detection  termination and ease of use were 

analyzed  

to evaluate the safety and performance of the Model 9710 Programmer 

and the 9788 MemoryMod Software Cartridges in orogramming 

sensing and therapy parameters and the appropriate delivery of 

noninvasive electrophysiologic stimulation  

Clinical data was collected at the following study points to 

support the safety and efficacy of the PCD  System  

Pre implant Patient Assessment 

Lead System Testing at Implant 

Implantable Pulse Generator Testing at Implant 

Pre hospital Discharge Testing 

Follow up Evaluation 1 and 3 months post implant then at 

3 month intervals 

Specific data was collected at each of these points to meet the 

objectives of the clinical study  This included  

Pre im lant Patient Assessment  extensive pre implant testing was performed 
to ensure that the general patient selection criteria were met  This testing 

included at least an electrophysiologic evaluation  measurement of ejection 

fraction  and assessment of the patient s New York Heart Association  NYHA  

classification of their cardiovascular status  Depending on the patient history  

cardiac catheterization and exercise testing were also conducted  

Lead S stem Testin   implant evaluation was performed to verify that one of 

the specified lead systems was capable of properly detecting and treating 

episodes of ventricular fibrillation and  when appropriate  ventricular 

tachycardia  The Model 5355 ETCD or the 2394 External Cardioverter 

Defibrillator  ECVD  was used for testing  

This testing included pacing and sensing thresholds during sinus rhythm  

evaluation of VF electrogram amplitudes and defibrillation efficacy evaluation  
The PCS Device implant criteria were  

1  successful VF termination at least 3 times in 4 attempts with 
an output energy of 18 Joules or less and 

2  a 2 1 VF sensing safety margin  
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Im lanted Pulse Generator Testin   this implant evaluation was performed to 
demonstrate proper detection and termination of ventricular fibrillation by the 
implanted PCS System with VF Therapy  1 programmed to 34 Joules in 

addition to pacing and sensing thresholds  

Pre hos ital Dischar e Testin   testing performed at the pre hospital discharge 
included proper detection and termination of induced ventricular tachycardia  
Final sensing and therapy parameters are programmed at the PHD  

Follow u Evaluation   regular testing was performed to evaluate the chronic 
stability of detection and therapy parameters of the PCD  System  This testing 
included an assessment of the relative stability of the energy required to 
defibrillate a patient and efficacy and acceleration rate assessment of the VT 

therapies  The number of spontaneous VTIVF episodes treated by the PCS 
Device were evaluated  Complication rates and patient mortality data were 
also evaluated  

Patients were evaluated prior to hospital discharge and or one  1  
month post implant  three months post implant and then at 
intervals of every three months  In some cases additional testing 
was performed at physician discretion to evaluate spontaneous 

events and or potential clinical complications  

Medtronic collected all clinical data on the PCS System and its 

components under the clinical protocol outlined in the 

Investigational Plan  A common protocol was used on all study 

patients on a worldwide basis  

Clinical data presented in this summary includes experience with 
the Model 7216A and 7217B PCD  Devices with the Model 6966  
6963 and 6999 Transvene Leads  This report presents the 
clinical evaluation of the safety and efficacy of the PCD  Device 
with Transvene  Leads implanted in 757 patients of which 657 
have implant durations equal tm or greater than six months  

International centers were subject to the appropriate requirements 

 e g   the Declaration of Helsinki  in order that the data met the 
statutory requirements of the FDA  All clinical data  U S  and 
International  obtained with the PCS System with Transvene  
Leads is included in this report  
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F  Overview of Clinical Experience 

This report covers a total of 762 implants in ----- ---------- of the 

PCS Device with the Transvene  Defibrillation Lead System  A 

total of 78 investigative centers participated in the clinical trial 

with 35 centers in the U S  and 43 Internationally  The first 

implant occurred internationally on October 20  1989  and the 

first implant in the U S  occurred on October 16  1990  Table IF  

1 shows the distribution of Model 7216A and Model 72178 

patients between U S  and International investigators  

PCS Transvene System 

Total U S  Int I 

7216A 18  2 4   3  07   1 5  4 8   

7217B 744  97 6   444  99 3   300  95 2   

Table IF 1  PCS Transvene System   Implant Distributions   211 193 

The mean documented implant duration for this patient population 
is 11 7 months and ranged from implant to 37 4 months  The 

cumulative implant duration is 8894 8 months  There are 657 

patients with implant durations equal to or greater than 6 months 
and 393 patients with implant durations equal to or greater than 
1 year  

The patient population enrolled in the clinical trial was 

predominately male  80 6   with a mean age of 59 4 years  In 
half of the patients  49 8    the primary indication for implant 
was recurrent  sustained ventricular tachycardia without an 
episode of sudden cardiac death  Sudden Cardiac Death was the 

primary indication for 37 1  of the patients and SCD in 
combination with recurrent  sustained VT was the primary 
indication in 13 1   Coronary artery disease was the primary 
heart disease in 74 1  of the patient population with a mean 
reported ejection fraction of 35 6  Table IF 2 provides a data 
summary on these patients  Also included is the data summary 
of the patients with 6 months and 12 months of follow up  

S18 

(b)(4)



MEDTRCNIC CONFIDENTIAL 

All Patients 

 3 Electrode 

Systems  

757 

Device Months Follow up 8894 8 

Mean Follow up Time 11 7 mo 

Maximum Follow up Time 37 4 mo 

Number    Male 
Number    Female 

61 0 80 6  

147 19 4  

Mean Age 59 4 yrs 

Primary Indication  
SCD 
VT 

SCDNT 

281 37 1  
377 49 8  

99 13 1  

Coronary Artery Disease 561 74 1  

Mean Ejection Fraction 688 35 6  

Defibrillation Pathway  
Sequential 

Simultaneous 
Single 

574 75 3  
178 23 4  

10 1 3  

Mean LED 16 0J  N  702  

Mean DFT 14 8J  N  316  

Spontaneous VT  
Number of Patients 
Number of Episodes 

  Success 

316 
10027 
98 4  

Spontaneous VF  
Number of Patients 
Number of Episodes 

  Success 

317 
1982 

98 4  

One Year SCD Survival 99 5  

Patients with 6 
months of 
Follow up 

Patients with 
12 months of 

Follow up 

657 393 

8602 6 6454 6 

13 0 ma 16 3 me 

37 4 mo 37 4 mo 

527 80 2  
130 19 8  

310 78 9  
83 21 1  

59 1 yrs 58 8 yrs 

249 37 9  
326 49 6  

82 12 5  

150 38 2  
191 48 6  
52 13 2  

483 73 5  272 69 2  

595 36 6  357 38 0  

496 74 9  
1 56 23 6  

10 1 5  

296 74 9  
93 23 6  

6 1 5  

16 0J  N 609  15 6J  N  365  

14 8J  N  277  14 3J  N  184  

288 
8820 

98 3  

186 
6338 

99 0  

292 
1742 

98 3  

176 
1105 

98 6  

99 7  100 0  

Table IF 2  PCD  System Data Summary   All Transvene  Patients versus 
Transvene  Patients with 6 mo Follow up   2 1 93 
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F 1 Implant Data 

Implants of the PCS Device may use two or three 

Transvene  leads  The physician has the flexibility to use 

whichever lead system best meets the patient s needs  

Two terms were developed to accurately report 

defibrillation efficacy  Lowest Energy of Defibrillation  LED  
and Defibrillation Threshold  DFT   They are defined as 

follows  

Lowest Energy of Defibrillation  LED   The lowest 

programmed energy that successfully defibrillated 
the patient with the implanted lead system  

Defibrillation Threshold  DFT   The lowest 

programmed energy which successfully defibrillated 
the heart provided there is a failure at an energy 
below the lowest success or a success at less than 
or equal to 5J  

Table IF 3 illustrates the lowest energy of defibrillation 

 LED  and defibrillation threshold  DFT  for the implanted 
lead systems  The implant criteria for the PCD  Device was 

3 of 4 episodes of VF successfully terminated at 18 Joules 
or less with a given lead configuration  Some patients did 
not have a LED at implant  The LED is only identified if the 
investigator reported the induced rhythm as VF 

Conversion of VT or V Flutter  as defined by the physician  
to sinus rhythm was not included in the determination of 
the LED  In addition  it is not a protocol requirement to 
obtain a DFT at implant  However  recommendations have 
been provided to those institutions that prefer to obtain 
DFT s during the implant procedure  

S20 



MEDTRONIC CONFIDENTIAL 
g g g 

16 0J 316 14 8J 

RV SVC 8Q 455 1 6 7 J 187 1 5 8J 

RV CS SQ 210 14 6J 110 1 2 8J 

RV CS SVC 37 15 2J 19 16 0J 

Table IF 3  PCD  Transvene  System   LED and DFT Values   2 1 93 

The mean implant Lowest Energy of Defibrillation  LED  for 

all lead systems was 16 0J and mean implant Defibrillation 

threshold  DFT  for all lead systems was 14 8J  As the 

mean DFT s and LED s indicate  VF was reliably terminated 

at an energy value below the maximum output  34 Joules  

of the PCS Device  

F 2 Spontaneous VT and VF Episode Experience 

A total of 458 patients  60 5   have experienced a 

spontaneous ventricular tachyarrhythmia episode that has 

been detected and treated by the PCD  Device  A total of 
141  18 6   experienced VT only  142 patients  18 8   
experienced VF only and 175 patients  23 1   experienced 
both an episode of VT and VF  

There have been a total of 12 009 episodes of spontaneous 
VT or VF as detected by the PCD   The overall PCD  
Device success rate in terminating spontaneous VT VF 
episodes as detected by the PCD  is presented in Table IF  
4  
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VT 9864 10 027 98 4  

1951 1982 98 4  

11 815 12 009 98 4  

Table IF 4  PCS Transvene  System   Success Rate for Spontaneous 
VT VF Episodes   2 1193 

F 2 1 Spontaneous VT 

For the purposes of this clinical trial  spontaneous VT was 

defined as those episodes that satisfied the programmed 
VT detection criteria  Specifically  all programmed VT 
rJgtnr tigp r ritorig mgcg hg fi iJfi jgQ tn rggtagg g KjT apjc gQg 

Successful termination of the episode was defined as 
satisfying the VT episode termination criteria  

To date  10 027 spontaneous episodes of VT have been 
detected by the PCD  Device in 316 patients  The mean 
number of episodes per patient with VT was 31 7 and 
ranged from 1 531 episodes  

Most spontaneous VT episodes  90 7   were successfully 
treated with VT Therapy  1 and 98 4  were successfully 
treated with one of the four programmable VT therapies  

Of the 9864 successfully terminated spontaneous VT 
episodes  91 4  were treated with one of the programmed 
antitachycardia pacing therapies incorporated in the PCD  
Transvene System  The clinical benefit of tiered therapy 
is the reduction of delivery of high energy shocks for the 
treatment of stable recurrent ventricular tachycardia  This 

greatly enhances the patient acceptance of ICD therapy 
since antitachycardia pacing is usually not perceived by the 

patient  

Sixty patients experienced 163  1 6   episodes in which 
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the PCD  Device was ineffective in terminating a 

spontaneous episode of VT despite delivery of all four 

programmed VT therapies  Thirty nine patients experienced 

95 ineffective episodes that were due to sinus tachycardia 

or atrial fibrillation flutter  SVT  with a rapid ventricular 

response that had been detected as VT  These episodes 

were resolved with either modification of programmed 

parameters or of antiarrhythmic drug therapy  It should be 

noted that the PCS Device responded appropriately based 

on the programmed detection parameters  

The remaining 68 episodes occurred in 21 patients in which 

the programmed VT therapies were ineffective in 

terminating a spontaneous VT episode  No patient deaths 

occurred as a result of ineffective VT therapy  

Reprogramming and pharmacologic intervention resolved 

these events  

F 2 2 Spontaneous VF 

For purposes of this clinical trial  VF is defined as those 
episodes that satisfy the programmed VF detection criteria  
Specifically  all programmed VF detection criteria must be 
fulfilled to detect a VF episode  Successful termination of 

the episode is defined as satisfying the VF detection 
criterion for episode termination  

To date  1982 spontaneous episodes of VF have been 

detected by the PCD  Device in 317 patients  The mean 
number of episodes per patient was 4 3 and ranged from 1 
  77 episodes  A review of the chart per investigator for 
this patient that experienced the 77 episodes of VF 
revealed that 75 were most likely due to atrial fibrillation  
VF detection parameters were modified in this patient  

Most  89 1   spontaneous VF episodes were successfully 
treated with VF Therapy  1 and 98 4  were successfully 
treated with one of the four programmable VF therapies  

Sixteen patients experienced 31 episodes  1 3   in which 
the PCD  Device was ineffective in terminating a 
spontaneous episode of VF despite delivery of all four 

programmed VF therapies  Nine patients had 22 reported 
ineffective VF spontaneous episodes that were due to sinus 
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tachycardia or atrial fibrillation with rapid ventricular 

response rather than VF  Reprogramming and 

pharmacologic intervention resolved these problems  

Four patients experienced 5 ineffective episodes that were 

detected --- ---- by the PCS System  One of these 

patients --------- required external defibrillation to convert 

the VF episode  This patient s antiarrhythmic drug regimen 

was modified to improve defibrillation efficacy  Another 

patient --------- had an episode recorded as ineffective on 

the event counters but presented in sinus rhythm  

Subsequent evaluation demonstrated -------------  PCS 

function  Another of these patients --------- had two 

spontaneous episodes of VT that were detected as VF by 

the PCS while in the hospital for progressive CHF  These 

episodes required external cardioversion  The patient 
requested the PCD  be turned OFF  Patients was alive at 

the last known follow up  The last of these four patients 
--------- experienced cardiac arrest at home and was found 
by the paramedics to be in sinus rhythm  While on a 
monitor the patient developed VF  The PCD  delivered the 

programmed therapy which terminated the episode but the 

patients developed EMD  arrived at the ER comatose and 
CIIBd  

Four patients  one patient -------- experienced 2 episodes 
due to AF but is described below again  experienced 4 
episodes in which the PCS detected the episodes as VF 
but were actually episodes due to extraordinary 
circumstances  One patient --------- experienced an 
episode where all four therapies failed secondary to RV lead 
fracture  The patient had Twiddlers Syndrome  
Reoperation was required  It appears that the inappropriate 
therapy ----- ---  due to VTIVF but due to noise  Another 

patient --------- had a surgical procedure  CABG  where the 
CS lead dislodged post surgery  The episode that was 
detected ----- --- e to the lead dislodgement  The third 

patient --------- had incessant episodes of fast VT  cycle 
length 280 ms  th-- ------ eventually resolved by drugs  
The fourth patient --------- was in hospital and there was 
an episode of VF detected  However  the device was 
interrogated before termination of the episode was 
detected  There was external intervention associated with 
the terminal event  The device was not interrogated again  
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F 3 Overall Success Rate 

Of the 757 patients who received a PCS Transvene  

System  597 patients  78 9    5971757  have either 

experienced a spontaneous VTIVF episode or had VTIVF 

induced during a post implant electrophysiology study  The 

performance of the PCS Transvene System therapies 

have been thoroughly evaluated and been shown to be 

effective in detecting and terminating episodes of 

ventricular tachyarrhythmia  

There have been no reports of a patient death due to the 

PCS Transvene System not detecting a spontaneous 

episode of VT or VF  

The overall success rate of the PCS Transvene M System 

in terminating spontaneous episodes of either VT or VF was 

98 4  with a VT success rate of 98 4  and VF success 

rate of 98 4   The incidence of unsuccessful termination 

of an apparent 
 true  episode of ventricular tachycardia 

despite delivery of all four therapies was 0 7   68 10027   
The incidence of unsuccessful termination of an apparent 
 true  episode of ventricular fibrillation despite delivery of 

all four therapies was 0 3   5 1982   

The evaluation of spontaneous episode experience indicates 

that the PCD  Transvene  System s VT and VF detection 
and therapy functions have performed safely and effectively 
in the indicated patient population  
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G  Complications and Observations 

The use of a multiprogramrnable implantable cardioverter 

defibrillator  ICD  device allows the physician to resolve most 

relevant medical events by noninvasively changing programmed 

parameters thus  avoiding invasive procedures  However  there 

will continue to be certain relevant medical events which will 

require invasive procedures for resolution  

For purposes of this clinical study  reported relevant medical 

events were divided into complications and observations based on 
the following definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which can NOT be treated or 

resolved by reprogramming the device and REQUIRES 

invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which either does NOT 

require invasive intervention  or which CAN be 

corrected by reprogramming the device  

As of February 1  1993  there have been a total of 176 
complications reported in 147 patients and 214 observations 
reported in 180 patients in the PCD  Transvene  System patient 
population  Thus  19 4   147 757  of the patients had reported 
a clinical event which was categorized as a complication and 
23 8   180 757  of the patients had reported a clinical event 
which was categorized as an observation  Table IG 1 summarizes 
how these events were reported with U S versus International  

PCS Transvene System 

Reported Complications Observations 
lJ S valgus  Iatematiapal 

0  of Complications   of Observations 

U b  T04 93 

International 72 121 

Total 176 214 

Table IG 1  PCD Transvene SystemCornplications ObservationsU S versus 
International   211 193 
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Table IG 2 summarizes the reported PCS Transvene  System 

complications and observations by category  The reported 
complications and observations are recognized clinical events that 
may occur with any of the current ICD devices  These 

complications and observations are discussed in the PCS device 

and Transvene manual  None of the reported compIications or 
observations have resulted in a patient death  

Category Complications Observations 

Increased Defibrillation Requirements 

Inappiopriate VF Therapy Delivery 

irrsppropri  
 v 

T Therapy Deiivery 

Loss of Capture 

Oversensing 

Undersensing 

Skin Erosion 

Pocket Infection 

Seroma 

Hematoma 

Pneumothorax 

Pacemaker Syndrome 

Perforation 

Subclavian Vein Thrombosis 

Lead Fracture 

Subcutaneous Patch Crinkling 

Early De  Explant 

Total Lead Dislodgement 

Total 176 214 

Table IG 2  PCD Transvene System  Reported Complications and Observations 
  211 93 
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Table IG 3 contains a description of the lead dislodgements that 
have occurred in less than 30 days and in greater than 30 days  

 QQ Ag   QQ rlgye 

  RV Lead Dislodgement n   741 14  1 9   10  1 3   0  0  1  0 1   

CS Lead Dislodgement n  261 12  4 6 a  10  3 8   2  0 8   2  0 8   

16  3 0   29  5 4   1  0 2   6  1 1   

Total Dislodgement n   757 42  5 6   49  6 5   3  0 4   9  1 2   

Table IG 3  PCD Transvene System  Lead Dislodgements  301  30 days   
n i  seam 

2  I  98 

There have been a total of 49 lead dislodgements reported in 

patients at greater than 30 days  None of the lead dislodgements 
resulted in an ineffective therapy for a spontaneous VT of VF 
episode or patient death  Lead dislodgements were documented 
by fluoroscopic examination during electrophysiologic evaluation  
chest x ray obtained during routine follow up  or during 

pacinglsensing threshold evaluation during routine follow up  In 
all 49 cases  reoperation was required to reposition the lead and 
reestablish an effective defibrillation lead system  

Lead dislodgements are not specific to the PCD  Transvene 
System and have been reported with dual chamber pacemakers 
and the current market released implantable cardioverter 
defibrillator  ICD  system  The early history of dual chamber 
pacemakers witnessed a high lead dislodgement rate of at least 
20   Smyth  PND  et al  Permanent perivenous atrial sensing and 
pacing with a new J shaped lead  J Thoracic Cardiovascular 
Surgery  1976 72 565 570   Winkle  et al reported that the 
incidence of dislodgement of the superior vena cava spring leads 
with the current market release ICD system to be 6 3    Winkle  
et al  Automatic Implantable Cardioverter Defibrillator  Efficacy  
Complications  and Survival in Patients with Malignant Ventricular 
Arrhythmias  JACC  June 1988  Vol 11  No 6 1278 86   
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H  Inactive Patients 

There are a total of 82 patients who had received a PCS System 
and are no longer active in the study as of 211193  Table IH 1 
shows the distribution of inactive patients by reason for no longer 
being active in the PCS Transvene System clinical study  

Reason for Inactivity   of Patients 

Patient Deaths 51 

Infection  Explant  22 

Heart Transplant 9 

Total 82 

Table IH 1  Inactive Patients   211193 

I  Patient Deaths 

Ti iG pQSitiV6 iPi pGCi  Gf iPi  p Bf itBb 8 CBfdiQVStic t 16fihf iHBtGf  ICDg 

therapy on sudden cardiac death mortality has been well 
documented in the medical literature  The use of device therapy 
for the treatment of recurrent ventricular arrhythmias has become 
an accepted and important clinical tool  An analysis of the sudden 
cardiac death survival in the PCD  Transvene System patient 
population was performed  

For purposes of the clinical study  each of the patient deaths was 
categorized using the following definitions  

Non Cardiac  Deaths that occurred where the primary cause 
of death was determined to be non cardiac in 
nature  e g  stroke  cancer  etc  

Cardiac  Deaths that occurred where the primary cause 
of death was determined to be cardiac in 
nature  

Non Sudden  Deaths that occur greater than one hour after 
the onset of symptoms  

Sudden  Deaths that occur within one hour of the onset 
of symptoms or where the death is 
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unwitnessed  Sudden cardiac deaths were also 
categorized as being Witnessed or 
Unwitnessed  

Perioperative  Deaths that occur within thirty days of implant  

System Related  A death which results from a malfunction 

 operation not according to design 
specification  of a PCS System component  or 
as a result of a device induced arrhythmia  or 
an interaction between a PCS System 
component and the patient  

Procedure Related  A death which occurs as a result of a 

procedure required to implant  follow or test a 
PCS System  

All deaths and significant complications have been and will 
continue to be reviewed by a committee comprised of PCS 
Transvene  System investigators and other physicians  Two 
committees  Clinical Event Review Committees  have been 
formed  one to review North American deaths and complications  
and the other to review European clinical events  The primary 
purpose of these reviews was to determine whether the PCD  
System was related to the deaths or significant complications that 
have occurred and  if so  what changes may be required to 

prevent such events in t e fut e 

There have been a total of 51 patient deaths reported in the PCD  
Transvene System patient population  Table II 1 summarizes how 
these patient deaths have been classified  

PCS Transvene System 

Summary of Death Classifications 
 n   757  

Classifications Number of Deaths 

Sudden Cardiac 5 

Non Sudden Cardiac 30 

Noncardiac 16 

Total 51 

Table II 1  PCD  Transvene M System   Summary of Death 
Classifications   211193 
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None of the patient deaths were attributed to a malfunction of the 

PCS Transvene System  

Actuarial survival analysis on the PCD  Transvene M System was 

done on all patients who were either evaluated for implantation or 

in whom the device was implanted  Thus  the analysis is done 

from the perspective of intention to treat  Those patients in 

whom the PCD  Device was OFF at the time of death or in whom 

no device was implanted are included in the survival analysis  

Those patients that were screened for a PCS Transvene  System 

but failed to receive a Transvene system are not included in this 

analysis  

Projected one year survival calculations for the various death 

classifications are provided in Table ll 2  The actuarial projections 
include perioperative deaths only in the calculation of one year 
survival from death due to all causes  shown in the row labelled 

GveraiTi  The perioperative death raie defirrect as deaths vvhich 

occurred within thirty days of implant was 0 7   5 757  which 

is considerably less than the perioperative mortality for the PCS 

System with Epicardial leads  5 3    39 742   Included in this 

table are the projected one year survival calculations for patients 
who ultimately received a PCS Transvene System  n   757  

and all patients that were screened for a PCS Transvene 

System  n   854  regardless of implant outcome  

PCS Transvene System 

One Year Actuarial Survival 

Received PCS Screened for a PCS 
Transvene System Transvene  System 

Sudden Cardiac Death 99 5  99 40  

Non Sudden Cardiac 96 2  96 6  

All Cardiac g5 8  96 1  

Noncardiac 98 1  98 3  

Perioperative 0 7  1 6  

Overall 93 3  92 9  

Table II 2  PCS Transvene  System   One Year Actuarial Survival   

211193 
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The positive impact of the PCD  Transvene  System on patient 
mortality is clearly obvious from this analysis  The sudden cardiac 

death survival rate in this patient group is 99 5  for those in the 

patient group that received a Transvene System and 99 4  for 

those who were screened for a Transvene  System  This is 

marked improvement when compared with the reported survival 

of similar patient groups treated with drug therapy alone of 

between 34  and 73  at one year  

J  Clinical Experience By Primary Indication 

Medtronic is requesting approval for use of the PCS Transvene  

System in the following patient population  

Patients who have survived at least one episode of cardiac arrest due 

to a ventricular arrhythmia not caused by an acute myocardial 

infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain 

inducible via programmed electrical stimuli or exercise  or occur 

spontaneously  despite the most efficacious antiarrhythmic drug 

therapy that can be tolerated by the patient chronically  

Sudden cardiac death without recurrent VT  SCD  was the 
indication for implant in 37 1  of the patients  recurrent 

ventricular tachycardia without an episode of sudden cardiac 
death  VT  was the indication for implant in 49 8  of the 

patients  and sudden cardiac death and recurrent VT  SCDIVT  
was the indication for implant in 13 1  of the patients  

The performance of the PCD  Transvene  System in these three 

groups are summarized in Table IJ 1  

In all three patient groups  coronary artery disease was the 

predominant heart disease and the patients exhibited moderate left 
ventricular dysfunction as demonstrated by mean ejection 
fractions of less than 40   The mean LED at the time of implant 
was similar among the patient groups as was the mean DFT  

The overall efficacy in terminating spontaneous VT VF episodes 
in the SCD patient group was 98 4   in the VT patient group 
98 3   and in the SCD VT group 99 1   Thus  independent of 
the indication for implant  the PCD  Transvene  System was 
highly effective in terminating spontaneous episodes of VTIVF  
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The one year sudden cardiac death survival rates for all groups 
was greater than 98 6  

This analysis indicates that the PCS Transvene  System has 

performed safely and effectively in the indicated patient groups 
and should be approved for use in the indicated patient 
population  

Alt Pstients 

4  of Patients 281  37 1    377  49 8   99  1 3 1 la  757 

Number   Yo Male 

Number    Female 

Mean Age 

Coronary Artery 

Disease 

21 2 75 4  

69 24 6   
309 82 0  

68 1 8 0  

89 89 9  
10 10 1  

610 80 6 a 

147 19 4  

56 8 yrs 61 2 yrs 60 0 yrs 59 4 yrs 

1 91 68 0 le 292 77 5  78 78 8  229 72 2  

Mean Ejection 

Fraction 

39 1  

 N  259  
33 7  

 N  339  
32 5  

 N  90  
35 6  

 N  688  

Defibrillation 

Pathway  

Sequential 

Simultaneous 

Single 

201 71 5  

74 26 3  

6 2 2  

295 77 6  
82 21 6  

3 0 8  

76 76 8  
22 22 2  a 

1 1 0  o 

574 75 3  

178 23 4  

10 1 3  

Mean LED 1 5 3J 

 N  264  
1 6 0J 

 N  702  

Mean DFT 14 0J 

 N  117  
1 5 5J 

 N  155  
13 9J 

 N  44  
1 4  8J 

 N  316  

Spontaneous VT  

4 of Patients 

4 of Episodes 

  Success 

58 
1157 

99 2  

206 
7591 

98 1  

52 
1279 

99 0  

316 

10027 

98 4  

Spontaneous VF  

4 of Patients 

  of Episodes 

  Success 

107 
686 

96 9  

162 

916 

99 1  

48 
380 

99 5  

317 

1982 

98 4  

1 Year SCD Survival 100 0  99 4  98 6  99 5  

Table IJ 1  PCDo Transvene  System Data Summary by Primary 
Indication   211193 
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K  Patients Not Meeting Implant Criteria 

K 1 Overview 

The PCS Transvene System offers a simpler and safer 
implantation technique for an implantable cardioverter 
defibrillator system  In addition  the PCD  Transvene  
System decreases the potential perioperative and long term 
mortality associated with current epicardial system 
implantation approaches  

There is a class of patients who cannot tolerate the 
thoracotomy required for the utilization of the epicardial 

patch lead defibrillation lead system and who are at high 
risk of sudden cardiac death  Because of the surgical risks 
and postsurgical complications associated with the implant 
of an epicardial lead system  implantation in the following 

patient groups may not be desirable or possible  

 1  patients in whom there is no indication for concomitant 
cardiovascular surgery at the time of ICD implant  

 2  patients with severe pulmonary disease who can not tolerate 

prolonged anesthesia or an open chest procedure  

 3  patients with severe congestive heart failure  ejection fraction 
  40   who are at increased risk for perioperative mortality 
following a thoracotomy procedure  

 4  patients who may eventually require open chest procedures for 
treatment of their coronary artery disease or cardiac transplant  

For these patients  a transvenous ICD System is the only 
therapy available  The PCD  Transvene System simplifies 
and greatly reduces the risk associated with lead 
introduction  making therapy available to these patient 
groups  Because there is no need to open the chest of 
these patients  more options for future therapy remain 
available  e g  CABG is associated with increased morbidity 
and mortality if there has been prior open chest surgery  

However  it is expected that nonthoracotomy lead systems 
will have higher mean implant defibrillation thresholds as 
compared to traditional epicardial lead systems  In an 
epicardial lead system  the lead system has a larger 
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electrode surface area theoretically decreasing defibrillation 
requirements  

The smaller electrode surface areas of the PCS 
Transvene  System defibrillation leads might reduce the 

proportion of patients in whom the implant criteria could be 

met  Not meeting the implant criteria may reduce the 

chronic effectiveness of the lead system  Recent studies 
indicated that 70  of patients evaluated may be 
candidates for a nonthoracotomy defibrillation lead system 

 Wilber  D  et al  Clinical Advances in Nonepicardial 
Implantable Defibrillator Lead Systems  The Journal of 
Invasive Cardio agy  VoL 3  No  6 Nov  b a  December 
1991   

png nggngcpc nf thy PC Q  Trgpcigopg  gycge  thy i pJgpt 

criteria was defined as successful VF termination at least 3 
times in 4 attempts with the final lead configuration with 
an output energy of 18 Joules or less  The determination 
of a defibrillation threshold was not required  

A defibrillation threshold  DFT  was defined as the energy 
at the lowest successful defibrillation attempt  provided the 

patient had a failure below the lowest success or a success 
at   5J  The lowest energy of defibrillation  LED  was 
defined as the lowest programmed energy that successfully 
defibrillated the patient  In both cases  conversion of 
ventricular tachycardia or ventricular flutter to sinus rhythm 
was not included in the determination of the DFT or LED 

A total of 854 patients had an evaluation of a PCD  
Transvene System and are divided into the following 

groups    1  Patients who received a PCD  Transvene  
System  and  2  Patients screened for a PCS Transvene 
System and received a PCD  Epicardial System  Figure 1 

provides an overview of the outcome of these patients  
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As can be seen  88 6   757 854  of the patients who 

were screened for a PCD  Transvene System ultimately 
received the system  Of these 757 patients  71 7   543 

patients  met the recommended defibrillation implant criteria 

which compares favorably with the predicted success rates 

published in the literature  Wilber et al   However  28 3  

 214 757  of the patients did not meet the recommended 
defibrillation efficacy implant criteria and still received the 

PCS Transvene  System  It should be noted that 97 4  
of the patients  737 757  received the PCS Transvene  

System with at least a 10 Joule defibrillation safety margin 

between the lowest energy of success  24J  and the 
maximum output  34J  of the PCS Device  

The investigators utilized this 10 Joule safety margin as a 
benchmark based on the clinical experience discussed in 

the article  Troup P   et al  The Implanted Defibrillator  
Relation of Defibrillating Lead Configuration and Clinical 
Variables to Defibrillation Threshold  Journal of American 
College of Cardiology 1 985  6 131 5 1 321  Finally  and 

perhaps most importantly  the investigators also felt that 
for these patients the risk associated with not meeting the 
recommended implant criteria was outweighed by the risk 
of not impianting an iCG or impianting an epicardiai system  

There were twenty patients  2 6    who received a PCD  
Transvene  System  whose cardiovascular condition 

precluded further completion of the PCS Transvene  
System and adequate definition of a defibrillation safety 
margin  In all cases  the physician felt that the benefit of 
the PCS Transvene  System outweighed the risk of 
further inductions or the risk of a thoracotomy and elected 
not to evaluate or implant a PCD  Epicardial System  

S37 

pl 



MEDTRONIC CONFIDENTIAL 
806 

K 2 Pat e   Receiv r  PCS Transvene System R DkL Not 

Meet Implant Criteria 

For purposes of the PCD  Transvene System  the implant 

criteria was defined as successful VF termination at least 3 

times in 4 attempts with the final lead configuration at an 

output energy of 18 Joules or less  Of the 757 patients 
who received a PCS Transvene System  214 patients 
 28 3   did not meet the recommended defibrillation 

implant criteria and yet still received the PCS Transvene  

System  The physicians justification for implanting the 
PCS Transvene  System despite not meeting the 
recommended defibrillation implant criteria are presented in 

Table IK 1  

PCS Transvene  System 

Reasons for Not Meeting Implant Criteria 
Physician Justification 

Reason Number of Patients 

Success at   24 Joules 170 

Difficult Unable to Induce VF 24 

Patient Condition 20 

Total 214 

Table IK 1  PCD  Transvene  System  Physician Justification for Not Meeting 
Implant Criteria   211193 

Further analysis of the patient who did not meet the 
recommended implant criteria indicates however  that 91  
 194 214  had a 10 Joule safety margin between the 
lowest energy of successful defibrillation and the maximum 
output of the PCD Device  34J   Therefore  of the 757 

patients who received a PCDo Transvene  System  97 4  
 737 757  had at least a 10 Joule defibrillation safety with 
the implanted lead configuration  

There were 20 patients  2 6   in whom the implant 

procedure was terminated due to poor patient condition  
These patients received a PCS Transvene  System 
without at least a 10 Joule defibrillation safety margin  The 
implant circumstances of these patients is summarized as 
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follows  

At least one successful defibrillation was obtained at an energy 
level greater than 24 Joules and or equal to 34 Joules  8  11   

Multiple inductions of VT were performed and successfully 
r6V6ftBd  WlbN  BA  608fgp l6V8I  Of  1 S JQU 88 Of  88   HQWSV8f   

induced VF was not successfully reverted by an energy level of 
less than or equal to 34 Joules  N  6   and 

Physician elected to terminate the procedure due to the 

patient s condition before inductions with the final implanted 
lead configuration were performed  N  3   

Table IK 2 provides a comparison of patient characteristics 

between patients who met the PCD  Transvene System 
implant criteria and those patients who did not meet the 
implant criteria but still received the PCS Transvene  

System  
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Not Meeting Criteria 

Number of Patients 543 214 

Mean Follow Up 12 3 months 10 1 months 

Male  
Female 

422  77 7   
121  22 35  

1 88  87 9   

26  12 1   

Mean Age 59 4 yrs 59 6 yrs 

Indication  
SCD 
VT 

SCDNT 

209  38 5   
278  51 2   
56  10 3   

72  33 6   
99  46 3   
43  20 1   

Cardiovascular History 
CAD 

Cardiomyopathy 

396  72 9   
173  31 9   

165  77 1   
65  30 4   

Mean EF  36 3  33 7  

NYHA Class 
I 
II 
III 
IV 

164  30 9   
278  52 4   

82  1 5 4   

7  1 3   

53  25 8   
1 14  56 6   

34  1 6 6   

4  2 0   

Number ON Drugs at Implant 

Number ON Amiodarone 

223  41   1    

78  14 4   

Statistically Signif cant  p   0 05  

97  45 3   

38  17 8   

Table IK 2  PCD  Transvene  System  Patients Meeting Implant Criteria vs 

Not Meeting Implant Criteria   Comparison of Pt Characteristics   

211 193 

Statistical analysis indicated three significant differences 
between these two patient groups   patient sex  indication 
for implant and mean ejection fraction  

Patients not meeting implant criteria had a statistically 
higher percentage of patients who were male  p  0 002   

This difference reflects that the majority of patients with 
coronary disease with concomitant life threatening 
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ventricular arrhythmias are males  

Analysis indicated the patients not meeting the implant 

criteria had a statistically higher percentage of patients 
whose primary indication for implant was sudden cardiac 

death associated with recurrent ventricular tachycardia 

 p  0 002   This difference reflects the physicians use of 

the PCS Transvene  System  

Finally  patients who did meet the implant criteria had a 

statistically lower mean ejection fraction  p   G OS423 which 

reflects a higher degree of underlying cardiovascular 

disease in these patients  

It should be noted  that none of these differences should be 

used as predictors for patients who should be screened for 

a PCS Transvene  System  

Implant data obtained in these two patient groups is 

presented in Table IK 3  As would be expected the 

patients not meeting the implant criteria had higher mean 

DFT and LED values when compared to the patients who 

did meet the implant criteria  However  the mean DFT 

 18 8J  and LED  19 5J  values obtained in patients not 
meeting  rnpJa0t rritaria nInviggerJ at Ie t a 1 Q JGUJe 

defibrillation safety margin between the successful energy 

and the maximum output of the PCS Device  34J  in 
nearly all  97 4   of the patients  
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543 214 

7 0 8 2 

Number of Configurations 2 0 2 7 

Mean DFT 13 4J 18 8J 

Mean LEO 1 4  8J 19 5J 

Implanted Lead System 

RV SVC SQ 
RV CS SQ 

RV CS SVC 

351  64 6   
1 59  29 3   

33  6 1   

145  67 8   
63  29 4   

6  2 8   

Efficacy of 1st Lead System 396  72 9   1 37  64 0   

Defibrillation Pathway 

Sequential 
Simultaneous 

Single 

41 4  75 7   

1 27  23 2   

6  1 1   

160  74 4   
51  23 7   

4  1 9   

Table IK 3  PCS Transvene System  Patients Not Meeting Implant Criteria versus 

Patients Meeting Implant Criteria   Comparison of Implant Data   211 93 
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In order to determine if the patient s not meeting implant 

criteria had higher risk for morbidity and mortality  

comparison of their clinical outcome was made with those 

patients who did meet the implant criteria  This 

comparison is provided in Table IK 4  

Implant Data 

Data Meeting Criteria Not Meeting Criteria 

Number of Patients 543 214 

Spontaneous VT Episode Efficacy 98 7  97 6  

Spontaneous VF Episode Efficacy 98 2  99 0  

Number of Patient Deaths 37 14 

Perioperative Mortality 0 7  0 5  

nay vear Survival  

Sudden Cardiac 
Non Sudden Cardiac 

All Cardiac 
Noncardiac 

Overall 

99 5  
95 8  
95 4  
98 5  
93 2  

99 5  
97 2  
96 7  
97 1  
93 5  

Table IK 4  PCD  Transvene  System  Patients Not Meeting Implant 
Criteria versus Patients Meeting Implant Criteria 
Comparison of Clinical Outcome   211193 

The two patient groups had similar efficacy in the 
treatment of spontaneous VT VF episodes  Importantly  in 
the patient population who did not meet the implant criteria 
there were no patients who experienced actual 
spontaneous VF episodes where all programmed PCD  
Device therapies failed to terminate the episode  

Five patients experienced 7 episodes in which the PCS 
Device was ineffective in terminating a spontaneous 
episode of VF despite delivery of all four programmed VF 
therapies  Three patients had 5 reported ineffective VF 
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spontaneous episodes that were due to sinus tachycardia 
or atrial fibrillation with rapid ventricular response rather 

than VF  Reprogramming and pharmacologic intervention 
resolved these problems  

Two patients experienced 2 episodes in which the PCS 

detected the episodes as VF but were actually episodes due 

t  axtr grrJjpgry r iver pm   cz pggc  Thy fgicg pgtiqpt ----------- 

had incessant episodes of fast VT  cycle length 280 ms  

----- ------ eventually resolved by drugs  The second patient 
--------- was in hospital and there was an episode of VF 

detected  However  the device was interrogated before 

termination of the episode was detected  There was 

external intervention associated with the terminal event  
The device was not interrogated again  

Eighteen patients experienced 68 episodes in which the 
PCS Device was ineffective in terminating a spontaneous 
episode of VT despite delivery of all four programmed VT 
therapies  Nine patients experienced 44 ineffective 

episodes that were due to sinus tachycardia or atrial 
fibrillation flutter  SVT  with a rapid ventricular response 
that had been detected as VT  These episodes were 
resolved with either modification of programmed 
parameters or of antiarrhythmic drug therapy  It should be 
noted that the PCD  Device responded appropriately based 
on the programmed detection parameters  

The remaining 24 episodes occurred in 8 patients in which 
the programmed VT therapies were ineffective in 
terminating a spontaneous VT episode  No patient deaths 
occurred as a result of ineffective VT therapy  
Reprogramming and pharmacologic intervention resolved 
these events  

There was no difference in the one year sudden cardiac 
survival or the overall survival in the two groups although 
follow up was shorter for patients not meeting implant 
criteria  10 1 vs 12 3 months   This indicates  that despite 
not meeting the implant criteria these patients were not at 
higher risk of sudden cardiac death  

Finally  the survival of patients receiving a PCS 
Transvene  System without meeting implant criteria 
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 N 214  was compared to patients receiving a PCD  

Epicardial System without meeting implant criteria  N   92   

This comparison is provided in Table IK 5  

veisus 

Number of Patients 2141757  28 5 la  921742  1 2 4   

Number of Deaths 14 17 

Sudden Cardiac 99 5  98 6  

Non Sudden Cardiac 97 2  98 8  

Noncardiac 97 1  97 3  

Overall  93 5  

Statistically Significant  p   0 05  

87 6  

Table IK 5  PCD  Transvene  System  Patients Not Meeting Implant 

Criteria   PCD Transvene System vs PCS Epicardial 

System   211193 

Though the PCS Transvene System had a higher 

incidence of patients not meeting implant criteria  28 5   
compared to the PCD  Epicardial System  12 4    there 

was no statistical difference in the sudden cardiac death 

p8tiBITl SUA IVGI  HGWBVBI  tll8 OV8f 34 SUfV VBt Gf p3ti8fitS 

not meeting implant criteria with the Transvene M System 

was significantly better  p  0 037  when compared to the 
PCS Epicardial System patients not meeting implant 

criteria  93 5  and 87 6   respectively  

The investigators felt in every case that the testing 

performed at the time of implant  though it did not meet 

the recommended implant criteria  did provide an adequate 
demonstration of device effectiveness and justified the 
implant of the PCD Transvene System  Finally  there have 
been no patients deaths secondary to unsuccessful 
termination of a spontaneous VT or VF episode in this 

patient population  
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K 3 Description of Patients Not Meeting Implant Criteria 

As noted previously  the patients not meeting implant 

criteria  N   214  were divided into three groups  1  

Successful defibrillation at an energy level of equal to or 

less than 24 Joules  79 4  of the patients    2  Difficult 

to induce VF  11 2  of the patients   and  3  Implant 

procedure terminated due to poor patient condition  9 4  

of the patients   These patient groups are reviewed in the 

following discussion  

Lowest Ener of Defibrillation   24 Joules 

There were 170 patients in whom the PCS Transvene 

System was implanted with a defibrillation safety margin of 

at least 10 Joules  Table IK 6 provides an overview of 

these patients clinical experience  

These data indicate that the final implanted PCS 

Transvene  System was evaluated and significant attempts 

were made to meet the recommended implant criteria  In 

most of these patients  79 4    a safety margin of 10 

Joules was obtained between the successful defibrillation 

energy  24 J or less  for ventricular fibrillation and the 

maximum output of the PCD Device  34 J   The 

investigators decided in certain circumstances that this was 

appropriate demonstration of device effectiveness and that 

the PCD  Transvene  System could be implanted  

Of these patients  159  93 5   have had VT or VF induced 

at a chronic follow up visit and in each case  VT or VF was 

successfully terminated by the PCD Transvene System  In 

addition  65 patients  38 2   have experienced a 

spontaneous VF episode with an overall efficacy of 99 4   

Thus  the clinical outcome in these patients was not 

adversely affected by not meeting implant criteria since 

their spontaneous VF episode efficacy was 99 4  and the 

one year sudden cardiac death actuarial survival was also 

99 4   The duration of follow up  however  is limited to 
an average of 9 7 months  
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170 

87 
58 
18 
7 

Overall Spontaneous VF Episode Efficacy 99 4  

One Year Survival  

Sudden Cardiac 
Overall 

99 4  
93 8  

Table IK 6  PCD  Transvene  System  Patients Not Meeting Implant 

Criteria with 314 Successes at   24 Joules Clinical 

Experience   211193 

Difficult to Induce VF 

There were 24 patients who did not meet the 

recommended PCD  Transvene  System implant criteria 

because at least three episodes of VF were not induced at 

the time of implant  Of these  15 patients had ventricular 

tachycardia induced and successfully reverted  The 

remaining 9 patients had ventricular flutter induced and 

successfully reverted  In all 24 patients  the lowest 

successful energy was equal to or less than 18 Joules  

The indication for implant was sudden cardiac death  SCD  
in 6 patients  25    recurrent ventricular tachycardia  VT  
in 13 patients  54 2   and sudden cardiac death 

associated with recurrent ventricular tachycardia  SCDIVT  
in 5  20 8   patients  Thus the majority of the patients  
75   had documented recurrent ventricular tachycardia as 

part of their ventricular tachyarrhythmia history  Eight of 

the these patients  33 0   were on ---------------  herapy 
which may have contributed to the inability to induce VF  

Of the 24 patients who did not meet the recommended 
PCD  Transvene  System implant criteria because at least 
three episodes of VF were not induced at the time of 
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implant  13 patients  54 2   have experienced a 

spontaneous VF episode and 21 patients  87 5   have had 

VT or VF induceci during a chrania folkrvv up  hi alt CGSBS  

VF was successfully reverted by the PCS Transvene  

System  

There has been one reported patient death --------- in this 

patient group  Since this patient died after one year  the 

one year sudden cardiac death and overall actuarial survival 

remains 100   

Patient Condition 

There were 20 patients in whom the implant procedure was 

terminated due to poor patient condition  These patients 
received a PCD  Transvene System without at least a 10 

Joule defibrillation safety margin  The implant 

circumstances of these patients is summarized as follows  

At least one successful defibrillation was obtained at an energy 

level greater than 24 Joules but less than 34 Joules  N 11 

patients   

Multiple inductions of VT were performed and successfully 

reverted with an energy level of 18 Joules or less  However  

induced VF was not successfully reverted by an energy level of 

less than or equal to 34 Joules  N  6 patients   and 

Physician elected to terminate the procedure due to the 

patient s condition before inductions with the final implanted 

lead configuration were performed  N 3 patients   

The mean ejection fraction of this group was 26 9   

indicating more severe underlying cardiovascular disease  

and may have contributed to the physicians decision to 

terminate the implant procedure prior to meeting implant 

criteria  This group had a mean of 6 8 VF inductions  2 2 

lead configurations evaluated and a mean duration of VT VF 

for the implant procedure of 220 total seconds  The 

circumstances of the implant procedures  mainly the 
duration of induced ventricular tachyarrhythmia and 
associated hemodynamic compromise  limited the number 
of inductions that could be performed and whether the 
recommended implant criteria could be met  

Of these 20 patients  VT or VF has been induced at a 

S48 

(b)(6)



QEGTRGNlC CONFlGEMYIAL 3   7 

chronic follow up visit in 16 patients  80   and in all cases 

successful defibrillation with the implanted PCS 

Transvene System was documented  

The overall spontaneous VF episode efficacy for this patient 

group was 96 0   However  examination of events 

indicated that one patient experienced atrial fibrillation that 

was detected as VF and in whom all four programmed VF 

therapies were ineffective  This patient s antiarrhythmic 

drug therapy was modified and there were no further 

reports of ineffective therapies  

Thus there have been no patients who have experienced an 

actual spontaneous VF episode where all four programmed 
VF therapies failed to terminate the episode  

There have been two reported patient deaths  Patient ID 

--------- which was classified as non sudden cardiac 
secondary to end stage heart failure and Patient ID -------- 
which was also classified as non sudden cardiac  The one 

year sudden cardiac death survival in this patient population 
is 100  while the overall one year survival was 85 5   
This lower overall one year survival may due to the lower 
mean ejection fraction of this patient group  

The clinical outcome in these twenty patients was not 
adversely affected by not meeting implant criteria since 
there was no reports of failure to terminate a spontaneous 
VF episode and the overall one year sudden cardiac death 
survival was 100   

Conclusion 

In conclusion  214 patients received the PCD  Transvene 
System despite not meeting the recommended implant 
criteria  These 214 patients are divided into the following 

91OUps  

successful defibrillation of VF at 24 Joules or less  170 214   

difficult to induce at least three episodes of VF at implant 

 24 214   and 

  worsening patient condition which prevented further inductions 

 20 21 4    
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It should be noted that 91    194 214  of the patients not 

meeting the recommended implant criteria had at least one 

successful termination of induced ventricular 

tachyarrhythmia  VT  VFlutter or VF  at 24 Joules or less  

L  Comparison to AICD System Experience 

L  1 Overview 

The current AICD Epicardial System is implanted only with 

a defibrillation lead system requiring a thoracotomy  The 

PCD  Transvene System allows the implantation of an 

implantable cardioverter defibrillator  ICD  system without 

the potential increased perioperative morbidity and mortality 

associated with a thoracotomy  This allows the application 

of ICD therapy in patients who may not otherwise be 

candidates for this type of therapy  Though the PCS 

Transvene  System will have complications and 

observations that are specific to the lead system  the 

overall performance should be at least equivalent to that 
reported with the current AICD Epicardial System  

Thjg ggr tigp ngn giQgc   r nggppgicgp nf thy Pl  Q  

Transvene  System clinical experience to that of the 

reported AICD Epicardial System clinical experience  The 
following areas will be discussed  

  Patient characteristics 
  Clinical performance 
  Survival analysis 

For purposes of comparison  the Ventak P Epicardial 
System patient population described in the Summary of 
Safety and Effectiveness Data  PMA Application Number 
P890061  dated May 2  1991 will be used  A copy of this 
summary was obtained through the Freedom of Information 
Act  

L 2 Comparison of Patient Characteristics 

In comparing the clinical experience with the PCD  
Transvene  System to the reported Ventak P Epicardial 
System clinical experience  it is important to determine that 
the patients who received the device are comparable  
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The characteristics of the patients receiving the PCS 

Transvene  System were compared to the characteristics 

of patients discussed in the Ventak P Summary of Safety 

and Effectiveness Data and are presented in Table IL 1  

There were no differences between the two patient groups  

Number of Patients 757 292 

Mean Follow Up Time 11 7 months 6 8 months 

  Males 
  Females 

610  81   

147  19   

231  79   
61  21    

I IVlean Age I 59 4 years 61 5 years 

Primary Indication  
SCD 
VT 

SCDNT 

281  37   

377  50   
99  13   

49  16   
169  59   
73  25e o  

Coronary Artery Disease 561  74   228  78   

Mean Ejection Fraction 35 6  34  

Drug Therapy at Implant 42  45 Q  

Concomitant Surgery 0  1 8 0  

Table IL 1  Comparison of Patient Characteristics  PCS versus Ventak P 211193 

The two patient groups are comparable in mean age and 
mean ejection fraction  Both groups had moderately 
depressed left ventricular function demonstrated by the 
mean ejection of 35 6  for the PCD  Transvene  System 

patient group and 34  for the Ventak P Epicardial System 

patient group  

Analysis indicated that no statistical differences between 
the PCD  Transvene System and Ventak P Epicardial 
System patient populations except in the category of 

patient indication  There are more patients that had Sudden 
Cardiac Death as the primary indication in the PCS 
Transvene  population than in the AICD population 
 p   0 001   

S51 



MEDTRONIC CONFIDENTIAL 820 

L 3 Comparison of Clinical Performance 

Areas of clinical performance that were compared were 

implant defibrillation thresholds  incidence of spontaneous 

VT VF events  incidence of complications and patient 
survival  These specific areas were selected in order to 

evaluate the system performance in the two patient 

populations  

Im lant Defibrillation Thresholds 

For the purposes of the PCS Transvene  System clinical 

study  determination of defibrillation threshold was not 

 TPafiGBtGf j  i iQW8V8f    8  pfBf8fF95 8 hQ5 
nf nVgJg3 ipg 

defibrillation efficacy was to determine the defibrillation 

threshold using a testing sequence of 18J  15J  10J  5J 

with a failure at any level causing a return to 18 J for the 

remaining attempts  For the purposes of this report a 

defibrillation threshold was defined as the energy at the 

lowest successful defibrillation attempt  provided a patient 
had a failure below their lowest defibrillation success or a 

success at  5J  The rhythm treated must have been VF to 

be included in the analysis  

It should be noted  that it was expected that the PCD  

Transvene  System would have a higher mean defibrillation 

threshold as compared to a traditional epicardial 

defibrillation lead system  In a epicardial system  the 

increased electrode surface area would theoretically 
decrease defibrillation requirements  

A total of 316 patients had a defibrillation threshold 

determined at the time of PCD  device implant  The mean 
defibrillation threshold  DFT  for all lead systems was 
14 8J  The recommendation for VF Therapy  1 is to 

program the stored energy to twice the implant DFT or 18 

Joules  whichever is greater  Thus an adequate defibrillation 
safety margin was provided when following the VF therapy 

programming recommendations  

In the Ventak P Epicardial System  the mean defibrillation 
threshold at implant was 13 4J  Thus the two systems had 
similar defibrillation thresholds at implant despite the fact 
that one system utilized an epicardial defibrillation lead 
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system while the other utilized a transvenous defibrillation 

lead system  

These data indicate that the PCS Transvene  System had 

comparable implant defibrillation threshold performance 
when compared to the reported Ventak P Epicardial System 

clinical experience  

Incidence of S ontaneous VT VF E isodes 

The incidence of spontaneous VT VF episodes in the 

Ventak P Epicardial System and PCS Transvene M System 

patient population was evaluated by utilizing the stored 

episode information provided by both devices  

In the Ventak P device  the total number of shocks 

delivered to the patient is provided via interrogation of the 

device  The PCS device provides information on the total 
number of VT and VF episodes detected by the PCD  

device and the total number of VT and VF episodes 

successfully treated by the PCD  device as well as the 
number of VT VF episodes where the PCS device was 
ineffective  In addition  the last 20 intervals of the last 
episode satisfying detection criteria along with the first 10 

intervals after the last therapy delivered are recorded by the 
device  These data assist the physician in evaluating the 
frequency of VTIVF episodes  the efficacy of the PCS 
device programmed parameters and the need for 
reprogramming  

In the Ventak P Epicardial System experience of 292 

patients with a mean follow up of 6  8 months  1 37 

 46 9   received a device countershock in response to a 
spontaneous ventricular tachyarrhythmia episode as defined 
by the Ventak P Device detection criteria  

In the PCD  Transvene  System experience of 757 patients 
with a mean follow up of 11 7 months  458 patients 
 60 5   have received device therapy in response to a 
spontaneous ventricular tachyarrhythmia episode as defined 
by the PCS Transvene  System detection criteria  

A total of 10027 spontaneous VT and 1982 spontaneous 
VF episodes have been recorded by the PCD  device 
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episode counters  Of the 9864 successfully treated 

spontaneous VT episodes  91 4  were treated with one of 

the programmed antitachycardia pacing therapies 

incorporated in the PCS device  The clinical benefit of 

tiered therapy is the reduction of delivery of high energy 

shocks for the treatment of stable recurrent ventricular 

tachycardia that may be responsive to antitachycardia 

pacing  

Incidence of Com lications 

Table IL 2 provides a comparison of reported complications 

and observations  The AICD clinical experience data is 
from the Winkle  et al Long Term Outcome with Automatic 
Implantable Cardioverter Defibrillator  JACC  May 1989  
13 6   135 161  This article was selected because it 

provides a detailed clinical complication experience on a 
large patient population   270 patients  Note that the 

percentage reported in the PCS Transvene  System 
includes both complications and observations  In the 
following table  the complications are reported for the 
categories of Fail to CardiovertlDefibrillate  Pocket 
infection  and Erosion  Observations are reported in the 
Inappropriate Problematic VT VF Therapy Delivery category  

PCS Transvene  System 

Comparison of Complication Observation Rates 
PCS versus AICD 

Category PCDS  AI CD  

Fail to CardiovertlDefibrillate 2 3  4 1  

Inappropriate Problematic 

VTNF Therapy Delivery 9 6   20  

Pocket Infection  explant  2 9  2 2  

Erosion 0 8  0 7  

Includes Observations only  there were no Complications in this category  

Table IL 2  Comparison of ComplicationlObservation Rates  PCS Transvene  

System vs AICD Epicardial System   211193 

The incidence of failure to cardiovert and or defibrillate was 
lower in the PCD  Transvene  System patient population  
The instances of failure to cardiovert and or defibrillate in 
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the PCD  Transvene System patient population were 

associated with increased defibrillation requirements during 
induced episodes  none of which resulted in patient death  

The failures to cardiovert defibrillate reported in the Winkle  
et al article were associated with patch dislodgement  

patch crinkling  lead conductor fracture and elevated 
defibrillation thresholds  

The incidence  of  inappr  priatelpr  b ematic VTIVF     erapy 

delivery was lower in the PCD  Transvene  System patient 
population  This is to be anticipated since the device 
iACGfpGMt88 iACt8p6Ad6iTtl y pAJgf8fAfAGR8  ttGA 

algorithms for VT and VF  The reasons for inappropriate 
VT VF therapy delivery included sinus tachycardia being 
detected as VT or VF and atrial fibrillation with rapid 
ventricular response being detected as VT or VF  

The overdetection circumstances reported in Winkle  et al 
were nonsustained VT  VT  sinus tachycardia  atrial 
fibrillation with rapid ventricular response  sensing lead 
fracture and pacemaker interaction  The patients with VT 
complained of receiving multiple shocks with limited or no 
symptoms  The incorporation of antitachycardia pacing in 
the PCD  device decreases the need for delivery of 
cardioversion shocks for the termination of stable VT and 
increases patient acceptance of ICD therapy  

In the Winkle  et al experience all patients with pocket 
infection had the devices explanted  In the PCD Transvene 
System experience  the incidence of device explant 
secondary to pocket infection was 3 2  which was 
comparable to Winkle s article  

Thus  the incidence of complications and observations was 
similar to that of the AICD Epicardial System in the 
categories of ineffective VTIVF therapies  infection 
requiring explant and erosion  The incidence of 
inappropriate delivery of therapy is lower in the PCD 
Transvene System experience than in the AICD Epicardial 
System experience  which is clinically significant  

This analysis indicates that the PCD  Transvene  System 
offers clinical advantages in reducing the need for a 

S55 

0 



MEDTRONIC CONFIDENTlAL 3   4 

thoracotomy for implantation and reducing the number of 

shocks due to successful antitachyarrhythmia pacing  

L 4 Comparison of One Year Actuarial Survival 

The Ventak P Epicardial System produced by Cardiac 
Pacemaker  Inc  has obtained market approval from the 

U S  FDA to date  While there are important differences in 

the function of the Ventak P Epicardial System and the 
PCS Transvene  System  there is a natural desire for 

comparison of the clinical outcome  particularly the impact 
of these devices on death rate  

A total of 51 deaths  6 7   were reported in the PCD  
Transvene  System patient population  Of the 35 cardiac 
deaths  30 were non sudden cardiac and 5 were sudden 
cardiac  Sixteen deaths were classified as noncardiac  Five 
of the 51 total deaths occurred within the perioperative 
period  death less than 30 days post implant  with a 
resultant perioperative mortality of 0 7   

In the Ventak P Epicardial System patient population a total 
of 19 deaths  6 5   were reported  Of the 12 cardiac 
deaths  4 were classified as sudden cardiac and 8 were 
classified as non sudden cardiac  Six of the deaths were 
classified as noncardiac and the cause of one was 
unknown  Eight of the deaths occurred within the 

perioperative period with a resultant perioperative mortality 
of 2 7   The PCD  Transvene  System population had a 
lower perioperative mortality  0 7  vs 2 7   p  0 006   

For purposes of this comparison  only the overall actuarial 
survivaI rate includes perioperative deaths  All other 
calculations in both the PCS Transvene  System and 
Ventak P Epicardial System group exclude perioperative 
deaths  

For the Ventak P Epicardial System  patient deaths were 
censored if the Ventak P device had been either electively 
deactivated for various reasons prior to the patient s death  
thus preventing the device from attempting to convert the 
arrhythmia or if the pulse generators were known to be 
nonfunctional and awaiting replacement  For purposes of 
this comparison  seven patient deaths were censored in the 
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PCS Transvene  System patient population because the 

devices were deactivated at the time of patient death  

This PCS Transvene  System sudden cardiac death 

survival of 99 7  at one year is comparable to that of the 

Ventak P Epicardial System sudden cardiac death survival 

rate of 98 6   More importantly  the overall one year 
actuarial survival for the PCD  Transvene  System was 

94 2  as compared to 90 8  for the Ventak P Epicardial 

System  This difference was primarily due to the 
improvement in the reported perioperative mortality in the 
PCD  Transvene System patient population   Note  
Confidence interval analysis was performed indicating that 
there was a statistical difference in the reported Overall 
mortality   

This comparison of actuarial survival rates indicates that 
the projected sudden cardiac death survival of patients 
receiving a PCS System patient population is comparable 
to that reported for the Ventak P Epicardial System  Thus  
the incorporation of programmable VTIVF detection and 
therapy algorithms has improved the type of therapy 
available for the treatment of recurrent VTIVF while 
maintaining the positive impact of ICD therapy on survival 
from sudden cardiac death  

In addition  the elimination of a surgical thoracotomy for 
implant in the PCD  Transvene  System has improved the 

perioperative mortality and overall one year survival when 
compared to the Ventak P Epicardial System  

M  Comparison to PCS Epicardial System Clinical Results 

The PCD  Epicardial System uses the same tiered therapy device 
that combines features of bradycardia support pacing  
antitachycardia pacing  low energy cardioversion as well as 
u6fi5f iHa i iQT i tt6f Bp   T   13 SpSXBfTi r re iAeQf pQf 8466 

programmability and multiple detection and therapeutic options 
that allows the titration of device therapy to a patient s specific 
clinical arrhythmia history  

The PCD  Epicardial System requires a thoracotomy for 
implantation because of the need to insert epicardial patch leads  
This exposes the patient to surgical risk and potentially limits the 
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type of patient who may be considered for implant of the system  

The need for a simpler and safer implantation technique is widely 

recognized  The incorporation of a nonthoracotomy lead system  

such as the PCS Transvene System  should decrease the 

potential perioperative and long term mortality and morbidity 

associated with current epicardial system implantation 
approaches  

The PCD  Epicardial System and PCD  Transvene System are 
identical except for the implanted defibrillation lead system  Thus  

the performance of the PCS device  associated support 
equipment  is similar in the two systems and therefore a 
comparison of clinical experience should focus on those areas 
where the implanted lead system may impact clinical outcome  

This section provides a comparison of the PCS Transvene 
System clinical experience to the reported PCD  Epicardial System 
clinical experience  The following areas will be discussed  

Patient characteristics 
Implant Data 

Spontaneous VTIVF Episode Efficacy 
Complications and Observations 
Survival analysis 

This analysis will show that the incorporation of a 
nonthoracotomy defibrillation lead system has maintained the type 
of therapy available for the treatment of recurrent VT VF and 
decreased the potential mortality and morbidity associated with 
epicardial implant approaches while maintaining the positive 
impact of ICD therapy on VTIVF episode efficacy and patient 
survival  

M 1 Comparison of Patient Characteristics 

In comparing the clinical experience with the PCD  
Transvene  System to the PCS Epicardial System clinical 
experience  it is important to determine that the patients 
who received the device are comparable  

Table IM 1 contains the characteristics of the 757 patients 
receiving the PCD  Transvene System versus the 
characteristics of the 742 patients who received the PCS 
Epicardial System as of 115193  
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Number of Patients 757 742 

11 7 months 16 3 months 

 a Males  
 le FemaIes 

610 80 6  
147 19 4  o 

637 85 8  

1 05 1 4 2  

Mean Age 59 4 years 58 6 years 

Primary Indication  

SCD 
VT 

SCDNT 

281 37 1  
377 49 8  
99 13 2  

214 28 8  
4Q5 54 6 lo 

123 16 6 lo 

Cardiovascular History 

Coronary Artery Disease 
Cardiomyopathy 

561 74 1  

238 13 1  
569 76 7  
222 29 9  

Mean Ejection Fraction 35 6  34 0  

Number of Drugs Failed  2 3 3 0 

Statistically Significant 

Table IM 1  Comparison of Patient Characteristics  PCS Transvene  System 
versus PCS Epicardial System   211193 

Both groups had moderately depressed left ventricular 
function demonstrated by the mean ejection of 35 6  for 
the PCD  Transvene  System patient group and 34 0  for 
the PCD  Epicardial patient group  

Analysis indicated that the PCS Transvene  System 

patient population had a higher percentage of patients 
whose indication for implant was sudden cardiac death  p   

0 002  and higher percentage of females  p  0 007   It is 
not expected that these differences will result in a different 
clinical outcome in the PCD  Transvene  System patient 
population as compared to the PCD  Epicardial System  
This difference in patient indication is a reflection of the 

physicians use of the PCS Transvene System  

It is interesting to note  that there was a statistical 
difference in the number of antiarrhythmic drugs tested 
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between the two patient groups  p 0 001   The PCS 
Transvene  System patient group failed a mean of 2 3 
antiarrhythmic drugs prior to implant while the PCS 
Epicardial System patient group failed a mean of 3 0 
antiarrhythmic drugs  This difference is a reflection of the 
differences in the indications for implant between the two 

patient groups  The PCS Transvene  System patient 
group had a higher incidence of patients whose primary 
indication for implant was sudden cardiac death  These 

patients have a higher probability of having experienced a 
sudden cardiac death episode but were non inducible during 
electrophysiologic testing so that drug testing was not 
feasible  

M 2 Implant Data Comparison 

In both systems  lead system testing was performed to 
verify that one of the specified lead systems was capable 
of properly detecting and treating episodes of ventricular 
fibrillation and  when appropriate ventricular tachycardia  
This testing included pacing and sensing thresholds during 
sinus rhythm  evaluation of VF electrogram amplitudes and 
defibrillation efficacy evaluation  The implant criteria for 
both systems was identical and were  

1  Successful VF termination at least 3 times in 4 attempts with 
an output energy of 18 Joules or less and 

2  At least a 2 1 VF sensing safety margin 

Pace Sense Performance 

In both the PCD  Transvene and PCD  Epicardial Systems  
sensing is performed in a standard bipolar configuration and 
pacing is performed in the integrated bipolar configuration  
The pace sense implant criteria for both systems was  

Pacing Threshold  
R Wave Amplitude  
Slew Rate  
Resistance  

  1 5V   0 5 ms 
  5mV 
  0 75 volt sec 
200   880 ohms 

Table IM 2 provides a comparison of the mean pace sense 
values obtained at the time of implant for the PCS 
Transvene and Epicardial Systems  It should be noted 
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that the pace sense values presented for the PCS 
Epicardial System are for the ModeI 7217B PCS Device  

Pacing Threshold  0 87 V 

 0  1  3  6V  
0 98 V 

 0 2 5 3 V  

R Wave Amplitude  14 2 mV 

 1 3 32 mV  
13 5 mV 

 2 2 37 2 mV  

Slew Rate  1 66 vlS 

 0 25 9 8 vlS  
1 38 vlS 

 0 1 5 7 2 vlS  

Resistance  575 ohms 

 264 1381 ohms  

Statistically Significant 

438 ohms 

 1 57 1 206  

Table IM 2  PCS Transvene System  Comparison of Implant Pace Sense 
Parameters   211193 

The implant pace sense parameters obtained for the PCD  
Transvene System indicates that the lead system provided 
adequate pacing and safety margins  There was a 
statistically significant difference in all of the implant 

pace sense parameters  p  0 001   This is anticipated 
because endocardial pace sense parameters are better than 
epicardial values for bradycardia pacing electrode systems  
This difference has no clinical impact on the pacing and 
sensing performance of the PCS Transvene  System  

EIK LI Vgf Bf i i Ri ipHtUG8S W6f6 BVatUatBG at fOHQ vV Up 

evaluations of both systems to evaluate the performance of 
the pace sense lead system and assure adequate safety 
margin for detection of both baseline rhythms and 
ventricular tachyarrhythmias  In addition  pacing thresholds 
were also evaluated at follow up evaluations to assure an 
adequate safety margin for capture during both bradycardia 
and antitachycardia pacing therapies  A comparison of the 
chronic pace sense performance for the two systems is 
presented in Table IM 3  It should be noted that there was 
no statistical difference in the chronic pace sense 
performance of the two systems  
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10 0 mV 
 0 5   25 mV  

9 5 mV 

 0 5   40 Alv  

0 24 ms 

 0 03 1 59 ms  
0 24 ms 

 0 03 1 59 ms  

Table IM 3  PCS Transvene  System  Comparison of Chronic Pace Sense 

Parameters   211 93 

The incidence of loss of capture requiring lead system 
modification in the PCD  Transvene System was 0 8  
while the incidence in the PCS Epicardial System was 
2 0   There were no reports of undersensing requiring 
lead modification in the PCS Transvene  System while the 
  cadence n the PCD  Enicardial System veal 0 8    

This comparison of implant and chronic pace sense data 

performance indicates that the performance of the PCD  
Transvene System is similar to that reported with the 
PCD  Epicardial System  The PCD  Transvene System 

provides appropriate acute and chronic safety margins for 
sensing of sinus rhythm and ventricular tachyarrhythmia as 
well as appropriate safety margins for pacing therapy  

1m lant Defibriilation Thresholds 

For the purposes of both systems  determination of 
defibrillation threshold was not mandatory  However  the 

preferred method of evaluating defibrillation efficacy was to 
determine the defibrillation threshold using a testing 
sequence of 18J  15J  10J  5J with a failure at any level 
causing a return to 18 J for the remaining attempts  

A defibrillation threshold was defined as the energy at the 
lowest successful defibrillation attempt  provided a patient 
had a failure below their lowest defibrillation success or a 
success at   5J  The rhythm treated must have been VF 
to be included in the analysis  
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Table IM 4 provides a comparison of defibrillation 

thresholds determined at implant for the PCS Transvene  

and PCS Epicardial Systems  

1 4  8J 

9 8J 

Statistically Significant  p   0 05  

Table IM 4  PCS Transvene  System  Comparison of Implant DFT   211193 

The PCD  Transvene  System did have a significantly 
higher mean implant defibrillation threshold  p 0 0001   
It should be noted  that it was expected that the PCS 
Transvene System would have a higher mean defibrillation 
threshold as compared to a traditional epicardial 
defibrillation lead system  In a traditional epicardial system  
the increased electrode surface area would theoretically 
decrease defibrillation requirements  

The programmed defibrillation pathways for the two patient 
populations is presented in Table IM 5  The implanted PCD  
Transvene  Systems are almost exclusively three lead 
systems and this explains the decreased use of SINGLE 

pathway  The use of SIMULTANEOUS pathway is higher 
in the PCD  Transvene System and indicates that in a 

group of patients the incorporation of multiple defibrillation 

pathways allowed an increase in the ability to meet the 
PCD  Transvene System implant criteria  Most of the 
PCD  Epicardial System implants used a two patch system 
resulting in the increased use of the SINGLE pathway  
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574  75 3   251  33 0   

Simultaneous 1 78  23 4   14  1 8   

Single 10  1 3   496  65 2   

Table IM 5  PCS Transvene  System  Comparison of Programmed Defibrillation 

Pathway   211193 

The differences in the programmed status of the PCS 

device in the PCS Transvene   System are a reflection of 

the type of patients who received the device and the 

defibrillation energy requirements for each lead system  It 

is important to note that the PCS device performed safely 

and effectively in both patient populations  

M 3 Spontaneous VTIVF Episodes Efficacy Comparison 

center on the detection and termination of life threatening 

ventricular tachyarrhythmias  An additional benefit of the 

PCD  Transvene  System is the elimination of the need for 

a thoracotomy for implantation of the defibrillation lead 

system and the resultant decrease in potential patient 
morbidity and mortality associated with a thoracotomy  
This clinical benefit should not be gained at the expense of 

providing effective termination of spontaneous VT and VF 

episodes  Table IM 6 provides a comparison of the efficacy 

of the PCD  Transvene and PCD  Epicardial System in 
treating spontaneous episodes of VT and VF  
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11 7 months 16 3 months 

Number of Episodes 10 027 20 061 

98 4  98 3  

 to Unsuccessful Termination 0 7  1 0  

PCS Transvene System PCS Epicardial System 

Mean Follow Up 11 7 months 16 3 months 

Number of Episodes 1982 2 36 

  Overall Efficacy 98 4  98 7  

la Unsuccessful Termination 0 3  0 5 le 

Table IM 6  PCS Transvene System  Comparison of Spontaneous VTIVF Episode 
Efficacy   211 93 

The overall success rate of the PCS Transvene  System 
in terminating spontaneous episodes of VT or VF is 98 5   
In addition  there have been no reported patient deaths due 
to ineffective termination of a spontaneous VTIVF episode  
This success rate compares very favorably with the overall 
success rate of the PCD  Epicardial System which was 
98 4   Therefore  the PCDo Transvene  System offers 
the potential of decreased patient morbidity and mortality 
without decreasing the treatment efficacy of spontaneous 
VT VF episodes  
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M 4 Incidence of Complications Observations 

A comparison of the reported complications and 

observations was made between the PCS Transvene 

System and the PCS Epicardial System  The PCS 

Epicardial System patient population used for comparison 

included clinical experience as of January 5  1992 with 

742 patients and a mean implant duration of 16 3 months  

These two patient groups are similar in the patient 
demographics and indication for implant of the PCS 

System  In the PCS Transvene  System patient 
population  19 4  of the patients experienced a clinical 

complication and 23 8  of the patients experienced a 

clinical observation  In the PCD  Epicardial System  14 2  

of the patients experienced a clinical complication and 

32 9  of the patients experienced a clinical observation  

Table IM 7 and IM 8 provide a comparison of the reported 
CGITTpllCGOGITS OI358A GtiGAh 8fTd ttTRT iAii 68 iA Lrr6 tVVQ 

patient populations  

PCS Transvene System 

PCS Transvene System versus PCD  Epicardial System 
Reported Complications 

Reported Complications 

Increased Defibrillation 

PCS Transvene  System 

 N  757  

1 2  
Requirements 

PCS Epicardial System 

 N  742  

0 5  

Inappropriate Therapy 2 2  

Pace Sense Related 0 8  3 5  

Infection Related   Explant 2 9  2 3  

Lead Related 15 1  2 8  

Device Related 0 5  0 9  

Table IM 7  Reported Complications  PCD  Transvene  System versus PCD  
Epicardial System   211 193 
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Ineffective Therapy 1 1  1 1  

Inappropriate Therapy 9 6  13 6  

Pace Sense Related 9 0  14 0  

Infection Related 5 3  2 5  

Lead Related 2 3  1 2  o 

Device Related 

Table IM 8  Reported Observations  PCD  Transvene System versus PCD  
Epicardial System   211 193 

M 5 Survival Analysis Comparison 

Despite their excellent clinical performance  epicardial 
defibrillation lead system have important limitations  The 
requirement for direct thoracic access contributes 
significantly to patient morbidity and mortality  patient 
discomfort and prolonged hospitalization  The availability 
of reliable nonthoracotomy lead systems should provide 
positive clinical impact on these issues while not negatively 
impacting patient survival  Therefore  a comparison of the 
one year actuarial survival rates for the PCD  Transvene  
and Epicardial System was performed  

Table IM 9 provides a summary of the patient deaths 
reported in the two patient populations by classification  As 
a reference  the mean follow up time for the PCS 
Transvene System patient population was 11 7 months 
while for the PCD  Epicardial System it was 16 3 months  
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5 24 

Non Sudden Cardiac 30 54 

35 78 

Noncardiac 16 34 

TOTAL 51 112 

Table IM 9  Death Classifications  PCS Transvene System versus PCS Epicardial 
System   211193 

Table IM 10 provides a comparison of actuarial survival 

patient populations  The actuarial survival projections 
include perioperative deaths only in the calculation of 
survival from death due to all causes  shown in table row 
labelled Overall   Perioperative mortality includes those 
deaths which occur in the first thirty days post implant of 
the PCS System  

PCS Transvene System 

Comparison of Actuarial Survival 
PCS Transvene System versus PCS Epicardial System 

One Year Survival PCS Transvene System PCS Epicardial System --- 
------- 

Number of Patients 757 742 

Sudden Cardiac 99 5  98 9  ---- --- 

Non Sudden Cardiac 96 2  96 7  ------- 

All Cardiac 95 8  95 7  ------- 

Noncardiac 98 1  

Overall  93 3  

-------------- ------------- -- - ------ 

98 0  

88  6  

------- 

------- 

Table IM 10  Comparison of Actuarial Survival  PCS Transvene  System versus 
PCD Epicardial System   211193 
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There was a significant increase in overall survival in the 

patients receiving a PCS Transvene System   As 

previously noted  the Overall one year actuarial survival 
includes death from all causes  The overall one year 
survival for patients receiving the PCS Transvene  System 
was 93 3   This is significantly improved as compared to 

the overall one year actuarial survival for the PCD  
Epicardial System  88 6   --- --------- This improvement 
in overall survival is primarily due to the marked 
improvement in perioperative mortality  the PCD  
Transvene  System having a 0 7   5 757  perioperative 
mortality versus the a perioperative mortality of 5 3  

 39 742  in the PCS Epicardial System  This improvement 
in perioperative mortality is primarily due to the elimination 
of the need for a thoracotomy and its associated morbidity 
and mortality  

N  PCS System Performance 

N 1 PCS Device 

Devices implanted for the treatment of recurrent ventricular 
tachyarrhythmias should perform safely and reliably in the 
indicated patient population  Device longevity  ventricular 
t8i 8fffTythffH3 d8tBCtlUiT  tITBf8py pBffGfA18ftCB  BAd 

analysis of explanted devices were evaluated to assess the 

performance of the PCD  Device  

Extended longevity of implantable cardioverter defibrillators 
should decrease the number of device replacements a given 
patient would experience over their lifetime and decrease 
unnecessary patient morbidity  Thus  the PCD  Device 
longevity  which is monitored utilizing battery voltage and 
charge time obtained via telemetry  was analyzed  The 
PCS Device longevity data collected is consistent with the 
longevity projections  

The combined experience of induced and spontaneous 
VTIVF episode experience has shown that the PCD  Device 
VTIVF detection and therapies have performed safely and 
according to design specifications when required to treat 
induced and spontaneous VTIVF episodes  

There have been a total of 58 devices explanted  Reasons 
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for explant were patient death  23   infection  22   cardiac 
transplant  9   low battery voltage  1  and PCD Device 

performance issues  3   The analysis of the device that 
was explanted due to lower than expected battery voltage 
indicated that the decreased battery voltage measurement 
was due to hermetic leakage at the input to one of the 
integrated circuits and this affected the battery indicator 
circuit only and de not atlect the critical functions oi the 
device  This leads to a voltage drop across a resistor 
where the voltage measurement is taken  Analysis 
indicated that the battery was performing to specifications 
and the hermetic leakage was a random event  Analysis of 
the other three devices indicated that two were due to 
random component failure and one due to shorting on Pulse 
2 output  Thus  arcing occurred between the conductors 
inside the hermetically enclosed brazed ring of the high 

power hybrid  As a result  high voltage was momentarily 
applied to the low power circuitry  including the low power 
hybrid  This low power hybrid lost function including the 
capability to pace and transmit telemetry due to excessive 
voltage applied  Since this is the only device that exhibited 
this type of failure in the field and the hybrid manufacturina 

process has demonstrated that it will screen out infant 
mortality  this failure was assumed to be a random 
component failure  

Based on the clinical data collected  the PCD  Device has 

performed safely and reliably in the indicated patient 
population  

N 2 Transvene  Lead Performance 

The Transvene Lead System consists of a Right 
Ventricular Lead  a Coronary Sinus Superior Vena Cava 
lead  and a Subcutaneous Patch lead  There have been a 
total of 7S7 Right Ventricular leads  15 with the SP2100 
and 742 with the Model 688416966   796 Coronary 
Sinus Superior Vena Cava leads  Model 688116963   and 
718 Subcutaneous Patch leads  Models 689511031716999  
implanted with a cumulative implant duration of 8894 8 
months  The reported incidence of conductor coil fracture 
is 0 5   4 757   

Based on the clinical data collected  the Transvene  leads 
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have peiformed safely and reliably  

O  Summary 

The overall clinical experience with the PCS Transvene System 

indicates that the system performed according to design and 

specification  The reported clinical complications and patient 
deaths are appropriately addressed in the required labelling for the 

system and the patient selection criteria for implant of the device 
is appropriate  

The following can be drawn from this analysis of the data 
collected in this clinical study  

Patient Deaths 

  The projected one year survival probabilities for Sudden 
Cardiac Death  Non Sudden Cardiac Death  all Cardiac 
Deaths and Noncardiac Death were found to be 99 5   
96 2   95 8   and 98 1   respectively  

The incorporation of programmable VTIVF detection and 
therapies has improved the type of therapy available for the 
treatment of recurrent VTIVF while maintaining the positive 
impact of ICD therapy on survival from sudden cardiac 
death  

  The sudden cardiac death survival of 99 5  at one year is 
comparable to that of the AICD patient population 98 0   

  There have been no deaths due to a PCS Device 
malfunction  

Complications Observations 

  Complications were reported in 19 4  of the patient 
population and observations were reported in 23 8  of the 
patient population  

  The incidence of complications was comparable to that of 
the market released AICD system in the categories of 
ineffective VT VF therapy  pocket infection  and pocket 
erosion and was lower than the AICD in the category of 
inappropriate delivery of VT VF therapy  
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Patient Indications 

  All of the patients entered into this clinical evaluation met 

at least one of the primary indications  Sudden cardiac 

death  SCD  was the primary indication in 37 1  of the 

patients  recurrent ventricular tachycardia  VT  was the 

primary indication in 49 8   of the patients and SCD VT 
was the primary indication in 13 1  of the patients  

  The number of patients  60 5   receiving VTIVF therapy 
for spontaneous episodes of ventricular arrhythmias 
supports the conclusion that the patient selection criteria 

are appropriate and that the PCS Transvene  System was 
implanted in patients who benefit from this therapy  

  The one year sudden cardiac death survival rates for the 
SCD patient group was 100 0   for the VT patient group 
99 4  and the SCDIVT patient group 98 6   

VTIVF Detection and Therapy Performance 

  The PCD  Transvene  System properly detects and treats 
VT as demonstrated by the spontaneous episode data  The 
overall success rate for detection and treatment of 
spontaneous VT was 98 4   

The PCD  Transvene  System properly detects and treats 
VF as demonstrated by the spontaneous episode data  The 
overall success rate for detection and treatment of 
spontaneous VF was 98 4   

There were no reported patient deaths due to the 
nondetection of a spontaneous VT or VF episode by the 
PCD  Transvene System  

PCD  Transvene  System Performance 

  The PCD  Transvene System components  Model 
7216A17217B and Model 6884 6966  688116963  
689516999 Transvene  leads  have performed according to 
design and specification and are  therefore  considered safe 
and effective in the indicated patient population  

S72 



MEDTRONIC CONFIDENTIAL 
84 3 

P  ClinicaI Experience Summary Conclusions 

The PCD  Transvene M System is a tiered therapy device which 

combines features of bradycardia pacing support  antitachycardia 

pacing  low energy cardioversion as well as defibrillation therapy  

The incorporation of these features has allowed the physician to 

titrate the ICD therapy to meet specific patient clinical needs  

allowed fewer shocks to be delivered for recurrent ventricular 

tachycardia because of antitachycardia pacing features  allowed 

fewer cases of inappropriate therapy delivery due to 

programmable detection and allowed a sudden cardiac death 

survival rate identical to the Ventak P Epicardial System  

The PCD  Transvene  System  due to the elimination of the need 

for a thoracotomy  has provided a marked improvement in both 

the perioperative and overall patient mortality as compared to the 

PCD  Epicardial System  In addition  due to the decreased 

perioperative morbidity and mortality  the post implant hospital 

stay has been decreased to a mean of 7 6 days as opposed to a 

mean of 10 6 days  p  0 001  for the PCD  Epicardial System  

Medtronic asserts and the PCS Transvene  investigators 

unanimously agree that the findings of the clinical study support 

the conclusion that the Medtronic Tachyarrhythmia Control 

System and the Transvene Cardioversion and Defibrillation 
Electrodes are safe and effective in the indicated patient 

population  
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MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File 4 P920015 Amendment 
Subject  Transvene Lead System 
Date  June 3  1993 
Office  DCRND ODE 

The manufacturer submitted the referenced amendment to inform us 

of a case of  cosmetic  metal ion oxidation  MIO   The MIO was 

found on the Model 6884  comparable to Model 6966  Transvene RV 

lead explanted from a patient who underwent a heart transplant  

According to the manufacturer  the presence of MIO on the middle 

insulation is not  entirely unexpected  It  was stated that if the 

middle insulation completely degrades  shorting the sensing 

ring   then an integrated bipolar sensing system would result 

 sensing would occur between the unipolar pacing tip and the 

common defibrillation electrade instead of true bipolar  sensing 
between the pace sense tip and the ring electrodes   Hovever  if 

the innermost insulation degrades and the pacing tip electrode is 

shorted  intermittent sensing could result  This type of 

behavior such as intermittent sensing  oversensing  undersensing  

etc  could be detected at the follow up intervals  

Consultation and the review of the issue in the referenced 
amend------- --- --- ll as previous IDE supplements  have taken place 
with ------ ------- Due to the failure of the Nedtronic  Inc  brady 

leads which employ the platinum sputtering process as the Model 

6966 and 6884 leads  she is very concerned  In past reviews  we 

have requested that the manufacturer institute long term testing 

to asses the MIG problem  

The monthly report of all observat ions and complications  as 

referenced in our letter regarding the IDE expansi on  was 

requested  In addition  the following concerns were conveyed to 

the manufacturer  

1  The differences between the Model ------ and the Model 6966 

Transvene lea----  The Model 6884 ----- connector size and the 

Model 6966   ---- connector size   ----- number of leads 
explanted to date and the MIO and environmental stress 
cracking  ESC  noted   As of 150 explants  there was no 

evidence of NIO   

2  To date  how many patients have received the Transvene lead 
System  How many patients have been implanted for 2 years 
and greater   at least 50  What is the compliance to 
follow up of these patients   Compliance to follow up 98 to 

99 percent   Update on clinical experience  lead related 
complications  first shock VT VF efficacy  survival rates  

(b)(6)

(b)(4)
(b)(4)
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etc  Are there patients with a dilated RV counted in the 

group followed for 2 years or more  At what intervals were 

the complications noted  

3  A descript ion of the expected failure mechanism of the 

leads  In the referenced case  evidence of MIO was noted at 

2 years  NIO visible on the innermost insulation and the 

middle insulation   What is considered the life expectancy 

of the leads void of signs of MIO  What is the projected 
rate of progression  Are their studies to confirm these 

speculations  

4  Based upon the review of the requested data  the protocol 
and testing at follow up might need to be modified to 

include the following  x rays or fluoroscopy when there are 

recurring and or suspect lead complications or observations 

and periodically at preset intervals  

5  Regarding the patient whose lead was explanted  

a  When were the 6 spontaneous VT VF shocks delivered  

Was the system interrogated after explant   This was 

the implant  history   

b  Was there more damage noted on the innermost  or middle 

insulation  

c  What were the lead impedance and threshold 
measurements  

d  Explain how the patient  s dilated RV contributed to the 

NIO noted  

The occurrence of NIO noted upon explant of the Model 6966 leads 

and its significance will be brought to the attention of the 

Panel  

The manufacturer agreed to provide answers to the above questions 
and additional supporting data in the Panel volumes  

3 
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Re  Transvene  Lead System  PMA Amendment 

 Document Control Number P920015 p zlzz  

li 

The purpose of this submission is to provide a follow up report detailing the 

analysis of an explanted Model 6884 right ventricular  transvenous lead  as 

described in the March 26  1993 PMA amendment  The follow up analysis is 

provided in Attachment 1  For reference  a copy of the relevant information 

provided on March 26 is also enclosed in this submission as Appendix A  

The existence of the PMA Amendment and the data and other information it 

contains are confidential  and the protection afforded to such confidential 

information by 18 USC 1905 and other applicable laws is hereby claimed  

Three copies of this PMA amendment are provided  Should additional 

information be required by the Agency  please contact the undersigned  

Sincerely yours  

MEDTRONIC  INC  

    1 
Jennifer M  Marrone 

Manager  Regulatory Affairs 

Cardiac Pacing Business 

 612  574 4688 

 612  574 6424 FAX 
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ATTACHMENT 1 

A Model 6884  screw in  right ventricular  pace sense  cardioversionl 
defibrillation lead was returned to Medtronic 27 months post implant  The lead 
was returned to Medtronic following explant from a patient that was 
undergoing a heart lung transplant  Note that the lead had been fully functional 
while implanted and was found to be fully functional upon explant  

Upon undergoing further analysis at Medtronic  some MIO  metal ion oxidation  
was observed on the lumen of the middle insulation approximately 20 cm 
proximal of the pacing tip electrode  and on the outside of the inner insulation  
The MIO was further characterized to be  cosmetic  

in that it had not 
functionally affected the lead in any way  Cosmetic MIO is defined as any 
crack that has not breached the insulation  

Initial analysis indicated that the presence of the MIO was in the clavicular 
region of the body  i e   the location  20 cm proximal of the tip  would be in the 
first rib clavicle region of a small adult  There was no evidence  however  of 
conductor coil fracture and the lead was fully functional  Given the Model 
6884 lead is generally implanted via subclavian vein insertion  this type of 
observation may occasionally be expected  However  subsequent analysis of 
the patient X rays showed that the area of MIO was actually in the right 
ventricle  The patient s right ventricle was extremely dilated  secondary to 
pulmonary hypertension  Therefore  20 cm from the proximal tip electrode 
located the area of MIO at the point of maximum curvature of the lead  in the 
right ventricle  rather than in the clavicular region  

Detailed Anal sis Results 

Visual Microscopic 

Shallow  cosmetic  environmental stress cracking  ESC  was visible  No coil 
deformation was visible in the first rib clavicle region  Possible MIO was visible 
20 cm proximal of the electrode tip extending approximately 0 5 cm on the 
middle insulation  Possible MIO was also visible on the innermost insulation 
starting at 19 3 cm proximal of the electrode tip and extending 5 4 cm 
proximally  

Scanning Electron Microscopy 

MIO was observed on the lumen of the middle insulation and on the outside of 
the innermost insulation  The MIO penetration was less than five percent of 
the insulation wall thickness  In addition to the insulation  both the middle and 
inner coils were evaluated up to 2500 times magnification  There were no 
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anomalies apparent on the inside or outside of the middle coil in the region of 
the MIO  The innermost coil showed no signs of crush or fatigue in the region 
of the MIO  

FTIR ATR 

FTIR spectra were obtained for a control area  no MIO  of the inner tubing and 
the cracked area of the tubing  Relative ratios of key bonds were calculated 
using the absorption intensities  These ratios indicated that the ether segments 
were oxidized in the polyurethane  which is characteristic of MIO  In addition  
peaks appeared  indicative of carboxylic acids or esters  oxidation byproducts   

Discussion 

Contrary to the initial dimensional analysis of this lead that indicated the area 
of MIO was located to the clavicular region of implant  review of the patient s 
X rays revealed that the heart was significantly enlarged due to the advanced 
disease state  Subsequently  a significant portion of the insulated lead body 
was located in the heart  including the portion with cosmetic MIO  Typically  
20 cm proximal of the tip electrode approximates the clavicular region  

Consistent with our previous analysis of MIO relative to the 6884 6966 lead  
the observed MIO did not  in any way  affect the clinical performance of this 
lead  Patient data analysis shows that the implanted lead system  inclusive of 
the 6884 lead  performed appropriately  Of six spontaneous VTIVF episodes 
reported  4VT12VF   all were appropriately detected and treated via the 
implanted PCD Transvene system 

In addition  the presence of MIO on the middle insulation is not entirely 
unexpected  reference February 18  1993  MedtroniclFDA meeting   If the 
middle insulation had been degraded to the point of electrically shorting the 
sensing ring  middle conductor coil  to the common defibrillation electrode 
 middle coil   an integrated bipolar sensing system would  in essence  be 
created  In this type of system  sensing occurs between the unipolar pacing 
tip and the common defibrillation electrode  versus standard  or true  bipolar 
sensing between the pace sense tip and ---- ----- ------------- - his type of 
sensing system is identical to the ----- ---------- ----------------- as well as 
Medtronic s earlier design of a Transvene RV lead  i e   the Model SP2100  
These types of integrated systems have been shown to be clinically acceptable  
Note that canine testing of a shorted  RV cardioversionldefibrillation lead  
indicated that this type of failure does not result in the lack of therapy delivery 

If the innermost insulation had degraded such that the pacing tip electrode 
shorted  this could manifest as intermittent sensing of the brady pace sense 
function of the lead  This type of anomalous system performance is expected 
to be observed at follow up sessions  given the frequent monitoring of patients 

(b)(4)
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 every three months  or as necessary when the patient experiences VT VF 
episodes or anything unusual  Similar to brady pacing patients  problems 
related to pace sense performance are typically observed at the time of follow 
up  pace sense threshold measurements are standard follow up procedure for 
both brady and tachy lead systems  and or when the patient reports to his her 
physician for any unusual events  e g   intermittent pacinglsensing  

The extensive dilatation of the right ventricle in which this lead was implanted 
resulted in a large portion of insulated lead body being in the right ventricle  as 
opposed to primarily just the cardioversionldefibrillation electrode coil  
Subsequently  this lead may have been subject to more flexing in the heart than 
what is typical for the RV lead  Note  this was demonstrated in the videotape 
that was presented to FDA at the February 18  1993  Medtronic FDA meeting  

Clinical data from brady pacing leads indicates that the portion of the lead 
subject to the flexing motion in the heart may be related to the occurrence of 
MIO in brady lead bodies  Brady pacing leads  proximal to the tip ring 
electrodes are subject to more flexing motion  relative to a 
cardioversionldefibrillation RV lead  while contained in the heart  On the other 
hand  cardioversionldefibrillation leads  like the 688416966  are comprised of 
a comparatively stiff portion proximal to the tip ring electrode  This length of 
defibrillation electrode  5 cm  appears to flex less than a typical brady pacing lead while in the heart  as a result of greater stiffness  However  in the 
extremely hypertrophic heart  as was the case with this particular RV lead  the 
lead may be subject to more flexing  similar to that of a brady pacing lead  

Conclusions 

As noted  Medtronic cannot assure that MIO  or other lead failure mechanisms 
will not occur in the 688416966 lead  However  one should consider the actual 
benefits of the lead versus the potential for MIO occurrence  Specifically  
clinical data to date for the Transvene system show that one year actuarial 
survival from SCD is 99 5 percent and the average hospital stay for Transvene 
implant is only seven days  versus ten for an epicardial system    Regarding 
the potential for MIO occurrence  analysis shows this would result in a bipolar 
integrated sensing system  or in an intermittent pace sense system  Integrated 
sensing has been shown to be clinically acceptable  and intermittent 
pacing sensing is assessed as part of standard follow up p roced ures  
Additionally  with postmarket surveillance mechanisms in place  such as 
returned product analysis and chronic lead monitoring  Medtronic is well 
positioned to appropriately evaluate and manage potential failure mechanisms 
of implantable cardiac leads  We are committed to these s rve l arce  
mechanisms in the interest of delivering optimal implantable technology 
products to the health care market  

Values are lower than those reported February 1993 due to increased follow up data  
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APPENDIX A 

 from March 26  1993 PIVIA Amendment  

Response to deficiency  36  
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36  ln light of the failure of your platinum sputtered polyurethane bradycardia 

pacing leads  and since the Transvene lead Model 6966 is also a 

platinum sputtered polyurethane lead  please provide documentatiori 
regarding the failure mechanism of the pacing leads and all relevant 
information pertaining to these cases  How can we be assured that the 
failure may be restricted to the bradycardia pacing leads  Based on your 
testing to date regarding the pacing leads and the testing of the Model 
6966 lead  discuss the potential and the probability of failure of the 
Model 6966 lead  A side by side comparison of the IVlodel 6966 and the 
4 000 series bradycardia pacing leads must be provided  The 
comparison must include material  design  dimensions  function  tests 

performed and a schematic drawing  

RESPONSE  

Back round on Brad Pacin Lead Ex eriences 

Medtronic utilizes two systems to monitor performance of its brady 
pacing leads  The anaIysis of returned product is used to identify lead 
failure mechanisms  However  it cannot be used to estimate clinical 
performance since all leadsllead segments are not explanted or returned  
Clinical performance is monitored through our Chronic Lead Study  CLS   
a multi center study currently involving eleven representative U S  
Clinical centers and over 20 000 leads  Lead performance in the CLS is 
presented as actuarial survival from cIinical complications resulting in 
lead explants or abandonment  Specific complication criteria have been 
established  reference Medtronic Product Performance Re ort  February 
1993  in Appendix C   Since all leads are not explanted it is not always 
possible to relate a clinical complication to a specific failure mechanism 
and not all complications are associated with lead failure  

The primary failure mechanisms for brady pacing leads are conductor 
fracture and insulation failure  Conductor fractures are primarily 
associated with the widely accepted  Subclavian 

Stick  implant 
procedure using percutaneous lead introducers  Leads implanted by this 
procedure can be clamped and crushed between the first rib and clavicle  
leading to fracture of the conductor  and sometimes  insulation failures 
as well  Bipolar leads are more susceptible to this failure mechanism 
than unipolar leads because of their larger lead body diameter  Crush 
fractures tend to occur primarily during the first two years post implant  

For leads with polyurethane insulation  the primary insulation failure 
mechanisms are Environmental Stress Cracking  ESC  and Metal Ion 
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Oxidation  MIO   both tend to occur starting about 2 years post implant  
Bipolar leads tend to be more susceptible to insulation failure than 
unipoiar ieads  

ESC is associated with stress on the lead either induced during 
manufacture or via implant procedure  Newer generation Medtronic 
leads have greater ESC resistance due to improvements in design  
manufacturing processes and materials  

MIO is an oxidative degradation of polyurethane insulation  The reaction 
is catalyzed by metal ions released by the corrosion of the conductor 
coils  To reduce the potential for MIO  newer Medtronic lead designs 
have applied a sputtered coating of platinum to the conductor coils  
Also  ----- polyurethane tends to be more resistant to MIO than ------- 
Medtronic has used an accelerated oxidation environment  ---------- --- 
to evaluate MIO and potential factors that can minimize its occurrence  

A table depicting the frequency of these failure mechanisms  conductor 
fractures  MIO and ESC  for brady leads  Models 40041M and 4058 M  
follows this response  As shown  conductor fracture due to crush is the 
predominate failure mode  See table  Failure Mechanisms  following this 
response  

The Model 4004 M is a bipolar lead incorporating ----- polyurethane and 
platinum coating  As of February 28  1993  survival probability of the 
Models 400414004M is 97 0   1 7  at 36 months  reference the 
February 1993 Product Performance Report in Appendix C   Crush 
fracture is the primary saurce of iead iaiiures io date  with rates 
comparable to that of earlier bipolar lead designs  

Over the past several months Medtronic and FDA have had numerous 
discussions about the occurrences of failure associated with MIO in the 
Model 40041M lead  As of February 28  1993  Returned Product 
Analyses has identified 22 MIO failures out of approximately 74 000 
leads implanted   030    MIO failures in previous lead designs tend to 
predominate in 3 areas  proximally in the pacemaker pocket  medially in 
the clavicular region  and distally near the ring electrode  With Models 
40041M  platinum sputter coating appears to reduce the occurrence of 
MIO proximally and medially  The majority of the MlO failures  20 of 22  
occurred distally  Distal failure occurs between the ring electrode and 
the AV valve and appear to be related to flexing of the lead associated 
with ventricular contractions  

Initial ---------- -- testing was conducted under static conditions and gave 
no indication of this failure mechanism  Currently testing is underway 
to develop a dynamic ---------- -- test to study factors affecting this 

I 
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failure mechanism and potential corrective actions  To date  we have 
been able to induce failures and are conducting experiments to 
understand contributing factors  

In order to illustrate the similarities and differences between the brady 
and tachy leads  a side by side comparison of the Model 6966 to the 
4 000 series brady leads is presented in a table following this response  
Note that only bipolar  polyurethane  brady leads from the 4 000 series 
are presented  includes Models 4016A  40581M  4024  4004 M and 
4012 4082   This is due to their similarity of design characteristics to 
the 6966  and also because these brady leads are being  or were  widely 
used in the field  and therefore present with comprehensive data from 
the Chronic Lead Study and Medtronic s returned product analysis  
Tests performed to qualify the brady leads were the same as those used 
for the tachy leads  except for high voltage system and crush testing   
All tests are consistent with Medtronic standards and requirements for 
implantable cardiac leads  reference response to  34   Drawings of 
these brady leads are also presented following the comparative tables  

Some common features to all the leads in the table are the ---------- 
-------- tor coil  coaxial coil design  polyurethane insulation ------- and or 
------ and platinum alloy electrode material  Like the 6966 lead  the 
Models 4016A  4058 M - nd 4024 also have platinum coating on the 
conductor coil and ----- as the inner insulation  Individual lead 
differences include the -------- de fix------ mechanisms  i e   screw in helix 
versus tines and the ----- versus ----- insulation usage  Using ----- 
insulation provide- more stiffness  and greater resistance to insulation 
failure  whereas ------ provides for greater ease of handling  

As presented in the lead comparison table  th-- --- dy lead most similar 
to the 6966 lead is the 4016A  Both have ----- polyurethane as the 
inner most  insulation  ----- for the middle outer insulations  distal 
screw in fixation mechanisms  similar French  introduction  sizes and 
virtually identical insulation dimensions  Only the coil dimensions vary 
slightly  Note that the 4058 M lead is also very simi--- --- ---- - 016A  
the only substantive change is the introduction size  -- --------- Model 
4016A and 40581M leads have shown excellent clinical performance  for 
the 4016A actuarial survival is 98 2  at three years  3 800 implants  
and for the 40581M actuarial survival is 99 7  at three years  37 000 
implants   reference the CLS and returned product analysis as presented 
in the Medtronic Product Performance Report  Appendix C  

As previously presented  the 6966 lead has a larger body diameter than 
the brady leads  This is to be expected given the tripolar coaxial design 
of the lead  Given the larger French size of the 6966  it is more 
susceptible to crush between the clavicle and rib than the smaller French 

P 
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leads  Lead fracture due to crush in this area is  however  a recognized 
failure mechanism for all transvenous leads implanted via subclavian 
insertion   brady or tachy leads   This is vigorously addressed in product 
labeling  lead technical manuals  and includes appropriate cautions about 
the use of the procedure  

Also  the larger diameter of the 6966 lead body and presence of a 
defibrillation coil electrode proximal to the distal pace sense ring of the 
6966 lead imparts more stiffness to it than the brady leads  Hence  
there is less lead body movement below the valve when the 6966 is 
implanted in the right ventricle as compared to a brady lead  This was 
clearly evident in the videotape comparing the in vivo flexing of both a 
brady and tachy lead  presented in FDAIMedtronic meeting of February 
18  1993   Decreased flexing of the 6966 lead below the valve is our 
basis for expecting flex related MIO will not be a significant failure 
mechanism of the 6966 lead  

Anal sis of Transvene Model 6966 Lead and Clinical Presentation 

The Model 6966 tripolar tachy lead is comparatively less flexible than 
brady leads  Therefore  distal MIO as evident in a very small percent 
  030   of brady 400414004M leads is not necessarily indicative of a 
similar occurrence in the 6966 lead  A videotape illustrating the clinical 
flex performance differences between brady and tachy leads was 
presented during the FDA Medtronic meeting on February 18  

Analysis of the Model 6966 lead  as it relates to the potential for MIQ  
indicates that it would be more likely to occur on the middle versus the 
outer or innermost insulations  Lead failure due to MIO typically is found 
on the inner insulation on returned bipolar brady leads  Therefore  this 
failure mechanism is not expected to significantly affect the ----- outer 
insulation of the 6966 lead  Should MIO occur on the outer insulation 
of the 6966 lead  the net effect would be an increased defibrillation 
electrode surface area  This would not be expected to significantly 
aff---- - ystem performance  Additionally  the more resistant properties 
of -----  to MIO   of the 6966 innermost insulation  are expected to 
further reduce the potential for MIO  99 7  survival Model 40581M at 
three years  see Product Performance Report  Appendix C   

For the Model 6966 lead  should the middle  ------  insulation fail  it 
would likely present initially as an intermittent short  as is more typical 
with brady leads  and can progress over time if not identified and 
treated  to a hard  direct  short  These could manifest initially as 
oversensing  and ultimately as integrated bipolar sensing  respectively 
 intermittent versus hard short   In the case of a hard short of the 
middle insulation  specifically  shorting the pacing tip to the common 
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defibrillation electrode  an integrated bipolar sensing system is created  
In this type of system  sensing occurs between the unipolar pacing tip 
and the common defibrillation electrode  versus standard bipolar sensing 
between the pace sense tip and ---- ring electrodes   This type of 
sensing system is identical to the ----- ---------- ----------------- currently 
in clinical trials  and also to Medtronic s historic Transvene RV lead  the 
Model SP2100 lead  These type of integrated systems have been shown 
to be clinically acceptable  Note that fifteen Model SP2100 leads were 
implanted at the start of the Transvene clinical study  There have been 
no observations or reported problems related to the SP2100 lead 

performance   Data from the SP2100 lead have been incorporated in the 
clinical experience analysis reported in this PMA application   

Intermittent sensing could result in oversensing  if the detection criteria 
are also met  and this could result in delivery of inappropriate  i e   not 
needed  therapies  This can be considered a  safe failure  given the 
system would  err  by oversensing  versus undersensing  and the patient 
could receive an unnecessary therapy  Also  patients are instructed to 
report therapies to their physicians  this facilitates identification of any 
inappropriate therapy  

Recently  a Model 6884  lead was explanted after 27 months when the 

patient received a heart transplant  The lead was fully functional at 
explant  however  returned product analysis has indicated the presence 
of some MIO in the clavicular region  Transvene leads  like brady leads  
are implanted by subclavian insertion and are susceptible to being 
crushed between the clavicle and first rib  As indicated above  with 
brady leads this can result in conductor fractures  insulation failures or 
both  Analysis of the specific Model 6884 lead is ongoing and a more 
detailed report will be provided in approximately 30 days  

It should be noted that MlO is only one potential failure mechanism of 
implantabie leads  As discussed  others include fracture due to crush in 
the area of subclavian insertion  environmental stress cracking due to 
stresses the in vivo environment may impart to the lead and lead 
dislodgement  

  The Model 6884 lead is the earlier version --- -- e Model 6966 lead and differs only in the 
connector ---- configuration  the 6884 has a ---- ------ high voltage connector pin and the 6966 
has a ---- ------ high voltage connector pin  Otherwise the leads are the same  

l 
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Transvene Clinical Assessment Ex erience 

Given over 2000 worldwide Transvene patients implanted to date  
ranging from zero to forty months implant duration  there have been no 
reports of undersensing  insulation failures  or oversensing that could not 
be managed via reprogramming  Furthermore  the benefits of Transvene 
implantation are dramatically apparent from the perspective of 

perioperative mortality  0 7 percent for Transvene versus 5 3 percent for 
epicardial implants  Transvene survival from SCD is 99 5 percent and 
overall survival is 93 3 percent at one year  Additionally  Transvene 
implants  on average  require 8 days in hospital versus 11 days for an 
epicardial system  a significant cost savings  In summary  the benefits 
of the Transvene system performance clearly surpass the potential for 
MIO  or other potential failure mechanisms  in the 6966 lead  

Conclusions 

Although Medtronic cannot assure that MIO or other lead failure 
mechanisms will not occur in the Model 6966 lead  the actual benefits 
of the Transvene system  as previously discussed  would appear to 
exceed the potential risk due to MIO  Analysis shows that the potential 
for MIO to occur in the 6966 lead would result in a  safe failure   Note 
that preclinical and animal testing cannot completely simulate the long  
term implant environment  thereby eliminating all potential for lead 
failures in vivo  This was recognized by Congress in implementing the 
Postmarket surveillance provision in the Safe Medical Device Act of 
1990  It is clear that postmarket surveillance mechanisms  e g   
returned product analysis and chronic lead monitoring  are more 
appropriate mechanisms for evaluating and managing potential failure 
mechanisms of implantable cardiac leads  
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FAILURE MECHANISMS 

 CLPiICAL ELKCTRICAL FAILURES FROID RETURN PRODUCT ANALYSIS  
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Public Health Service DEPARTMENT OF HEALTH h HUMAN SERVICES Food and Drug Administration 
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Memorandum 
pate October 29  1993 

From Mathematical Statist ieian    Z  G  L     FZ 162 
Statistics Branch  Division of Biometric Sciences  OSB 

Subject Statistical Review of PNA F920015 Panel Package  Medtronic 
Multiprogrammahle Tachv rrhythnia  ConerOJ  Sf3LBE VI  Ran ihoracotomy 
Cardioversion and Defibrillation Electrodes  Medtronic  Inc  

To 

Doris Terry   HFZ 450 
Division of Cardiovascular  Respiratory  and Neurological Devices  ODE Through  Director  Division of Biometric Sci  OS  
Through  Chief  Statistics Eranch  DBS  OSB 

In my July 9  1993 memo to you  I asked for the numerators and 
denominators used for the percent success  Table I l  page 233  Table 1F 2  page 287 and Table 1F 4  page 290  PNA Amendment  March 26  1993  for the treatment of spontaneous episodes  After thorough 
investigation  I have the following remelt   

Spontaneous VT X success 98 4X of Table I l  p  233 can be 
obtained  from Tabk e  8  1  p  110  June j1   993   9864 10027 98 4X  

Spontaneous VF X success 98 4X of Table I l  p  233 can be 
obtained from Table ID2 6  p 98  June 11  1993   1951 1982 98 4X  

Spontaneous VT X success 99 0  after 12 months of follow up of 
Table 1F 2  p  287 can be obtained from Table ID3 1  p 78  Vol  2  June 11  1993   6273 6338   99 OX  

Spontaneous VF X success 98 6X after 12 months of follow up of Table IF 2  p  287 can be obtained from ID3 1  p  78  Vol  2  June 11  1993   1090 1105   98 6X  

I couldn t locate the section or table to address 6 months of follow up for spontaneous VT and VF K success  

Table IF 4  p  290  March 26  1993 agrees with the table in the June 11  1993 panel package  

If you have any questions concerning this memorandum  please contact me at 594 0627  

T  C  Lu 

cc  Thomas J  Callahan  Ph D  HFZ 450 
Donald F  Dahms HFZ 450 
Lynne A  Reamer HFZ 450 

PMS Group HFZ 402 
Medical Device File 
Board File 



MEMORANDUM TO THE RECORD 

From  R  Subramanian  M D   DCRND 

Subj  Addendum to review of death summaries  Medtronic 
Transvene Lead   P920015 

Date  October 1  1993 

              

              

            

            

              

            

            

            

                              

                              

            

          

            

            

                      

                      

The death summaries were rereviewed to determine if the 
infections noted  
a  were related to the device  and to 
b  obtain further details regarding time and sites of infection  
This rereview does not include pocket infections which have 
been listed separately in the submission and have been addressed 
previously  see memo from Dr  J  Jones   

1  A total of 68 deaths were reported in the PCD Transvene 
System population of 1330  

2  Eleven  11  of these patients had clinical evidence of  or 
were clinically suspected to have had  infections as follows  

Patient P 

l  -------- 

2  -------- 

3  -------- 
4  -------- 

5  -------- 
6  -------- 

7  
8  
9  
10  
11  

-------- 
-------- 
-------- 
-------- 
-------- 

NA   Not available 

Infection Autopsy 

------- -------- - ------------ ------- 
------------ 

---------- ----- ------- ---------- ---- 
----------------------- 
-------------- 
--------------- ------- ---- ----- ---- ------ 
------------ ------ ----- 

--- ------------ ------ ------- 
- --------------- --------- ---------- --- 
----------- ------- 
-------------- ---- -------------- --------- 
--------- --- -------- ------- 
--------------- ------ -------------- -------- 
-------- ----- ----------- -------------- 
-------- ------------ --- -------------- 

---- 

----- 

----- 
----- 

----- 
----- 

---- 
---- 
----- 
---- 

----- 

Conclusion  Although the information provided in the death 
summaries is limited  there does not appear to be any evidence of 
device related infection causing death in this group of patients  

CC Ms  Doris Terry  reviewer  DCRND 
a 5deathsum res 

pl 

(b)(6)



MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File 4 P920015 
Subject  Medtronic  Transvene  Lead System 
Date  August 16  1993 
Office  DCRND ODE 

On August 2  1993  the Circulatory System Devices Panel reviewed 

the PMA application for the Medtronic  Transvene  Lead System  

Specific questions and labeling concerns generated from FDA s 

review of the PMA application are included in my memoranda of 

July 9  1993  FDA review and panel presentation   

The panel addressed all FDA s questions  and concurred with the 

labeling recommendations  

The panel recommended approval of the Medtronic  Transvene  PRA 

with modifications to the labeling  A list of FDA s and the 

panel s recommendations are listed below  

FDA s and the Panel s Recommendations 

The labeling should be modified to include the following  

0 diagrams which show proper insertion of the endocardial 
leads and hmv the patch lead should be applied to the 
subcutaneous tissue  

0 a caution statement that the patch lead is not for use 
on the pericardium or epicardium  

0 efficacy data of the different lead configurations via 
the different pathways  

0 pictures or diagrams of the various electrode 
configurations which serve as a guide for selection  

0 information and or recommendations about implanting the 
leads and testing the different configurations  For 
example  when to use a two lead versus a three lead 
configuration and when to implant in the superior vena 
cava  SVC  versus the coronary sinus CS   

0 information or recommendations regarding implanting in 

patients who do not have the 10 Joule safety margin  

0 information about how the incidence of infection can be 
reduced  

0 a reference about using 5 minute intervals between 
ventricular fibrillation  VF  inductions during 
testing  



o stronger language regarding the use of dual anchoring 

sleeves on the right ventricle  RV   SVC and CS leads  

o information which states that a thoracotomy after 

extensive testing with a nonthoracotomy lead system 

should be delayed at least 2 days  the clinical data 

showed that when a thoracotomy was performed 
immediately after testing  the perioperative mortality 

rate was increased from 0 7 to 9 3 percent   

o guidance regarding separating pacemaker leads from the 

Transvene leads  

o a statement which emphasizes the need for x rays and 

pace sense threshold testing at follow up to check for 

lead dislodgement  

0 information regarding placing the leads via the 

cephalic vein when possible  and 

o an explanation regarding the necessity for explant and 

return of the leads upon the patient s death  

In addition the manufacturer should note the following  

0 The indications and contraindications for use of the 

K8KVMJC TNFaSVBH8 Lea4 System shau1d be the same  with 

certain modifications  as those for the PCD  Epicardial 

System  

0 The technical manuals for the Transvene  Leads should state 

that the leads are for use together as a system  The 

labeling  where appropriate  should be consistent in all of 

the Transvene  Lead manuals  The information regarding the 

Transvene  Leads in the PCD  Manual should also be included 

in the Transvene  Lead manuals  

0 There should be an identifying mark on the package label 

which distinguishes nonthoracotomy leads from thoracotomy 

1  P4S   

o The Warnings and Precautions in the labeling should be 

identified and reported separately according to FDA s Blue 

Book Memorandum of March 8  1991  a copy of this memorandum 

was previously sent to you   

o Postmarket surveillance will track the explanted leads for 

evidence of metal ion oxidation  MIO   

The manufacturer should provide a copy of the Patient s Manual 

which includes a reference to use of the nonthoracotomy leads 

with the PCD  models  

    



Recommendation 

The above information will be included in an approvable letter to 

the manufacturer  

p7g 



MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File   P920015 
Subject  Review   Transvene PMA 
Date  July 9  1993 
Office  DCRND ODE 

Descri tion of the S stem 

The PCD Transvene System consists of the Model 7217B PCD pulse 
generator  programmer  external accessories and leads  Model 
6966 RV lead  Model 6966 CS SVC lead and the Model 6999 patch 
lead  see description of leads and summary of testing in attached 
memo and in Volume 3  Section A  Bench Testing   The leads may 
be implanted in 3 configurations  RV CS SQ  RV SVC SQ and 
RV CS SVC via a single  simultaneous or sequential pathway  

Stud Desi n and Objectives 

The PCD Transvene System was designed to evaluate the safety and 
effectiveness of the Model 7217B PCD and Transvene leads  The 
objectives of the study include the following   1  evaluating and 
monitoring the system in the detection and treatment of VT and 
VF  and  2  estimating the survival from sudden cardiac death and 
overall survival  

The manufacturer used two controls  the Model 7217B PCD 
Epicardial Lead System as a concurrent control and the Ventak P 
AICD Epicardial Lead System as a historical control  

The manufacturer believed that a study which employed 
randomization of a nonthoracotomy lead system and a thoracotomy 
lead system was not clinically or ethically appropriate  

Patient Po ulation 

The total patient population  patients screened and implanted 
with the Transvene Lead System  includes 897 patients  see 
patient tree  Vol 2  page 36   The PMA population includes 757 
patients  447 U S  and 315 foreign  implanted at 78 centers  35 
U S  and 43 foreign   The U S  and foreign data were pooled to 
evaluate the safety and effectiveness of the Transvene Lead 
System  Statistically significant variations were found between 
the U S  and foreign populations  These variations included a 
higher mean age  a greater percentage of patients with CAD and 
cardiomyopathy and a lower mean ejection fraction within the U S  
population versus the foreign population  Also  there were more 
U S  patients with VT as a primary indication  Even though the 

I 
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differences between the two populations vere statistically 
significant the manufacturer does not consider the factors to be - ---- 

I 

clinically significant to require stratification of the data  

The PMA patient population is predominantly male  80 6 percent  
with a mean age of 59 4 years  There are 377  49 8 percent  
patients with recurrent sustained VT without an episode of sudden 
CctDi 1 AC Ct6Kh   oCO  I 2 8 1   3 7 L p8XCBFrv   KD pP t 1  Pr  r Pd  

 13 1 percent  patients with a combination of recurrent sustained 
VT and SCD  

--- --- 

Of the 757 Transvene patients  744  97 6 percent  patients were 
implanted with the PCD Model 7217B and 18  2 4 percent  patients 
were implanted with the PCD Model 7216A  Sixteen patients have 
brady pulse generators in conjunction with the PCD  Five hundred 
and seventy four patients were implanted using the sequential 
defibrillation pathway  178 patients were implanted using the 
simultaneous pathway and 10 patients have the single pathway  
Data were collected on each patient during  preimplant 
assessment  lead system testing at implant  prehospital 
discharge  and follow up evaluations at 1 month  3 months 
 chronic testing period  and at 3 month intervals thereafter  
There are 657 patients followed for 6 months and 393 patients 
followed for 12 months  The mean follow up of the patient 
population is 11 7 months with 8894 8 total device months of 
experience  Patient compliance to follow up is within a range of 
95 3 to 97 6 percent from 12 to 24 months  

The PNA population was stratified by primary indication  patients 
who met implant criteria  patients who did not meet the implant 
criteria  patients followed for one year and greater  patients 
with non standard lead configurations and additional patients who 
were not counted in the PMA cohort  

Clinical Ex erience 

As of February 1  1993  the data cutoff   the clinical experience 
includes data from 762 implants in 757 patients  The data 
 stratified as described above  were provided in support of the 
Transvene Lead System  The data included the following   1  the 
results of testing at implant and the follow up intervals  
 2  the efficacy of the treatment of VT and VF  spontaneous and 
induced episodes    3  complications and observations   4  
patient deaths  and  5  survival  A comparison of the data 
obtained from the patient population and the different subgroups 
is also included  

Defibrillation Threshold DFT Testin 

Three hundred and sixteen patients had DFT testing at 
implant  The mean DFT was 14 8 Joules  J   The remaining     

E 
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defibrillate  LED  and or DFT testing  The mean LED was 
16 J  N  702   

Twenty patients were implanted with the Transvene System 
without a 10 J safety margin  see Volume 2  page 42   

S ontaneous and Induced E isode Ex erience and Treatment 
Efficac of VT and VF   Total Patient Po ulation 

0 597  78 9 percent  patients had a spontaneous VT or VF 
epi sode or had VT or VF induced post implant  

0 458  60 5 percent  patients had a spontaneous episode 
of either VT and or VF treated by the PCD Transvene 
System  

0 141  60 5 percent  patients had VT only  

0 142  18 8 percent  patients had VF only  

0 175 patients  23 1 percent  had an episode of VT and 
VF  

0 90 7 percent of VT episodes were successfully treated 
with VT therapy 4 1  

0 89 1 percent of the VF episodes were successfully 
treated with VF therapy 4 1  

0 60 patients experienced 163  1 6 percent  spontaneous 
VT episodes which the PCD Transvene System was 
ineffective in terminating the arrhythmia  see Volume 
2  page 19   

0 16 patients experienced 31  1 3 percent  spontaneous VF 
episodes which the PCD Transvene System was ineffective 
in terminating the arrhythmia  see Volume 2  pages 20 
21    

0 450  59 5 percent  patients had induced or spontaneous 
episodes by the 3 month follow up  

0 532  70 3 percent  patients had either a spontaneous or 
induced episode by the 6 month follow up  

0 597  78 9 percent  patients had a spontaneous or 
induced episode by the 12 month follow up  

9 
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Device Ex erience   Patients Folloved for 6 months or More 

o Of 657 patients followed for 6 months or more  544 
 82 8 percent  patients had an induced or spontaneous 
episode at predischarge or later  

0 113 patients did not have a chronic episode  however 
pace sense parameters were measured at the chronic 
follow up intervals on all patients except one  see 
Appendix I   

Summar of Com lications and Observations 

o 176 complications  required invasive intervention  
occurred in 147 patients  included pocket infection 
 24   lead fracture  9   patch crinkling  7   explants 
 4  and total lead dislodgement  91    The 91 cases of 
lead dislodgement occurred in 86 patients  see Appendix 
I    

o 212 observations  corrected by reprogramming or 
antiarrhythmic drug therapy  in 178 patients included 
inappropriate VT delivery  57   oversensing  52   
seroma  17   hematoma  17   patch crinkling  5  and 
total lead dislodgement  12   

The manufacturer provided tables which report the complications 
and observations over time  see Table IB3 2 and Table IB3 3  
Volume 2  pages 24 25   

The manufacturer stratified the complications and observations by 
U S  and foreign patients  see Table IB3 6 Vol  2  page 28   The 
complication and observation rates were comparable for the two 
patient groups  However  more total lead dislodgements 
 complications  were reported for the U S  patients and more 
cases  observations  of inappropriate delivery of VT therapy 
occurred in the foreign population  There was also a higher 
incidence of oversensing  observations  in the U S  population  It should be noted that there should be 7 observations related to 
loss of capture for the foreign patients instead of 9  Volume 2  
Table IB3 6  page 28   

Because of our concerns about the complications involving lead 
dislodgement and infection the manufacturer responded as follows  
In resolving the concern regarding lead dislodgement  the 
manufacturer received IDE approval  September 1992  to use dual 
anchoring sleeves on the Models 6963 and 6966 leads  However  it 
is unclear if all patients  after IDE approval  are implanted 
with dual sleeves  The manufacturer confirmed that all patients are receiving dual sleeves  In support of the dual anchoring 

JU 
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sleeves in reducing the rate of lead dislodgement  a report of 
the clinical experience of additional patients was provided  
Data from 439 patients  not a part of the PMA cohort  implanted 
with dual anchoring sleeves were submitted  Of the 439 patients  
292 were followed for 1 month  195 were followed for 3 months and 
17 were followed for 6 months  Thirteen dislodgements in 10 
patients were reported  incidence of dislodgement of 2 3 percent 
 10 439   Regarding the cases of infection  the manufacturer 
stated that the incidence of infection in the Transvene study is 
not significantly different from that reported for the Ventak P --- 
Epi study  Therefore  the applicant feels that there is no 
substantial increase  and that labeling to address this concern ------ 
is not warranted  

-- Patient Deaths 

There have been 51 deaths  sudden cardiac  5   nonsudden cardiac 
 31   noncardiac  15   Five perioperative deaths  sudden cardiac 
 2   nonsudden  2  and noncardiac  1   are counted within the 51 
deaths  None of the deaths were attributed to the PCD Transvene 
System  

Ex lants 

Sixty three PCD Transvene Systems were explanted  N 762   patient 
death  22   infection  22   heart transplant  9   low battery 
voltage  1   PCD performance issues  4   integrated circuit 
problem  1  and lead problems  4   The results of analyses on 42 
units indicated that the devices were performing within 
specifxcatxons  

Of the 42 PCD Transvene Systems returned  --- lead systems or 
portions of systems were returned and anal------- Of these the 
helix of one Model 6966 lead was damaged  The remaini--- --- ds 
were fo----- to be within specification  The analyses --- --- cad 
systems a--- still outstanding   It should be noted t---- --- e of 
the Model 6884 leads  implanted for 27 months  which was 
explanted due to heart transplant  exhibited metal ion oxidation 
 MIO  upon analysis  Metal ion oxidation can cause the 
polyurethane of the leads to degrade  see Volume 2  Section on 
Explants  page 296 or Appendix I   

Survival Anal sis 

The survival analyses encompassed all patients  screened and 
implanted   The projected one year actuarial survival rates for 
the PMA cohort  N 757  are as follows  sudden cardiac death  99 5 
percent   nonsudden cardiac  96 2 percent   all cardiac  95 8 
percent   noncardiac  98 1 percent   and overall  93 3 percent   The perioperative mortality is 0 7 percent  

Il 

(b)(5)

(b)(6), (b)(5)

(b)(4)

(b)(4)
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The survival rates for 854 patients are included in Volume 2  
Table IB4 2  page 31  The survival data were updated to include 
the 897 patients screened for the Transvene System  The one year 
actuarial survival rates for these patients are as follows  
sudden cardiac death  99 5 percent   nonsudden cardiac  96 6 
percent   all cardiac  96 1 percent   noncardiac  98 4 percent   
and overall  92 9 percent   The perioperative mortality rate is 
1 6 percent  see Appendix I   

Com arison Between the Patients Who Met the Im lant Criteria and 
Patients Who Did Not Meet the Im lant Criteria 

A comparison of the clinical outcome between the patients who met 
the implant criteria and those patients who did not meet the 
implant criteria was included  The comparison was made to 
determine if there was a greater risk of morbidity and mortality 
among the patients who did not meet the implant criteria and 
received the Transvene System  The data showed the following  
The efficacy of the patient groups in the treatment of 
gpQTl gTlPQQC on jggQqa n f Kgb  ng tzp rgb g g jgi 1 

gr 
m  bp  e  dEs 

pa 

significant difference in the one year sudden cardiac death 
survival and the overall survival reported for the two groups  
Ninety one per cent of the patients who did not met the implant 
criteria had at least one successful termination of an induced 
ventricular comparison at 24 joules or less  In addition  there 
were 170 patients who had successful defibrillation of VF at less 
than or equal to 24 Joules  As a result the manufacturer 
requested and received IDE approval for a change in the implant 
criteria  Instead of 3 of 4 successes at 18 Joules or less  the 
manufacturer can implant with successful defibrillation at 24 
Joules  referenced in Volume 2  page 53   

Labelin 

The manufacturer has included information about the Transvene 
leads in the PCD Manual as veil as in the technical manual for 
each Transvene lead model  

The technical manuals of the Transvene Models 6966  6963 and 6999 
leads should be modified to included additional information  
The following modifications are included for the Panel s 
CGPl S l  APL 3 I J VPJ   

0 The indications and contraindications for use of the 
Transvene lead system should be identical to those of the 
PCD  with certain modifications   

p T 8 iKiiFrlCBliQaPaualS  fUZ  556 l OC 618 6966   6963 BI1G 6999 
leads should state that the leads are intended for use 
together as a system  The labeling  where appropriate  
should be consistent throughout the manuals  The 

lf 
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information in the PCD Manual regarding the Transvene leads 
should also be included in the technical manuals for the 
leads  

0 There should be more explicit diagrams in the technical 
manuals which show the proper insertion of the endocardial 
leads and the various positions for placement of the patch 
lead  

0 Efficacy data of the different lead configurations via the 
different pathways should be included  

0 The labeling should recommend and or provide some direction 
about implanting the leads and testing the different 
configurations  For example  when to use a two lead versus 
a three lead configuration and when to implant in the SVC 
versus the coronary sinus  

0 Information or recommendations regarding implanting in 
patients who do not have the 10 J safety margin should be 
addressed  

0 There should be stronger language regarding the use of 2 
anchoring sleeves  

0 The labeling should address how the incidence of infection 
can be reduced  
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Questions 

--- ----- ---------- ----- --------- ---------- -------- ---- ------- ------------- 
---- ---- ------ -- --------------- --- ---------- --------- --- ---- --- ---- 
------ ---------------- ------------- ---- --------------- --- ---- 
--------- --- ---- ------------ --- ---- ----- ---- ----- ---- ----------- 
------------ ---- ------------- ------------- --- ------ ---------- ------ 
------------ -- ---- ----------- ------------ ----------- ----- ------ 
----------------- ------------ --- ----------- ---- --------- --------------- 
----- --------- --- ---- ----- --------- --- ------ ----------- 

--- --- ------ --- ---- -------------- ---------- ---- ------ ----- --------- 
---------- -------- ---- ------- -------------- ---- ------ ----- ----------- 
------- ---- ------------- --- ---- ------ 

--- -- -------------- ------------- ----------- --- ---- ---------------- 
----------- ----- ---------------- ---- ---- ------ ------------- --------- 
-------- ---- ------ ------------- ---------- ------------ ------ ----- -- 
-------------- --------------- ----------- --- ---------------- 
----------- ---- ---- ------ ------------- ------ --------- -------- ------------ 
------ ---- ----------- --- ------ --- ------------ --- ---- ----------- 
---------- ----- ------ ---------- ----------- ------------ ---- 
---------------- ----------- ------ ---------- ---- ---- ------ ------------- 
--------- -------- ---- ----------- ---------- 

--- ----- ------ ----------- ------------ ---- ----------- ------ --- 
---------------- --- ---- ------- ----- ---- ---------- ------------ --- 
------------ 

--- ----- -------- --- ---------- --- --- --------- --- ---- ------------- ----- 
-------- ------ --------- --------- --- ---- -------- ------- ------ ------- 
------------ ------- ---- ------- --------- ------------ ----------- 
----- ------ ------------- ----------- -------- ------- ---------- ---- 
------------ --- ---- ------ ---- ---- ---------- --- ---- ------------- 
------ -------- ------ ----------- ---- ------ -------- ------- --- ------------- 
------ --- ----------- ---- ------- 

--- ----------- ---- ---------- ----------------- --- ------------- --- ------- -- 
----- -- -------- --- -------------- 

-------- --- -- -- ---- --- 

J 

(b)(4)
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TO  
From  
Date  

Doris Terry 
Quynh Hoang 
7 9 93 

Regarding  Descriptions of the Transvene leads from Medtronic   P920015 

Parameter 

----------- ----- 

Model 6963 

----------------- 
---------------- 

Model 6966 

------------ ----- 
---------------- 

-------- 
--------- 

Model 6999 

----------------- 
---------------- 

----------- --- ---- ----------- ------- 
--- ---------- ------ 
------ 

------ ----------- ----------------- 
---- ---------- 

---------- ---------- --------- ---------- 

------ -------- 

------ ----------- 

----- ---- 

-- --------- 

----- ---- 

--- --------- 

--- ---- 

---- ----- ------- ----- 
------- -- ----- ------- 

------- ----- 

------------ ----- ----- ------- ------ ------ 
--------- ----- 

----------- ------ ----- 

-- ------------- 
------ ------------- 
--- -- ---------- 

----------- ------- 

------- 
----------------- 
---------------- ----- ----- ----- 

-------- 

--------- 

------ - ----- 

------ - ----- 

f 

(b)(4)
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MEMORANDUM 

From  ------- ------- ------------- 
To  File -- P920015 
To  ---- ---------------- 
Subject  Transvene Lead System   Consulting Review 
Date  July 6  1993 
Office  DCRND ODE 

Please review the death summaries included in the referenced file 
 Volume 2  Section III  Death Summaries   The review should 
evaluate the accuracy in classifying the deaths  In addition  
please look at the causes of death to determine if any of the 
deaths could be possibly linked to device performance  

Please note the following  A definition of the different death 
classifications can be found in Volume 2  page 293  Medtronic  
Inc  has reported 51 deaths  sudden cardiac  5   nonsudden 
cardiac  31   noncardiac  15  in the PCD Transvene population 
 N 757   The perioperative deaths  5  are counted within the 
following classificatiens  sudden cardiac  2  nonsudden  2  and 
noncardiac  1   

Please let me know if you can review the data  If so  when do 
you think you will be done  Hopefully  by the first of next 
week  Your assistance is greatly appreciated  

(b)(6)

(b)(6)



MEMORANDUM 

TO  Doris Terry  DCRND 

From  R  Subramanian  DCRND 

Subj  Review of death summaries  Medtronic Transvene lead   

P920015 

Date  August 4  1993 

I have reviewed the death summaries provide with the amendment to 
the above application  As we have discussed previously  

1  The classification of deaths appears to be reasonable  

2  It is not possible  with the information provided in the 
death summaries  to state categorically  whether or not any of 
the deaths could be possibly linked to device performance  

3  As indicated --- -- e sponsor  there appears to be only one 
death  Patient --------- vol 2  page 134  that is clearly device 
related  

i 

Recemmendation  In future studies  instances where the cause of 
death is considered unknown  and no autopsy is performed  such 
death should classified as device related  

a transvene  res 

(b)(6)
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DEPARTMENT OP HEALTH 8  HUMAN SERVICES 
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Public Health Sewice 

o 

lfrgla IVlemorandum 

Date  July 9  1993 

From l4athematical Statistician  T  C  Lu  HFZ 162 

Statistics Branch  Division of Siometric Sciences  OSB 

Subject Statistical Review of PMA P920015 Panel Package  Medtronic 

Nultiprogrammable Tachyarrhythmia Control System with Non thoracotomy 

Cardioversion and Defibrillation Electrodes  Nedtronic  Inc  

To 
Doris Terry   HFZ 450 

Division of Cardiovascular  Respiratory  and Neurological Devices  ODE 

Through  Director  Division of Biometric Scien OS  

Through  Chief  Statistica1 Branch  DBS  OSB 

l   axnuok 

The original PNA was submitted in April 1992  Amendment two vas 

submitted for review in Narch 1993  The purpose of this memo is 

to reviev the response from the sponsor to the deficiencies stated 

in the FDA letter and in the telephone conference call held on 

July 7  1993  Information provided in this panel package includes 

clinical experience of 757 patients through February 1  1993  

2  Ryv yez  8 5gg e 

2 1  Cox Regression 

This reviewer wants the sponsor to provide a description of 

the computer program  including data input and output  and 

the decision criteria used to support the sponsor s claim 

that primary indication and gender do not impact survival  

Sponsor stated that  Appropriate data will be submitted  in 

the panel volumes to address this issue  in   zgIy to 

 w v  w  In the telephone conversation  the 

sponsor stated that ------ ------ -------- was used for survival 

curve comparison  bu- ---- ------------ test was used for 

testing the equal ity of survival curves   Table 1D2 10  

page 76   

2 2  ACCUSE i dr SQf Vi V 1 

In my March 10  1993 memo to you  I asked for the number of 

deaths  number at risk for transvene and epicardial by month 

intervals  0 3  3 6  6 9 and 9 12   Sponsor claims that 

Table 181 5  page 17  Patient Compliance  will serve this 

purpose  The compliance rate is very high  according to 

thi s table  However  to use this patient compliance table 

for survival analysis would be misleading  because it does 

not give survival probability  Sponsor said they wi11 fax a 

copy of their survivel curve graphical comparison  

(b)(4)
(b)(4)



Doris Terry 

2 3  Percentage Success 

This reviewer needs to review the numerators and the denominators used for the percent success  Table I l  page 233  Table 1F 2  page 287 and Table IF 4  page 290  for the treatment of spontaneous episodes  Sponsor pointed out that those numbers are located in other sections of the panel package  

2 4  P values 

The sponsor was asked to address the calculation of the p  values reported in Table 2 165  page 24  I calculated the p values and obtained different values ----- ------- ---------- by the sponsor  Sponsor claimed that ------ ------ ---------- was used for the calculation  Subsequently  a computer output was faxed to me by the sponsor for review  

3  Conclusion 

In my previous memos to you  I raised questions about the safety and effectiveness of the device  My telephone conversation with the sponsor certainly helped to answer some of these questions  The safety and effectiveness of the device should be evaluated from a clinical perspective  

C 
T  C  Lu 

cc  Thomas J  Callahan  Ph D  HFZ 450 
Donald F  Dahms HFZ 450 
Lynne A  Reamer HFZ 450 
Medical Device File 
Board File 

(b)(4)



Medtronic  Inc  

Medtronic g 7000 Central Avenue  N E  
Minneapolis  MN 55432 3576 
Telephone   612  574 4000 

Cable  Medtronic Telex  29 0598 

FAX   612  574 4879 

June 11  1993 

Office of Device Evaluation 
Document Mail Center  HFZ 401  

Center for Devices and Radiological Health 

Food and  DE g Administration 
1390 Piccard Drive 
Rockville  MD 20850 ad 

Re  Transvene  Lead System  PMA Amendment 

 Document Control Number P920015  

      t 

4P 

Panel Package 
C K4   

       

The purpose of this submission is to provide information for FDA Panel review 

of the Transvene System Premarket Approval Application  

Information in this submission is consistent with that provided to the FDA in 

the March 26  1993 PMA amendment  However  the information has been 

rearranged and or represented to facilitate review  and in some cases  updated 

to incorporate the most recent data  e g   complications  patient deaths  device 

explants  

Clinical experience information is provided on 757 patients implanted with a 

Transvene System between October 16  1990 to February 1  1S93  Mean 

implant duration for these patients is 11 7 months  1nformation is provided on 

573 additional patients implanted in the U S  from June 25  1992 to February 

1  1993  

Clinical data presented in this Amendment demonstrates the PCD Transvene 

System performs as specified and is  therefore  safe and effective for its 

intended use  Results indicate 99 3 percent survival from sudden cardiac death 

at one year  N   1330   

Following this cover letter is a telephone conversation record that documents 

several discussions between FDA and Medtronic regarding the Transvene file  

FDA s questions and or requests for clarification of clinical information are 

presented as discussed in these conversations  along with the applicable 

sections of the Clinical Experience Report and Appendices where the topics are 

addressed  



Page 2 
June 11  1993 

Volume 1 contains an abbreviated Summary of Safety and Effectiveness for the 
Transvene System  A detailed Table of Contents is provided in the front of 
Volume 2  detailing the contents of Volumes 2  3 and 4  

The existence of this PMA Amendment and the data and other information it 
contains are confidential  and the protection afforded to such confidential 
information by 18 USC 1905 and other applicable laws is hereby claimed  

Twenty five copies of this PMA Amendment are provided  Should additional 
information be required by the Agency  please contact the undersigned  

Sincerely yours  

MEDTRONIC  INC  

c    
j 

lliY       

Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Susiness 
 612  574 4688 
 612  574 6424 FAX 

Attachment 
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The following is a summary of telephone conversations that occurred with Medtronic 
and FDA regarding Medtronic s Transvene PMA application  Medtronic participants 
included  Jennifer Marrone  Sue Norenberg  Diana Roberts and Dan Schaber  

A primary objective of these discussions was to emphasize that the deficiency 
responses provided in the March 1993 amendment  and in some cases  September 
1992 amendment  be incorporated into the text of the clinical report for the Panel 
package  in the appropriate sections  Further format detail addressed organization of 
sections  specifically  tabbing key sections in the Clinical Report such that Panel 
members will be able to identify them with relative ease  

Several topics were discussed as they related to the information provided in the March 
26 PMA amendment  response to FDA deficiency letter   In some cases  data are 
 rpresented or rearranged  and or clarified  These topics are presented below  along 
with the applicable section s  of the lini al Ex rience Re or and A 

   
where 

they can be found in this submission  

Lead related complicationslobservations  e g   pace sense complications and 
dislodgements  use of dual anchoring sleeves   and their recurrence  Relative 
to dislodgements  occurrence pre and post 30 days are presented  as well as 
more chronically  e g   at three and six months post implant  Section I B 3  

Patients not meeting implant criteria and those that later received epicardial 
systems  non standard lead configurations  e g   combination epicardiall 
Transvene system  implanted at the time of Transvene implant screening or 
sometime later  post implant  Note that some non standard  those patients 
impIanted with a three lead system  were included in the 757 PMA population 
and some were not  This is delineated  Section I C 2 d  

Study design  objectives and use of concurrent epicardial system as control  
and identification of the pros and cons of an epicardial vs  a Transvene system  
Section I A 2  

Specific patient groups are stratified relative to survival  e g   by indication  
Specific patient populations are discussed  e g   non standard system  I D 4    
not meeting implant criteria  I C 2    implants greater than one year  I D 3    

Episode experience  both spontaneous and induced  via follow up  Appendix 
D  

Some data presented only in text form is represented in tables and or graphs  
e g   survival of non standard implant patients  

  i 



Further clarification  via presentation of data in table format  of the subgroups 
from the population that did not meet implant criteria  n   214  is provided  i e   

patients with LEDs less than 24 joules are stratified as those in which it was 
difficult to induce VF and received a 10 joule safety margin  and later were 
induced  vs  those patients in which their condition precluded VF induction  
Section I C 2 b  

A cross reference of explants vs  device  lead  analyses is provided to clarify 
those explanted devices and their subsequent analysis  if indeed the device s  
was returned  Section I E 1  Include returned product analysis procedure 
 Appendix F   

As provided in the March amendment  complications observations are updated 
relative to pace sense and dislodgements  The resulting population was N   

1330   757   573   1330   The additional 573 are represented separately  
Section IV  

The tree diagram  flow chart  on page 236 of the March amendment was 
modified to include the number of patients  in addition to the percentages   and 
also to include the total number of non standard systems implanted  currently 
only some of the non standard are presented on this page  although all non  
standard are clearly discussed in the text   Sections I B 1   I C  

The protocol compliance table  as presented in the September T992 
amendment  is included  Section I B 1  

Foreign data demographic information  justification for pooling  is delineated  
Section I A 3  

Survival curves are provided along with the tables of survival statistics that are 

provided  Section I B 4  

Comparison table of PCD epicardial to PCD Transvene  Include number of 

patients along with percentage  Section I D 2  Also  Ventak P comparison 
data is provided in table form  Section I D 1  

Death information includes devices programmed off  both the N and percent  
incorporated by type of death  e g   SCD  non SCD  etc    Section I D 2  

Literature update  e g   anything relevant to lead dislodgement and 

subcutaneous patch locations  Appendix C  

Foreign versus U S  complications observations are discussed with any 

differences noted in reporting methods between international and U S  Section 

I B 3  



All statistical tests are identified  e g   Chi square  t test  Hochberg  Wilcoxin  
etc  Appendix E  

The recurrence of ineffective therapies is addressed in complicationsl 
observation section  Of 60 ineffective  there were 39 ineffective VT therapies 
due to AF and 21 inappropriate therapies  None of these 21 were related to 
patient deaths  Section I 8 2  

Any reprogramming due to observations is noted and put in table format in 
observation section  Section II  

Incidence of infection rate  Transvene versus epicardial  Section I D 2  

Clarify the null hypothesis of a three lead configuration based on patient 
demographics  Section I A 3  

Choice of lead configuration made by the physician  Section I B l  

Measurements made for those patients followed for a year or greater  
Assessment of pace sense parameters  dislodgements  etc  Section I D 3  

Patients followed for one year or longer  Take the 393 patients followed for 
one year or longer and look at their spontaneous and induced VT and VF 
episodes  Provide evidence of system performance  spontaneous and induced  
Section I D 3  

Analysis showed the epicardial and Transvene patient groups were comparable  
provide the statistics that support this  Appendix E  

Describe the computer program used to show comparable groups  Include the 
data inputs and outputs  and description of the decision used to support the 
claim of comparable groups  Provide the data set used for survival calculations  
e g   the denominator and numerator   Because of the immense amount of raw 
data  we are providing a description of how we did this   Appendix E  

Provide the confidence intervals for one year and overall survival  Section 
I D 1  

Provide justification for denoting 30 days as the acute cutoff point with respect 
to dislodgements  Section II D 7  

Address patients lost to follow up or withdrawn from the study and how they 
were addressed in calculations  Appendix E  

Use page 93  table 4 6 of  Statistical Methods Used For Survival Data 



Provide numerator and denominator for spontaneous VT and VF episodes  
88CtlGfT t  L Z  

What lead configurations are recommended in the labeling  Was a two lead 
configuration used  If so  how many and what are they  Does the labeling 
also address these  Data for the two lead non standard configurations are 
reported consistent with the rest of the lead configurations  Section I D 4  and 
Appendix G  

How many patients of the 757 were implanted via a subclavian stick 
procedure  Were the cases of lead fracture related to the use of subclavian 
insertion  How many fractures were there  Were the physicians following 
instructions  At what point in time did the fractures occur  Compare the N   
757 to the N   573 population relative to fractures  N   1330 total   Section 
II D  

Lpfhgralhg  ig thy  iQgi itapgngig ngtr h i pJgptaQ7 C tJgp I R 1 

Regarding complications  specifically  increased defibrillation requirements  
were there any recurrences of the N   14 of these reported  Section II  

 yL 
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Appendices 

 Technical Manuals are in Appendix G  
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MEDTRONIC CONFIDENTIAL 

Tr n v n umm r f afet and Effectiveness Jun 11 1 

A  Ini in Fr 

The Medtronic PCD Model 7217B Multiprogrammable Tachyarrhythmia 
Control System with Nonthoracotomy Cardioversion and Defibrillation 
Electrodes  hereafter referred to as the PCD Transvene System  is 
intended to treat patients at risk of sudden cardiac death due to 
ventricular tachyarrhythmias  Indications for use include  

Patients who have survived at least one episode of cardiac arrest due to a 
ventricular arrhythmia not caused by an acute myocardial infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain inducible 
via programmed electrical stimuli or exercise  or occur spontaneously  despite 
the most efficacious antiarrhythmic drug therapy that can be tolerated by the 
patient chronically  

Patients undergoing replacement of a previously implanted implantable 
cardioverter defibrillator  

The patients who meet the above patient selection criteria should have 
also undergone a complete cardiological evaluation that includes 
electrophysiological testing  Electrophysiologic evaluation and testing of 
the safety and efficacy of the proposed pacing  cardioversion  or 
defibrillation therapies are recommended during and after the 
implantation of the PCD Transvene System  

The PCD Transvene System components  except for the defibrillation 
lead system  are identical to the PCD Epicardial System which was 
unanimously recommended for approval by the FDA Advisory Panel on 
February 3  1992 and granted FDA premarket approval on February 11  
1993  

Market approval is not being sought for use of the PCD Device with 
other manufacturers transvenous defibrillation lead systems  In addition  
market approval is not being sought for the use of the PCD Transvene 
lead system with other manufacturers implantable cardioverter 
defibrillators  



MEDTRONIC CONFIDENTIAL 

B  0 ri i nof heTranv n L dP D lTl 

The Medtronic Tachyarrhythrnia Control System consists of two 
fundamental configurations   1  the implantable configuration and  2  the 
external configuration  Both configurations use the Transvene lead 
system  See Figure III B 1 

The implantable configuration is composed of a Pacer Cardioverter  
Defibrillator  PCD  device  implantable leads  and a programmer  The PCD 
device is an implantable  multiprogrammable  automatic tachyarrhythmia 
control device  

The external configuration is composed of an External Tachyarrhythmia 
Control Device  ETCD   a patient cable  implantable leads  and a 
programmer  The ETCD is an externally operated  multiprogramrnable  
tachyarrhythmia control device  

In n e es   Transven Lead 

M el 63 Lead 

The Medtronic Transvene Model 6963 Unipolar  Coronary Sinus or 
Superior Vena Cava  Transvenous Lead features an electrode for the 
delivery of cardioversion and defibrillation therapies  It is intended for 
long term use in the coronary sinus or superior vena cava and is 
designed to be used with an implantable tachyarrhythmia control device 
along with at least one other lead  such as the Model 6966 Tripolar  
Right Ventricular  Transvenous Lead  

The lead has application where implantable tachyarrhythmia 
cardioversion or defibrillation systems are indicated  

M del 6966 Lead 

The Medtronic Transvene Model 6966 Tripolar  Endocardial  Screw In 
Lead is designed for pacing  sensing  and delivering cardioversion and 
defibrillation pulses in the ventricle  The lead has application where 
implantable tachyarrhythmia control systems are indicated  

The Model 6966 lead has a helical electrode made of platinum alloy that 
can be actively fixed in the endocardium  The helix can be extended or 
retracted by rotating the lead connector pin with a special fixation tool  

Ipj 
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MEDTRONIC CONFIDENTIAL 

Active fixation leads are particularly beneficial for patients who have 

smooth or hypertrophic hearts where lead dislodgement may be potential 
a problem  

The three electrodes of this lead are the coil  ring  and helix  

The defibrillating coil electrode is most proximal to the pulse generator and connects 

electrically to the connector pin of the unipolar leg of the bifurcation  This unipolar leg 

will not accept a stylet  

The ring electrode is proximal to the helix and connects electrically to the 

connector ring of the bipolar leg of the bifurcation  

The helix tip electrode is most distal to the pulse generator and provides active 

fixation in the endocardium  It can be extended or retracted by rotating the 

lead connector pin with a special fixation tool  The helix electrode connects 

electrically to the connector PIN of the bipolar leg of the bifurcation  This 

bipolar leg is the only one that will accept a stylet  

The helix tip electrode and the ring electrode may be used for bipolar 

pacing and sensing  the coil electrode is intended to be used for delivery 

of cardioversion and defibrillation pulses  

The lead has application where implantable tachyarrhythmia 

cardioversion or defibrillation systems are indicated  

M I 6999 Lead 

The Medtronic Model 6999 Unipolar  Subcutaneous  Oval  Patch Lead 

features an electrode for the delivery of cardioversion and defibrillation 

therapies  It is intended for long term use and is designed to be used 

with an implantable tachyarrhythmia control device along with at least 

one complementary defibrillating electrode and a pacinglsensing lead  a 

third defibrillating electrode may also be used  

The lead has application for patients in whom implantable 

tachyarrhythmia cardioversion or defibrillation systems are indicated  

4 
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In n  P DDvi 

The Model 7217B PCD device is intended for use in patients who are at 
high risk of sudden death due to ventricular tachyarrhythmia  

Current medical research indicates that such patients should  

  have survived at least one episode of a cardiac arrest  presumably due to a 
ventricular tachyarrhythmia as evidenced by resuscitation using a transthoracic 
defibrillator  The ventricular tachyarrhythmia should not be caused by an acute 
myocardial infarction  or 

in the absence of a prior cardiac arrest  have recurrent  sustained ventricular 
tachycardia that occur spontaneously or can be induced  despite the most 
efficacious antiarrhythmic drug therapy that can be tolerated chronically  

Extensive electrophysiologic evaluation and testing of the proposed 
pacing  cardioversion  or defibrillation therapies are recommended during 
and after the implantation of the Model 7217B PCD device  Before 

permanently programming the PCD device to the automatic detection 
and delivery of the VT and or VF therapies  the patient should have 
demonstrated a satisfactory response to the proposed therapy  

In nde Uses   ETCD 

The Model 5355 External Tachyarrhythmia Control Device is intended for 
use in conjunction with an antitachycardia defibrillation lead system 
during diagnostic studies for implantina the Model 7217B PCD device  

Indications for use of the ETCD include  

Patients experiencing recurrent episodes of ventricular tachyarrhythmia  

Patients who survived a cardiac arrest due to a ventricular tachyarrhythmia and 

are at risk for repeated episodes  

Patients who are undergoing an assessment of the efficacy of antitachycardia 

pacing  cardioversion  or defibrillation therapies in anticipation of an implantable 

cardioverter defibrillator  
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m nns fh em 

A list of components used in the system is given below  It is separated 

into a listing of those components for which market approval is sought 

and those components that are now commercially available  Market 

approval is not being sought for use of the PCD Device with other 

manufacturers transvenous defibrillation lead systems or for the use of 

the PCD Transvene lead system with other manufacturers implantable 

cardioverter defibrillators  

ekin A r val  mm r i II Avail I  

Transvene Leads 
Model 6963 
Model 6966 
Model 6999 

Programmers Model 9710 and 
accessories 

Printers Model 975119712 

Pacer Cardioverter Defibrillator 
 PCD  Device 

Model 7217B 

External Tachyarrhythmia 
Control Device  ETCD  

Madel  535m ETCD 
Model 5418 Patient Cable 
Model 5419 Patient Cable 
Model 5414 Test Load 
Model 5417 EGM Cable 

Programmer Software Cartridge 

Model 9788   Memory Module 
for 7217B PCD Device and 5355 ETCD Devices 

Lead Accessories 

Model 6701 Lead End Cap 
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m n n in h Imln I nfi r in 

The implantable configuration is composed of a PCD Device  lead 
system  and a 9710 Programmer with applicable software cartridge  The 
implantable device is a Model 7217B PCD Device  The PCD device 
requires an appropriate lead system consisting of up to three 
cardioversionldefibrillation electrodes  See Figure III B 2  The Transvene 
leads used with the Model 7217B PCD Device are the Models 6963  
6966  and 6999  

The Model 9710 Programmer is commercially available  Two printers are 
also commercially available  When higher printing speeds are desired  it 
is recommended that the programmer be used with the faster printer  the 
Model 9751  If slower printing speeds are acceptable  as may be the 
case in some follow up situations  the Model 9710 Programmer can be 
used with the battery powered Model 9712 Printer  

m onent used in he External onfi ur i n 

The external tachyarrhythmia control system is composed of the Model 
5355 ETCD  a Model 5418 Patient Cable  a Model 5419 cable  lead 
system  and a Model 9710 Programmer with applicable software 
cartridge  see Figures IV A 3  4  The ETCD uses replaceable batteries 
as its power source  The Model 5418 Patient Cable and Model 5419 
Cable are designed to connect the Transvene leads to the ETCD  Like 

the implantable system  the ETCD uses the same Transvene leads 

 Models 6963  6966  and 6999   

7 
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Figure IV A 4  Model 5355 External Tachyarrhythmia Control Device 
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P r f h em 

P D m onfi ura ion 

The PCD Device is an implantable device designed to detect episodes of 

ventricular tachycardia  VT  and ventricular fibrillation  VF   and upon 

detection  automatically deliver the appropriate therapy or a progression 
of therapies programmed by the physician for each patient  The available 

therapy types that can be programmed are overdrive pacing  
cardioversion  and defibrillation  The PCD Device also has bradycardia 

pacing capability  The Transvene leads allow the PCD device to deliver 

these therapies to the heart  

ET D S s m Confi ration 

The ETCD is an external tachyarrhythmia control device designed to 

deliver overdrive pacing  cardioversion  defibrillation  and bradycardia 

therapies in the same fashion as the PCD device  The ETCD can be 

programmed to automatically deliver overdrive pacing therapy upon 

detection of VT  When used as a component of a system that includes 

the appropriate Medtronic programmer and applicable software cartridge  

the ETCD can deliver manually initiated VT pacing  cardioversion  and 

defibrillation therapies  The ETCD allows the assessment of the 

Transvene iead system characteristics and aids in the assessmentof lead 

system pacing and sensing characteristics  

v rview of S stem Features 

eneral 

The PCD device is designed to automatically detect episodes of VT or VF 

and  upon detection  deliver the appropriate programmed pacing  
cardioversion  or defibrillation therapies  The device has two 

independently programmable detection and therapy procedures  one for 

VT and a second for VF  

When used as a component of a system that includes the appropriate 

Medtronic programmer and dedicated software  the ETCD is designed to 

deliver manually initiated cardioversion and defibrillation therapies  The 

ETCD is also designed to detect episodes of VT and VF  It can 

automatically deliver VT overdrive therapies  burst and ramp  upon 

detection of a VT  

i  
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VTD in n Thr 

Both the PCD device and ETCD use a VT detection algorithm which can 

use up to three separately programmable criteria as it monitors the 

cardiac cycle length to identify the presence of a tachycardia  Upon 

detection  the devices deliver their first programmed VT therapy  If the 

VT episode persists and is again detected  up to three additional 

independently programmable VT therapies may be delivered to restore 

the patient s normal cardiac rhythm  This progression of four VT 

therapies can be tailored to each patient s need  For the PCD device the 

therapies may be selected from two methods of overdrive pacing  burst 

and ramp  and synchronized cardioversion  

For the ETCD the same overdrive pacing therapies can be automatically 

delivered  with cardioversion therapy being available as a manual 

therapy  

VF D te i n and Thera 

The VF Detection algorithm monitors the cardiac cycle length to identify 

a VF episode  Upon detection  the PCD device provides a programmable 
high energy defibrillation pulse for VF therapy  Up to a maximum of four 

VF therapies may be delivered for ongoing detected VF episodes  Each 

defibrillation therapy consists of one  single pulse  or two  simultaneous 

or sequential  high voltage pulses designed to restore the normal cardiac 

rhythm  

For the ETCD  each cardioversion or defibrillation therapy  which must 

be initiated manually via the programmer  also consists of one high  

voltage pulse or two  simultaneous or sequential  high voltage pulses in 

the same fashion as the PCD devices  

Br cardia Thera 

For both the ETCD and PCD devices  bradycardia pacing is delivered in 

the VVI mode  Asynchronous   VOO   pacing is not available  and is 

avoided even with magnet application since this type of pacing has 

increased potential to initiate ventricular arrhythmias in patients receiving 

this system  

12 



MEDTRONIC CONFIDENTIAL 

v tems 

The PCD Device and the ETCD perform pacing  sensing  cardioversion  
and defibrillation through multiple electrodes in the lead system  Listed 

below are the electrodes and their function  

  The PACE SENSE electrodes are incorporated in the right ventricular 

defibrillation lead  These electrodes function as the sensing circuit and deliver 

pacing pulses  The PACE SENSE electrodes are used for sensing in conjunction 
with the SENSE2 electrode  

The COMMON electrode is an electrode coil that serves as the cathode for 

cardioversion  defibrillation  and pacing  

The PULSE2 electrode is an electrode coil that serves as the anode for 

cardioversion and defibrillation  

The PULSE1 electrode is an optional electrode coil that serves as an additional 

anode for sequential and simultaneous cardioversion and defibrillation  

Cardioversion and defibrillation current pathways are between the 
PULSE2 and COMMON electrode coils and  if the additional lead is 

implanted  between the PULSE1 and COMMON electrode coils  

her a abilitie 

The physician may use the ETCD or the PCD devices to conduct 

noninvasive electrophysiologic studies  EPS  via the programmer with the 

appropriate software cartridge  The physician can also manually deliver 

various therapies via the programmer to manage an induced or 

spontaneous tachyarrhythmia  

The PCD device will provide the physician with information  via the 

Programmer  about its present programmed status and data on its 

operation accumulated between office visits  This information may be 

printed and retained in the patient s tile  

The PCD Device and ETCD can also transmit an electrogram to the 

programmer  The electrogram is the electrical signal sensed on the leads  

A programmer generated set of symbols  termed Marker Channel  

allows real time visualization of sensing  pacing  detection  and therapy 

events occurring within the device  

In addition  the ETCD provides a display of measurements and other 

information related to delivered cardioversion and defibrillation pulses  

13 
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With this information and other features  the ETCD can be used to 

assess the suitability of the lead system and its placement for individual 

patients  

P DB r Ln vi Exe in 

The longevity of the Model 7217B PCD Device depends upon several 
factors  including programmed bradycardia pacing parameters  the 

percentage of paced to sensed events  the pacing load  and on the 
frequency of high voltage capacitor charging  The longevity projections 
found in Table IV A 1 apply under the following conditions  

65 ppm pacing rate  
5 4 V pacing pulse amplitude  
0 49 ms pacing pulse width  and 
500 ohm pacing lead  

1 
Projected Longevity 

Table IV A 1 

M 7 17B 

100  Sensing Quarterly 5 0 years 

15  Pacing Monthly 4 2 years 

100  Pacing Monthly 3 4 years 

The longevity of the device decreases with the following  

An increase in pacing rate  
An increase in pacing amplitude  
A decrease in pacing impedance  
An increase in pacing pulse width  
An increase in the percentage of bradycardia paced to sensed events  or 
An increase in the charging frequency  

Each 34 Joule charging cycle will typically decrease the longevity of the 

device by approximately six days  

These preliminary longevity projections are based upon accelerated battery data and 

device modeling  They include an estimate of five months between time of 

manufacture of a PCD device and its implant  If a device was stored for the full 

twelve month shelf life  the average longevity would be reduced an estimated 4 3 to 

5 9 months  depending on device use  With the stated condition  100  pacing and 

monthly 34 Joule charging cycles  the minimum longevity of the device will be 2 5 

years  7217B   Average refers to the projected mean longevity of the modeled run of 

PCD devices at the stated conditions  Minimum longevity means that virtually all  i e   

99 9   of all modeled production run of PCD devices will attain the value given  
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p 
I ra  sy 

pr 
 c pm rl ufo 

The use of implantable defibrillators in patients with drug refractory 

ventricular tachycardia  fibrillation  VT VF  and in survivors of sudden 

cardiac death has reduced the arrhythmic mortality in these patients  
Other treatments available to treat ventricular tachyarrhythmias include 

antiarrhythmic drug therapy  ventricular tachycardia surgery  
transthoracic defibrillation and other market released implantable 
defibrillators with epicardial defibrillation lead systems  

15 
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D  M rk in Hi r 

All of the Medtronic Transvene Tachyarrhythmia Control System device 

components which have been implanted in the U S  to date have been 

part of the IDE clinical study and have followed the FDA approved 
investigational protocol  In November 1991  the Medtronic PCD 

Transvene System  and respective components described in this 

submission  were market released in Europe  In March 1991  the 

Medtronic PCD Epicardial System  and respective components  were 

market released in Europe  And in February 1993  the FDA approved the 

Medtronic PCD Epicardial System  

16 
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E  A v r Eff 

Potential adverse effects which may be associated with the use of the 

PCD Device include but are not limited to  failure to detect ventricular 

tachycardia or ventricular fibrillation  failure to terminate ventricular 

tachycardia or ventricular fibrillation  delivery of pacing or shock therapy 

when no ventricular tachyarrhythmia is present  which would precipitate 
an episode of ventricular tachycardia or ventricular fibrillation  

acceleration of a ventricular arrhythmia  failure to capture after a shock 

delivery  discomfort or pain during or following the delivery of electrical 
shock  or infection  

The following additional  potential adverse effects associated with all 

pacemaker systems include ioss of normal pacemaker function due to 

battery failure or other component failure  inability to program a 

pacemaker pulse generator because of programmer failure  infection  

erosion  undesired muscle or nerve stimulation  and inadequate sensing 
or pacing  Any demand pulse generator can be affected by magnetic  

electrical and electromagnetic signals of sufficient strength or with 

characteristics which rnirnic cardiac function  Possible effects of 

electrical interference on pulse generator operation include reversion to 

asynchronous pacing  inhibition of output pulses and rapid synchronous 

pacing  Certain environmental sources can couple sufficient energy into 

a cardiac pacing system to damage the pulse generator or cardiac tissue 

adjacent to the electrodes  

Failure of the pulse generator system to function properly may result in 

the patient experiencing the symptoms for which the pulse generator 
was originally indicated  

The potential complications related to the use of the PCD Transvene 

Lead System include  but are not limited to  the following patient related 
conditions  fibrillation  air embolism  cardiac perforation  heart wall 

rupture  cardiac tamponade  pericardial rub  infection  myocarditis  

constrictive pericarditis  pneumothorax and hemothorax  Other potential 
complications related to the lead system include  but are not limited to  

the following  lead dislodgement  lead conductor fracture  and insulation 

failure  

The above referenced information is provided in the labelling of the PCD 

Transvene System  
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F  mmr f i 

To validate the performance of the Medtronic Tachyarrhythmia Control 
System nonclinical laboratory  bench  testing  animal studies and human 
clinical trials were performed  All of the nonclinical bench and animal 

testing demonstrated that the devices are safe and performed according 
to design intent  

The nonclinical laboratory  bench  testing provides information relative 

to the Model 6966  Model 6963 and Model 6999 Transvene Leads  
Model 7217B PCD  Model 5355 ETCD  and Model 9788 Memory 
Module  

The animal studies were performed to evaluate acute and chronic 

performance PCD Transvene System and to validate that the PCD and 
ETCD System are safe for human use  

Finally  human clinical trials were performed to evaluate the safety and 

effectiveness of the PCD Transvene System in treating patients with life  

threatening ventricular arrhythmias  

All of the studies have demonstrated that the PCD Transvene System 
functions safely and is appropriate for human use  

The following summaries are provided in this section  

1  Model 6966  Model 6963 and Model 6999 Nonclinical Testing 

2  Non clinical Testing of the Related Components of the Transvene 
Lead system  Models 7217B PCD  Model 5355 ETCD and Model 

9788 MemoryMod Model 7217B PCD Nonclinical Testing 

3  Animal Testing 

4  Clinical Study of the PCD Transvene System 
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1  M I IVI I n M I 
mm r f N n lini I T stin 

D fi rill i n L 

To validate the performance of the Medtronic Tachyarrhythmia 

Control System nonclinical laboratory  bench  testing  animal 

studies and human clinical trials were performed  All of the 

nonclinical bench and animal testing demonstrated that the 

devices are safe and performed according to design intent  

The nonclinical laboratory  bench  testing provides information 
relative to the Model 6963 CSISVC lead  Model 6966 RV lead  

Model 6999 SQ patch lead  and related system components  

a  Ele rical es in 

Electrical D C  resistance testing was performed to ensure 

proper functioning of the Model 6963  6966 and 6999 

leads  

Seventeen Model 6963  thirty five Model 6966 and 

eighteen Model 6999 leads were submitted for testing  

Electrical resistance was measured utilizing a milliammeter 

under ambient room conditions  All samples measured 

were within the individual design specifications  

b  Envir nmental Anal sis Tes in 

The purpose of the testing was to subject the lead to 

temperature extremes to determine the lead s resistance to 

the thermal stresses when transported from extremes of 

climate  

Thermal hock 

Fifteen Model 6963 and thirty five Model 6966 leads were 

subjected to five cycles from  45 C to 70 C with a soak 

time of thirty minutes at each temperature extreme with a 

transfer time of one minute  Thirty five Model 6999 leads 

were subjected to five cycles from  40 C to 66 C with a 

soak time of thirty minutes at each temperature extreme 

with a transfer time of one minute  

After the thermal shock testing was completed visual 

inspection and electrical resistance measurements were 

performed  There were no visual defects and the electrical 

D C  resistance of all the samples met the design 

specification  

1 
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C  M h ni I T in 

The purpose of the mechanical testing was to determine 
the mechanical integrity of the leads to ensure that the 

devices are safe  reliable  and suitable for their intended use 

and conform to design specifications  The leads and or 

assemblies were subjected to the following  

flex testing 
composite pull strength testing 
crimp weld pull strength testing 
insertionlwithdrawal force testing 
A C  impedancelleakage testing 

FI x Testin 

The flex testing consisted of mounting the insulated 

conductor coils and uninsulated electrode coils of the 

Models 6963  6966 and 6999 in a lead flex test fixture  
The insulated conductor coils and uninsulated electrode 
coils were flexed under ambient room conditions at a 

specified radius  Eleven samples were used in each test  

Samples exceeded specifications and therefore are 

considered to be satisfactory for their intended use  

Lead Joint Tensile Stren ths 

Pull testing of the various lead joints is conducted to ensure 

that the integrity of the joint meets the design specification 

and is  therefore  adequate for its intended application  The 

testing conducted consists of a composite pull test which 

evaluates the overall pull strength of the lead and crimp pull 
testing that evaluates the crimped connections of the leads 

to assure specification conformance  

om osite Pull Stren th 

Leads were boiled in Ringer s solution or soaked in normal 

saline and pull tested  while wet  the lead is usually cut in 

half to facilitate fixturing limitations  utilizing a tensile 

testing machine  The samples were pulled until failure at a 

rate of five inches per minute  The initial failures were then 

P 
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analyzed statistically for the confidence level in meeting the 

specification for the composite lead which is 1 0 lb  

minimum  

Model 6963 data demonstrates that with a 95  

confidence at least 97   distal  and 99 9   proximal  of 
f58  8343 VV 0 fT188f Gf PMc eel the specification  

Model 6966 data demonstrate that with a 99  confidence 
at least 99 94k of the leads will meet or exceed the 
specification  

Model 6999 data demonstrate that with a 99  confidence 
at least 99 9  of the leads will meet or exceed the 
specification  

Therefore  Models 6963  6966 and 6999 leads  with 
respect to composite pull strength  are adequate for their 
intended use  

rim Weld Pull Stren th 

Crimp and weld pull strength tests were conducted to 
evaluate the strength of the connections to ensure that 
they meet the design specification and are  therefore  
adequate for their intended application  The connections 
tested are  

Distal crimp sleeve to conductor coil crimp  6963  

Double crimp core to conductor coil crimp  6963  

Electrode coil to double crimp core weld  6963  

Electrode coil to distal crimp sleeve weld  6963  

Tip crimp sleeve to conductor coil crimp  6963  

Connector pin to conductor coil crimp  6963 and 6999  

Helix electrode to inner conductor coil crimp  6966  

Electrode ring to middle conductor coil crimp  6966  

Transition sleeve to electrode coil weld  6966  

Transition sleeve to outer conductor coil crimp  6966  

Fixed connector pin to outer conductor coil crimp  6966  

Connector ring to middle conductor coil crimp  6966  

Rotating connector pin to inner conductor coil crimp  6966  

Manifold crimp sleeve to conductor coil c------ -------- 

Manifold crimp sleeve to electrode coil ---- ------ ---- ------ 

crimp  6999  
0 iW4AlfOld CAAlp  8188V8  i   BI8Ct  Qd8  COII  ---- -------- ------ -------- 

crimp  6999  

(b)(4)

(b)(4)
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Subassemblies were submitted for testing and pull tested 

by using a tensile testing machine  The samples were 

pulled until failure at a rate of four inches per minute  

Pull strength testing consisted of a minimum of 15 

subassemblies of each crimp connection and a minimum of 
7 subassemblies of each weld connection All samples 
tested exceeded the individual specification  The test 
results indicated that with a 95  confidence  at least 95  

of the leads will have crimp and weld strengths that exceed 
the specification  

Therefore  the Model 6963  6966 and 6999 leads  with 
respect to crimp and weld connection pull strengths  are 
adequate for their intended use  

Insertion Withdrawal Forces 

Insertionlwithdrawal forces are measured to ensure 

compatibility with the implantable device without causing 
damage to the lead  Twenty five each of the lead Models 

6963  6966 and 6999 were tested with the Model 7217B 

PCD Device connector modules  There were no physical 
changes and all measurements met the design specification  

A C Im cdance Leaka e Testin 

Fluid leakage tests are conducted on the lead 

assemblieslimplantable device connector to determine 

leakage  Ten of each lead model Models 6963  6966 and 

6999 were tested with the Model 7217B connector 
modules  A C  impedance was measured from the PCD 

device case to the lead connections while immersed in 

fluid  All samples met the design specification  

d  Bio m ibilit Testin 

The materials used in the Models 6963  6966 and 6999 

that are directly exposed to body tissue are  

Poiyorethare 
Silicone rubber  methyivinylpolysiloxane  
Silicone rubber titanium dioxide 

Platinum Iridium 
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These materials have been shown to be biocompatible 
through many years of use in Medtronic permanent 
implantable endocardiallmyocardialpermanent pacing leads  

In addition to extensive implant experience with these 
materials  standard biocompatibility tests have been 

performed to verify the biocornpatibility of the above listed 
materials  Testing has demonstrated that all materials are 
nonhemolytic  nonpyrogenic  nontoxic  nonmutagenic and 
biocompatible  Therefore  the materials passed the tests 

and are considered suitable for human implant  The 

materials used in the Models 6963  6966 and 6999 are 

identical to those used in other commercially available 
Medtronic pacing leads  

e  Lead em Life T stin 

In addition to the aforementioned tests  the Transvene 
leads were subjected to system  or life  testing  Further 
testing also evaluated the leads with respect to crush 
resistance  Testing included subjecting the leads to 

soaking  flexing and high voltage pulsing  A separate test 

evaluated crush performance  The purpose of these tests 

was to subject the leads to severe conditions and assess 

the overall integrity of the system  

D C  resistance values and intermittance data measured 

before and after being subjected to soaking  multiple flexing 

and high voltage pulsing  as well as crushing  demonstrated 

the non thoracotomy leads satisfied requirements and are 

therefore acceptable for their intended use  
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2  Nn lini IT in f h Rl m nn f h Trnvn 
L m M I 7217BP DM I ET n M I 

7 MmrM 

Non clinical testing of these components was provided Volume 4 

of the original PMA application  P900061  dated September 27  

1990  Volume 3 of the amendment dated March 8  1991  and 
Volume 2 of the amendment dated August 30  1991  A summary 
of the test results for each of the components is provided  

M l7217B P D  umm r f N n lini IT in 

Testing of the Model 7217B pulse generators and the peripheral 
devices that comprise the system  i e   the Pacing System 
Analyzers  the Model 9710 Programmer utilizing the Model 9788 
MemoryMod and the Model 9751 Printer have been tested and 
found to be acceptable  All aspects of system interaction and 

operation are in accordance with the Model 7217B PCD Device 

and Model 9788 technical manuals and system specifications  
Therefore  the Medtronic Tachyarrhythmia Control System  in its 

entirety  is acceptable for its intended use  

M el 8 Memor Moduie  S mmar of N rr iraqi T iri 

The Medtronic Model 9788 MemoryMod Cartridge was designed 
for insertion into the commercially available Model 9710 
Programmer  When inserted  it becomes an integral part of the 

non invasive programming system for the implantable PCD devices 

to establish pacing  ventricular tachycardia  VT  detection and 

therapy  ventricular fibrillation  VF  detection and therapy  and 

electrophysiological study  EPS  capabilities of an implanted 

pacemakerl cardioverterldefibrillator  PCD   Both the Model 

7217B PCD device and the Model 5355 ETCD are programmed 
with the Model 9788 MemoryMod cartridge when used with the 

Model 9710 Programmer  

Testing of the Model 9788 MemoryMod cartridge has 

demonstrated conformance to specification requirements  

Therefore  the Model 9788 MemoryMod is acceptable for its 

intended use with the Model 7217B PCD Devices and the Model 

5355 ETCD Device  
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M I ET D  rnm r ofN n lini IT in 

Testing of the Model 5355 ETCD and respective accessories has 

shown conformance to specification requirements  Therefore  the 

Model 5355 ETCD Devicelaccessories are acceptable for their 

intended use  

2 
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3  Anim I T in 

The information presented in this section is an accumulation of 

several studies  some of which FDA has previously reviewed in 

IDE submissions  G870102   These studies demonstrate the 

safety of the Transvene lead Models 6963  6966 and 6999  

A variety of non thoracotomy leads were evaluated in a series of 

four canine studies  Descriptions of the leads  as well as the 

study number s   1  2  3 or 4  in which they were evaluated  are 

presented below  

Description  Non thoracotomy Leads 

RONARY SINUS SUPERIOR VENA AVA LEADS 

Model 96 evaluated in Study No  4  is a silicone  unipolar  

coronary sinus or superior vena cava lead with a 6 5 mm 

connector and platinum alloy electrode for delivery of 

cardioversion and defibrillation therapies  

Model 6881  evaluated in Study Nos  2  3 and 4 is functionally 

equivalent to the Model 6963 except the 6881 has a 3 2 mm 

connector  

Model 10285 evaluated in Study No  1  is the temporary version 

of the Model 696316881  

RIGHT VENTRICULAR LEADS 

evaluated in Study No  4  is a polyurethane  tripolar  

extendablelretractable  screw in lead with a 6 5 mm connector 

and platinum alloy electrode for delivery of cardioversion and 

defibrillation therapies  Additionally  the 6966 has a 3 2 mm 

connector for pacing and sensing  

Mo el 6884 evaluated in Study Nos  2 and 3  is functionally 

equivalent to the Model 6966 except the 6884 has a 3 2 mm 

connector in place of the 6 5 mm connector for the cardioversion  

defibrillation electrode  

M del 102 4 evaluated in Study No  1  is the temporary version 

of the Model 696616884  
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TANE PAT H LEAD 

M I evaluated in Study No  4  is a silicone  unipolar  

oval  subcutaneous patch with a 6 5 mm connector and platinum 
alloy electrode coils that are partially embedded in the silicone 

patch for delivery of cardioversion and ---------------- ------------ 

Additionally  the patch is embedded with -------------------- ------- 

M I  evaluated in Study Nos  2 and 3  is functionally 

equivalent to the Model 6999 -------- the 6895 has a 3 2 mm 

connector and is covered with -------------------- ------- 

M I 1 17 evaluated in Study No  3  is functionally equivalent 

to the 6895 except it is embedded on the outer edge with 

-------------------- ------- 

Although model numbers differ  all leads in each of the three 

groups are functionally equivalent  The various model numbers 

reflect an evolution of temporary to transvenous lead 

development  as well as minor changes  such as the connector pin 
modification from 3 2 mm to 6 5 mm  

Additional devices were used to evaluate the non thoracotomy 

lead studies in canines  These are described below  

External Devices for Implant Support 

Model 5355 External Tach arrh thmia Con rol D vi ET D 

The Model 5355 ETCD provides the same detection capabilities as 

the implantable Model 7217B PCD Device  Therapies are identical 

except that the maximum output energy is 40 joules  J  and 

automatic defibrillation and cardioversion are not available in the 

Model 5355  The Model 5355 ETCD provides measurement and 

display of output waveform parameters and ETCD status  an 

isolated electrogram signal  and passthrough connections of 

pacing and sensing electrodes to external instrumentation  

Model 2394 External Cardioverter Defibrillator E VD 

The Model 2394 ECVD instrument can deliver   1  a single 

stimulation pulse on one output channel  or  2  a pair of pulses  

delivered individually on the two different output channels  

Monoghasic and biphasic pulses are provided  output capacitance 

gQ 

(b)(4)

(b)(4)
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can be varied between 10 and 150 microFarads  mf  depending 

on which external capacitor modules are used  and pulse width 

can be specified as a fixed duration  0 1 19 9 ms  or  tilt   10  
90    Pulse output voltages can range between 50 and 1090 

volts and may be delivered asynchronously  upon manual 

command  or synchronized with an intrinsic sensed event  

M I 237 Ex rn I r iov rter D fi rill or E VD 

The output stimulation parameters of the Model 2376 are very 

similar to those of the Model 2394 except for the following 

modifications  

All pulses are monophasic  truncated  exponential waveforms  

Output capacitance is fixed at 50 microFarads and pulse width is 

determined by a fixed pulse duration only  
  Pulse output voltages can range between 50 and 1090 volts and may 

be delivered asynchronously  upon manual command  or synchronized 

with an intrinsic sensed event  

ud M hod 

All canine studies were conducted according to the 1966 and 

1970 Animal Welfare Acts  1985 NIH Laboratory Animal Use and 

Care Guidelines and GLP regulations  Adult mongrel canines were 

used for all studies  The dogs weighed 20 kg or more  

Specific details of each study are presented in the following 
 Animal Studies Results  section  

Each study is briefly described below  Both acute and chronic 

studies were performed to assess the toxicity of the non  

thoracotomy lead system as well as its stability over time  

S d P1  A ute Toxicit Testin of Non thor m Leads 

The objective of this study was to quantify the amount and nature 

of shock induced damage to the myocardial tissue resulting from 

multiple  high energy defibrillation shocks delivered through 

transvenous defibrillation leads and a subcutaneous patch  This 

information has previously been submitted to the agency in the 

Non Thoracotomy IDE  reference Document Control Number 

G8701021S23  FDA Approved October 4  1990  Lead models 

evaluated in this study are functionally equivalent to the Models 

6963  6966 and 6999  Results of these studies revealed only 
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minimal shack induced necrosi- ---------- --------- --- ---------- 

which did not result in functional impairment of the cardiac tissue  

Therefore  the use of the Model 6963  6966 and 6999 leads did 

not result in significant myocardial damage in canines and could 

be safely implanted in humans  

 2  M l6 1 4 n hr ni L Evalua i n 

The objective of this study was to evaluate the suitability of the 

lead system for human clinical use  Lead models evaluated in this 

study are functionally equivalent to the Models 6963  6966 and 

6999  Study results demonstrate that the performance of the 

non thoracotomy lead system when used with the PCD and ETCD 

devices is in conformance with system design and expected 

operation  

One canine in this study has presented with two mastocytomas  

a common type of skin tumor in middle aged canines  This 

observation is not related to the PCD system  nor is it relevant to 

the clinical application of the PCD system  The tumors were 

excised and the animal remains in good health  

S d    Model 6881 68 4 n 6 9 hr ni La 

Defi rill i n S ud 

This study is an evaluation of the chronic stability of the non  

thoracotomy lead system via the monitoring of detibrii aiion arrd 

pacing thresholds  In addition  histopathological examinations 

have been performed to assess the amount and nature of shock  

induced damage to the myocardial tissue resulting from 

defibrillation shocks  Lead models evaluated in this study are 

functionally equivalent to the Models 6963  6966 and 6999  

Results demonstrate stable pacing  sensing and defibrillation 

thresholds over time  Additionally  histopathology analysis shows 

no cardiac tissue damage due to delivery of defibrillation shocks  

 4  Model 6963 6966 and hr nic Le d 

D fi rillation St d 

This study is an ongoing evaluation of the non thoracotomy lead 

system to assess chronic defibrillation threshold stability  pacing 

thresholds  intracardiac sensing capabilities and tissue damage  

Results indicate the lead system performs as intended  DFTs and 

(b)(4)
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pacing thresholds have remained stable throughout the study  60 

weeks  and intracardiac sensing is appropriate  Additionally  

pathology data  to date  indicates minimal localized trauma to the 

cardiac tissue   0 05 percent by weight   

n I  sign 

All of these canine studies have demonstrated that the non  

thoracotomy lead system  which includes the Model 6963 

CSISVC lead  6966 RV lead and 6999 SQ patch lead  functions 

safely and is therefore appropriate for human use  
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4  Clinical Experience Report 

A  System and Study Description 

The efficai  arid  safety of  implantable cardiovetm defibrillator 

 ICD  therapy for recurrent ventricular tachycardia  VT  and 

ventricular fibrillation  VF  has been well established  The current 

market released device provides defibrillation therapy for VF or 

hernodynamically unstable VT  however  this type of therapy may 

not be optimal for patients with stable  well tolerated VT that is 

amenable to antitachycardia pacing  It is necessary to perform a 

significantly more invasive procedure  a thoracotomy  in order to 

implant the epicardial cade  Thus  the need to incorporate 

programmability  multiple detection and therapeutic options  and 

a less invasive lead system has lead to the development of a 

tiered therapy device  the PCD Transvene  System  

This report represents a full report of Medtronic s clinical 

experience with the Medtronic PCD Model 7217B 

Multiprogrammable Tachyarrhythmia Control System with 

Transvene Cardioversion and Defibrillation Electrodes  Reference 

IDE G870102   The data included in this analysis is all data that 

was received by Medtronic and entered onto the clinical database 

as of February 1  1993  

The PCD Model 72178 Multiprogrammable Tachyarrhythmia 

Control System described in this submission is identical to the 

system which was recommended for approval by the FDA 

advisory panel on F Wruwy 3  1992  and approved by the FDA 

February 11  1993  with the addition of Transvene leads  

This summary provides an overview of the clinical experience 

which verifies that the PCD Transvene System is safe and 

effective in the indicated patient population  

1  Implanted Devices  Leads  and Pulse Generator 

The Pacer Cardioverter Defibrillator  PCD  device is an 

implantable  multiprogrammabie  automatic tachyarrhythmia 

control device  The PCD Device is used in conjunction with 

appropriate lead systems for the treatment of patients with 

ventricular tachycardia  VT  and or ventricular fibrillation 
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 VF   The PCD Device also provides backup pacing in the 

VVI mode and noninvasive electrophysiologic  EP  study 

capabilities  

The PCD Device is programmed with the market released 

Medtronic programmer and a Model 9788 or equivalent 

MemoryMod Cartridge  The PCD Device incorporates a 

two way telemetry system which receives operational 

instructions from the programmer and transmits status  

electrogram and event information back to the programmer 
for display and or printout  

The External Tachyarrhythmia Control Device  ETCD  is an 

external  multiprogrammable  tachyarrhythmia control 

device  Its operation is similar to the PCD Device except 

that cardioversion and defibrillation therapies are delivered 

manually  In addition  it displays measurements of 

cardioversion and defibrillation therapy parameters  The 

ETCD is used for making defibrillation threshold 

measurements during the PCD Device implantation 

procedure  

Components 

The Medtronic PCD Transvene System  which is 

represented in Figures 1 A and 1B  for which market release 

approval is being requested  consists of the following 

components  

1m lanted Device and Related Pro rammin s em 

Pacer Cardioverter Defibrillator  PCD  Device 

Model 7217B 

Pro rammer 
Model 9710 programmer and related accessories  currently market 

released   plus 
Model 9788 Memory Mod Software Cartridge 

Lea s em 
Electrode Leads  
Model 6966 
Model 6963 
Model 6999 
Market Released Medtronic Epicardial Leads 
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1m In M rmn m 
Model 5355 ETCD External Tachyarrhythmia Control Device 
Model 5418 Patient Cable 
Model 5414 Test Load 
Model 5417 EGM Cable 
Model 5419 Jumper Cable 

The physical characteristics of the Model 7217B are 
summarized in Table lA1 1  

Table lA1 1  Features  Model 7217B   211 93 

The Model 7217B PCD Device uses the pace sense leads 
for sensing  thus providing standard bipolar sensing  
Pacing is delivered in the integrated bipolar configuration  

2  Study Design and Objectives 

The clinical study was designed to evaluate the operation  
safety and effectiveness of the PCD System components in 

detecting and treating episodes of ventricular tachycardia 
and ventricular fibrillation  

The analysis focuses on data supporting the safety and 

effectiveness of the PCD system  including the implantable 

pulse generator and associated transvenous lead system 
and its therapy in this patient population  The analysis 
includes the clinical experience with the PCD system  

pace sense  detection and therapy functions in both the 
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acute and chronic implant settings  In addition  data is 

provided on clinical observations  clinical complications and 
deaths in this patient population  

The objectives of the clinical study were  

to evaluate the sensitivity and specificity of the PCD Device 
with Transvene lead systems to detect episodes of VT and VF  
and to evaluate the ability of the system to appropriately 
discriminate between VTIVF and other potentially nonmalignant 
rhythms  

to monitor the efficacy of the PCD Device with Transvene lead 
systems in treating VT and VF episodes  VTIVF therapy 
efficacy is determined as the ratio of successful termination of 
episodes detected to the total number of episodes detected in 
which one or more therapies were delivered  Successful 
Termination Number of Detected Episodes with Therapy 
Delivered   Investigators were free to choose from any of the 
available leads and VTIVF therapies that the efficacy was first 

evaluated acutely  

to evaluate the performance of the Model 6966  6963 and 
6999 Transvene leads  

to monitor the patient selection criteria and patient 
management methods required by the PCD Device and 
Transvene leads  

Clinical data was collected at the following study 

points to support the safety and efficacy of the PCD 
System  

Pre implant Patient Assessment 
Lead System Testing at Implant 
implantable Pulse Generator Testing at Implant 
Pre hospital Discharge Testing 
Follow up Evaluation 1 and 3 months post implant then at 

3 month intervals 

Specific data was collected at each of these points 
to meet the objectives of the clinical study  This 
included  

Pr  im lan P tient Ass ssmen   extensive pre implant testing 

was performed to ensure that the general patient selection 

criteria were met  This testing included at least an 

electrophysiologic evaluation  measurement of ejection fraction  

and assessment of the patient s New York Heart Association 
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 NYHA  classification of their cardiovascular status  Depending 

on the patient history  cardiac catheterization and exercise 

testing were also conducted  

L m T in   implant evaluation was performed to 

verify that one of the specified lead systems was capable of 

properly detecting and treating episodes of ventricular 
fibrillation and  when appropriate  ventricular tachycardia  The 
Market Released Model 5355 ETCD or the 2394 External 

Cardioverter Defibrillator  ECVD  was used for testing  

This testing included pacing and sensing thresholds during 
sinus rhythm  evaluation of VF electrooram amplitudes and 
defibrillation efficacy evaluation  The PCD Device implant 
criteria were  

1  successful VF termination at least 3 times in 4 
attempts with an output energy of 18 Joules or less 
and 

2  a 2 1 VF sensing safety margin  

Im I nt dP I en r rT in  thisimplantevaluation was 

performed to demonstrate proper detection and termination of 
ventricular fibrillation by the implanted PCD System with VF 

Therapy  1 programmed to 34 Joules in addition to pacing and 

sensing thresholds  

Pre has it I Dischar T in   testing performed at the pre  
hospital discharge included proper detection and termination of 

induced ventricular tachycardia  Final sensing and therapy 

parameters are programmed at the PHD  

Follow  Ev Iuation   regular testing was performed to 

evaluate the chronic stability of detection and therapy 

parameters of the PCD System  This testing included an 

assessment of the relative stability of the energy required to 

defibrillate a patient and efficacy and acceleration rate 

assessment of the VT therapies  The number of spontaneous 

VTiV 8 episodes treated by Die  PCD Device  were  evaluated  

Complication rates and patient mortality data were also 

evaluated  

Patients were evaluated prior to hospital discharge and or 

one  1  month post implant  three months post implant and 

then at intervals of every three months  In some cases 

additional testing was performed at physician discretion to 

evaluate spontaneous events and or potential clinical 

complications  
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Medtronic collected all clinical data on the PCD System and 
its components under tne ciinicai protocoi ouiiined irr the 
Investigational Plan  A common protocol was used on all 
study patients on a worldwide basis  

Clinical data presented in this summary includes experience 
with the Model 7216A and 7217B PCD Devices with the 
Model 6966  6884  6963  6881  6999  and 6895 
Transvene Leads  the only difference between the Models 
68841688116895 and Models 696616963 6999 are the 
size of the connector pins   This report presents the clinical 
evaluation of the safety and efficacy of the PCD Device 
with Transvene Leads implanted in 757 patients of which 
657 have implant durations equal to or greater than six 
months  

International centers were subject to the appropriate 
requirements  e g   the Declaration of Helsinki  in order that 
the data met the statutory requirements of the FDA  All 
clinical data  U S  and International  obtained with the PCD 
System with Transvene Leads is included in this report  

Patient data from U S  and International patients  Model 
7216A and 7217B  and the three implanted lead 

CQtifigtifBtiOPiS RVICSISQ RVISVCISG BA6 PVICSISVC   

analyzed in this report were compared with the appropriate 
statistical tests to justify data pooling  Data analyzed 
included  age  sex  ejection fraction  primary indication  
NYHA classification  and underlying heart disease  No 

clinically significant differences were found among the 

patient groups  

Indicated Patient Population 

The PCD System is intended to treat patients at risk of 

sudden cardiac death due to ventricular tachyarrhythmias 
which have been shown to be reliably terminated  and in 

the case of VF  terminated at an energy level below the 
maximum output of the PCD Device  
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Results provided in this application will support Medtronic s 
request for market release of the PCD Transvene System 
for use in the following patient population  

Patients who have survived at least one episode of cardiac 

arrest due to a ventricular arrhythmia not caused by an acute 

myocardial infarction  or 

Patients with recurrent  sustained ventricular tachycardia that 
remain inducible via programmed electrical stimuli or exercise  
or occur spontaneously  despite the most efficacious 

antiarrhythmic drug therapy that can be tolerated by the patient 
chronically  

These are the same indications that were approved for the PCD 

Epicardial System  

For this patient population the primary benefits from the 
use of the PCD System center on the detection and 
termination of life threatening ventricular arrhythmias  The 
use of pacing therapies for the treatment of ventricular 
tachycardia reduces patient trauma associated with higher 
energy cardioversion pulses and extends the longevity of 
the PCD pulse generator  

The PCD System allows the titration of therapies for 

patients with ventricular tachycardia while providing the 
critical defibrillation backup  Defibrillation backup is 
important in the event that an episode of VT accelerates to 
VF whether spontaneously or as a result of a delivered 
therapy  The capacity to provide programmable 
extrastimuli pacing allows noninvasive electrophysiologic 
studies to be performed  The potential benefits from 

permanent cardiac pacing provide support for chronic and 
transient episodes of bradycardia  Finally  the benefits of 

programmability of tachyarrhythmia detection and therapy 

parameters  VVI parameters and stored telemetry data on 
the delivery of therapy may avert the need for reoperation 
in the event of changing patient conditions or 
complications  

Study Controls 

The clinical experience obtained in the PCD Epicardial 
System clinical study provides a concurrent control for 

comparing the clinical performance of the PCD Transvene 
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System  Using the PCD Epicardial System clinical data as 

a control is appropriate because the patients were being 

enrolled in the two studies concurrently by the same 
investigators  and the patient indications  implant criteria  
and clinical data requirements were identical for the two 

patient groups  

The Ventak P Epicardial System is used as a historical 
control  since it was the most similar implantable 

defibrillation system that was market released and had 

published performance data  

The PCD investigators believe that there is a class of 

patients who cannot tolerate the thoracotomy required for 
the utilization of the epicardial patch lead defibrillation lead 

system and who are at high risk of sudden cardiac death  
For these patients  the PCD Transvene System is the only 

therapy available  Therefore  randomization between the 
Epicardial and the Transvene lead systems would not be 
feasible or clinically or ethically appropriate in these patient 

groups  There was no market released transvenous system 
available which would make a randomized study design 

possible  

3  Justification for Data Pooling 

This section will describe the results of the analysis to 

demonstrate that the data from the U S  and International 
investigative centers and the two device model numbers 

may be pooled  This section will also compare the three 

lead systems which will be presented throughout the 

report  

a  Comparison of U S  and International Patients 

Statistical comparisons were made between the two 

populations age  sex  ejection fraction  primary 
indication  NYHA  and previous cardiovascular 
history  Table E1 in Appendix E summarizes the 

results of statistical analysis  
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All study investigators used the same  

a  

b  
C  

patient selection criteria  
investigational protocol procedures  and 
indications for implant of PCD  Transvene  
System  

Of the variables analyzed patient age  ejection 
fraction  primary indication  NYHA classification  
coronary artery disease and cardiomyopathy showed 
a statistically significant difference between the U S  
and the International patient populations at a 0 05 
significance level  The difference in NYHA 
classification becomes insignificant when adjusting 
for multiple inference using the Hochberg procedure 
 Dunnett and Tamhane   A Step Up Multiple Test 
Procedure   Journal of the American Statistical 
Association  March 1992  87 162 170   See 
Appendix E for multiple inference adjustments  
Coronary artery disease  ejection fraction  
cardiomyopathy  primary indication and age remain 
statistically significant after adjusting for multiple 
inference  The U S  patient population has a higher 

percentage of patients with coronary artery disease 
and cardiomyopathy  lower mean ejection fraction  
more patients with VT as their primary indication and 
a higher mean age  The difference in age may 
explain the differences in underlying disease and 
cardiac ejection fraction  These factors that are 
statistically significant but are not considered to be 
clinically significant enough to require stratification 
of the U S  and International patient populations  
The differences may have to do with regional 
attitudes toward access to health care for the aged  

b  Comparison of Model 7216A and Model 72176 

Table E2 in Appendix E summarizes the results of 
statisticai anaiysis comparing the iAodet 7276A to 
Mod ei  7 2 1 7B  i a parameters were fours  o be  
statistically significant between the two PCD models 
at a 0 05 significance level  
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C  Lead Configurations 

Table E3 in Appendix E shows comparisons of 

patient variables for the three lead systems  This 
was done to document that there were no significant 
differences in patient characteristics between the 
implanted lead configurations  

Of the variables analyzed in Table E3 sex and 
cardiomyopathy showed a statistically significant 
difference between the three lead configurations at 
a 0 05 significance level  The difference in sex and 

percentage of patients with cardiomyopathy 
becomes insignificant when adjusting for multiple 
inference using the Hochberg procedure  Dunnett 
and Tamhane   A Step Up Multiple Test Procedure   
Journal of the American Statistical Association  
March 1992  87 162 170   See Appendix E for 
multiple inference adjustments  

d  Statistical Analysis Conclusions 

The statistical comparisons between the U S  and 
International populations indicated no clinically 
significant differences therefore the data may be 

pooled  Analysis of the patients receiving the two 
PCD models indicates no statistically significant 
differences therefore the data from the two devices 
may be pooled  

The results from the comparison of lead systems 
indicated no statistically significant differences in 

patient demographics  primary indication  or heart 

disease  Data PoolinglU S  Demographics 

B  Overview of Clinical Experience 

This report covers a total of 762 implants of the PCD Device with 

the Transvene Defibrillation Lead System in 757 patients who 

received a 3 lead system  There was a total of 97 patients that 

were screened for Transvene system that did not meet the implant 

criteria and received a Medtronic Epicardial system and a total of 

43 patients that received a non standard lead system  These 
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pa ier  s arsdescc be  a Sect on C2  Pat eats not Meeting Implant 

Criteria and Section D4  Non standard Lead Configurations  
respectively  

A total of 78 investigative centers participated in the clinical trial 
with 35 centers in the U S  and 43 Internationally  The first 
implant occurred internationally on October 20  1989  and the 
first implant in the U S  occurred on October 16  1990  Table IB  
1 shows the distribution of Model 7216A and Model 7217B 

patients between U S  and International investigators  

U S  1nt I 

18  2 4   3  0 7   15  4 8   

744  97 6   444  99 3   300  95  2   

Table IB 1  PCD Transvene System   Implant Distributions   211193 

The mean documented implant duration for this patient population 
is 11 7 months and ranged from implant to 37 4 months  The 

cumulative implant duration is 8894 8 months  There are 657 

patients with implant durations equal to or greater than 6 months 
and 393 patients with implant durations equal to or greater than 
1 year  

The patient population enrolled in the clinical trial was 

predominately male  80 6   with a mean age of 59 4 years  In 
half of the patients  49 8    the primary indication for implant 
was recurrent  sustained ventricular tachycardia without an 

episode of sudden cardiac death  Sudden Cardiac Death was the 

primary indication for 37 1  of the patients and SCD in 

combination with recurrent  sustained VT was the primary 
indication in 13 1   Coronary artery disease was the primary 
heart disease in 74 1  of the patient population with a mean 

reported ejection fraction of 35 6  Table IB 2 provides a data 

summary on these patients  Also included is the data summary 

of the patients with 6 months and 12 months of follow up  
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Table IB 2  PCD System Data Summary All Transvene Patients versus 

Transvene Patients with 6 mo Follow up   211193 
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m am mm eon 

Implants of the PCD Device may use two or three 
Transvene leads  The physician has the flexibility to use 
whichever lead system best meets the patient s needs  

The venous entry site used for placement of the Transvene 
leads is determined by the implanting physician  Table IB1  
1 shows that the Left Subclavian vein is the most popular 
venous entry site regardless of type of lead or intended lead 
location  The total number of RV lead entry sites is greater 
than the total number of patients included in this report 
because of patients with multiple lead evaluation sessions 
 e g  patients that received a second PCD Transvene 
system if the initial system was removed due to infection   

Table IB1 1  Venous Entry Site   2 1193 

The location of the subcutaneous patch is presented in 
Table IB1 2  Location is defined by both anatomical line 
and intercostal space  The study protocol does not restrict 
investigators in subcutaneous patch placement  
Investigators are free to place it in the most appropriate 
location for each individual patient  
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The most common subcutaneous patch location laterally is 
the mid axillary line  55 7    the next most common 
location is the anterior axillary line  34 3    The majority 
of subcutaneous patches are placed between the third and 
sixth intercostal  53 4    

The majority of the investigators  92 8   placed the patch 
electrode subcutaneously  Fifty two  52  or 7 2  if 
investigators placed the patch electrode in a submuscular 
location  

Table IB1 2  Location of the Subcutaneous Patch Electrode   211193 

Table IB1 3 illustrates the lowest energy of defibrillation 
 LED  and defibrillation threshold  DFT  for the implanted 
lead systems  The implant criteria for the PCD Device was 
3 of 4 episodes of VF successfully terminated at 18 Joules 
or less with a given lead configuration  Some patients did 
not have a LED at implant  The LED is only identified if the 
investigator reported the induced rhythm as VF  

Conversion of VT or V Flutter  as defined by the physician  
to sinus rhythm was not included in the determination of 
the LED  In addition  it is not a protocol requirement to 
obtain a DFT at implant  However  recommendations have 

been provided to those institutions that prefer to obtain 
DFT s during the implant procedure  

11 
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16 0J 316 14 8J 

16 7J 187 15 8J 

210 14 6J 110 1 2 8J 

37 15 2J 19 1 6 0J 

Table IB1 3  PCD Transvene System   LED and DFT Values   2 1193 

The mean implant Lowest Energy of Defibrillation  LED  for 

all lead systems was 16 0J and mean implant Defibrillation 

threshold  DFT  for all lead systems was 14 8J  As the 

mean DFT s and LED s indicate  VF was reliably terminated 

at an energy value below the maximum output  34 Joules  

of the PCD Device  

There was a statistically significant difference between the 

mean DFT obtained with the RV CS SQ lead configuration 

and the mean DFT obtained with the other lead 

configurations  Since there were no differences in the 

patient populations implanted with any of the 3 lead 

configurations  this may be a configuration that results in 

lower DFTs than the other configurations  In theory  this 

may be due to better defibrillation current distribution 

throughout the myocardium  There is no intent to show 

that a lower DFT results in a better patient outcome  The 

premise of the PCD Epicardial and Transvene studies was 

to demonstrate that if a patient was evaluated at implant 

and shown to meet the implant criteria  that they would be 

reliably defibrillated over time  and therefore  have a high 

probability of survival from SCD regardless of which lead 

system or defibrillation pathway was chosen or the 

absolute value of the DFT  

Follow up Data   Quantity 

The combined experience from the Model 7216A and the 

Model 7217B with Transvene lead systems discussed in 

this analysis is 762 implants in 757 patients followed for a 

mean of 11 7 months  Maximum follow up is 37 4 months 
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with 8894 8 total device months of experience  Six  
hundred fifty seven  657  patients have been followed for 
at least 6 months and 393 patients have a minimum of one 

year of follow up  

2  Spontaneous VT and VF Episode Experience 

Of the 757 patients who received a PCD Transvene 
System  597 patients  78 9    5971757  have either 
experienced a spontaneous VT VF episode or had VT VF 
induced during a post implant electrophysiology study  A 
total of 458 patients  60  5    have experienced a 
spontaneous episode of either VT and or VF that has been 
detected and treated by the PCD Device  A total of 141 

 18 6   experienced VT only  142 patients  18 8   
experienced VF only and 175 patients  23 1   experienced 
both an episode of VT and VF  

There have been a total of 12 009 episodes of spontaneous 
VT or VF as detected by the PCD  The overall PCD Device 
success rate in terminating spontaneous VTIVF episodes as 
detected by the PCD is presented in Table IB2 1  

For those episodes where all four programmed VTIVF 
therapies failed to terminate the episode  the clinical follow 
up data form was reviewed for investigator s comments on 
the episode  The investigator reviewed the patient s 
symptoms at the time of the episode as well as the stored 
episode information provided by the PCD Device and 
indicates on the clinical dataform whether the ineffective 
therapy was due to a nonventricular tachyarrhythmia such 
as sinus tachycardia or atrial fibrillation  If there is no such 
indication on the clinical dataform  it is assumed that the 

ineffective therapy was for a spontaneous VT or VF 

episode  It should be noted that for all current ICD 

Systems  the delivery of inappropriate therapy for atrial 
fibrillation or sinus tachycardia is a known risk of the 

therapy  

46 
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Table IB2 1  PCD Transvene System  Success Rate for Termination of Spontaneous 
VTIVF Episodes  n  757    211193 

pl 
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a  Spontaneous VT 

For the purposes of this clinical trial  spontaneous VT 

was defined as those episodes that satisfied the 

programmed VT detection criteria  Specifically  all 

programmed VT detection criteria must be fulfilled to 
detect a VT episode  Successful termination of the 
episode was defined as satisfying the VT episode 
termination criteria  

To date  10 027 spontaneous episodes of VT have 
been detected by the PCD Device in 316 patients  
The mean number of episodes per patient with VT 

was 31 7  316 10 027  and ranged from 1   531 
episodes  

Most spontaneous VT episodes  90 7   were 

successfully treated with VT Therapy  1 and 98 4  
were successfully treated with one of the four 

programmable VT therapies  

Of the 9864 successfully terminated spontaneous 
VT episodes  91 4  were treated with one of the 

programmed antitachycardia pacing therapies 
incorporated in the PCD Transvene System  The 

clinical benefit of tiered therapy is the reduction of 

delivery of high energy shocks for the treatment of 

stable recurrent ventricular tachycardia  This greatly 
enhances the patient acceptance of ICD therapy 

s nce amea   a pamn  s 
  s   sty o  e e vm 

by the patient  

Sixty patients experienced 163  1 6   episodes in 

which the PCD Device was ineffective in terminating 
a spontaneous episode of VT despite delivery of all 

four programmed VT therapies  Thirty nine patients 
experienced 95 ineffective episodes that were due to 

sinus tachycardia or atrial fibrillation flutter  SVT  
with a rapid ventricular response that had been 

detected as VT  These episodes were resolved with 

either modification of programmed parameters or of 

antiarrhythmic drug therapy  It should be noted that 

the PCD Device responded appropriately based on 

the programmed detection parameters  

4 
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The remaining 68 episodes occurred in 21 patients 
in which the programmed VT therapies were 
ineffective in terminating a spontaneous VT episode  
No patient deaths occurred as a result of ineffective 
VT therapy  Reprogramming and pharmacologic 
intervention resolved these events  

b  Spontaneous VF 

For purposes of this clinical trial  VF is defined as 
those episodes that satisfy the programmed VF 
detection criteria  Specifically  all programmed VF 
detection criteria must be fulfilled to detect a VF 
episode  Successful termination of the episode is 
defined as satisfying the VF detection criterion for 
episode termination  

To date  1982 spontaneous episodes of VF have 
been detected by the PCD Device in 317 patients  
The mean number of episodes per patient was 6 3 
and ranged from 1   77 episodes  A review of the 
chart by the investigator for this patient that 
experienced the 77 episodes of VF revealed that 75 
were most likely due to atrial fibrillation  VF 
detection parameters were modified in this patient  

Most  89 1   spontaneous VF episodes were 
successfully treated with VF Therapy  1 and 98 4  
were successfully treated with one of the four 

programmable VF therapies  

Sixteen patients experienced 31 episodes  1 3   in 
which the PCD Device was ineffective in terminating 
a spontaneous episode of VF despite delivery of all 
four programmed VF therapies  Nine patients had 22 
reported ineffective VF spontaneous episodes that 
were due to sinus tachycardia or atrial fibrillation 
with rapid ventricular response rather than VF  
Reprogramming and pharmacologic intervention 
resolved these problems  

Four patients experienced 5 ineffective episodes that 
were detected as VF by the PCS System  One of 
these patients --------- required external defibrillation (b)(6)
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to convert the VF episode  This patient s 
antiarrhythmic drug regimen was modified to 
---------- defibrillation efficacy  Another patient 
--------- had an episode recorded as ineffective on 

the ------  counters but presented in sinus rhythm  

Subsequent evaluation demonstrated ap----------- 
PCD function  Another of these patients --------- 
had two spontaneous episodes of VT that were 

detected as VF by the PCD while in the hospital for 

progressive CHF  These episodes required external 
cardioversion  The patient requested the PCD be 
turned OFF  The patient was alive at the las- -------- 
follow up  The last of these four patients --------- 
experienced cardiac arrest at home and was found 
by the paramedics to be in sinus rhythm  While on 
a monitor the patient developed VF  The PCD 
delivered the programmed therapy which terminated 
the episode but the patient developed EMD  arrived 

at the ER comatose and died  

Four patients  one patient -------- experienced 2 

episodes due to AF but is described below again  
experienced 4 episodes in which the PCD detected 
the episodes as VF but were actually episode- ----- --- 

extraordinary circumstances  One patient --------- 
experienced an episode where all four therapies 
failed secondary to RV lead fracture  The patient 
had Twiddlers Syndrome  Reoperation was required  
It appears that the inappropriate therapy was ---- ----- 

to VTIVF but due to noise  Another patient --------- 
had a surgical procedure  CABG  where the CS lead 

dislodged post surgery  The episode that was 

detected wa- ----- --  the lead dislodgement  The 

third  paeien   
-----------   ad  ircessan   episodes of fast 

VT  cycle length 280 ms  that wer-- -------- ally 

resolved by drugs  The fourth patient --------- was 

in the hospital and there was an episode of VF 

detected by the PCD and therapy was delivered  

However  the device was interrogated before 

termination of the episode was detected by the PCD  

There was external intervention  transthoracic 
defibrillation  associated with the terminal event  

However  the patient ultimately expired  The device 

was not interrogated again  

(b)(6)

(b)(6)

(b)(6)

(b)(6)

(b)(6)

(b)(6)

(b)(6)

(b)(6)
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The evaluation of spontaneous episode experience 
indicates that the PCD Transvene System s VT and 
VF detection and therapy functions have performed 
safely and effectively in the indicated patient 
population  

3  Summary of Complications and Observations 

The use of a multiprogrammable implantable cardioverter 
defibrillator  ICD  device allows the physician to resolve 
most relevant medical events by noninvasively changing 
programmed parameters thus  avoiding invasive procedures  
However  there will continue to be certain relevant medical 
events which will require invasive procedures for resolution  

For purposes of this clinical study  reported relevant 
medical events were divided into complications and 
observations based on the following definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event 
with potential adverse effects  which can NOT 
be treated or resolved by reprogramming the 
device and REQUIRES invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event 
with potential adverse effects  which either 
does NOT require invasive intervention  or 
which CAN be corrected by reprograrnming the 
device  

As of February 1  1993  there have been a total of 176 
complications identified in 147 patients and 212 
observations identified in 178 patients in the PCD 
Transvene System patient population  Thus  19 4  
 147 757  of the patients have experienced a clinical event 
which was defined as a complication and 23 5   178 757  
of the patients have experienced a clinical event which was 
defined as an observation  

Table IB3 1 summarizes the reported PCD Transvene 
System complications and observations by category  The 
reported complications and observations are recognized 
clinical events that may occur with any of the current ICD 

devices  These complications and observations are 
discussed in the PCD device and Transvene manual  None 
of the reported complications or observations have resulted 
in a patient death  
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Table IB3 1  PCD Transvene System  Reported Complications and Observations   2 1193 

  
This number indicates the number of patients with 2 events 

S 
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Table IB3 4 contains a description of the lead 
dislodgements that have occurred in less than 30 days and 
in greater than 30 days  The  30 day period is defined as 
the acute period  This definition is consistent when 
compared to endocardial bradycardia lead terminology  

Co pllcationa 

Num f  of Pta  

 30 days  30 days  30 days  30 days 

14  1 9   10  1 3   0  0  1  0 1   

12  4 6   10  3 8   2  0 8   2  0 8   

16  3 0   29  5 4   1  0 2   6  1 1   

42  5 6   49  6 5   3  0 4   9  1 2   

Table IB3 4  PCD Transvene System  Lead Dislodgements  301 30 days   2 1193 

There have been a total of 58 lead dislodgements reported 
in patients at greater than 30 days  None of the lead 
dislodgements resulted in an ineffective therapy for a 
spontaneous VT of VF episode or patient death  Lead 

dislod gements were documented by fluoroscopic 
examination during electrophysiologic evaluation  chest x  
ray obtained during routine follow up  or during 

pacinglsensing threshold evaluation during routine follow  

up  In 49 cases  reoperation was required to reposition the 
lead and reestablish an effective defibrillation lead system 
and in 9 cases repositioning of the lead was not required   

Lead dislodgements are not specific to the PCD Transvene 
System and have been reported with dual chamber 

pacemakers and the current market released implantable 
cardioverter defibrillator  ICD  system  The early history of 

dual chamber pacemakers witnessed a high lead 

dislodgement rate of at least 20   Smyth  PND  et al  
Permanent perivenous atrial sensing and pacing with a new 

J shaped lead  J Thoracic Cardiovascular Surgery  

1976 72 565 570   Winkle  et al reported that the 
incidence of dislodgement of the superior vena cava spring 
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leads with the current market release ICD system to be 
6 3    Winkle  et al  Automatic Implantable Cardioverter  
Defibrillator  Efficacy  Complications  and Survival in 
Patients with Malignant Ventricular Arrhythmias  JACC  
June 1988  Vol 11  No 6 1278 86   

In an attempt to reduce the rate of lead dislodgement  
modifications were made to the lead anchoring sleeve and 
a second sleeve was added to the lead  The sleeve was 
modified to increase the grip pressure on the lead body and 
two sleeves were provided on each lead at the time of 
manufacture  Analysis has been completed on 439 

patients implanted with the Transvene system using leads 
that are packaged with two anchoring sleeves   NOTE  
These 439 patients were enrolled in the Clinical Trial after 
62492 and are not included in the 757 patient 
population   Table IB3 5 contains a data summary for the 
439 patients  This group of patients has similar 
characteristics to the 757 patient population in most areas 
with a slightly higher percentage of patients with VT 
reported as the primary indication for implant than the 757 

group of patients  61 1  vs 49 8    

Table I83 5  PCD System Data Summary for Patients with Two Anchoring Sleeves  211193 

Of these 439 patients  292 have completed their 1 month 
follow up and 195 have completed their 3 month follow up 
and 17 have completed a 6 month follow up  Since the 
introduction of the dual anchoring sleeve the incidence of 

6 
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lead dislodgement has been dramatically reduced  There 
has been 13 dislodgements in 10 patients for a per patient 
incidence of dislodgement of 2 3   10 439   

U S  versus International 

Table IB3 6 contains a summary of the complications and 
observations for the U S  patients versus the Internal 

patients  

Table IB3 6  PCD Transvene System  Reported Complications and Observations   2 1 93 
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4  Summary of Patient Deaths 

The positive impact of implantable cardioverter defibrillator 
 ICD  therapy on sudden cardiac death mortality has been 
well documented in the medical literature  The use of 
device therapy for the treatment of recurrent ventricular 
arrhythmias has become an accepted and important clinical 
tool  An analysis of the sudden cardiac death and overall 
survival in the PCD Transvene System patient population 
was performed based on the categorization by the 
investigators and subsequently reviewed by the Clinical 
Event Review Committee  CERC   

For purposes of the clinical study  each of the patient 
deaths was categorized using the following definitions  

Non Cardiac  Deaths that occurred where the primary 
cause of death was determined to be 
non cardiac in nature  e g  stroke  
cancer  etc  

Cardiac  Deaths that occurred where the primary 
cause of death was determined to be 
cardiac in nature  

Non Sudden  Deaths that occur greater than one 
hour after the onset of symptoms  

Sudden  Deaths that occur within one hour of 
the onset of symptoms or where the 
death is unwitnessed  Sudden cardiac 
deaths were also categorized as being 
Witnessed or Unwitnessed  

Perioperative  Deaths that occur within thirty days of 
implant  

System Related  A death which results from a 
malfunction  operation not according to 
design specification  of a PCD System 
component  or as a result of a device 
induced arrhythmia  or an interaction 
between a PCD System component and 
the patient  

Procedure Related  A death which occurs as a result of a 

procedure required to implant  follow or 
  c g pCD Sy 

fl 
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All deaths and significant complications have been and will 
continue to be reviewed by a committee comprised of PCD 
Transvene System investigators and other physicians  Two 
committees  Clinical Event Review Committees  have been 
formed  one to review North American deaths and 
complications  and the other to review European clinical 
events  The primary purpose of these reviews was to 
determine whether the PCD System was related to the 
deaths or significant complications that have occurred and  
if so  what changes may be required to prevent such events 
in the future  

There have been a total of 51 patient deaths reported in the 
PCD Transvene System patient population  Table IB4 1 
summarizes how these patient deaths have been classified  

PCD Transvene System 

 n   757  

Classifications Number of Deaths 

Sudden Cardiac 5 

Non Sudden Cardiac 31 

Noncardiac 15 

TOTAL 51 

Table I B4 1  PCD Transvene System   Summary of Death 
Classifications   211193 

None of the patient deaths were attributed to a malfunction 
of the PCD Transvene System  

Actuarial survival analysis on the PCD Transvene System 
was done on all patients who were either evaluated for 
implantation or in whom the device was implanted  Thus  
the analysis is done from the perspective of intention to 
treat  Those patients in whom the PCD Device was OFF at 
the time of death or in whom no device was implanted are 
included in the survival analysis  Those patients that were 

screened for a PCD Transvene System but failed to receive 
a Transvene system and received a Medtronic Epicardial 
system are also included in this analysis  

q9 
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Projected one year survival calculations for the various 
death classifications are provided in Table IB4 2  The 
actuarial projections include perioperative deaths only in the 
calculation of one year survival from death due to all causes 
 shown in the row labelled Overall   The perioperative 
death rate defined as deaths which occurred within thirty 
days of implant was 0 7   5 757  which is considerably 
less than the perioperative mortality for the PCD System 
with Epicardial leads  5 3    391742   Included in this 
table are the projected one year survival calculations for 

patients who ultimately received a PCD Transvene System 
 n   757  and all patients that were screened for a PCD 
Transvene System  n   854  regardless of implant 
outcome  The outcome of the 854 patients screened for a 
PCD Transvene System are described more fully in section 
 C2  

pgr8lV84f 8  gfMMg fgl g 

 N   757   n   854  

99 5  99 4  

96  2  96 6  

95 8  96 1  

98 1  98 3  

0  7  1 6  

93 3  92 9  

Table IB4 2  PCD Transvene System   One Year 
Actuarial Survival   211 193 

The positive impact of the PCD Transvene System on 

patient mortality is clearly obvious from this analysis  The 

sudden cardiac death survival rate in this patient group is 

99 5  for those in the patient group that received a 
Transvene System and 99 4  for those who were 

screened for a Transvene System  This is marked 
improvement when compared with the reported survival of 

similar patient groups treated with drug therapy alone of 

between 34  and 73  at one year  
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C  Specific Patient Populations 

1  Clinical Experience By Primary Indication 

Medtronic is requesting approval for use of the PCD 
Transvene System in the following patient population  

Patients who have survived at least one episode of cardiac 
arrest due to a ventricular arrhythmia not caused by an acute 
myocardial infarction  or 

Patients with recurrent  sustained ventricular tachycardia that 
remain inducible via programmed electrical stimuli or exercise  
or occur spontaneously  despite the most efficacious 
antiarrhythmic drug therapy that can be tolerated by the patient 
chronically  

Note  These patient indications are identical to those 
approved for the Medtronic PCD Epicardial System  

Sudden cardiac death without recurrent VT  SCD  was the 
indication for implant in 37 1  of the patients  recurrent 
ventricular tachycardia without an episode of sudden 
cardiac death   VV   was  the  indication fee implant in 4  8 4 e 
of the patients  and sudden cardiac death and recurrent VT 
 SCDIVT  was the indication for implant in 13 1  of the 
patients  

The performance of the PCD Transvene System in these 
three groups are summarized in Table IC1 1  

In all three patient groups  coronary artery disease was the 

predominant heart disease and the patients exhibited 
moderate left ventricular dysfunction as demonstrated by 
mean ejection fractions of less than 40   The mean LED 
at the time of implant was similar among the patient groups 
as was the mean DFT  

The overall efficacy in terminating spontaneous VTIVF 
episodes in the SCD patient aroup was 98 4   in the VT 

patient group 98 3   and in the SCD VT group 99 1   
Thus  independent of the indication for implant  the PCD 
Transvene System was highly effective in terminating 
spontaneous episodes of VTIVF  
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The one year sudden cardiac death survival rates for all 

groups was greater than 98 6  

This analysis indicates that the PCD Transvene System has 

performed safely and effectively in the indicated patient 
groups and should be approved for use in the indicated 

patient population  

VT 

281  37 1   377  49 8   99  13 1   

212 75 4  

69 24 6  

309 82 0  
68 180  

89 89 9  

10 10 1 96 

56 8 yrs 61 2 yrs 60 0 yrs 

191 680  292 77 5  78 788  

757 

610 80 6  

147 19 4  

59 4 yrs 

229 72 2  

39 1  

 N  259  
33 7  

 N  339  
32 5  

 N  90  
35 6  

 N  688  

201 71 5  
74 26 3  

6 2 2  

295 77 6  76 76 8  

82 21 6  22 22 2  

3 08  1 10  

Mean LED 15 3J 

 N  264  
1 6  2J 

 N  351  
17 3J 

 N  87  

Mean DFT 14 0J 

 N  117  
15 5J 

 N  155  
13 9J 

 N  44  

58 
1157 

99 2  

206 

7591 

98 1  

52 
1279 

99 0  

107 
686 

96 9  

162 

916 

99 1  

48 
380 

99 5  

574 75 3  

178 23 4  

10 1 3  

1 6 0J 

 N   702  

1 4  8J 

 N   316  

316 

10027 

98 4  

317 

1982 

98 4  

100 0  99 4  98 6  99 5  

Table IC1 1  PCD Transvene System Data Summary by Primary 
Indication   211193 
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2  Patients Not Meeting Implant Criteria 

a  Overview 

For purposes of the PCD Transvene System  the 
implant criteria was defined as successful VF 
termination at least 3 times in 4 attempts with the 
final lead configuration with an output energy of 18 
Joules or less  

A total of 897 patients had an evaluation of a PCD 
Transvene System and are divided into the following 
groups   1  patients who received a PCD Transvene 
System   2  patients screened for a PCD Transvene 
System and received a PCD Epicardial System  and 
 3  patients who received a non standard lead 
system  Figure 1 provides an overview of the 
outcome of these patients  

As can be seen  88 6   75718S4  of the patients 
who were screened for a PCD Transvene System 
ultimately received a 3 lead system  Of these 757 

patients  71 7   543 patients  met the 
recommended defibrillation implant criteria  which 
compares favorably with the predicted success rates 

published in the literature  Wilber et al   However  
28 3   214 757  of the patients did not meet the 
recommended defibrillation efficacy implant criteria 
and still received the PCD Transvene System  

Ninety seven  97  patients  10 8   were screened 
for a Transvene lead system but received an 
epicardial system  Forty three  43  patients  4 8   
were screened for a Transvene lead system but 
received an non standard system  
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a  Overview 

The physician s justification for implanting the PCD 
Transvene System despite not meeting the 
recommended defibrillation implant criteria are 
presented in Table IC2 1  As noted previously  the 
patients not meeting implant criteria  N  214  were 
divided into three groups  1  Successful defibrillation 
at an energy level of equal to or less than 24 Joules 
 79 4  of the patients    2  Difficult to induce VF 
 11 2  of the patients   and  3  Implant procedure 
terminated due to poor patient condition  9 4  of 
the patients   

Table IC2 1  PCDTransvene System  Physician Justification for Not Meeting Implant 

Criteria   211193 
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Table IC2 2 contains the patient characteristics of 
the patients not meeting implant criteria presented 
by physician justification  

Table IC2 2  PCD Transvene System  Patient Characteristics by Justification 
211 193 
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Table IC2 3 contains the clinical outcomes the 
patients not meeting implant presented by physician 
justification  

Table IC2 3  PCD Transvene System  Patients Not Meeting Implant by 
Justification   Clinical Outcome   211193 

In summary  the physician made an appropriate 
judgement to implant the PCD Transvene system 
based on the clinical outcome of the patient 
especially those patients with a 10 Joule safety 
margin  Their outcome is clinically equivalent to that 
of the entire 757 patient population  
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1  j towest  Energy of Gefibrillation   24 Joules 

There were 170 patients in whom the PCD 
Transvene System was implanted with a 
defibrillation safety margin of I 10 Joules  
Table IC2 4 provides an overview of these patients 
clinical experience  

These data indicate that the final implanted PCD 
Transvene System was evaluated and significant 
attempts were made to meet the recommended 
implant criteria  In most of these patients  79 4    
a safety margin of 10 Joules was obtained between 
the successful defibrillation energy  24 J or less  for 
ventricular fibrillation and the maximum output of the 
PCD Device  34 J   The investigators decided in 
certain circumstances that this was appropriate 
demonstration of device effectiveness and that the 
PCD Transvene System could be implanted  

Of these patients  159  93 5   have had VT or VF 
induced at a chronic follow up visit and in each case  
VT or VF was successfully terminated by the PCD 
Transvene System  In addition  65 patients  38 2   
have experienced a spontaneous VF episode with an 
overall efficacy of 99 4   

Thus  the clinical outcome in these patients was not 
adversely affected by not meeting implant criteria 
since their spontaneous VF episode efficacy was 
99 4  and the one year sudden cardiac death 
actuarial survival was also 99 4   The duration of 
follow up  an average of 9 7 months  is similar to 
that of the entire patient group  11 7 months   
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170 

87 
58 
18 

Table IC2 4  PCD Transvene System  Patients Not Meeting Implant Criteria with 3 4 
Successes at   24 Joules Clinical Experience   211193 

2  Difficult or Unable to Induce VF 

There were 24 patients who did not meet the 
recommended PCD Transvene System implant 
criteria because at least three episodes of VF were 
not induced at the time of implant  Of these  15 
patients had ventricular tachycardia induced and 
successfully reverted  The remaining 9 patients had 
ventricular flutter induced and successfully reverted  
In all 24 patients  the lowest successful energy was 
equal to or less than 18 Joules  

The indication for implant was sudden cardiac death 
 SCD  in 6 patients  25    recurrent ventricular 
tachycardia  VT  in 13 patients  54 2   and sudden 
cardiac death associated with recurrent ventricular 
tachycardia  SCD VT  in 5  20 8   patients  Thus 
the majority of the patients  75   had documented 
recurrent ventricular tachycardia as part of their 
ventricular tachyarrhythmia history  Eight of these 

patients  33 0   were on Amiodarone therapy which 
may have contributed to the inability to induce VF  

Of the 24 patients who did not meet the 
recommended PCD Transvene System implant 
criteria because at le s three episodes of VF were 
not induced  at the time of implant  13 patients 
 54 2   have experienced a spontaneous VF episode 

 15 
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and 21 patients  87 5   have had VT or VF induced 
during a chronic follow up  In all cases  VF was 
successfully reverted by the PCD Transvene System  

There has been one reported patient death --------- 
in this patient group  at xx months  with a resultant 
one year sudden cardiac death and overall actuarial 
survival of 100   

3  Patient Condition 

There were 20 patients in whom the implant 
procedure was terminated due to poor patient 
condition  These patients received a PCD Transvene 
System without at least a 10 Joule defibrillation 
safety margin  The implant circumstances of these 
patients are summarized as follows  

At least one successful defibrillation was obtained at an 
energy level greater than 24 Joules but less than 34 
Joules  N   11 patients   

Multiple inductions of VT were performed and 
successfully reverted with an energy level of 18 Joules 
or less  However  induced VF was not successfully 
reverted by an energy level of less than or equal to 34 
Joules  N  6 patients   and 

Physician elected to terminate the procedure due to the 

patient s condition before inductions with the final 
implanted lead configuration were performed  N 3 
patients   

The mean ejection fraction of this group was 26 94k  
indicatina more severe underlyina cardiovascular 
disease  and may have contributed to the physicians 
decision to terminate the implant procedure prior to 
meeting implant criteria  This group had a mean of 
6 8 VF inductions  2 2 lead configurations evaluated 
and a mean duration of VT VF for the implant 

procedure of 220 total seconds  The circumstances 
of the implant procedures  mainly the duration of 
induced ventricular tachyarrhythmia and associated 
hemodynamic compromise  limited the number of 
inductions that could be performed and whether the 
recommended implant criteria could be met  

g l 

(b)(6)
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Of these 20 patients  VT or VF has been induced at 
a chronic follow up visit in 16 patients  804k  and in 
all cases successful defibrillation with the implanted 
PCD Transvene System was documented  

The overall spontaneous VF episode efficacy for this 
patient group was 96 0 k  However  examination of 
events indicated that one patient experienced 
multiple episodes of atrial fibrillation that was 
detected as VF and in whom all four programmed VF 
therapies were ineffective  This patient s 
antiarrhythmic drug therapy was modified and there 
were no further reports of ineffective therapies  

Thus there have been no patients who have 
experienced an actual spontaneous VF episode 
where all four programmed VF therapies failed to 
terminate the episode  

There have been two reported patient deaths  Patient 
ID --------- which was classified as non sudden 
cardiac se---------- to end stage heart failure and 
Patient ID -------- which was also classified as non  
sudden cardiac  The one year sudden cardiac death 
survival in this patient population is 100  while the 
overall one year survival was 85 5   This lower 
overall one year survival may be due to the lower 
mean ejection fraction of this patient group  

The VF Therapy efficacy and SCD survival in these 
twenty patients was not adversely affected by not 
meeting implant criteria since there was no reports 
of failure to terminate a spontaneous VFepisode and 
the overall one year sudden cardiac death survival 
was 100   

81 

(b)(6)

(b)(6)
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c  Complications and Observations  Patients Not Meeting 
Implant Criteria 

For purposes of this clinical study  reported relevant 
medical events were divided into complications and 
observations based on the following previously described 
definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event 
with potential adverse effects  which can NOT 
be treated or resolved by reprogramming the 
device and REQUIRES invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event 
with potential adverse effects  which either 
does NOT require invasive intervention  or 
which CAN be corrected by reprogramming the 
device  

Of the 170 patients with successful defibrillation at 24 
Joules  as of February 1  1993  there have been a total of 
41 complications reported in 33 patients and 34 
observations reported in 31 patients in the PCD Transvene 
System patient population  Thus  19 4   33 170  of the 
patients had a clinical event reported which was 
categorized as a complication and 18 2   31 170  of the 
patients had a clinical event reported which was 
categorized as an observation  The percent of patients 
with complications reported in the overall population of 757 

patients was 19 4   147 757   the same percentage as in 
this subgroup of 170  There were 23 8   180 757  of the 
patients in the overall population with reported 
observations  a slightly higher percentage than in this 
subgroup of 170 patients  

Of the 24 patients that did not meet the implant criteria due 
to difficulty or inability to induce sustained VF  as of 
February 1  1993  there have been a total of 4 
complications reported in 4 patients and 10 observations 
reported in 8 patients in the PCD Transvene System patient 
population  Thus  16 7   4 24  of the patients had a 
clinical event reported which was categorized as a 
complication and 30 0   8 24  of the patients had a 
clinical event reported which was categorized as an 
observation  

8 
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Of the 20 patients that did not meet the implant criteria due 
to patient condition  as of February 1  1993  there have 
been a total of 6 complications reported in 4 patients and 
7 observations reported in 5 patients in the PCD Transvene 
System patient population  Thus  20 044  4 20  of the 
patients had a clinical event reported which was 
categorized as a complication and 25 0 k  5 20  of the 
patients had a clinical event reported which was 
categorized as an observation  

Table IC2 5 and IC2 6 summarizes the reported PCD 
Transvene System complications and observations by 
category in these 3 patient groups  respectively  The 
reported complications and observations are recognized 
clinical events that may occur with any of the current ICD 
devices  These complications and observations are 
discussed in the PCD device and Transvene manual  None 
of the reported complications or observations have resulted 
in a patient death  
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Table IC2 5  PCD Transvene System  Reported Complications   By Justification   

211 193 
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Table IC2 6  PCD Transvene System  Reported Observations   By Justification   

211 193 
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d  Comparison of Patients Not Meeting Implant Criteria Versus 
those Patients who Met the Implant Criteria 

Table IC2 7 provides a comparison of patient 
characteristics between patients who met the PCD 
Transvene System implant criteria and those patients who 
did not meet the implant criteria but still received the PCD 
Transvene System  The characteristics of the 97 patients 
that were screened for a PCD Transvene system and 
received an Epicardial system if also provided  

Table IC2 7  PCD Transvene System  Patients Meeting Implant Criteria vs Not 

Meeting Implant Criteria   Comparison of Pt Characteristics   211 93 

8 
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Statistical analysis was completed on the 543 patients that 
net implant criteria versus the 214 patients that did not 
meet criteria  Statistical analysis indicated three significant 
differences between these two patient groups   patient sex  
indication for implant and mean ejection fraction  

Patients not meeting implant criteria had a statistically 
higher percentage of patients who were male  p  0 002   

This difference reflects that the majority of patients with 
coronary disease with concomitant life threatening 
ventricular arrhythmias are males  

Analysis indicated the patients not meeting the implant 
criteria had a statistically higher percentage of patients 
whose primary indication for implant was sudden cardiac 
death associated with recurrent ventricular tachycardia 
 p  0 002   This difference reflects the physicians use of 
the PCD Transvene System  

Finally  patients who did meet the implant criteria had a 
statistically lower mean ejection fraction  p   0 0342  which 
reflects a higher degree of underlying cardiovascular 
disease in these patients  

It should be noted  that none of these differences should be 
used as predictors for patients who should be screened for 
a PCD Transvene System  

Implant data obtained in these two patient groups is 

presented in Table IC2 8  As would be expected the 

patients not meeting the implant criteria had higher mean 
DFT and LED values when compared to the patients who 
did meet the implant criteria  However  the mean DFT 

 18 8J  and LED  19 5J  values obtained in patients not 
meeting implant criteria provided at least a 10 Joule 
defibrillation safety margin between the successful energy 
and the maximum output of the PCD Device  34J  in nearly 

all  97 4   of the patients  

0 
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Table IC2 8  PCD Transvene System  Patients Not Meeting Implant Criteria versus 
Patients Meeting Implant Criteria   Comparison of Implant Data   211193 

When the mean number of inductions and the mean number 
of configurations tested of 8 2 and 2 7  respectively  for 
those patients that did not meet the implant criteria is 
compared to those that did meet the implant criteria  7 0 
and 2 0  it is apparent the implanting physicians did induce 
myra Kgb  pe yggco myra Ijgg y tn try myra th  1 Ip  

configuration in an attempt to meet the implant criteria  

In order to determine if the patient s not meeting implant 
criteria had higher risk for morbidity and mortality  a 
comparison of their clinical outcome was made with those 

patients who did meet the implant criteria  This 
comparison is provided in Table IC2 9  

4 
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Table IC2 9  PCD Transvene System  Patients Not Meeting Implant Criteria versus 
Patients Meeting Implant Criteria   Comparison of Clinical Outcome   

211 93 

The tvvo patient groups had similar efficacy in the 
treatment of spontaneous VT VF episodes  Importantly  in 
the patient population who did not meet the implant criteria 
there were no patients who experienced actual 
spontaneous VF episodes where all programmed PCD 
Device therapies failed to terminate the episode  

Five patients experienced 7 episodes in which the PCS 
Device was ineffective in terminating a spontaneous 
episode of VF despite delivery of all four programmed VF 
therapies  Three patients had 5 reported ineffective VF 
spontaneous episodes that were due to sinus tachycardia 
or atrial fibrillation with rapid ventricular response rather 
than VF  Reprogramming and pharmacologic intervention 
resolved these problems  

Two patients experienced 2 episodes in which the PCD 
detected the episodes as VF but were actually epis------ due 
to extraordinary circumstances  The first patient --------- 

 pl 

(b)(6)
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had incessant episodes of fast VT  cycle length 280 ms  
----- -----  eventually resolved by drugs  The second patient 
--------- was in the hospital and there was an episode of 
VF detected by the PCD and therapy was delivered  
However  the device was interrogated before termination of 
the episode was detected by the PCD  There was external 
ireervention    anu horacic ref  br  Rat  o   assoc aced w  th the 
terminal event  However  the patient ultimately expired  
The device was not interrogated again  

Eighteen patients experienced 68 episodes in which the 
PCD Device was ineffective in terminating a spontaneous 
episode of VT despite delivery of all four programmed VT 
therapies  Nine patients experienced 44 ineffective 
episodes that were due to sinus tachycardia or atrial 
fibrillation flutter  SVT  with a rapid ventricular response 
that had been detected as VT  These episodes were 
resolved with either modification of programmed 
parameters or of antiarrhythmic drug therapy  It should be 
noted that the PCD Device responded appropriately based 
on the programmed detection parameters  

The remaining 24 episodes occurred in 8 patients in which 
the programmed VT therapies were ineffective in 
terminating a spontaneous VT episode  No patient deaths 
occurred as a result of ineffective VT therapy  
Reprogramming and pharmacologic intervention resolved 
these events  

There was no difference in the one year sudden cardiac 
survival or the overall survival in the two groups although 
follow up was shorter for patients not meeting implant 
criteria  10 1 vs 12 3 months   This indicates  that despite 
not meeting the implant criteria these patients were not at 
higher risk of sudden cardiac death  

(b)(6)
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Conclusion 

In conclusion  214 patients received the PCD Transvene 
System despite not meeting the recommended implant 
criteria  These 214 patients are divided into the following 

9I OUps  

  successful defibrillation of VF at 24 Joules or less  170 214   

difficult to induce at least three episodes of VF at implant 

 24 214   and 

worsening patient condition which prevented further inductions 

 20 21 4    

It should be noted that 91   194 214  of the patients not 
meeting the recommended implant criteria had at least one 
successful termination of induced ventricular 
tachyarrhythmia  VT  VFlutter or VF  at 24 Joules or less  
Additionally  their clinical outcome  especially in the 170 

patients with successful defibrillation of VF at   24 Joules 
is similar and is part of the support to request changing the 
implant criteria to the following  

Two consecutive successful defibrillations with the 
final lead configuration with a stored output of 24 
Joules or less  or 

Three successful defibrillations in four attempts with 
the final lead configuration at a stored output energy 
of 24 J or less  

D  System Comparison 

The efficacy and safety of implantable cardioverter defibrillator 

 ICD  therapy for recurrent ventricular tachycardia  VT  and 
ventricular fibrillation  VF  has been well established  The Ventak  
P Epicardial System provides cardioversion and defibrillation 
therapy for VT and hemodynamicaHv unstable VT  However  this 

type of therapy may not be optimal for patients with stable  well 

tolerated VT that is amenable to antitachycardia pacing due to the 

pain associated with cardioversion shock therapy  The need to 

incorporate programmability  multiple detection and therapeutic 
options has lead to the development of the PCD Device  
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However  the Ventak P Epicardial System and PCD Epicardial 
System are implanted only with a defibrillation lead system 
requiring a thoracotomy  The PCD Transvene System allows the 
implantation of an ICD System without the potential increased 

perioperative morbidity and mortality associated with a 
thoracotomy  This allows the application of ICD therapy in 

patients who may not otherwise be candidates for this type of 
therapy  

In the PCD Transvene System PMA Application a comparison of 
the PCD Transvene System clinical experience was made to both 
the Ventak P Epicardial System and the PCD Epicardial System  
 Reference  Clinical Experience Report Section X  Comparison to 
AICD Clinical Results and Section XI  Comparison to PCD 
Epicardial System Clinical Results   A comparison to the Ventak P 
Epicardial System was done because this was the most similar 
FDA approved ICD System available at the time of the original 
submission  A comparison to the PCD Epicardial System was 
done since this system incorporated the same tiered therapy ICD 
Device as well as being a concurrent clinical study using the same 

protocol and clinical investigators  

The comparison between the Ventak P Epicardial System and the 
PCD Transvene System was limited in scope due to the limited 
availability of clinical data from the Ventak P Epicardial System 
Summary of Safety and Effectiveness  but included patient 
characteristics  implant defibrillation thresholds  incidence of 
spontaneous VT VF episodes  incidence of complications and one 

year actuarial survival  

The comparison between the PCD Transvene System and the PCD 
Epicardial System included patient characteristics  implant data  
implant defibrillation thresholds  programmed parameter status  
spontaneous VTIVF episode efficacy  incidence of complications 
and observations and one year actuarial survival  

1  Comparison to AICD  Ventak P  Epicardial System 

The current AICD  Ventak P  Epicardial System is implanted 
only with a defibrillation lead system requiring a 
thoracotomy  The PCD Transvene System allows the 
implantation of an implantable cardioverter defibrillator 

 ICD  system without the potential increased perioperative 
morbidity and mortality associated with a thoracotomy  
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This allows the application of ICD therapy in patients who 
may not otherwise be candidates for this type of therapy  
Though the PCD Transvene System will have complications 
and observations that are specific to the lead system  the 
overall performance should be at least equivalent to that 
reported with the current AICD Epicardial System  

This section provides a comparison of the PCD Transvene 
System clinical experience to that of the reported AICD 
Epicardial System clinical experience  The following areas 
will be discussed  

  Patient characteristics 
  Clinical performance 
  Survival analysis 

For purposes of comparison  the Ventak P Epicardial 
System patient population described in the Summary of 
Safety and Effectiveness Data  PMA Application Number 
P890061  dated May 2  1991 will be used  A copy of this 
summary was obtained through the Freedom of Information 
Act  

a  Patient Characteristics 

In comparing the clinical experience with the PCD 
Transvene System to the reported Ventak P 
Epicardial System clinical experience  it is important 
to determine that the patients who received the 
device are comparable  

The characteristics of the patients receiving the PCD 
Transvene System were compared to the 
characteristics of patients discussed in the Ventak P 
Summary of Safety and Effectiveness Data and are 

presented in Table ID1 1  
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Table IDl 1  Comparison of Patient Characteristics  PCD versus Ventak P 211193 

The two patient groups are comparable in mean age 
and mean ejection fraction  Both groups had 
moderately depressed left ventricular function 
demonstrated by the mean ejection of 35 6  for the 
PCD Transvene System patient group and 34  for 
the Ventak P Epicardial System patient group  

Analysis indicated that no statistical differences 
hgt on thy PC Q Trgggygpq gyps p  gpgj Mph p 

Epicardial System patient populations except in the 
category of patient indication  There are more 

patients that had Sudden Cardiac Death as the 

primary indication in the PCD Transvene population 
than in the AICD population  p  0 001   

b  Clinical Characteristics 

Arms of clinical performance that were compared 
were implant defibrillation thresholds  incidence of 
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spontaneous VTIVF events  incidence of 

complications and patient survival  These specific 
areas were selected in order to evaluate the system 

performance in the two patient populations  

1  Implant Defibrillation Thresholds 

For the purposes of the PCD Transvene 
System clinical study  determination of 
defibrillation threshold was not mandatory  
However  the preferred method of evaluating 
defibrillation efficacy was to determine the 
defibrillation threshold using a testing 
sequence of 18J  15J  10J  5J with a failure 
at any level causing a return to 18 J for the 
remaining attempts  For the purposes of this 
report a defibrillation threshold was defined as 
the energy at the lowest successful 
defibrillation attempt  provided a patient had 
a failure below their lowest defibrillation 
success or a success at   5J  The rhythm 

treated must have been VF to be included in 

the analysis  

It should be noted  that it was expected that 

the PCD Transvene System would have a 
higher mean defibrillation threshold as 
compared to a traditional epicardial 
defibrillation lead system  In a epicardial 
system  the increased electrode surface area 
would theoretically decrease defibrillation 
requirements  

A total of 316 patients had a defibrillation 
threshold determined at the time of PCD 

device implant  The mean defibrillation 
threshold  DFT  for all lead systems was 

14  8 J  The recommendation for VF Therapy 
 1 is to program the stored energy to twice 

the implant DFT or 18 Joules  whichever is 

greater  Thus an adequate defibrillation safety 

margin was provided when following the VF 

therapy programming recommendations  

l  
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In the Ventak P Epicardial System  the mean 
defibrillation threshold at implant was 13 4J  
Thus the two systems had similar defibrillation 
thresholds at implant despite the fact that one 
system utilized an epicardial defibrillation lead 
system while the other utilized a transvenous 
defibriilation lead system  

These data indicate that the PCD Transvene 
System had comparable implant defibrillation 
threshold performance when compared to the 
reported Ventak P Epicardial System clinical 
experience  

2  Incidence of Spontaneous VTIVF Episodes 

The incidence of spontaneous VTIVF episodes 
in the Ventak P Epicardial System and PCD 
Transvene System patient population was 
evaluated by utilizing the stored episode 
information provided by both devices  

In the Ventak P device  the total number of 
shocks delivered to the patient is provided via 
interrogation of the device  The PCD device 

provides information on the total number of 
VT and VF episodes detected by the PCD 
device and the total number of VT and VF 
episodes successfully treated by the PCD 
device as well as the number of VTIVF 
episodes where the PCD device was 
ineffective  In addition  the last 20 intervals 
of the last episode satisfying detection criteria 
along with the first 10 intervals after the last 
therapy delivered are recorded by the device  
These data assist the physician in evaluating 
the frequency of VTIVF episodes  the efficacy 
of the PCD device programmed parameters 
and the need for reprogramming  

In the Ventak P Epicardial System experience 
of 292 patients with a mean follow up of 6 8 
months  137  46 9   received a device 
countershock in response to a spontaneous 
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ventricular tachyarrhythmia episode as defined 
by the Ventak P Device detection criteria  

In the PCD Transvene System experience of 
757 patients with a mean follow up of 11 7 
months  458 patients  60 5   have received 
device therapy in response to a spontaneous 
ventricular tachyarrhythmia episode as defined 
by the PCD Transvene System detection 
criteria  

A total of 10 027 spontaneous VT and 1982 
spontaneous VF episodes have been recorded 
by the PCD device episode counters  Of the 
9864 successfully treated spontaneous VT 
episodes  91 4  were treated with one of the 

programmed antitachycardia pacing therapies 
incorporated in the PCD device  The clinical 
benefit of tiered therapy is the reduction of 
delivery of high energy shocks for the 
treatment of stable recurrent ventricular 
tachycardia that may be responsive to 
antitachycardia pacing  

3  Incidence of Complications 

Table ID1 2 provides a comparison of reported 
complications and observations  The AICD 
clinical experience data is from the Winkle  et 
al Long Term Outcome with Automatic 
Implantable Cardioverter Defibrillator  JACC  
May 1989  13 6   135 161  This article was 
selected because it provides a detailed clinical 
complication experience on a large patient 
population  270 patients  Note that the 

percentage reported in the PCD Transvene 
System includes both complications and 
observations  In the following table  the 
complications are reported for the categories 
of Failure to CardiovertlDefibrillate  Pocket 
Infection  and Erosion  Observations are 
reported in the Inappropriate Problematic 
VT VF Therapy Delivery category  



MEDTRONIC CONFIDENTIAL 

Inc bservations only  there were no omplications in t is category  

Table ID1 2  Comparison of ComplicationlObservation Rates  PCD Transvene 
System vs AICD Epicardial System   211193 

The incidence of failure to cardiovert and or 
defibrillate was lower in the PCD Transvene 
System patient population  The instances of 
failure to cardiovert and or defibrillate in the 
PCD Transvene System patient population 
were associated with increased defibrillation 
requirements during induced episodes  none of 
which resulted in patient death  

The failures to cardiovertldefibrillate reported 
in the Winkle  et al article were associated 
with patch dislodgement  patch crinkling  lead 
conductor fracture and elevated defibrillation 
threshold s  

The incidence of inappropriate problematic 
VTIVF therapy delivery was lower in the PCD 
Transvene System patient population  This is 
to be anticipated since the device incorporates 
independently programmable detection 
algorithms for VT and VF  The reasons for 
inappropriate VT VF therapy delivery included 
sinus tachycardia being detected as VT or VF 

and atrial fibrillation with rapid ventricular 
response being detected as VT or VF  

The overdetection circumstances reported in 

Winkle  et al were nonsustained VT  VT  sinus 

8 
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tachycardia  atrial fibrillation with rapid 
ventricular response  sensing lead fracture and 

pacemaker interaction  The patients with VT 
complained of receiving multiple shocks with 
limited or no symptoms  The incorporation of 
antitachycardia pacing in the PCD device 
decreases the need for delivery of 
cardioversion shocks for the termination of 
stable VT and increases patient acceptance of 
ICD therapy  

In the Winkle  et al experience all patients 
with pocket infection had the devices 
explanted  In the PCD Transvene System 
experience  the incidence of device explant 
secondary to pocket infection was 2 9  
which was comparable to Winkle s article  

Thus  the incidence of complications and 
observations in the categories of ineffective 
VTIVF therapies  infection requiring explant 
and erosion was similar to that of the AICD 
Epicardial System  The incidence of 
inappropriate delivery of therapy is lower in 
the PCD Transvene System experience than in 

the AICD EpicardlBI System experience  which 
is clinically significant  

This analysis indicates that the PCD 
Transvene System offers clinical advantages 
in reducing the need for a thoracotomy for 
implantation and reducing the number of 
shocks due to successful antitachyarrhythmia 

pacing and inappropriate therapy incidence  

c  Survival Analysis 

The Ventak P Epicardial System produced by Cardiac 
Pacemaker  Inc  has obtained market approval from 

the U S  FDA to date  While there are important 

differences in the function of the Ventak P Epicardial 

System and the PCD Transvene System  the Ventak  
P Epicardial system is the most comparable Market 

Released system  Table ID1 3 summarizes how the 
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patient deaths have been classified for the PCD 
Transvene System and the Ventak P epicardial 
System  

Table ID1 3  PCD Transvene System   Death Classification  PCD Transvene VS 

Ventak P   211193 

A total of 51 deaths  6 7   were reported in the 
PCD Transvene System patient population  Of the 
35 cardiac deaths  30 were non sudden cardiac and 
5 were sudden cardiac  Sixteen deaths were 

classified as noncardiac  Five of the 51 total deaths 
occurred within the perioperative period  death less 

than 30 days post implant  with a resultant 

perioperative mortality of 0 7   

In the Ventak P Epicardial System patient population 
a total of 19 deaths  6 5   were reported  Of the 12 

caidiac deaths  4 were classified as sudden cardiac 

and 8 were classified as non sudden cardiac  Six of 

the deaths were classified as noncardiac and the 

cause of one was unknown  Eight of the deaths 

occurred within the perioperative period with a 

resultant perioperative mortality of 2 7   The PCD 

Transvene System population had a lower 

perioperative mortality  0 7  vs 2 7   p  0 006   

For purposes of this comparison  only the overall 

actuarial survival rate includes perioperative deaths  
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All other calculations in both the PCD Transvene 
System and Ventak P Epicardial System group 
exclude perioperative deaths  

For the Ventak P Epicardial System  patient deaths 
were censored if the Ventak P device had been either 
electively deactivated for various reasons prior to the 

patient s death  thus preventing the device from 
attempting to convert the arrhythmia or if the pulse 
generators were known to be nonfunctional and 
awaiting replacement  For purposes of this 
comparison  seven patient deaths were censored in 
the PCD Transvene System patient population 
because the devices were deactivated at the time of 

patient death  

Table ID1 4 contains the survival comparison of the 
PCD Transvene System versus the Ventak P 
Epicardial System  

99 7  98 6  

94  2  90 8  

Table ID1 3  PCD Transvene System   Survival Comparison   PCD vs Ventak P   

211 193 

The PCD Transvene System sudden cardiac death 

survival of 99 7  at one year is comparable to that 

of the Ventak P Epicardial System sudden cardiac 

death survival rate of 98 6   More importantly  the 

overall one year actuarial survival for the PCD 

Transvene System was 94 2  as compared to 

90 8  for the Ventak P Epicardial System  This 

difference was primarily due to the improvement in 

the reported perioperative mortality in the PCD 

Transvene System patient population   Note  
Confidence interval analysis was performed 
indicating that there was a statistical difference in 

the reported Overall mortality  The survival 

89 
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probabiiity at one year far the Trarrsvene population 
was 95 3   From the analysis run  using 
commercially available statistical software package 
 SAS   the survival standard error was also 
calculated  The confidence interval was calculated 
by taking the survival probability     the 1 96 
 survival standard error   The survival standard error 
was 1 1  therefore  the confidence interval for 
Transvene survival at 1 year is 95 3 ---- ---- --- 

----- ------ ---- 

This comparison of actuarial survival rates indicates 
that the projected sudden cardiac death survival of 

patients receiving a PCD System patient population 
is comparable to that reported for the Ventak P 
Epicardial System  Thus  the incorporation of 

programmable VTIVF detection and therapy 
algorithms has improved the type of therapy 
available for the treatment of recurrent VT VF while 
maintaining the positive impact of ICD therapy on 
survival from sudden cardiac death  

In addition  the elimination of a surgical thoracotomy 
for implant in the PCD Transvene System has 
improved the perioperative mortality and overall one 

year survival when compared to the Ventak P 
Epicardial System  

2  Comparison to PCD Epicardial Study 

The PCD Epicardial System uses the same tiered therapy 
device that combines features of bradycardia support 

pacing  antitachycardia pacing  low energy cardioversion as 
well as defibrillation therapy  This system has incorporated 

programmability and multiple detection and therapeutic 
options that allows the titration of device therapy to a 

patient s specific clinical arrhythmia history  

The PCD Epicardial System requires a thoracotomy for 

implantation because of the need to insert epicardial patch 
leads  This exposes the patient to surgical risk and 

potentially limits the type of patient who may be considered 
for implant of the system  The need for a simpler and safer 

implantation technique is widely recognized  The 

(b)(4)
(b)(4)
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incorporation of a nonthoracotomy lead system  such as 
the PCD Transvene System  should decrease the potential 
perioperative and long term mortality and morbidity 
associated with current epicardial system implantation 
approaches  

The PCD Epicardial System and PCD Transvene System are 
identical except for the implanted defibrillation lead system  
Thus  the performance of the PCD device  associated 
support equipment  is similar in the two systems and 
therefore a comparison of clinical experience should focus 
on those areas where the implanted lead system may 
impact clinical outcome  

This section provides a comparison of the PCD Transvene 
System clinical experience to the reported PCD Epicardial 
System clinical experience  The following areas will be 
discussed  

Patient characteristics 
Implant Data 
Spontaneous VTIVF Episode Efficacy 
Complications and Observations 
Survival analysis 

This analysis will show that the incorporation of a 
nonthoracotomy defibrillation lead system has maintained 

the type of therapy available for the treatment of recurrent 
VT VF and decreased the potential mortality and morbidity 
associated with epicardial implant approaches while 

maintaining the positive impact of ICD therapy on VTIVF 
episode efficacy and patient survival  

The PCD Epicardial System clinical data was chosen as a 

control because the patients were being enrolled in the two 

studies concurrently by the same investigators  and the 

patient indications  implant criteria  and clinical data 

requirements were identical for the two patient groups  

a  Patient Characteristics 

In comparing the clinical experience with the PCD 

Transvene System to the PCD Epicardial System 

91 
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clinical experience  it is important to determine that 
the patients who received the device are 
comparable  

Table ID2 1 contains the characteristics of the 757 

patients receiving the PCD Transvene System versus 
the characteristics of the 742 patients who received 
the PCD Epicardial System as of 115193  

y gni scant 

Table ID2 1  Comparison of Patient Characteristics  PCD Transvene System versus 

PCD Epicardial System   211193 

Both groups had moderately depressed left 

ventricular function demonstrated by the mean 

ejection of 35 6  for the PCD Transvene System 

patient group and 34 0  for the PCD Epicardial 

patient group  

9 
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Analysis indicated that the PCD Transvene System 

patient population had a higher percentage of 

patients whose indication for implant was sudden 
cardiac death  p   0 002  and higher percentage of 
females  p 0 007   It is not expected that these 
differences will result in a different clinical outcome 
in the PCD Transvene System patient population as 
compared to the PCD Epicardial System  This 
difference in patient indication is a reflection of the 

physicians use of the PCD Transvene System  

It is interesting to note  that there was a statistical 
difference in the number of antiarrhythmic drugs 
tested between the two patient groups  p  0 001   

The PCD Transvene System patient group failed a 
mean of 2 3 antiarrhythmic drugs prior to implant 
while the PCD Epicardial System patient group failed 
a mean of 3 0 antiarrhythmic drugs  This difference 
is a reiiection of the diiierences in the irrdicatians for 
implant between the two patient groups  The PCD 
Transvene System patient group had a higher 
incidence of patients whose primary indication for 
implant was sudden cardiac death  These patients 
are not required to have drug therapy screening  
therefore  fewer drugs were tested in this group  

b  Implant Data 

In both systems  lead system testing was performed 
to verify that one of the specified lead systems was 
capable of properly detecting and treating episodes 
of ventricular fibrillation and  when appropriate 
ventricular tachycardia  This testing included pacing 
and sensing thresholds during sinus rhythm  
evaluation of VF electrogram amplitudes and 
defibrillation efficacy evaluation  The implant criteria 
for both systems was identical and was  

1  Successful VF termination at least 3 times in 4 

attempts with an output energy of 18 Joules or less 

and 

2  At least a 2 1 VF sensing safety margin 
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P n Prfrmn 

In both the PCD Transvene and PCD Epicardial 
Systems  sensing is performed in a standard bipolar 
configuration and pacing is performed in the 
integrated bipolar configuration  The pace sense 
implant criteria for both systems was  

Pacing Threshold  
R Wave Amplitude  
Slew Rate  
Resistance  

  1 5V   0 5 ms 
  SmV 
  0 75 volt sec 
200   880 ohms 

Table ID2 2 provides a comparison of the mean 

pace sense values obtained at the time of implant for 
the PCD Transvene and Epicardial Systems  It 

should be noted that the pace sense values 

presented for the PCD Epicardial System are for the 
Model 7217B PCD Device  

PCD Epicardial System 

0 87 V 
 0  1 3  6 V  

0 98 V 
 0 2 5 3 V  

14 2 mV 
 1 3 32 mV  

13 5 mV 
 2 2 37 2 mV  

1 66 vlS 
 0 25 9 8 vlS  

1 38 vlS 
 0 1 5 7 2 vlS  

Resistance  575 ohms 
 264 1381 ohms  

438 ohms 
 157 1206  

tatistically ignificant 

Table ID2 2  PCD Transvene System  Comparison of Implant Pace Sense Parameters 
  211193 

The implant pace sense parameters obtained for the 

PCD Transvene System indicates that the lead 

system provided adequate pacing and safety 

margins  There was a statistically significant 

difference in all of the implant pace sense 

parameters  p  0 001   This is anticipated because 
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endocardial pace sense parameters are better than 

epicardial values for bradycardia pacing electrode 
systems  

Electrogram amplitudes were evaluated at follow up 

evaluations of both systems to evaluate the 

performance of the pace sense lead system and 
assure adequate safety margin for detection of both 
baseline rhythms and ventricular tachyarrhythmias  
In addition  pacing thresholds were also evaluated at 
follow up evaluations to assure an adequate safety 
margin for capture during both bradycardia and 
antitachycardia pacing therapies  A comparison of 

the chronic pace sense performance for the two 

systems is presented in Table ID2 3  It should be 
noted that there was no statistical difference in the 

chronic pace sense performance of the two systems  

PCD Epicardisl Syatem 

10 0 mV 

 0 5  25 mV  

9 5 mV 

 0 5   40 mV  

0 24 ms 

 0 03 1 59 ms  

0 24 ms 

 0 03 1 59 ms  

Table ID2 3  PCDTransvene System  Comparison of Chronic Pace Sense Parameters 
  211193 

The incidence of loss of capture requiring lead 

system modification in the PCD Transvene System 

was 0 8  while the incidence in the PCD Epicardial 

System was 2 0   There were no reports of 

undersensing requiring lead modification in the PCD 

Transvene System while the incidence in the PCD 

Epicardial System was 0 8   

This comparison of implant and chronic pace sense 
data performance indicates that the performance of 

the PCD Transvene System is similar to that reported 

with the PCD Epicardial System and potentially may 

be improved over the PCD Epicardial system  The 

9 
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PCD Transvene System provides appropriate acute 
and chronic safety margins for sensing of sinus 
rhythm and ventricular tachyarrhythmia as well as 
appropriate safety margins for pacing therapy  

Im I n D fi rill ti n Thr h I 

For the purposes of both systems  determination of 
defibrillation threshold was not mandatory  
However  the preferred method of evaluating 
defibrillation efficacy was to determine the 
defibrillation threshold using a testing sequence of 
18J  15J  10J  5J with a failure at any level causing 
a return to 18 J for the remaining attempts  

A defibrillation threshold was defined as the energy 
at the lowest successful defibrillation attempt  

provided a patient had a failure below their lowest 
defibrillation success or a success at   5J  The 
rhythm treated must have been VF to be included in 

the analysis  

Table ID2 4 provides a comparison of defibrillation 
thresholds determined at implant for the PCD 
Transvene and PCD Epicardial Systems  

14 8J 

9 8J 

---------- -- ------------ --- - - --- 

Table ID24  PCD Transvene System  Comparison of Implant DFT   211193 

The PCD Transvene System did have a significantly 
higher mean implant defibrillation threshold 

--- ----------- It should be noted  that it was 

expected that the PCD Transvene System would 

have a higher mean defibrillation threshold as 

compared to a traditional epicardial defibrillation lead 

system  In a traditional epicardial system  the 

96 
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increased electrode surface area would theoretically 
decrease defibrillation requirements  

The programmed defibrillation pathways for the two 

patient populations is presented in Table ID2 5  The 
implanted PCD Transvene Systems are almost 
exclusively three lead systems and this explains the 
decreased use of SINGLE pathway  The use of 
SIMULTANEOUS pathway is higher in the PCD 
Transvene System and indicates that in a group of 

patients the incorporation of multiple defibrillation 

pathways allowed an increase in the ability to meet 
the PCD Transvene System implant criteria  Most of 
the PCD Epicardial System implants used a two 

patch system resulting in the increased use of the 
SINGLE pathway  

574  75 3   251  33 0   

178  23 4   14  1 8   

10  1 3   496  65 2   

Table ID2 5  PCD Transvene System  Comparison of Programmed Defibrillation 

Pathway   211193 

The differences in the programmed status of the 
PCD device in the PCD Transvene System are a 
reflection of the type of patients who received the 
device and the defibrillation energy requirements for 
each lead system  It is important to note that the 
PCD device performed safely and effectively in both 

patient populations  

C  Spontaneous VTIVF Efficacy 

The primary benefits from the use of the PCD 
System center on the detection and termination of 
life threatening ventricular tachyarrhythmias  An 
additional benefit of the PCD Transvene System is 
the elimination of the need for a thoracotomy for 
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implantation of the defibrillation lead system and the 
resultant decrease in potential patient morbidity and 
f1lOft84Q  883OCl3484 With  a t  IQf BCOTmPi f  TATS 

clinical benefit should not be gained at the expense 
of providing effective termination of spontaneous VT 

and VF episodes  Table ID2 6 provides a comparison 
of the efficacy of the PCD Transvene and PCD 
Epicardial System in treating spontaneous episodes 
 f l  

gp 4 
5j C 

Table ID2 6  PCD Transvene System  Comparison of Spontaneous VTIVF Episode 

Efficacy 2 1 93 
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The overall success rate of the PCD Transvene 
System in terminating spontaneous episodes of VT 
or VF is 98 5 k  This success rate compares very 
favorably with the overall success rate of the PCD 
Epicardial System which was 98 4   Therefore  the 

PCD Transvene System offers the potential of 

decreased patient morbidity and mortality without 

decreasing the treatment efficacy of spontaneous 
VTIVF episodes  

d  Complications and Observations 

A comparison of the reported complications and 

observations was made between the PCD T  ene  
System and the PCD Epicardial System  The PCD 

Epicardial System patient population used for 

comparison included clinical experience as of 

January 5  1992 with 742 patients and a mean 

implant duration of 16 3 months  These two patient 

groups are similar in the patient demographics and 
indication for implant of the PCD System  In the PCD 

Transvene System patient population  19 4  of the 

patients experienced a clinical complication and 
23 8  of the patients experienced a clinical 
observation  In the PCD Epicardial System  14 2  

of the patients experienced a clinical complication 
and 32 9  of the patients experienced a clinical 
observation  

Table ID2 7 and ID2 8 provide a comparison of the 
reported complicationslobservations and their 
incidence in the two patient populations  

99 
p 
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Table ID2 7  Reported Complications  PCD Transvene System versus 
PCD Epicardial System   211193 

PCO Traneveno Syetem 

 hk   757  

 CD Epicardld Syetem 

IN   748 

1 1  1 1  

9  6  13 6  

9 0  1 4 0  

5 3  2 6  

2 3  1 2  

Table ID2 8  Reported Observations  PCD Transvene System versus PCD 
Epicardial System   211193 

e  Survival Analysis 

Despite their excellent clinical performance  
epicardial defibrillation lead system have important 
limitations  The requirement for direct thoracic 
access contributes significantly to patient morbidity 
and mortality  patient discomfort and prolonged 
hospitalization  The availability of reliable 
nonthoracotomy lead systems should provide 

 ip 
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positive clinical impact on these issues while not 
negatively impacting patient survival  Therefore  a 
comparison of the one year actuarial survival rates 
for the PCD Transvene and Epicardial System was 

performed  

Table ID2 9 provides a summary of the patient 
deaths reported in the two patient populations by 
classification  As a reference  the mean follow up 
time for the PCD Transvene System patient 
population was 11 7 months while for the PCD 
Epicardial System it was 16 3 months  Patients with 
the device programmed OFF and perioperative deaths 
are not mutually exclusive  

Table I02 9  Death Classifications  PCD Transvene System versus PCD Epicardial 

System   211193 

Table ID2 10 provides a comparison of actuarial survival 

rates between the PCD Transvene and PCD Epicardial 

patient populations  The actuarial survival projections 
include perioperative deaths only in the calculation of 
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survival from death due to all causes  shown in table row 

labelled Overall   Perioperative mortality includes those 

deaths which occur in the first thirty days post implant of 

the PCD System  

Statietically Significant p     5 

Table ID2 10  Comparison of Actuarial Survival  PCD Transvene System versus PCD 

Epicardial System   211193 

There was a significant increase in overall survival in the 

patients receiving a PCD Transvene System  As previously 
noted  the Overall one year actuarial survival includes death 

from all causes  The overall one year survival for patients 
receiving the PCD Transvene System was 93 3   This is 

significantly improved as compared to the overall one year 

actuarial survival for the PCD Epicardial System  88 6   

 p  0 004   This improvement in overall survivai is 

primarily due to the marked improvement in perioperative 
mortality  the PCD Transvene System having a 0 7  

 5 757  perioperative mortality versus the a perioperative 
mortality of 5 3   39 742  in the PCD Epicardial System  

This improvement in perioperative mortality is primarily due 

to the elimination of the need for a thoracotomy and its 

associated morbidity and mortality  
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E  Transvene PCD System Performance 

1  Explants  Leads and PCD Devices 

Transvene Lead Performance 

The Transvene Lead System consists of a Right Ventricular 
Lead  a Coronary Sinus Superior Vena Cava lead  and a 

Subcutaneous Patch lead  There have been a total of 757 

Right Ventricular leads  15 with the SP2100 and 742 with 

the Model 6884 6966   796 Coronary Sinus Superior Vena 

Cava leads  Model 688116963   and 718 Subcutaneous 
Patch leads  Models 6895110317 6999  implanted with a 

cumulative implant duration of 8894 8 months  The 

reported incidence of fracture for the RV lead is 0 9  

 7 757  and 0 3   2 757  for the SQ lead  

A Model 6884  screw in  right ventricular  pace sense  
cardioversionl defibrillation lead was returned to Medtronic 
27 months post implant  The lead was returned to 

Medtronic following explant from a patient that was 

undergoing a heart lung transplant  Note that the lead had 

been fully functional while implanted and was found to be 

fully functional upon explant  

Upon undergoing further analysis at Medtronic  some MIO 

 metal ion oxidation  was observed on the lumen of the 
middle insulation approximately 20 cm proximal of the 

pacing tip electrode  and on the outside of the inner 

insulation  The MIO was further characterized to be 
 cosmetic  in that it had not functionally at ected ihe iead  

in any way  Cosmetic MIO is defined as any crack that has 

not breached the insulation  

Initial analysis indicated that the presence of the MIO was 

in the clavicular region of the body  i e   the location  20 

cm proximal of the tip  would be in the first rib clavicle 

region of a small adult  There was no evidence  however  

of conductor coil fracture and the lead was fully functional  

Given the Model 6884 lead is generally implanted via 

subclavian vein insertion  this type of observation may 

occasionally be expected  However  subsequent analysis 

of the patient X rays showed that the area of MIO was 

actually in the right ventricle  The patient s right ventricle 
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was extremely dilated  secondary to pulmonary 
hypertension  Therefore  20 cm from the proximal tip 

electrode located the area of MIO at the point of maximum 

curvature of the lead  iri  i ie  right ventricle  ra her than  n 

the clavicular region  

D il An I i R I 

VisualllVlicrosco pic 

Shallow  cosmetic  environmental stress cracking  ESC  

was visible  No coil deformation was visible in the first 

rib clavicle region  Possible MIO was visible 20 cm 

proximal of the electrode tip extending approximately 0 5 

cm on the middle insulation  Possible MIO was also visible 

on the innermost insulation starting at 19 3 cm proximal of 

the electrode tip and extending 5 4 cm proximally  

Scanning Electron Microscopy 

MIO was observed on the lumen of the middle insulation 

and on the outside of the innermost insulation  The MIO 

penetration was less than five percent of the insulation wall 

thickae   In addition to the insulation  both the middle 

and inner coils were evaluated up to 2500 times 

magnification  There were no anomalies apparent on the 

inside or outside of the middle coil in the region of the MIO  

The innermost coil showed no signs of crush or fatigue in 

the region of the MIO  

FTIR ATR 

FTIR spectra were obtained for a control area  no MIO  of 

the inner tubing and the cracked area of the tubing  

Relative ratios of key bonds were calculated using the 

absorption intensities  These ratios indicated that the ether 

segments were oxidized in the polyurethane  which is 

characteristic of MIO  In addition  peaks appeared  

indicative of carboxylic acids or esters  oxidation 

byproducts   
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Discussion 

Contrary to the initial dimensional analysis of this lead that 

indicated the area of MIO was located to the clavicular 

region of implant  review of the patient s X rays revealed 

that the heart was significantly enlarged due to the 

advanced disease state  Subsequently  a significant portion 
of the insulated lead body was located in the heart  

including the portion with cosmetic MIO  Typically  20 cm 

proximal of the tip electrode approximates the clavicular 

region  

Consistent with our previous analysis of MIO relative to the 

688416966 lead  the observed MIO did not  in any way  

affect the clinical performance of this lead  Patient data 

analysis shows that the implanted lead system  inclusive of 

the 6884 lead  performed appropriately  Of six 

spontaneous VT VF episodes reported  4VT 2VF   all were 

appropriately detected and treated via the implanted PCD 

Transvene system  

In addition  the presence of MIO on the middle insulation is 

not entirely unexpected  reference February 18  1993  

MedtroniclFDA meeting   If the middle insulation had been 

degraded to the point of electrically shorting the sensing 

ring  middle conductor coil  to the common defibrillation 

electrode  middle coil   an integrated bipolar sensing system 

would  in essence  be created  In this type of system  

sensing occurs between the unipolar pacing tip and the 

common defibrillation electrode  versus standard  or true  

bipolar sensing between the pace sense tip and the ring 

electrodes  This type of sensing system is identical to the 

CPI Endotak configuration  as well as Medtronic s earlier 

design of a Transvene RV lead  i e   the Model SP2100  

These types of integrated systems have been shown to be 

clinically acceptable  Note that canine testing of a shorted  

RV cardioversionldefibrillation lead  indicated that this type 

of failure does not result in the lack of therapy delivery  

If the innermost insulation had degraded such that the 

pacing tip electrode shorted  this could manifest as 

intermittent sensing of the brady pace sense function of the 

lead  This type of anomalous system performance is 

expected to be observed at follow up sessions  given the 

lg 
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frequent monitoring of patients  every three months  or as 
necessary when the patient experiences VTIVF episodes or 
anything unusual  Similar to brady pacing patients  
problems related to pace sense performance are typically 
observed at the time of follow up  pace sense threshold 
measurements are standard follow up procedure for both 
brady and tachy lead systems  and or when the patient 
reports to his her physician for any unusual events  e g   
intermittent pacing sensing  

The extensive dilatation of the right ventricle in which this 
lead was implanted resulted in a large portion of insulated 
lead body being in the right ventricle  as opposed to 

primarily just the cardioversionldefibrillation electrode coil  
Subsequently  this lead may have been subject to more 
flexing in the heart than what is typical for the RV lead  
Note  this was demonstrated in the videotape that was 

presented to FDA at the February 18  1993  

MedtroniclFDA meeting  

Clinical data from brady pacing leads indicates that the 

portion of the lead subject to the flexing motion in the heart 
may be related to the occurrence of MIO in brady lead 

bodies  Brady pacing leads  proximal to the tip ring 
electrodes are subject to more flexing motion  relative to a 

cardioversionldefibrillation RV lead  while contained in the 
heart  On the other hand  cardioversion defibrillation leads  

like the 688416966  are comprised of a comparatively stiff 

portion proximal to the tip ring electrode  This length of 

defibrillation electrode  5 cd  appears to flex less than a 

typical brady pacing lead while in the heart  as a result of 

greater stiffness  However  in the extremely hypertrophic 
heart  as was the case with this particular RV lead  the lead 

may be subject to more flexing  similar to that of a brady 

pacing lead  

Conclusions 

As noted  Medtronic cannot assure that MIO  or other lead 

failure mechanisms will not occur in the 688416966 lead  

However  one should consider the actual benefits of the 

lead versus the potential for MIO occurrence  Specifically  
clinical data to date for the Transvene system show that 

one year actuarial survival from SCD is 99 5 percent and 
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the average hospital stay for Transvene implant is only 

seven days  versus ten for an epicardial system     

Regarding the potential for MIO occurrence  analysis shows 

this would result in a bipolar integrated sensing system  or 

in an intermittent pace sense system  Integrated sensing 

has been shown to be clinically acceptable  and intermittent 

pacing sensing is assessed as part of standard follow up 

procedures  Additionaliy  with postmarket surveillance 

mechanisms in place  such as returned product analysis and 

chronic lead monitoring  Medtronic is well positioned to 

appropriately evaluate and manage potential failure 

mechanisms of implantable cardiac leads  We are 

committed to these surveillance mechanisms in the interest 

of delivering optimal implantable technology products to the 

health care market  

Based on the clinical data collected  the Transvene leads 

have performed safely and reliably  

PCD Devices 

In the 762 implants  a total of 63 units  8 3   were 

explanted secondary to patient deaths  infection  heart 

transplant  low battery voltage measurement and PCD 

Device performance issues  Table lE1 1 provides an 

overview of the units explanted  and returned to Medtronic 

for analysis and reason for explant  
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Table lE1 1 Reasons for PCD Device Explant   211193 

The investigational plan requests that if the patient expires 

during the course of the clinical study that the PCD device 

be explanted and returned to Medtronic for analysis  There 

were 51 reported patient deaths and 22 devices were 

explanted  Seventeen have been received at Medtronic for 

analysis  In the 29 deaths where the device was not 

explanted  the patients expired and were buried before the 

devices could be explanted  

Results of analysis performed on the 42 explanted devices 

is presented in Table IE1 2  

 4 
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Table lE1 2  Final Analysis on Explanted PCD Devices   211193 

Of the 42 devices explanted  final analysis on 36 units 

indicated that the devices were functioning within normal 

specifications  

Six PCD Devices were explanted for the following device 

performance issues  

explanted due to a Power On Reset  POR  condition 

that was not related to the delivery of external 

defibrillation or cautery  N  1   

explanted for lower than expected battery voltage for 

time in service  includes L23  N   2   

explanted secondary to failure to appropriately 

synchmnim ar   d  deviser car4oversion therapy far an 

induced VT episode  N  1   and 

explanted post inappropriate delivery of VF therapy 

during a manual capacitor charge time  N  2   

These devices are discussed in detail in the discussion that 

follows  

In the case of th-- -------- -------- ted for PCD Oevice 

performance issue ------------------- the device experienced 

a Power On Reset  POR  condition that was not related to 
(b)(4)
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the delivery of external defibrillation or electrocautery  

Under certain conditions  the use of direct defibrillation or 

electrosurgical cautery in the vicinity of a Model 7217B 

PCD System  i e   device and electrodes  may cause the 

device to be set to its reset parameter values  VT VF 

detection and therapies disabled and nominal VVI pacing 

parameters   In the case of this patient  the POR condition 

occurred during the pre hospital discharge evaluation and 

t  e  pa     en  was nder    o  nc eased risk  

Since external defibrillation or electrocautery had not been 

used near the device  it was recommended that the device 

be explanted  The patient received a second PCD Device 

without difficulties  The explanted PCD Device underwent 
initial evaluation and was found to be performing within 

specie cat ons  Additianal testing is currentlv ongoing  

Analysis of the device which had the documented short on 

the Pulse 2 output was found in a device which was 

explanted secondary to patient death  The death was 

classified as nonsudden and not related to the implanted 

PCD Transvene System  It appears that this diode failed 

post explant of the system probably due to electrocautery 
being used at the time of explant and was not related to 

the patient s death  

There was one device ------------------ that was explanted 

due to lower than expected battery voltage for time in 

service  Analysis indicated that hermetic leakage at the 

input to one of the integrated circuits lead to a voltage drop 

across a resistor where the voltage measurement is taken  

Thus the actual battery voltage was appropriate but the 

telemetry reading was incorrectly low  

There have been no reports of lower than expected battery 

voltage for time in service due to failure in an integrated 

circuit which increases current drain or leakage of tantalum 

capacitors on the printed circuit board as reported in the 

PCD Epicardial System experience  

None of these issues are related to the PCD device battery 

performance  The battery has performed according to 

specifications and there is no clinical data indicating 

otherwise  

i  

(b)(4)
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In the case of the PCD Device ------------------ which did not 

appropriately synchronize cardioversion therapy  during the 

pre hospital discharge electrophysiology study  VT was 

induced and cardioversion therapy failed to appropriately 

synchronize and deliver therapy for the induced episode  

The PCD Device was explanted and the patient received a 

second device without difficulties  Analysis of the 

explanted PCD Device indicated a random device failure  

The manufacturing process was modified to incorporate a 

screening process to identify any further devices which 

may exhibit this behavior  

In the PCD Device ------------------ in which VF therapy was 

delivered during a capacitor charge time  appropriate 

function of the Model 7217B PCD Device was documented 
at the time of implant  At the time of the one month follow  

up  the device was interrogated and there were no 

spontaneous episodes between hospital discharge and the 

one month follow up  During the monitor  the capacitors 

were being charged according to proiocoi artd the patient 
indicated she felt a sensation in her abdomen  

Subsequently  the PCD device did not respond to telemetry  

The patient was monitored again in an effort to assess 

telemetry  Another programmer was used and various 

radiofrequency sensitivities were used in attempts to gain 
telemetry  Still there was no response  The implanted 

system was assessed via x ray and device  leads  

dislodgement was not seen  Alternative implant  e g   

another commercially available defibrillator  was not 

considered an option as the Medtronic lead connections 

were not known to be compatible with other 

manufacturer s devices  The PCD Device was explanted 

and a second Model 7217B PCD device was implanted 

without difficulty  This patient has done well since the 

bMiGfi6 ifiip 3fit pfOCB4Uf8  NQ  f f P8F d8V C8 p8ftnfm8flC8 

issues such as this one have been reported in this patient 
or other implanted devices  

Analysis of the explanted unit indicated that arcing 

occurred between the conductors inside the hermetically 

enclosed brazed ring of the high power hybrid  As a result  

nigh voltage was   omeaiar l1f Bppljed tn the low power 
circuitry  including the low power hybrid  This low power 

(b)(4)

(b)(4)
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hybrid lost function including the capability to pace and 

transmit telemetry due to excessive voltage applied  The 

mechanism that initiated the arcing could not be identified  

Even though the arcing mechanism could not be identified  

it is important to note that the hybrid manufacturing 

procedure has processing steps to ensure that arcing does 

not occur  Traceability data on this unit indicated there 

were no processing anomalies related to this hybrid  

Since this was the only device that exhibited this type of 

failure in the field and the hybrid manufacturing process has 

demonstrated that it will screen out infant mortality  this is 

considered a random component failure  

F  Clinical Conclusions 

The overail clinical experience with the PCD Transvene System 

indicates that the system performed according to design and 

specification  The reported clinical complications and patient 
deaths are appropriately addressed in the required labelling for the 

system and the patient selection criteria for implant of the device 

is appropriate  

The following can be drawn from this analysis of the data 

collected in this clinical study from the 757 patients with a mean 

foliow up of 11 7 months  

Patient Deaths 

  The projected one year survival probabilities for Sudden 

Cardiac Death  Non Sudden Cardiac Death  all Cardiac 

Deaths and Noncardiac Death were found to be 99 5   

96 2   95 8   and 98 1   respectively  

The incorporation of programmable VTIVF detection and 

therapies has improved the type of therapy available for the 

treatment of recurrent VT VF while maintaining the positive 
impact of ICD therapy on survival from sudden cardiac 

death  

  The sudden cardiac death survival of 99 5  at one year is 

comparable to that of the AICD patient population 98 0   
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  There have been no deaths due to a PCD Device 

malfunction  

ComplicationslObservations 

  Complications were reported in 19 4  of the patient 

population and observations were reported in 23 8  of the 

patient population  

  The incidence of complications was comparable to that of 

the market released AICD system in the categories of 

ineffective VTIVF therapy  pocket infection  and pocket 
erosion and was lower than the AlCD in the category of 

inappropriate delivery of VT VF therapy  

Patient Indications 

  All of the 757 patients who received a 3 lead system in this 

clinical evaluation met at least one of the primary 
indications  Sudden cardiac death  SCD  was the primary 
indication in 37 1  of the patients  recurrent ventricular 

tachycardia  VT  was the primary indication in 49 8   of 

the patients and SCDIVT was the primary indication in 

13 1  of the patients  

The number of patients  60 5   receiving VT VF therapy 

for spontaneous episodes of ventricular arrhythmias 

supports the conclusion that the patient selection criteria 

are appropriate and that the PCD Transvene System was 

implanted in patients who benefit from this therapy  

The one year sudden cardiac death survival rates for the 

SCD patient group was 100 0   for the VT patient group 
99 4  and the SCDIVT patient group 98 6   
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VTIVF Detection and Therapy Performance 

The PCD Transvene System properly detects and treats VT 

as demonstrated by the spontaneous episode data  The 

overall success rate for detection and treatment of 

spontaneous VT was 98 4   

The PCD Transvene System properly detects and treats VF 

as demonstrated by the spontaneous episode data  The 

overall success rate for detection and treatment of 

spontaneous VF was 98 4   

There were no reported patient deaths due to the 

nondetection of a spontaneous VT or VF episode by the 

PCD Transvene System  

PCD Transvene System Performance 

  The PCD Transvene System cori  ponents  Mode   

721 6A1721 7B and Model 688416966  6881 16963  

689516999 Transvene leads  have performed according to 

design and specification and are  therefore  considered safe 

and effective in the indicated patient population  

Medtronic asserts and the PCD Transvene investigators 

unanimously agree that the findings of the clinical study support 

the conclusion that the Medtronic Tachyarrhythmia Control 

System and the Transvene Cardioversion and Defibrillation 

Electrodes are safe and effective in the indicated patient 

population  

9 



MEDTRONIC CONFIDENTIAL 

IV  Summary of Additional Implants 

A  Overview 

This overview covers a total of 1335 implants in 1330 patients of 

the PCD Device with the Transvene Defibrillation Lead System  

The patients included in this report includes the 757 patients 

described in the original PMA application and an additional 573 

patients that have been implanted in the U S  from 6125192 to 

2 1 93  The first implant occurred internationally on October 20  

1989  and the first implant in the U S  occurred on October 16  

1990  

The mean implant duration for this patient popuiation is   0 

months and ranges from implant to 37 4 months  The cumulative 

implant duration is 10 653 7 months  

The patient population  N   1330  enrolled in the clinical trial was 

predominately male  81 6   with a mean age of 60 4 years  In 

half of the patients  54 5    the primary indication for implant 

was recurrent  sustained ventricular tachycardia without an 

episode of sudden cardiac death  Sudden Cardiac Death was the 

primary indication for 34 7  of the patients and SCD in 

combination with recurrent  sustained VT was the primary 

indication in 10 8   Coronary artery disease was the primary 

heart disease in 76 2  of the patient population with a mean 

reported ejection fraction of 34 3  Table IVA 1 provides a data 

summary on these patients  Although there is a slightly higher 

percentage of patients with the primary indication of VT  54 5  

vs 49 8   PMA patient population   there are no substantial 

differences or trends noted from the original PMA population  
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Table 8 1  PCD Transvene System  Data Summary   Updated Pts   1330    

211 93 
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B  Complications and Observations 

For purposes of this clinical study  reported relevant medical 

events were divided into complications and observations based on 

the following previously described definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which can NOT be treated or 

resolved by reprogramming the device and REQUIRES 

invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which either does NOT 

require invasive intervention  or which CAN be 

corrected by reprogramming the device  

Of the 1330 patients  as of February 1  1993  there have been a 

total of 225 complications reported in 195 patients and 275 

observations reported in 228 patients in the PCD Transvene 

System patient population  Thus  14 7   195 1330  of the 

patients had a clinical event which was categorized as a 

complication and 17 1   228 1330  of the patients had a clinical 

event which was categorized as an observation  

Table IVB 2 and IVB 3 summarize the reported PCD Transvene 

System complications and observations by category  respectively  

In almost all categories  the percentage of patients in which a 

complication or observation was reported has decreased compared 

to the original PMA patient population of 757  The percentage of 

patients with lead dislodgements reported has substantially 

decreased from 12  with a complication to 8 8  and 1 6  with 

an observation to 0 9   No new categories of complications or 

observations were reported  The reported complications and 

observations are recognized clinical events that may occur with 

any of the current ICD devices  These complications and 

observations are discussed in the PCD device and Transvene 

manual  None of the reported complications or observations have 

resulted in a patient death  

P 
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Table 8 2  PCD Transvene System  Reported Complicationsl Observations 

 n  1330    2 1 93 

iQ 
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Table 8 2  PCD Transvene System  Reported Observations   2 1193 
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Table IVB 4 contains a description of the lead dislodgements that 
have occurred in less than 30 days and in greater than 30 days  
As noted earlier  the percentage of patients in which a 

complication or observation regarding lead dislodgement was 

reported has decreased from the original PMA patient population 
of 757  

Table 8 3  PCD Transvene System  Lead Dislodgements  301 30 days 
In   1 33Ql 

 211  CIA 

There have been a total of 60 lead dislodgements reported in 

patients at greater than 30 days  None of the lead dislodgements 
resulted in an ineffective therapy for a spontaneous VT of VF 

episode or patient death  Lead dislodgements were documented 
by fluoroscopic examination during electrophysiologic evaluation  
chest x ray obtained during routine follow up  or during 

pacinglsensing threshold evaluation during routine follow up  In 

all 60 cases  reoperation was required to reposition the lead and 

reestablish an effective defibrillation lead system  

Lead dislodgements are not specific to the PCS Transvene 

System and have been reported with dual chamber pacemakers 
and the current market released implantable cardioverter 

defibrillator  ICD  system  The early history of dual chamber 

pacemakers witnessed a high lead dislodgement rate of at least 

20   Smyth  PND  et al  Permanent perivenous atrial sensing and 

pacing with a new J shaped lead  J Thoracic Cardiovascular 

Surgery  1976 72 565 570   Winkle  et al reported that the 

incidence of dislodgement of the superior vena cava spring leads 

8 
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with the current market release ICD system to be 6 34k   Winkle  

et al  Automatic Implantable Cardioverter Defibrillator  Efficacy  

Complications  and Survival in Patients with Malignant Ventricular 

Arrhythmias  JACC  June 1988  Vol 11  No 6 1278 86   

Patient Deaths 

The positive impact of implantable cardioverter defibrillator  ICD  

therapy  or    dderi cardiac dea h    ortaEty has been well 

documented in the medical literature  The use of device therapy 

for the treatment of recurrent ventricular arrhythmias has become 

an accepted and important clinical tool  An analysis of the sudden 

cardiac death survival in the PCD Transvene System patient 

population was performed  

For purposes of the clinical study  each of the patient deaths was 

ca egor ze  using the following definitions  

Non Cardiac  Deaths that occurred where the primary 
cause of death was determined to be 

non cardiac in nature  e g  stroke  

cancer  etc  

Cardiac  Deaths that occurred where the primary 
cause of death was determined to be 

cardiac in nature  

Non Sudden  Deaths that occur greater than one 

hour after the onset of symptoms  

Sudden  Deaths that occur within one hour of 

the onset of symptoms or where the 

death is unwitnessed  Sudden cardiac 

deaths were also categorized as being 

Witnessed or Unwitnessed  

Perioperative  Deaths that occur within thirty days of 

implant  

System Related  A death which results from a 

malfunction  operation not according to 

design specification  of a PCD System 

component  or as a result of a device 

induced arrhythmia  or an interaction 

between a PCD System component and 

the patient  

Procedure Related  A death which occurs as a result of a 

procedure required to implant  follow or 

test a PCD System  

1  
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AII deaths and significant complications have been and will 

continue to be reviewed by a committee comprised of PCD 

Transvene System investigators and other physicians  Two 

committees  Clinical Event Review Committees  have been 

formed  one to review North American deaths and complications  

and the other to review European clinical events  The primary 

purpose of these reviews was to determine whether the PCD 

System was related to the deaths or significant complications that 

have occurred and  if so  what changes may be required to 

prevent such events in the future  

There have been a total of 68 patient deaths reported in the PCD 

Transvene System patient population  Table IVC 1 summarizes 

hmv these  patient deaths have been classified  

5 5 10 

31 7 38 

15 5 20 

TOTAL 51 17 68 

Table 8 4  PCD Transvene System   Summary of Death 

Classifications  n   1330  211193 

None of the patient deaths were attributed to a malfunction of the 

PCD Transvene System  

Actuarial survival analysis on the PCD Transvene System was 

done on all patients who were either evaluated for implantation or 

in whom the device was implanted  Thus  the analysis is done 

from the perspective of intention to treat  Those patients in 

whom the PCD Device was OFF at the time of death or in whom 

no device was implanted are included in the survival analysis  

Those patients that were screened for a PCD Transvene System 

but failed to receive a Transvene system are not included in this 

analysis  



MEDTRONIC CONFIDENTIAL 

Projected one year survival calculations for the various death 

classifications are provided in Table IVC 2  The actuarial 

projections include perioperative deaths only in the calculation of 

one year survival from death due to all causes  shown in the row 

labelled Overall   The perioperative death rate defined as deaths 

which occurred within thirty days of implant was 0 8   10 1330  
which is considerably less than the perioperative mortality for the 
PCD System with Epicardial leads  5 3    39 742   

Table 8 5  PCD Transvene System   One Year Actuarial Survival   211193 

The positive impact of the PCD Transvene System on patient mortality 

is cieariy obvious irom this anaiysis  The sudderr  mrdiGC d88tii survive   
rate the total patient group  n  1330  is 99 3   This is a marked 

improvement when compared with the reported survival of similar patient 

groups treated with drug therapy alone of between 34  and 73  at one 

year  

In conclusion  the data above for the 1330 patients implanted and 

followed through 2 1 93 is similar to the 757 PMA patient population as 

expected  Although lead dislodgement is not an unexpected 

complication and patients are routinely evaluated during follow up 

procedures at follow up visits  in order to minimize the incidence of lead 

disiodgement  the duat aim  irig sleeve    as been irtroduced ar d the 

incidence of lead dislodgernent has drastically decreased  The one year 
actuarial survival results continue to be stable  above 99  for SCD and 

efficacy rates continue at greater than 98   

Qr 
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  Medtronicg 
Medtronic  Inc  
7000 Central Avenue  N E  

Minneapolis  MN 55432 3576 
Telephone   612  574 4000 

Cable  Medtronic Telex  29 0598 

FAX   612  574 4879 

July 8  1993 SENT VIA FEDERAL EXPRESS 

MS  DORIS TERRY 

Office of Device Evaluation  HFZ 450  
Center for Devices and Radio1ogical Health 
Food and Drug Administration   Room 170L 

1390 Piccard Drive 
Rockville  MD 20850 

Dear Doris  

Enclosed please find a copy of the Transvene PMA Amendment  Volumes 1 and 2  

dated March 26  1993 and also the Transvene PMA Amendment dated June 1  1993  

Sincerely yours  

MEDTRONIC  INC  

Heather Rohweder 
Senior Secretary 
Cardiac Pacing Business 
 612  574 3289 
 612  574 6424 FAX  
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Ahedtrenic g 
Medtronic  inc  
7000 Central Avenue  N E  

Minneapolis  MN 55432 3576 
Telephone   612  574 4000 
Cable  Medtronic Telex  29 0598 

November 2  1993 

Office of Device Evaluation 
rW1A uGCUA i8ti at1Qti  ARE CSAi8f    FZA01    

Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  MD 20850 

Re  PMA Amendment to the Medtronic  TRANSVENE  Lead System  Document 
Control Number P920015       
Response to FDA Approv le Letter of September 23  1993 

The purpose of this PMA Amendment is to document additional modifications to the 

TRANSVENE  Lead System Labelling  These changes are the result of further 

discussions between FDA and Medtronic  

Copies of the final proposed labeling  technical manuals and package labels  for the 

TRANSVENE  lead system  reference Attachment A  and the PCS Device  reference 
Attachment B  are provided   Note  The PCS Technical Manual is synonymous with the 

term Physician s Manual   

Via this amendment  we are also informing the Agency that there is no new safety and 

effectiveness information learned about the device  system  from the ongoing clinical 
study that could reasonably affect the statement of contraindications  warnings  

precautions and adverse reactions in the draft labeling  

Three copies of this submission are provided in accordance with 21 CFR Part 
814 44 e  2   It contains confidential and commercial trade secret information and we 
request that it be given the maximum protection provided by the law  If additional 
information is required  please contact Dennis Connolly at  612  574 4696  

Sincerely  

MEDTRONIC  INC  

Charles H  Swanson  PhD  
Vice President  Regulatory Affairs 
Cardiac Pacing Business 
Tel   612 574 3409 
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Page ii PCD Model 7217B Technical Manual 

Before implanting a Model 7217B PCD device  it is strongly recommended thar the 

physician do the following  

  Thoroughly read this manual  the systems applications manual for the programmer 
MemoryMod  cartridge  the External Tachyarrhythmia Control Device  ETCD   
technical manual  and the technical manuals for the leads used with the device  

  Provide a copy of the patient manual to the patient and discuss it with him or her and 
any other interested parties  

  Medtronic requires physicians to attend an education seminar on the complete PCD 
system  This includes the following topics  

  indicauons ior use 
  Overview of the PCD system functions 
  Implant procedure 
  Patient management 

Automatic defibrillation was invented and patented in 1953 by Dr  F  Zacouto  who 
designed an external device that delivered a defibrillation impulse to the heart upon 
detection of very rapid ECG activity in combination with the absence of arterial 
pulsations  

Certain antitachycardia pacing modes of this device  invented by Dr  Fred Zacouto of 
Paris  France  fall under one or more patent claims of U S  Patents 3 857 399 and 
4 052 991 and corresponding patents in other countries  which are licensed exclusively to 
Medtronic  Inc  

The primary reference for background information is Zacouto FI  Guize LJ  Funda  
mentals of Orthorhythmic Pacing  In  Luderitz B  ed  Cardiac Pacing Diagnostic and 
Therapeutic Tools  New York  Springer Verlag  1976  212 218  

See these additional references for more background information  

1  Theisen K  Zacouto F  et al  Refraktarzeitmessung bei absoluter Arrhythmie mit 
orthorhythmischer Serienstimulation  Klin  Wschr  1974  52  1082 1084  

2  Guize L  Zacouto F  et al  Stimulation endocardiaques orthorhythmiques  La 
Nouvelle Presse medicale  1974  3 33   2083 2086  

3  Effert S  Automatische Uberwachungsgerate und Indikation zur Implantation von 
elektrischen Schrittmachern  Thoraxchirurgie und Vaskulare Chirurgie  1963  11  
158 165 This describes the automatic defibrillation equipment of Dr  F  Zacouto  

ETCD and Marker Channel are trademarks of Medtronic  Inc  PCD  MemoryMod  
Transvene  and Medtronic are registered trademarks of Medtronic  Inc  
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GENERAL DESCRIPTION 

The Medtronic Model 7217B PCD   Pacer Cardioverter Defibrillator  Device is an 
implantable  multiprogrammable  automatic tachyarrhythmia control device  The PCD 
device is designed to automatically detect episodes of ventricular tachycardia  VT  or 
ventricular fibrillation  VF  and  upon detection  deliver the appropriate programmed 
pacing  cardioversion  or defibrillation therapies  The device has two independently 
programmable detection and therapy procedures  one for VT and a second for VF 

The VT Detection circuitry can use up to four separately programmable detection modes 
as it monitors the cardiac cycle length to identify the presence of a tachycardia  Upon 
detection  the PCD device delivers its first programmed VT therapy  If the VT episode 
persists and is again detected  up to three additional independently programmable VT 
therapies may be delivered to restore the patient s normal cardiac rhythm  This 
progression of four VT therapies can be tailored to each patient s needs  The therapies 
may be selected from two methods of overdrive pacing  Burst and Ramp  and 
synchronized Cardioversion  

The VF Detection circuitry uses three programmable parameters as it monitors the 
cardiac cycle length to identify a VF episode  Upon detection  VF therapy provides a 
programmable high energy defibrillation shock  Up to a maximum of four VF therapies 
may be delivered for ongoing detected VF episodes  Each defibrillation therapy consists 
of a single shock or two simultaneous or sequential high voltage pulses designed to 
restore the normal cardiac rhythm  

The PCD device provides bradycardia therapy via ventricular inhibited  VVI  pacing  

The PCD device requires an appropriate lead system  consisting of up to five electrodes  
Cardioversion and defibrillation occur between the PULSE1 and or PULSE2 and 
COMMON electrodes   The optional PULSE1 electrode and the PULSE2 electrode 
serve as anodes for the cardioversion and defibri11ation therapies  Pacing stimuli occur 
between the PACE SENSE  pacing cathode  and COMMON  Sensing of cardiac 
activity occurs between the PACE SENSE and SENSE2 electrodes  

The PCD device is to be programmed with an appropriate Medtronic programmer  e g   the Model 9710 or other equivalent unit   Instructions for programming the PCD device 
may be found in the Model 9788 MemoryMod  Software Cartridge TechnicaI Manual 
 or equivalent   Programmers from other manufacturers are NOT compatible  

The physician may use the PCD device to conduct noninvasive electrophysiologic 
studies  EPS  via the Programmer and appropriate MemoryMod cartridge  The physician can also manually deliver various therapies via the Programmer to manage an induced or 
spontaneous tachyarrhythmia  

The PCD device will provide the physician with information  via the Programmer  about 
its present programmed parameters  status  and data on its operation accumulated 
between office visits  This information may be printed and retained in the patient s file  

I  See the Lead Technical Manuals for details on the lead system  
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PRESCRIBING TKE MODEL 72178 PCD DEVICE 

Intended Uses 

The Model 7217B PCD device is intended for use in patients who are at high risk of 
sudden death due to ventricular tachyarrhythnia  Current medical research indicates that 
such patients should  

  have survived at least one episode of a cardiac arrest  presumably due to a 
ventricular tachyarrhythmia as evidenced by resuscitation using a transthoracic 
defibrillator  The ventricular tachyarrhythmia should not be caused by an acute 
myocardial infarction  OR 

  in the absence of a prior cardiac arrest  have poorly tolerated sustained VT and or 
VF  which occurs spontaneously or can be induced despite the best antiarrhythmic 
drug therapy  

 JI   
one naturai nisiory of patients with hemodynamicai1y stabTe sustained VT is not well 
defined  While this patient population was included in PCD clinical studies the study 
objectives did not include stratification of this specific patient group  
The PCD device may be used as a replacement for a previously implanted  commer  
cially available Automatic Implantable Cardioverter Defibrillator  The PCD device is 
intended for use only with the defibrillation lead systems with which it has been tested  
which are Medtronic epicardial patch leads and Cardiac Pacemakers  Inc   patch leads  
Prior to implant  it is strongly recommended that patients undergo a complete cardiac 
evaluation  which should include extensive electrophysiologic testing  Also  extensive 
electrophysiologic evaluation and testing of the safety and efficacy of the proposed 
pacing  cardioversion  or defibrillation therapies are recommended during and after the 
implantation of the Model 7217B PCD device  

Before permanently programming the PCD device to the automatic detection and 
delivery of the VT and or VF therapies  the patient should have demonstrated a 
satisfactory response to the proposed therapy  For more information  see  Programming 
Considerations   and Pre Hospital Discharge in  Post Implant Information   

Contraindications 

The Model 7217B PCD device is contraindicated for patients  
  with transient ventricular tachyarrhythmias due to reversible causes  e g   drug 

intoxication  electrolyte imbalance  sepsis  or hypoxia  
  with transient ventricular tachyarrhythmias due to other factors  e g   myocardial 

infarction and electrocution  

The Model 7217B PCD device is conuaindicated for the sole use of detection and 
treatment of atrial arrhvthmias  

Because of the potential for damage to the PCD device and or induction of life  
threatening arrhythmias  the use of the following techniques and or therapies is 
contraindicated in patients who have an implanted Model 7217B PCD device  

  Magnetic Resonance Imaging  MRI  and 
  Hydraulic Shock wave Lithotripsy 

W 
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LONGEVITY EXPECTATIONS 

The longevity of the Model 7217B PCD device depends upon severa  factors including 
programmed bradycardia pacing parameters  the percentage of paced to sensed events  
the pacing load  and the frequency of high voltage capacitor charging  The longevity 
projections found in Table 1 apply under the following conditions  

  65 ppm pacing rate  
  5 4 V pacing pulse amplitude  
  0 49 ms pacing pulse width  and 
  500 ohm pacing load  

Table 1  Projected Longevity  

34 Joule 
Pacing Sensing 
100  sensing 
15  pacing 
100 lo pacing 

Charging Frequency 
Quarterly 
Monthly 
Monthly 

The longevity of the device decreases with the following  

Average 
Longevity 
5 0 years 
4 2 years 
3 4 years 

  an increase in pacing rate  
  an increase in pacing amplitude  
  a decrease in pacing impedance  
  an increase in pacing pulse width  
  an increase in the percentage of bradycardia paced to sensed events  or 
  an increase in the charging frequency  

Each 34 joule charging cycle will typically decrease the longevity of the device by 
approximately six days  

For information on when to replace the PCD device  see  Elective Replacement and 
Potential Loss of Function Indicators  in  Post Implant Information   

1  These preliminary longevity projections are based upon accelerated battery discharge data and device 
modeling  They include an estimate of five months between mme of manufacture of a PCD device and its 
implant  If a device was stored for the full twelve month shelf life  the average longevity would be reduced an 
estimated 4 3 to 5 9 months  depending on device use  With the stated conditions  100  pacing and monthly 
34 joule charging cycles  the minimum longevity of the device will be 2 5 years  Average refers to the 
projected mean longevity of the modeled run of PCD devices at the stated conditions  Minimum longevity 
means that virtually all  i e  99 9   of all modeled production runs of PCD devices will attain the value given  
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PRINCIPLES OF OPERATION 

Overview 

The Model 7217B PCD device is designed to detect two types of sustained ventricular 
tachyarrhythmia  ventricular tachycardia  VT  and ventricular fibrillation  VF   The 
sensing circuitry used for detection employs a bipolar electrode configuration 
 PACE SENSE to SENSE2  to maximize rejection of myopotentials  far field P waves  
and other electrical signals  Separately programmable detection criteria are designed to 
allow the PCD device to differentiate between VT and VF  

Once either VT or VF is detected  the PCD device will deliver the first programmed VT 
or VF therapy and up to three additional programmed therapies if the episode persists 
and is repeatedly detected  Three kinds of VT therapy are available  two different types 
of overdrive pacing therapy and a synchronized cardioversion therapy  VF therapy 
consists of high energy defibrillation shocks  the stored energy level is separately 
programmable for all four VF therapies  

If required  the PCD device will provide bradycardia therapy with pacing 
 PACE SENSE to COMMON  at the programmed lower rate in the VVI mode  

Figure 1 summarizes the detection and therapy features of the PCD device  

Complete details of these operations are found in the sections that follow  
  Features Used in Sensing and VT VF Detection 
  Ventricular Tachycardia  VT  Detection 
  Ventricular Tachycardia  VT  Therapy 
  Ventricular Fibrillation  VF  Detection 
  Ventricular Fibrillation  VF  Therapy 
  VVI Therapy 

Detection Therapy 
Ventricular 

Tachycardia 
Antitachycardia Pacing Up to 4 Therapies 

Cardioversion 

Ventricular 
Fibrillation Defibrillation 

Bradycardia VVI Pacing 

U to4Thera ies 

Figure 1  Detection and Therapy in the PCD Device 
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Features Used In Sensing and VTNF Detection 

Proper sensing is essential for the safe and effective use of the PCD device  The device s 
sensing function should be regularly verified by means of Marker Channel  telemetry 
 see 

 Telemetry Reports and Figure 26   If sensing or detection are inappropriate  VT 
and VF Detection should be programmed OFF until verification studies are performed  

Auto Adjusting Sensitivity Threshold 

7hz  72179 PCD device mtomatjcaljv adjust  t  gcnsjtjvjgy follow  ng  ggg 
detection on the bipolar electrogram  between the PACE SENSE and SENSE2 
electrodes   This feature is designed to prevent the sensing of T waves when very low 
sensing threshold levels are used  When the amplitude of the sensed event exceeds the 
programmed setting  the PCD device notes that a sensed event has occurred  The sensing 
level is raised to about 75  of the electrogram peak  or about 6 times the programmed 
setting  whichever is less  and gradually returns to the programmed value with a 560 ms 
exponential decay time constant  Figure 2 illustrates how the sensing level is changed by 
increasing or decreasing the Auto Adjusting Threshold  

NOTE  The Auto Adjusting Sensitivity level is not increased by pacing  VT therapy  
or VF therapy outputs  The physician should be aware that the programmed 
sensitivity setting and the associated blanking periods are also used to detect a 
VT or VF episode and  therefore  Auto Adjusting Sensitivity is active during 
VT and VF detection  

Epicardial 
Electrog ram 

Filtered and Rectified 
Epicardial Electrogram 

75  of R Wave Amplitude 

Auto Adjusting 
Sensitivity Threshold 

Programmed 
Sensitivity 

Figure 2  Auto Adjusting Sensitivity Threshold 
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Blanking Periods 

Nonprogrammable blanking periods follow paced and sensed events  capacitor charging 
periods  and therapy deliveries  These blanking periods prevent the sensing of device 
outputs or multiple sensing of the same event  Signals on the sensing electrodes during a 
blanking period are not used by the PCD device  The blanking period following a pacing 
output is longer than that following a sensed event  This   ai designed to avoid 
sensing the polarization signal on the electrodes  There are four blanking periods  

  120 ms after a sensed event  
  320 ms after a paced event  i e   either VVI bradycardia pacing or VT pacing level 

Burst or Ramp stimuli   
  300 ms after a cardioversion or defibrillation charging period and also after delivery 

of a cardioversion or defibrillation therapy  and 
  During a charging period  

Refractory Periods 

Refractory periods follow some events  The PCD device assumes that signals detected on 
the sensing electrodes during a refractory period are caused by noise  lead polarization  
the trailing edge of an R wave  or a T wave  There are five refractory periods  

  400 ms after a cardioversion or defibrillation charging period  
  200 ms following sensed events in the automatic cardioversion synchronization 

period  
  520 ms following the delivery of any VT or VF therapy  
  320 to 520 ms after a therapy is aborted  and 
  320 to 480 ms  programmable  after paced events  Refractory After Pace   

No additional refractory period extends beyond the blanking period after sensed events  
During VVI operation  the PCD device will not revert to asynchronous operation in 
the presence of noise  

Both the VT and VF detection criteria ignore an event sensed within a refractory period  An event sensed in the refractory period will not inhibit a pacing output  Such an event  
however  does restart the sensed event blanking period of 120 ms  

Programming the Refractory After Pace to more than 320 ms may impair the PCD 
device s ability to detect VT or VF  Events sensed within the refractory period restart a 
120 ms blanking period but are ignored by both VT and VF detection criteria and for 
bradycardia pacing inhibition  Therefore  a short bradycardia escape interval  i e   a 
pacing rate greater than 50 ppm  combined with a long Refractory After Pace  360 ms or 
longer  may prevent a VT event from inhibiting a pacing output  In such circumstances  
the VT could remain undetected  

To avoid this possibility when the Refractory After Pace is programmed to 360 ms or 
longer  ensure that at least one of the following is true   I  the difference between the 
bradycardia escape interval and the effective refractory period should be greater than the 
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Tachycardia Detection Interval  TDI   or  2  the bradycardia escape interval must be 
greater than twice  2X  the effective refractory period   The effective refractory period 
for a programmed refractory of 360 ms or longer is the programmed value plus 120 ms   
The following example and table show how programmed refractory periods of 360 ms 
and greater affect VT detection at various pacing rates above 50 ppm  

For example  if the Refractory After Pace equals 360 ms  then the effective refractory 
period could be 480 ms  If the escape interval equals 670 ms  90 ppm   then intrinsic 
rhythms with 190 480 ms intervals may not be detected if the rhythm initiates during 
VVI pacing  

Programmed Refractory VT or VF Interval Lengths That Could Remain Undetected 
After Pace   At 70 m 860ms   At90 m 670ms 

360 ms 
400 ms 
440 ms 
480 ms 

380   480 ms 
340  520 ms 
300   560 ms 
260   600 ms 

190   480 ms 
150   520 ms 
110   560 ms 
70  600 ms 

In order for the programmed refractory period to have any effect on VT detection  the 
VT episode must initiate during VVI pacing at rates over 50 ppm and with the 
Refractory After Pace greater than 320 ms  

Measurement of Intervals 

The PCD device measures cardiac cycle lengths in multiples of 10 ms  Intervals are 
rounded down to the nearest 10 ms multiple  e g   457 ms becomes 450 ms   The PCD 
device uses this rounded interval value when applying the programmed criteria and 
calculating interval averages  
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Ventricular Tachycardia  VT  Detection 

Overview of VT Detection 

With VT Detection enabled  the PCD device monitors the cardiac cycle length for the 
fulfillment of the programmed VT detection criteria  When the programmed criteria are 
fulfilled  the PCD device detects a VT episode and delivers the first programmed VT 
therapy  If this therapy is ineffective and the VT is again detected  the next programmed 
VT therapy is delivered  This progression continues until the PCD device confirms VT 
termination or delivers all programmed VT therapies  VT Detection is suspended if all 
programmed therapies are ineffective in terminating the arrhythmia  VT Detection is re  
enabled when VT termination is confirmed or if VT Detection is manually 
reprogrammed ON  

All programmed VT detection criteria must be fulfilled for a rhythm to be detected as a 
VT episode  Whenever VT Detection is enabled  ON  there are three available criteria  
the Interval Criterion is automatically enabled  the Interval Stability Criterion and 
the Onset Criterion are optionally programmable  The number of detected episodes is 
stored in the device s memory  The data for previously detected VT episodes may be 
accessed with the programmer  

NOTE  VF Detection must be programmed ON before VT Detection can be 
programmed ON  

VT and VF Detection may be programmed ON to permit the PCD device to function 
solely as a tachyarrhythmia monitor with all tachyarrhythmia therapies programmed 
OFF  

VT Detection Criteria 

Interval Criterion 

The Interval Criterion is designed to detect a sustained high ventricular rate by 
measuring each cardiac cycle length and comparing it to the Tachycardia Detection 
Interval  TDD  If an interval is less than the TDI  then that cycle is potentially a count 
toward the fulfillment of the Number of Intervals to Detect  VT NID   The Interval 
Criterion is activated when VT Detection is enabled and  therefore  requires 
programming both the TDI and VT NID parameters  

The Interval Criterion requires that the measured cardiac cycle length be less than the 
programmed TDI value and greater than or equal to the programmed Fibrillation 
Detection Interval  FDI   The VT event counter counts the number of intervals that meet 
the Interval Criterion  The VT event counter is reset to zero if an interval is greater than 
or equal to the TDI  The count is not increased nor reset if an interval is less than the 
FDI  When the cumulative VT event count is equal to the VT NID  the Interva  Criterion 
for VT detection is fulfilled  
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Thus  fulfillment of VT Detection when only the Interval Criterion is enabled requires 
both of the following  

  Measured cardiac cycle lengths be less than the programmed Tachycardia Detection 
Interval  TDI   and greater than or equal to the programmed Fibrillation Detection 
Interval  FDI   and 

  The cumulative number of these intervals be equal to the programmed Number of 
Intervals to Detect  VT NID   

Counting is reset to zero when an interval is greater than the programmed TDI and is 
interrupted when the interval is less than the FDI  

The Relationship Between the TDI and FDI 

Figure 3 illustrates how the relationships between the blanking period  120 ms  after a 
sensed event  FDI  TDI  and bradycardia escape interval determine whether a sensed 
event is a VF event  B   a VT event  C   or a normal sensed event  D   In addition  all 
these events inhibit the bradycardia output pulse  

A 
Events detected after the blanking period and before the 
end of the FDI are considered VF events  

Blanking Period 

Fibrillation Detection interval 

A C 

Fibrillation Detection Interval 

Tachycardia Detection Interval 

Events detected after the FDI and before the 
end of the TDI are considered to be VT events  

A 

D 
Events detected after the TDI 
and before the end of the 

Tachycardia Detection Interval 
Bradycardia Escape Interval are 
neither VT nor VF events  

Bradycardia Escape Intewal 

All events  at B  C  and D  will inhibit the next bradycardia escape pulse  

Figure 3  The Relationship of the TDI and FDI 

NOTE  Programming the FDI to a value greater than or equal to the TDI effectively 
disables VT Detection  When programming these two values  the physician 
should keep the TDI at least 40 ms longer than the FDI to aHow for 
variability of the clinical VT cycle length  
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750 ms 
Detection A B 

VT Event 
Count 0 1 2 3 4 5 6 7 8 

350 ms Intervals 

Programmed to  TDI   400 ms  FDI   250 ms  VTNID   8 

In this example  Interval  B   and the intervals 
following B increment the VT event counter  

Figure 4  Interval Criterion  Example  

Figure 4 illustrates how the PCD device could use the Interval Criterion to detect a 
tachycardia  The interval at  B  is 350 ms  i e   50 ms less than the programmed TDI 
viue of 400 ms  Because it is iess than the TDI and greater than the FDI and since no 
other VT Detection Criteria are programmed  the VT event count  in this example  
begins  When the VT event count reaches 8  VT detection occurs  

NOTE  Some of the timing diagrams provided in this manual depict representative 
surface ECGs and are illustrative of the operation being discussed  The PCD 
device actually uses epicardial or intracardiac electrograms  EGMs  for 
measurement and analysis of the cardiac cycle lengths  Detection and delivery 
of therapies are based on EGMs  not on surface ECGs  
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Interval Stability Criterion 

The Interval Stability Criterion is a programmable option that provides an additional 
restriction to  he Interval Criterion  It iS in ended   Rrexampie  tv prevent VT detection 
when rapid ventricular rhythms with irregular intervals due to conduction of atrial 
fibrillation or flutter would otherwise fulfill the Interval Criterion  

When enabled  this criterion analyzes only those measured cardiac cycle lengths that 
fulfill the Interval Criterion  A measured cardiac cycle length is considered unstable 
when the difference between the current measured cycle length and any of the three 
previous cycle lengths is greater than the programmable Interval Stability value  in milliseconds   Note that the VT event count must be at least  3  before the PCD device 
can apply the Interval Stability Criterion  If the current cardiac cycle length varies more 
than the programmed Interval Stability value  then the VT event count is reset to zero  
The measurement and counting of cardiac cycle lengths then begins anew  

Thus  with Interval Stability and Interval Criteria enabled  VT Detection requires all of 
the following  

  Measured cardiac cycle lengths be less than the programmed Tachycardia Detection 
Interval  TDI  and greater than or equal to the programmed Fibrillation Detection 
Interval  FDI   

  Each of these measured cardiac cycle lengths vary from each of the three previous i cycles by a value less than or equal to the programmed Interval Stability value  and 
  The cumulative number of these intervals be equal to the programmed Number of 

Intervals to Detect  VT NID   

Counting is reset to zero when an interval is greater than the programmed TDI or is 
considered  unstable   The count is suspended when the interval is less than the FDI  
When this criterion is enabled and a VT therapy is unsuccessful in treating a detected 
VT  Interval Stability must be fuff  fled before the e inde can be redetectcd   

NOTES  Choosing a small Interval Stability value may not allow for normal variation 
in a VT cycle length  

Decreasing the programmed interval stability increases the specificity of the 
Interval Stability Criterion to detect the targeted stable tachycardia  but may 
also decrease the sensitivity of the detection algorithm  
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600 ms A B Detection 

VT Event 
Count   i   i    9  C0   II  ilH 

All VT intervals above are 350 ms  except  A  and  B   which are 300 ms  

Programmedto  TDI   400ms  FDI   250 ms  
VTNID   8  and Stability   60ms 

Figure 5  Interval Stability Criterion Fulfilled  Example  

Figure 5 illustrates how the Interval Stability Criterion may be fulfilled  Interval  A  is a  stable interval  i e   only 50 ms shorter than the three previous intervals and less than 
the pro ammed Stability of 60 ms  Interval  B  similarly qualifies as a stable interval  
because it is equal to one of the three previous intervals and is 50 ms shorter than the 
other tivo  VT detection occurs when the VT event count reaches the programmed VT 
NID value  8   

600 ms 350 ms 350 ms 300 ms 370 ms 370 ms 280 ms 320 ms 270 ms 

A B C D 

VT Event 
Count 1 2 3 0 1 2 3 0 

Programmed to  TDI   400 ms  FDI   250 ms  
VTNID   8  and Stability   60ms 

Figure 6  Interval Stability Criterion Not Fulfilled  Example  

Figure 6 illustrates how an  unstable   interval is identified  Interval  B  is 70 ms longer 
than  A  and therefore exceeds the programmed Stability value by 10 ms  As a result  
the VT event count is reset to zero  Interval  C   though 90 ms less than the previous 
interval and greater than the programmed Stability of 60 ms  does not reset the VT event 
count  because the counter has not yet reached  3   Interval  D   however  is an unstable 
interval  it occurs after the event count reaches  3   and thus also resets the VT event 
count to zero  

qD  
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Onset Criterion 

The Onset Criterion  a programmable option  monitors the cardiac cycle length for a 
sudden onseiof a higii ventricuiar rate  Ft is intended to avoid VT detection of an episode 
of sinus tachycardia with gradually increasing  e g   exercise induced  high ventricular 
rates  

This criterion  when enabled  must first be satisfied before the device begins counting 
VT events that otherwise satisfy the Interval Criterion and  if programmed  the Interval 
Stability Criterion  When the Onset Criterion is enabled  the PCD device evaluates each 
cardiac cycle for a decrease in cycle length from previous intervals  The Onset Criterion 
is fulfilled when both of the following conditions are met  

  rf ee current interval is fess than a programmed percentage of the average of the 
previous four intervals  and 

  Either the second and or third interval preceding the current interval is equal to or 
greater than the programmed TDI  

If two consecutive intervals after the Onset Criterion is satisfied are greater than or equal 
to the TDI  the Onset Criterion is reset and must again be satisfied before a VT can again 
begin to be detected  When a VT is detected  however  the Onset Criterion is not 
required again for redetection until the PCD device confirms VT episode termination  

NOTES  If the Onset Criterion is ON and not met at the beginning of a ventricular 
tachycardia  the VT episode could remain  undetected   such as with an 
exercise induced VT  For example  if VT Detection uses the Onset Criterion 
and is enabled after the start of a VT  the VT may not be detected  

A low progranuned onset percentage value will increase the specificity of the 
Onset Criterion to detect the targeted tachycardia  but may also decrease the 
sensitivity of the detection algorithm  

Intervals that are shorter than the programmed FDI may also fulfill the Onset 
Criterion  even though they are not VT events  Such an interval does not 
increase nor reset the VT event counter  

qi  
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700 ms 

A 

560 ms 540 ms 560 ms 420 ms 

B C D E Detection 

l 
VT Event 
Count 0 0 0 0 0 1 2 3 4 

350 ms Intewals 

Programmed Values  TDI   400ms  FDI   250 ms  VT NID   4  and Onset   81  

Figure 7  Onset Criterion Fulfilled  Example  

Figure 7 illustrates how the PCD device uses the Onset Criterion to identify a VT 
episode  Interval  E  meets the programmed Onset Criterion because it is less than 81  
of the average of intervals A through D and because B  and or C  is greater than the TDI  
The VT event count begins with the next interval because it is less than the programmed 

700 ms 560 ms 520 ms 490 ms 380 ms 630 ms 350 ms 

A B C D E F G H Detection 

l 
VT Event 

p p p p p 0 1 2 3 4 
Count 

350 ms 350 ms Intervals 

Programmed Values  TDI   400 ms  FDI   250 ms  VT NID   4  and Onset   81  

Figure 8  Onset Criterion Fulfilled  Example  

In Figure 8  interval E satisfies the Onset Criterion  i e   it is less than the programmed 
81  of the average of intervals A through D  with interval B  and or C  greater than the 
TDI  Interval G by itself  though longer than the TDI  does not reset the Onset Criterion  
since two such consecutive intervals are required for a reset of the Onset Criterion  
Interval G  however  does reset the VT event count  thus  the event count begins at F  
resets to zero at G  and then begins again at H  
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1000 ms 800 ms 750 ms 800 ms 600 ms 850 ms 950 ms 500 ms 
Detection 

VTEvent p p p p p 
Count 

350 ms 350 ms Intervals 

Programmed Values  TDI   400ms  FDI   250ms  VTNID   4  andOnset   81  

Figure 9  Onset Criterion Reset and Fulfilled  Example  

In Figure 9  a situation occurs that resets the Onset Criterion  which is first satisfied by 
Interval E  Two intervals  G and H   longer than the TDI  reset both the Onset Criterion 
and the VT event count  Thus  a second interval g  must fulfill the Onset Criterion 
before the VT event count can begin counting toward VT detection  

500 ms 470 ms 440 ms 420 ms 400 ms 370 ms   350 ms  

VT Event 
Count 

0 0 0 0 0 0 0 0 0 

Programmed Values  TDI   400ms  FDl   250ms  VTNlD   4  and Onset   81  

Figure 10  Onset Criterion Not Fulfilled  Example  

Figure 10 illustrates a sinus rhythm with a gradualTy accelerating rate  bio intervaI is fess 
than 81  of the average of the four previous intervals  Thus  this rhythm would not be 
detected by the PCD device as a VT  This example demonstrates how the Onset Criterion 
may be used to help differentiate between a sinus tachycardia  possibly exercise  
induced  and a pathological VT  

q   
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350 ms 260 ms 400 ms 350 ms 

VT Event 
Count 

0 0 0 0 0 0 0 0 0 0 

Programmed Values  TDI   400ars  FDI   250ms  VTNID   4  andOnset   81  

Figur  11 One Criterion Net FuJfilled  Example  

In Figure 11  all intervals  except  E  and  F   are 350 ms  Interval E  which is 260 ms  
appears to satisfy the Onset Criterion  Although Interval E is indeed less than 81  of the 
average of Intervals A through D  neither Interval B or C is greater than the TDI  Both 
requirements must be satisfied to fulfill the Onset Criterion  

Subsequent Reconfirmation Redetection of an Ongoing VT Episode 

After initially detecting a VT episode and delivering the first programmed therapy  the 
PCD device monitors the cardiac cycle length for the continued fulfillment of the 

programmed detection criteria  Reconfirmation  i e   redetection  is required before the 
next programmed therapy is delivered  The Onset Criterion is only used for the initial 
detection of a VT episode and is not used for redetection of the same VT episode  

VT detection begins immediately with the first cardiac cycle after VT therapy delivery  
However  the first event detected may have a longer cycle than the programmed TDI due 
to the 520 ms refractory period following VT therapy  

NOTE  Programming high VT NID counts will result in correspondingly longer 
delays between VT therapies  when the previous therapy is ineffective in 
terminating the VT episode   due to the need to reconfirm the VT episode 
between therapies  The physician should understand that the programmed VT 
NID count applies to both initial detection and redetection of an ongoing 
episode after therapy delivery  

VT Episode Termination and Determination of Therapy Efficacy 

The PCD device defines a VT episode as terminated when eight consecutive cardiac 
cycles  paced or sensed  all have intervals greater than or equal to the TDI  

The PCD device defines a VT therapy  effective   if VT termination occurs prior to any 
further VT detection  The PCD device is considered  ineffective  if  after all 

programmed therapies  VT detection occurs before VT termination  Once the PCD 
device detects a VT  it considers the episode as ongoing until a termination occurs  After 
episode termination  a subsequent VT detection marks the start of a new VT episode  See 
 Device Reporting Features   in  General Device Information   for information about 
how effectiveness is reported  
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NOTE  A rhythm following a therapy that does not satisfy the VT termination 
definition is considered part of an ongoing episode  However  the next VT 

therapy will not be delivered unless the programmed VT detection criteria are 

again fulfilled  

If all programmed therapies prove ineffective in terminating the arrhythmia  only a later 

VT termination  either spontaneous or via a programmer activated therapy  or 
manually programming VT Detection ON will restart the programmed VT detection 

criteria and automatic therapy delivery  

Suspending and Disabling VT Detection 

When the PCD device is  suspended   its detection functions are temporarily inactivated  
 Disabled  is a permanently programmed state in which detection and or therapies are 
not available  OFF condition   These functions can only be re enabled via a 

programming sequence  

The programmed VT Detection criteria are temporarily suspended during 

  Magnet application  unless a  Cancel Magnet  is programmed   
  Delivery of high rate pacing  
  Capacitor charging  in preparation for the delivery of a cardioversion or 

defibrillation shock or during a programmed charge period  
  Delivery of VT therapies  
  The period aiier ail programmed VT therapin have proved i effective  i e   until VT 

episode termination is confirmed or VT Detection is again programmed ON   

  Delivery of VF therapies  
  The first 64 ventricular events  pace  sense  and therapy  after VF detection  and 

  The period following VT and VF therapies that are manually initiated via the 

programmer  e g   following programmed emergency or manual therapies  removing 
the programming head enables VT Detection   

The programmed VT Detection criteria are disabled whenever 

  Three consecutive 35 second charge intervals have failed to reach the programmed 
energy level and the  Charge Circuit Inactive condition occurs  

  Nominal or VVI option under Emergency VVI is programmed  and 

  Power on reset  an electricai reset  or a detected memory error occurs  
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Ventricular Tachycardia  VT  Therapy 

The PCD device has three programmable VT therapy types  Burst  Ramp  and 

Cardioversion  Up to four separate therapies may be programmed in any combination 

of the three types  Here are four examples  read across   

Example Therapy One Therapy Two Therapy Three Therapy Four 

No  1 
No  2 
No  3 
No  4 

Ramp 
Ramp 

CBH11OVCIS1UE 
Cardioversion 

Burst 
Ramp 

CGfd1OVCTSiOB 
OFF 

Cardioversion 
Burst 

Cwdioversioo  
OFF 

Cardioversion 
OFF 

Cardio ceruon  
OFF 

NOTES  Programming a therapy OFF disables all subsequent therapies  
For example  if the PCD device is programmed to Therapy  1 OFF  Therapy 
 2 Ramp  Therapy  3 Burst  and Therapy  4 Cardioversion  none of the VT 

therapies is enabled  and none will be delivered  

The PCD device cannot be programmed to deliver automatic VT therapies 
without VF detection and therapies programmed ON  

The physician may elect not to program any VT therapy  If VT Detection alone is 
enabled  the PCD device will only monitor the cardiac rhythm and record the number of 

detected VT episodes for subsequent interrogation via the programmer  

Burst Therapy  

A Burst sequence consists of a rate adaptive  equal interval set of pulses  A single Burst 

Therapy consists of one to 15 burst sequences  The physician programs the following  
number of S 1 pulses  adaptive percentage  number of sequences  millisecond decrement 

per sequence  and minimum pulse interval  

Burst Therapy is rate adaptive  The PCD device determines the pulse interval of the first 
burst sequence as a programmable percentage of the tachycardia cycle length  The cycle 
length is determined by calculating the average of the last four intervals preceding VT 
detectian  

The first pulse of the Burst sequence is delivered at the calculated  percentage   and is 
timed from the sensed event at which the VT event count equaled the programmed VT 
NID  Subsequent pulses in the same sequence are delivered at the same interval  

If a Burst sequence is ineffective in terminating the VT  and VT detection is 
reconfirmed  the pulse interval for the next sequence will be determined by calculating a 

percentage of the newly measured tachycardia cycle length and shortening that interval 
by a programmabie value  

1  Certain antitachycardia pacing modes of this device  invented by Dr  Fred Zacouto of Paris  France  fall 
under one or more patent claims of U S  Patents 3 857 399 and 4 052 991 and corresponding patents in other 
countries  which are licensed exclusively to Medtronic  Inc  
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The calculated pulse interval can never be less than a programmed 
 minimum  interval   

If the calculated interval is shorter than the programmed minimum  then the pulses will 

be delivered at the programmed minimum interval  

If the last programmed sequence of a Burst Therapy is ineffective in terminating the VT 

and the VT is again detected  the PCD device initiates the next therapy  if programmed   

During Burst Therapy  the PCD device operates in the VVI mode  although the 

programmable Refractory After Pace may affect this operation  R waves  sensed outside 

the Refractory After Pace  are counted as individual pulses of the burst train  even 
though they are not output pulses   Whenever a sensed R wave inhibits the scheduled 

pulse  the next pulse is scheduled at the calculated or minimum interval from the time of 

the sensed event  

A Burst sequence has the following characteristics  

  The pulse width and amplitude for an individual Burst pulse are the same as those 

programmed for bradycardia pacing output pulses  
  Burst sequences can be programmed as to the number of pulses  from one to 15  in 

steps of one   
  The average of the last four intervals leading to VT detection and the resultant rate  

adapted burst interval are both rounded to the nearest 10 ms  e g   387 ms is rounded 

to 390 ms   
  Following a Burst sequence  a 300 ms blanking period  a 520 ms refractory period  

and a bradycardia escape interval of 1000 ms begin  The circuitry resumes 
monitoring the cardiac cycle for detection of a new old VT episode  a VF episode  or 
bradycardia  

1  The  minimum 
pulse interval is the same for all Burst and Ramp therapies  

q 
 i 
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Redetection B B B B Detection A A A A 

l J 
350 ms 

R R Average A   320 ms Intervals 
350 ms 

p p p verage B   310 ms Intervals 

Redetection C C C C 

l 
Redetection D D D D 

320 ms 320 ms 
R R Average C   270 ms Intewals R R Average D   270 ms Intervals 

Programmed Values  Number of S1 Pulses   4 Decrementper Sequence   10ms 

Number of Sequences   4 Minimum Intewal   270 ms 
R R    91  

Figure 12  Burst Therapy  Example  

In the example in Figure 12  a VT episode is detected in which the R R average interval 
is 350 ms  Note the programmed settings for the example  

The PCD device determines that the calculated pulse interval for the first Burst 
sequence  A  should be 320 ms  i e   the R   R average interval of 350 ms X 91  

 rounded   The first pulse is delivered at 320 ms from the R wave that fulfilled the 

programmed VT NID  All subsequent pulses of this sequence are separated by 320 ms 

intervals  

Assuming the VT is redetected and that the R   R average interval remains at 350 ms  the 
calculated pulse interval for the second Burst sequence  B  is 310 ms  320 ms minus the 
10 ms programmed decrement   

Before the third Burst sequence  C   the average R R interval shortens to 320 ms  Thus  
the calculated pulse interval is 270 ms  i e    320 X 91     20 ms   290   20 ms   270 
ms  rounded   

The R R average for the detected v   prior to the fourth and fiat Burst sequence     
remains at 320 ms  The calculated pulse interval  with a decrement of 30 ms  would have 
been 260 ms  but  by definition  it cannot be shorter than 270 ms  the programmed 
minimum interval   Therefore  the pulse interval is 270 ms  

q 
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Ramp Therapy 

A Ramp sequence consists of a rate adaptive  set of pulses delivered at decreasing 

intervals  A single Ramp Therapy consists of from 1 to 15 Ramp sequences  

Ramp Therapy is rate adaptive  The PCD device calculates the interval for the first 

pulse of the Ramp sequence as a programmable percentage of the average cycle length of 

the last four cycles prior to VT detection  Each subsequent interval in the Ramp 

sequence is shortened from the preceding interval by a programmable value  

The number of pulses in the first ramp sequence is programmable  up to 15   If 

additional sequences are programmed and the VT is redetected  the PCD device 

automatically increases the number of pulses by one in each successive sequence  to 
a maximum of 29 in the fifteenth sequence  if programmed to 15 pulses for the first 

sequence and to the maximum 15 sequences   

If a Ramp sequence is ineffective in terminating the VT and the VT is again detected  the 

first interval of the next sequence will be a programmed percentage of the newly 

measured tachycardia cycle length  As described above  each subsequent interval is 

shortened from the preceding interval by a programmable value  After each VT detection 

that initiates a Ramp sequence  8e initial interval of the sequence is recalculated  

NOTE  If the tachycardia cycle length has not changed  the first interval of the next 

programmed sequence will be the same as the previous sequence  This is in 

contrast to Burst Therapy  in which the intervals of each sequence are 
shortened by a programmed value  even when the tachycardia cycle length is 

unchanged  

If the last programmed Ramp sequence proves ineffective in terminating the VT and the 

VT is redetected  the PCD device will deliver the next therapy  if programmed   

During Ramp Therapy  the PCD device operates in the inhibited mode  although the 

programmable Refractory After Pace may affect this operation  This means that R  
waves  sensed outside the Refractory After Pace  are counted as individual pulses of the 

ramp sequence  even though they are not output pulses   Whenever a sensed R wave 
inhibits the scheduled pulse  the next pulse is scheduled at the calculated or minimum 
interval from the time of the sensed event i e   the interval is shortened  if possible  as if 
the sensed R wave was an output pulse  A Ramp Therapy has the following 
characteristics  

  Each Ramp Therapy can be programmed from 1 to 15 pulses  in steps of one  for the 
 meal w   uence  Each successive sequence adds one pilose 

  The pukka width and amplitude for an ndiv dual Ramp pulse are the same  as those 

programmed for the pacing output pulses  
  The average of the last four detected intervals and the resultant rate adapted Ramp 

interval are both rounded to the nearest 10 ms  e g   387 ms is rounded to 390 ms   

  The calculated pulse interval during any Ramp sequence can never be less than the 

programmed 
 minimum  interval  If the calculated interval is shorter than the 
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programmed 
 minimum   the pulses will be delivered at the programmed 

 minimum  interval  

  fhe PCD de  ce operates in the VVL mode during Ramp Therapy  This means that 

sensed R waves are counted as individual pulses of the Ramp sequence  even 
though they are not output pulses   A sensed R wave inhibits the scheduled pulse  
and the next pulse is scheduled at the calculated or minimum interval from the time 

of the sensed event  

  Following a Ramp sequence  a 300 ms blanking period  a 520 ms refractory period  
and a bradycardia escape interval of 1000 ms begin  The circuitry resumes 

monitoring the cardiac cycle for detection of a new old VT episode  a VF episode  or 

brady cardia  

Figure 13 shows a detected tachycardia episode with an R   R interval of 350 ms  

320 310 300 290 

Detection 1 2 3 4 

l 
350 ms Ramp Sequence A 

R R Average 

290 280   270   

Redetection 1 2 3 4 5 6 

l 

320 310 300 290 280 

Redetection 1 2 3 4 5 

J 
350 ms 

R R Average 
Ramp Sequence B 

280   270   

Redetection1 2 3 4 5 6 7 

320 ms 
R R Average Ramp Sequence C 

310 ms 
R R Average Ramp Sequence D 

Programmed Values  Number of S1 Pulses   4 Decrement per Pulse   10 ms 
Number of Sequences   4 Minimum Interval   270ms 
R R     91  

Figure 13  Ramp Therapy  Example  

The PCD device determines that the calculated pulse interval for the first Ramp 
sequence  A  should be 320 ms  i e   350 ms X 91  rounded   The first pulse is 
delivered at 320 ms from the R wave that fulfilled the programmed VT NID  with each 
interval thereafter shortened by 10 ms so that the fourth interval equals 290 ms  

Assuming that the VT is redetected and the R   R average interval remains at 350 ms  the 
calculated initial pulse interval for the second Ramp sequence  B  is again 320 ms  
Subsequent intervals are shortened as described above  In this sequence  however  a fifth 

pulse is delivered at 280 ms  

Before the third Ramp sequence  C   the average R R interval shortens to 320 ms  
Tnus  the iniuai interval is 290 ms  320 ms X 91 7o funded   due to the  K ms 
decrement  intervals three  four  five  and the additional sixth are all delivered at the 

programmed minimum of 270 ms  
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The R R interval shortens to 310 ms prior to the fourth Ramp sequence  D   In this 

case  the initial interval is 280 ms  All subsequent intervals  including the additional 

seventh  are delivered at 270 ms  since this is the programmed minimum value  

VT Acceleration During a Burst or Ramp Therapy 

If  after the delivery of a Burst or Ramp sequence  the average cycle length for the four 

intervals preceding redetection has decreased by a value equal to or greater than 60 ms 

compared to the average cycle length for the initial VT detection of the episode  the PCD 

device determines that the VT has accelerated  Subsequent sequences  of a Burst or 

Ramp therapy  will not be delivered  

For example  assume the programmed therapies were Burst  with multiple sequences   

Ramp  with multiple sequences   Cardioversion  and Cardioversion  If the VT were to 

accelerate after the first sequence of the Burst therapy  the PCD device would cancel the 

remaining sequences and initiate the programmed Ramp therapy  Similarly  if the VT 

was still considered accelerated after the initial sequence within the Ramp therapy  the 

PCD device would go immediately to the next programmed therapy  Cardioversion  

NOTE  This progression to the next therapy applies only when two or more sequences 

are programmed for a Burst or Ramp therapy  If at any time the detected 

rhythm satisfies the programmed VF criteria  the PCD device will deliver the 

first  or next  programmed VF therapy  

l 
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Cardioversion Therapy 

Overview 

Cardioversion therapy may be programmed as any one of the four VT therapies  The 

pathway for the Cardioversion pulse s  may be separately programmed for each of the 

four therapies as  

  a SINGLE pulse delivered over one pathway  i e   from the PULSE2 anode to the 

COMMON cathode  

  two SIMULTANEOUS pulses delivered over two pathways  i e   one from the 

PULSE1 anode and the other from the PULSE2 anode  with both flowing to the 

COMMON cathode  

  two SEQUENTIAL pulses  separated by a very short period and delivered over the 

same two pathways as the SIMULTANEOUS pulses  

In all three pathway options  the Cardioversion pulse s  must be synchronized to a 

ventricular sensed event  

The physician also separately programs the stored energy  and pulse width of the 

pulse s  for each of the programmed cardioversion therapies  

When a VT is detected and Cardioversion is the next programmed therapy  the PCD 

device will initiate a Charging Period  During this period  the device charges the high 

voltage capacitors to the programmed stored energy  

NOTE  The Cardioversion pulse may be programmed to the same range of stored 

energies as a defibrillation shock used in VF therapy  

Following the completion of charging  the device initiates a Synchronization Sequence  

During this period the device attempts to confirm the continued presence of the VT  by 

ensuring that the first interval is less than the TDI  and to synchronize the delivery of the 

Cardioversion pulse s  to an R wave   

1  The Programmer displays stored energy in  Joulee  as the programmable value  The cardioversionl 

defibrillation output capacitors are charged in the PCD device to a corresponding voltage value  See Table 4 for 

the conversion of stored energy to volts The physiaan shouid be aware that the delivered energy for both 

cardioversion and VF therapies depends on the total impedance  of the system and cardiac interface  and the 

programmed pulse width  
2  Since the Model 72178 cardioversion pulses are svnchronized to events sensed on the PACE SENSE to 

SENSE2 electrodes  monitoring by surface ECGs will exhibit morphologies and timing that do not necessarily 

coincide exactly with those taking place at the electrode sites  
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The differences between cardioversion and defibrillation in the PCD device are  

  A cardioversion pulse is delivered in response to VT detection  whereas a 
defibrillation shock is delivered only when VF detection criteria are fulfilled  

  Following the VT charging period  the PCD device reconfirms that the rhythm still 
has an interval defined as VT  After the VF charging period  no such reconfirmation 
is attempted  

  Cardioversion requires synchronization to a sensed R wave for delivery to occur  In 
VF therapy  the PCD device attempts to deliver the defibrillation shock in synchrony 
with a sensed event  but does not require such synchronization  

  Current pathways are separately programmable for each programmed cardioversion 
therapy  All VF therapies must be programmed to the same current pathway  

Charging Period 

After a VT detection that is to be followed by cardioversion therapy  there is a Charging 
Period during which the high voltage capacitors in the PCD device are charged to the 
programmed stored energy  leading edge voltage   

Several points should be noted about the Charging Period  

  Electrogram sensing does not occur during this time  
  Bradycardia therapy does not take place  
  Marker Channel and electrogram telemetry are not available  
  Programming is disabled during this period  However  if a magnet is placed over the 

PCD device and is kept in position until the end of the charging period  the device 
will recognize the presence of the magnet and the Cardioversion therapy will not be 
delivered  

The capacitor charging period usually varies from less than one second to ten  10  
seconds at beginning of life power source status  depending on the programmed stored 
energy  This time will lengthen as the power source is depleted or as time increases from 
the last charging period  If the Charging Period reaches a maximum duration of 35 
seconds  charging is terminated  the cardioversion therapy attempt is aborted  and the 
device returns to its programmed mode  This situation presents a potential loss of device 
function  see 

 Potential Loss of Function Indicators    
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Synchronization Sequence 

The Synchronization Sequence is designed to ensure the continued presence of the VT 
after completion of the Charging Period and to synchronize the delivery of the 
cardioversion pulse s  to an R wave  sensed on the implanted electrodes  To do this  the 
PCD device monitors the cardiac cycle for a sensed R wave within the timing 
requirements described below  When these timing requirements are met  the VT is 
confirmed and the delivery of the cardioversion shock is synchronized to the sensed 
event  

Following completion of the Charging Period  the Synchronization Sequence requires 
that the interval from the first non refractory sensed event to the next sensed event be  1  
less than the programmed TDI plus 60 ms and  2  greater than 200 ms   

VT detection is not confirmed and the cardioversion therapy is aborted under the 
following conditions  

  The timing requirements are not met  
  The initial three events after the Charging Period are sensed during refractory 

periods  or 
  No sensed event occurs within a synchronization period following completion of 

capacitor charging  

If  after an aborted cardioversion therapy  there is a subsequent VT detection within the 
same VT episode  the PCD device will again attempt to deliver the same therapy  

If some energy remains on the capacitors after a therapy or because a therapy was 
aborted  the capacitors are discharged internally when VT episode termination is 
identified unless they were charged by a programmer initiated charge command or a VF 
episode is ongoing  

Timing Periods Aper Won Confirmation of VT 

If no R wave is sensed during a synchronization period  the PCD device returns to the 
programmed settings after a single cycle with a 300 ms blanking period  a 520 ms 
refractory period  and a 1000 ms escape interval  

If the Synchronization Sequence is terminated by three consecutive refractory sensed 
events  the PCD device returns to the programmed settings after a single cycle  The 
single cycle has a 320 ms blanking period  a progranuned Refractory After Pace  and the 
programmed pacing escape interval  

I  When cardioversion is manually initiated via the programmer  the Synchronization Sequence timing 
requirement simply requires the period from the first non refractory sensed event to the next sensed event to be 
less than the programmed bradycardia escape interval 

9 
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Cardioversion Timing 

Figures 14 through 17 are timing diagrams that illustrate what may occur during the 
Synchronization Sequence  

Cardioversion 
Pulse Delivered 

Charging 
Complete 

Electrog ram 

Blanking  300 ms  

Refractory  400 ms  

Sync Period  TDI   360 ms  

 300 ms  

 520 ms  

Blanking  120 ms    

Refractory  200 ms  

Sync Period  TDI  60 ms  

Figure 14  Cardioversion  Scenario 
 A   

Figure 14 depicts the simplest scenario in which the PCD device delivers the 
programmed cardioversion pulse s  at the time of the second non refractory sensed 
ventricular event following the Charging Period  The Synchronization Sequence consists 
of both sets of blanking  refractory  and synchronization periods  During the 
Synchronization Sequence  the PCD device confirms the continued presence of the 
tachycardia and identifies the R wave to which it synchronizes delivery of the 
programmed cardioversion pulse s   
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Cardioversion 
Pulse Delivered 

Charging 
Complete 

Electrog ram 
I 

I 

I 

I 

I 

I 

Blanking  300 ms  

Refractory  400 ms  

Sync Period  TDI   360 ms  

 300 ms  

 520 ms  

I 

Blanking  120 ms    

Refractory  200 ms  

I 

1 

I 

I 

I 

Sync Period  TDI   60 ms  I 

I 

Blanking   i20 ms  

Refractory  200 ms  

Sync Period  TDI   60 ms  

1 

Figure 15  Cardioversion  Scenario 
 B   

In Figure 15  the first ventricular event after the end of the first blanking period is a 

refractory sensed event  As a result  the PCD device initiates a second set of periods in 

an attempt to identify an initial event outside the refractory period  Such an event is 

sensed and the resulting operation is the same as that in Figure 14  In this case  all three 

sets of periods comprise the Synchronization Sequence  
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Charging 
Complete 

RV 

Electrog ram 

I 

Blanking  300 ms  I 

I 

Refractory  400 ms  

Sync Period  TDI   360 ms  

Blanking  120 ms  

I 

Refractory  200 ms    

Sync Period  TDI   60 ms  

Blanking  120 re    
   

Refractory  200 ms    

Sync Period  TDI  60 ms  

Blanking  320 ms  
320 4D 4D 

Programmed Refractory 

Programmed Escape Interval 

Figure 16  Cardioversion  Scenario 
 C   

In Figure 16  the PCD device fails to sense any ventricular events outside of a refractory 

period and  therefore  the VT cannot be confirmed  Thus  the cardioversion cannot be 

synchronized to a known R wave  The therapy is aborted  After the third refractory 

sensed event  a pacing escape interval starts  
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Sinus Rhythm 

Complete 

RV 

Electrog ram 

I 

  
1 

Blanking  300 ms  I 

Refractory  400 ms  
I I 

1 

Sync Period  TDI   360 ms  
I 

 120 ms    

 200 msj   

I 

I 

I 

I 

Sync Period  TDI  60 ms  
I 

I 

Blanking  300 ms  

Refractory  520 ms  

I 

I 

I 

Programmed Escape Interval 

Figure 17  Cardioversion  Scenario 
 D   

Figure 17 depicts a situation in which the tachycardia terminates spontaneously 

sometime between VT Detection and completion of the Charging Period  Since the PCD 

device could not identify two non refractory sensed ventricular events during the 

synchronization sequence  it aborted the VT therapy and initiated a bradycardia escape 

sequence  A sensed R wave inhibits the bradycardia output  

Delivery of the Cardioversion Pulse 

Delivery of the programmed cardioversion pulse s  is synchronized to the second non  

refractory sensed event following completion of charging  The current pathways for the 

cardioversion therapy are programmable  i e   single  simultaneous  or sequential  

Following the cardioversion pulse  a 300 ms blanking period  a 520 ms refractory period  

and a bradycardia escape interval of 1000 ms begin  The circuitry resumes monitoring 

the cardiac cycle for detection of a nev  VT episode  a VF episode  or bradycardia  
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Ventricular Fibrillation  VF  Detection 

Overview 

The PCD device detects ventricular fibrillation using three programmable parameters  

Sensitivity of the ventricular sensing circuit  the Fibrillation Detection Interval  FDI   

and the Number of Intervals to Detect  VF NID  that must be attained by the VF event 

counter  Up to four Defibrillation Therapies may be delivered in an attempt to terminate 

a single VF episode  If the first therapy is ineffective in terminating the arrhythmia and 

VF is detected again  a second defibrillation shock is delivered  Similarly  a third and 

fourth shock will be delivered if VF continues to be detected  If all the programmed VF 

therapies are ineffective  additional VF therapies will not be delivered until the PCD 

device identifies termination of the VF episode  or if VF detection is manually 

programmed ON  

NOTE  VT detection must be programmed OFF before VF detection can be 

programmed OFF 

VF Detection 

The VF Detection Criterion is designed to detect a very fast ventricular rate  This 

criterion requires that 75  or more of the previous intervals are shorter than the 

programmed FDI  This is done to ensure detection for two reasons   1  the signal 

amplitude of events within a VF episode may vary and  2  some intervals may be longer 

than others  

The Detection Criterion for VF requires that a programmed number of cardiac cycle 

lengths are less than the programmed FDI  This required number is called the Number of 

Intervals to Detect  VF NID   The PCD device continuously monitors a number of 

previous intervals equal to 133  of the programmed VF NID  It analyzes each cycle 

length to determine if it is shorter than the FDI  If the number of intervals shorter than 

the FDI equals the number required for VF detection  the VF NID   VF detection occurs  

VF NID VF Detection Window 

6 
12 
18 
24 
30 

8 
16 
24 
32 
40 
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Surface 
EGG 

Previous 16 
Sensed 
Intervals 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 2 3 4 5 

VF Intervals   
6 7 8 9 101112 

4 

VT intervals   

VF Detection 
  

12 

VF Event 
Counter 

10 

6 
5 

2 

VT Event Counter Reset   
VT Event 4 

Counter 3 

Programmed Values  FDI   320 ms  
VF NID   12  Window   133  x 12   16 intervals  

Figur  1L VF Detection  Example  

Figure 18 illustrates how VF Detection may be fulfilled  The PCD device is programmed 

to a VF NID of 12  which means it will evaluate the 16 intervals preceding the current 

interval  133  of 12   Since 12 of the intervals within the 16 interval  window  of 

detection are shorter than the FDI  VF detection occurs  

Relationship of VT and VF Detection 

The PCD device separately processes the measured cardiac cycle lengths against the 

programmed VT and VF Detection Criteria  It is possible that  while a detected VT 

episode is in progress  a VF episode begins  i e   to have both an active VT and an active 

VF episode   In such cases  when VF detection occurs  the PCD device will deliver the 

next programmed VF therapy  



7217B NTL pl 38 MMC 9 25 93 12 11 AM Page 33 

Principles of Operaiion    v 
F Deteciion  

Page 33 

When VT detection occurs  the fibrillation event count is not reset and interval data that 

occurred prior to the VT therapy will be used  However  when VF is detected  the VT 

event count is reset  

VF Episode Termination and Efficacy Determination 

The PCD device defines a VF episode as terminated when eight consecutive cardiac 

cycles  sensed or paced  have intervals greater than or equal to the FDI  

The PCD device defines a VF therapy  effective  if VF termination occurs prior to any 

further VF detection  The PCD device is considered 
 ineffective  if after delivery of the 

last programmed VF therapy  VF detection occurs before VF termination is detected  See 

 Device Reporting Features 
  in  General Device Information  for information about 

how effectiveness is reported  

NOTE  A rhythm following a therapy that does not satisfy the VF termination 

definition is considered part of an ongoing episode  However  additional VF 

therapies will not be delivered unless the VF Detection Criterion is again 

fulfilled  

If all programmed therapies proved ineffective in terminating the arrhythmia  only a 

later VF termination  either spontaneous  or via a programmer activated therapy 

or transthoracic defibrUlation  or manuaUy programming VF Detection ON will 

restart VF detection and automatic therapy delivery  

Suspending and Disabling VF Detection 

When the PCD device is  suspended   its detection functions are temporarily inactivated  

 Disabled  is a permanently programmed state in which detection and or therapies are 

not available  OFF condition   These functions can only be re enabled via a program  

ming sequence  

The VF Detection Criterion is temporarily suspended during 

  Magnet application  unless a  Cancel Magnet  is programmed   

  Capacitor charging  i e   in preparation for the automatic delivery of a cardioversion 

or defibrillation shock or during a programmed charge period   

  Delivery of high rate pacing  
  Delivery of VT therapies  

  Delivery of VF therapies  

  The period after all programmed VF therapies are proved ineffective  i e   until VF 

termination is confirmed or VF Detection is programmed ON   and 

  The period following VT and VF therapies that are manually initiated via the 

programmer  e g   following programmed emergency or manual therapies  removing 

the programming head enables VT and VF Detection   
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The VF Detection Criterion is disabled whenever 

  Three consecutive 35 second charge intervals have failed to reach the programmed 

energy level and the  Charge Circuit Inactive  condition occurs  

  Nominal or VVI option under Emergency VVI is programmed  and 

  Power on reset  an electrical reset  or a detected memory error occurs  

Ventricular Fibrillation  VF  Therapy 

Overview 

For each detected VF episode  the PCD device can deliver up to four defibrillation 

therapies  Each therapy consists of a high energy defibrillation shock separately 

programmable as to stored energy and pulse width  The current pathway  i e   single  

simultaneous  or sequential  is programmable but must be the same for all VF therapies  

NOTES  A therapy programmed OFF disables all subsequent therapies  For example  

if the first VF therapy is programmed OFF  all therapies are effectively 

disabled  

VF therapy cannot be programmed OFF if the PCD device is programmed to 

deliver automatic VT therapies  

After detection of a VF episode  the PCD device initiates a charging period for the first 

programmed therapy  During this period the device charges the high voltage capacitors 

to the programmed stored energy level  After completion of the charpng  the device 

initiates the Synchronization Sequence  During this sequence  the device attempts to 

synchronize the defibrillauon shock to the leading edge of a sensed event  If synchron  

ization is not possible  an asynchronous shock will be delivered  Defibrillation Therapy  

unlike Cardioversion  is  committed   i e   once the charging cycle has begun  a shock 

will be delivered   

If the first and or subsequent VF therapies prove ineffective and the VF arrhythmia is 

again detected after each therapy  the PCD device repeats the above operation up to a 

total of four times  

NOTE  It is recommended that the physician program the second  third  and 

fourth VF therapy to the maximum stored energy of 34 joules  

Charging Period 

After a VF detection  the high voltage capacitors are charged to the programmed stored 

energy  leading edge voltage  level for the next VF therapy This period has the same 

function and range of durations as the cardioversion charging period  

1  See the section titled  Cardioversion and Defibrillation Charging Periods 
  under  Pmgramming 

Considerations 
  for a complete description of charging periods  

I 
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NOTE  If a cardioversion shock is programmed to a stored energy level higher than 

that for VF therapy and cardioversion is aborted  leaving the energy stored on 

the capacitors  the delivered energy of a subsequent VF shock could be higher 

than the programmed value  if VF is detected prior to the end of the VT 

episode  

The capacitor charging period usually varies from less than one second to ten  10  

seconds at beginning of life power source status  depending on the programmed stored 

energy and the elapsed time since the previous charging cycle  This time will lengthen as 

the power source is depleted or as time increases from the last charing period  If the 

charging period reaches a maximum duration of 35 secoads  charging is termin  

ated  the VF therapy attempt is aborted  and the device returns to its programmed mode  

This situation presents a potential loss of device function  see 
 Potential Loss of 

Function Indicators    

Synchronization Sequence 

Upon completion of the capacitor charging period  the Synchronization Sequence 

follows during which the device attempts to synchronize the defibrillation shock to a 

sensed cardiac event  The defibrillation shock is delivered at the time of the first non  

refractory sensed event following completion of the charging period  If there is no non  

refractory sensed event within the Synchronization Sequence  then the defibrillation 

shock is delivered at the end of the Synchronization Sequence  

In Figure 19  a non refractory event is sensed during the first synchronization period  As 

a result  the PCD device synchronizes the delivery of the VF therapy to this event  

Dsfibrillation 

Charging 
Complete 

Pulse Delivered 

RV 

Electrogram 

Blanking  300 ms  

Refractory  400 ms  

 300 ms  

Blanking  300ms    Sync Period  500 ms  

 520 ms  

Figure 19  Defibrillation  Scenario 
 A   
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Defibrillation 

Charging 
Complete 

Pulse Delivered 

RV 
Electrogram 

Blanking  300 ms  

Refractory  400 ms  

Blanking  300ms    Sync Period  500 ms  

Figure 20  Defibrillation  Scenario 
 8   

 300 ms  

 520 ms  

Figure 20 illustrates an absence of sensed events during the synchronization period  As a 

result  the PCD device delivers the VF therapy at the end of the synchronization period  

Defibrillation 

Charging 
Complete 

Pulse Delivered 

RV 
Electrogram 

Blanking  300 ms  

Retractory  400 ms  

Blanking  300ms    Sync Period  500 ms  

Blanking  120 ms  

Sync Period  500 ms  

Figure 21  Defibrillation  Scenario 
 C   

 300 ms  

 520 ms  

Figure 21 shows how the PCD device might synchronize the delivery of a VF therapy to 

the second of two sensed events  the first of which is a refractory sensed event  Note the 
Synchronization Sequence that starts after the charging period  The refractory sensed 
event starts a second synchronization period as the PCD device attempts to synchronize 
the VF therapy to a non refractory sensed event  
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Programmable Current Pathways 

All four VF therapies must have the same pathway  programmable between  

  a SINGLE pulse delivered over one pathway  i e   from the PULSE2 anode to the 

COMMON cathode  

  two SIMULTANEOUS pulses delivered over two pathways  i e   one from the 

PULSE1 anode and the other from the PULSE2 anode  with both flowing to the 

COMMON cathode  or 

  two SEQUENTIAL pulses  separated by a very short period and delivered over the 

same two pathways as the SMULTANEOUS pulses  

The PCD device delivers sequent  al  and simu1taneous pulls with three cardioversionl 

defibrillation electrodes  Single pulses can be delivered with two or three electrodes  

The physician also programs the stored energy and pulse width of the pulse s  for each of 

the four VF therapies  or as many as are programmed ON   

Operation Following VF Therapy 

After a VF therapy  there is a 300 ms blanking period  a 520 ms refractory period  and an 

escape interval of 1000 ms for one cycle  The device returns to the programmed settings 

and  if enabled  automatically begins to evaluate the cardiac cycle for the possible 

detection of VF or bradycardia  

VT detection is automatically suspended  for 64 events  including paced events  

sensed events  and therapy  except during a Charging Period  after each VF 

detection that initiates a VF therapy  This operation is designed to avoid detection of a 

transient VT which may follow such a VF therapy  After 64 events have occurred  the 

VT detection process is re enabled and  if the Onset Criterion is programmed ON  then 

this criterion is considered fulfilled  

If some energy remains on the capacitors after a therapy  the capacitors are internally 

discharged when VF episode termination is detected  unless they were charged by a 

programmer initiated command or a VT episode is ongoing  

1  During the 64 events following an automatic defibrillation therapy  the algorithm for detecting VT episode 

termination is also suspended  

I 
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VVI Therapy 

The Model 7217B PCD device provides backup bradycardia therapy  i e   pacing in the 

ventricular inhibited  VVI  mode  Thus  unless a sensed event occurs and resets the 

pacing interval  the bradycardia escape interval   the PCD device will pace at the 

promammed rate  

These parameters are programmable  

  Rate  rates from 30 to 90 ppm for backup bradycardia pacing  

  Pulse width  keep in mind that this programmed setting also applies to VT Burst 

and Ramp therapies  When programming this parameter  ensure an adequate safety 

margin above the stimulation threshold  

  Pulse Amplitude  choose one of two settings that ensures an adequate safety margin 

above the stimulation threshold  The setting selected also applies to VT Burst and 

Ramp therapies  
  Sensitivity  this programmed setting will also be used to detect VT or VF  

Therefore  program a setting that will sense R wave and VF wave amplitudes  but 

not sense P  or T waves or electromagnetic interference  Sensitivity should be 

programmed to 0 3 mV to maximize the probability that VF will be detected  A 

value greater than 1 2 mV may be too insensitive for VF detection  Values less 

sensitive than 1 2 mV are not recommended except for testing and troubleshooting  

If undersensing is observed in normal sinus rhythm  verify that VF sensing and 

detection are appropriate  Repositioning the lead or implanting a new pacinglsensing 

lead may be necessary  

  Refractory period  the PCD device has a blanking period and Refractory After 

Pace after a paced event  and only a blanking period after a sensed event   See 
 Refractory Periods    The Refractory After Pace is usually the same duration as the 

320 ms blanking period but may be programmed to a longer duration  Events sensed 

after the 320 ms blanking period are noted on Marker Channel telemetry as 

refractory sensed events  There is a 120 ms blanking period  nonprogrammable  

after sensed events  

Events sensed within the programmed refractory period do not inhibit the pacing output  

The PCD device does not revert to asynchronous operation  VOO  in the presence of 

continuous electrical  noise   Also  placing a magnet over the device does not inhibit 

VVI therapy  

A combination of wide pacing pulse width  high pacing amplitude  and high sensitivity 

 low sensing threshold  may cause inappropriate sensing after pacing  Propamming a 

narrower pulse width  a lower amplitude pulse  a longer refractory period after pace  or a 

higher sense threshold may eliminate this inappropriate sensing  If sensitivity is 

reprogrammed to eliminate inappropriate sensing  VF should be reinduced and the PCD 

device should be allowed to automatically detect and treat the arrhythmia to ensure 

proper sensing and detection  

A long refractory period  coupled with a high programmed pacing rate  may impair the 

PCD device s ability to detect VT or VF and may cause asynchronous pacing  
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IMPLANTING THE PCD DEVICE 

Handling and Storage 

Dropping the PCD device onto a hard surface  e g   dropped from a height of 12 inches 

 30 cm  or more onto a concrete floor  could damage the device  Should this occur  the 

unit should not be implanted 

Environmental temperature limits for transportation and storage are  

Maximum  52  C  125  F  

Minimum    18  C  0  F   

Resterilization 

Medtronic has sterilized the PCD device with ethylene oxide prior to shipment  The 

sterile package is designed to maintain the device in a sterile condition  If the device was 

not used  it may be resterilized in ethylene oxide  

DO NOT AUTOCLAVE OR STERILIZE THE PCD DEVICE BY GAMMA 

HGVJ3IATION  DO NOT ATTEMPT TO CLEAN THE DEVICE IN ULTRA SONIC 

CLEANERS  

Avoid the application of certain organic cleaning agents  e g   alcohol and acetone  prior 

to resterilization  because they may have a detrimental effect on the device s connector 

assembly  

When resterilizing  place the device in an ethylene oxide permeable package  Due to the 

variability between sterilizers  precise resterilization instructions must come from the 

sterilizer manufacturer  However  the process should not exceed temperatures of 55  C 

 130  F  nor 15 psi  Use some acceptable method for determining sterility  such as 

biological indicators  

Prior to implantation of the PCD device  aerate the packaged device to ensure that 

ethylene oxide residues are no longer present  

Resterilization of a PCD device does not change the  use before  date established at the 

time of manufacture  

l 
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Implantation Procedure 

Overview 

Patients should undergo the following procedures before implant of the PCD device to 

help determine if they are appropriate candidates for a PCD system  

  Electrophysiologic evaluation to determine the patient s ventricular arrhythmia and 

how it responds to diiiereat therapies  

  Exercise stress test to determine the patient s maximum sinus rate  and 

  Cardiac catheterization to determine if there is a need for concomitant surgery  

If patients do not meet the implant criteria  demonstration of a 10 Joule safety margin  

for a transvenous lead system  physicians should consider implanting an epicardial 
cardioversion defibrillation lead system  If an epicardial system is to be implanted after 

testing a transvenous system  consider performing the procedure at a later date  The 

Transvene  clinical study showed a 9 3  perioperative death rate for patients failing the 

implant criteria for a Transvene  system and receiving an epicardial system  This 

compares to 0 7  for those patients receiving a Transvene  system without the 

additional epicardial surgical procedure  

Implanting the PCD device and corresponding lead system involves seven main steps  

  Operative Set Up 
  Lead System Implantation and Evaluation 

  Defibrillation Efficacy Testing 
  Connecting the Leads to the PCD Device 

  Placing the PCD Device 
  PCD System Evaluation 
  Closing 

During implantation  the PCD system requires an appropriate Medtronic programmer 
and MemoryMod cartridge and the Medtronic External Tachyarrhythmia Control Device 

 ETCD  to evaluate and monitor the implanted lead system and therapy efficacy  

Each of the above steps is explained in the following sections  At the end of this chapter  
instructions for replacing a PCD device and implanting a PCD device with a chronically 
implanted lead system are also given  

l  
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Operative Set Up 

The preparation and procedures before implanting the lead system are grouped into four 

main steps  assembling the necessary equipment  setting up the equipment  pre  

programming and testing the PCD device  and pre programming and testing the ETCD 

and auxiliary equipment  

Necessary Equipment 

The equipment listed below should be available for each implant  Duplicates of sterile 

items should also be on hand  

  Model 7217B PCD device 
  External Tachyarrhythmia Control Device  ETCD  
  Appropriate Medtronic programmer and printer 
  Appropriate MemoryMod software cartridge 

  Cardioversion defibrillation and pacinglsensing leads 

  Appropriate adapters 
  External defibrillator 
  Pacing system analyzer  PSA  
  Patient cable for connecting lead system to the ETCD 

  EGM cable to connect the programmer to the ETCD 

  Cable  and connector pins if necessary  to connect a pacing system analyzer to the 
ETCD or a surgical cable to connect the PSA directly to the leads 

  Test load for discharging high voltage shocks from the ETCD 

  Cables for connecting the EGM output of the ETCD and Marker Channel output of 
the programmer to a hospital monitor recorder 

  Appropriate batteries for the pacing system analyzer and ETCD 

  Extra printer paper for the pacing system analyzer and programmer printer 
  Sterile bag to place over programming head and cable 

  Implant documentation forms 

Some optional equipment includes an external fibrillation source or stimulator  tape or 
multi channel recorder  dual channel oscilloscope  and appropriate cables  

Equipment Set  Up 

Set up the ETCD programmer with the appropriate MemoryMod cartridge  an external 
defibrillator  and auxiliary equipment such as monitors  recorders  a fibrillator  and their 
related cabling  Also  connect the test load to the ETCD  

l 
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Pre Programming and Testing the PCD Device 

Check the  use before  date printed on the package  It is recommended that you do not 

use the product after its expiration date  

Prepare the PCD device for implant by doing the following  

1  Interrogate the device while it is still in its sterile package and print out a full 

report  

2  Review the battery status  Devices with an initial battery voltage less than 6 1 volts 

before charging should not be implanted  If the device is charged without obtaining 

the initial voltage  it should be implanted only if the battery voltage reaches 6 1 

volts or more within thirty minutes after charging  

3  Test the charge circuit by charging the capacitors to the maximum output  
The charge time must meet the following requirements  
  If the charge time is less than or equal to 10 seconds  implant the device  If it 

is greater than 10 seconds  wait 5 minutes  discharge  dump  the capacitors  and 

then perform a second charge  
  If the second charge time is less than or equal to 10 seconds  implant the device  

If it is greater than 10 seconds  do not implant the device  

4  While still in the sterile package set the device parameters for implant as 
appropriate for the patient  

5  Ensure that VT and VF Detection are programmed OFF  

Pre Programming and Testing the ETCD   Auxiliary Equipment 

To prepare for lead system evaluation and defibrillation efficacy testing  do the 

following  

1  Verify that the ETCD s battery status is acceptable  

2  While recording the ETCD s output signals and the Marker Channel output from 
the printer  calibrate the hospital s monitoring recording equipment  

3  Test the ETCD s high energy output capability using the test load  

Lead System Implantation and Evaluation 

The PCD lead system uses electrodes designed to carry high current for cardioversion or 
defibrillation  The cardioversionldefibrillation electrodes  PULSE1  PULSE2  and 
COMMON  must be specifically suited for this purpose and have a large electrode 
surface area to reduce cardioversionldefibrillation thresholds and minimize tissue 
damage possibly caused by the high cardioversionldefibrillation currents  

While the PCD is connected to the leads  no metal portion of any electrode should 
contact the metal of any other electrode  If the electrodes are in contact during a 
cardioversion or defibrillation therapy  the current wil  bypass the heart and may also 
damage the PCD device  

gQ 
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Pacing occurs between a pacinglsensing lead and one of the cardioversion defibrillation 

leads  COMMON   Sensing is accomplished through two pacin Josensing electrodes  

Either epicardial or endocardial leads may be used  To reduce the effects of electro  

magnetic interference  EMI   the PACE SENSE and SENSE2 electrodes should be 

positioned adjacent to each other  and where separate leads are used  the lead wires 

should be routed together with several loose twists  

Depending on what kind of operative approach is used to implant the leads  the PCD 

Device can use two different kinds of lead systems  an epicardial lead system or a 

Transvene  lead system  Each system is described briefly below  See the appropriate 

Lead Technical Manual for more details  

The physician chooses the lead system that best meets the patient s needs  Patient factors 

that affect the decision include the following  

  Overall size of the patient s heart  

  Size and location of previous infarcts  aneurysms  or bypass grafts  and 

  Surgical approach  

The epicardial lead system uses two or three epicardial patch leads for 

cardioversion defibrillation  Three patch sizes allow the physician the flexibility to meet 

the varying patient conditions  Clinical experience has shown that approximately half of 

all patients receive a three patch system  the other half receives two patches  Three 

patches may be required initially if the physician expects difficulty in meeting 

defibrillation implant criteria  Adding a third patch to a two patch system may be 

required if the implant criteria cannot be met with the two patch system  

The Transvene  non thoracotomy lead system can use two or three leads in four different 

areas  

  A tripolar lead in the right ventricle  RV   
  A unipolar lead in the coronary sinus  CS  and or superior vena cava  SVC   

  A subcutaneous  SQ  patch lead  

Clinical experience with the Transvene  lead system has shown that most patients 
 65 6   received an RV SVC SQ system  an additional 29 3  received an RV CS SQ 

system  and the remaining 5 1  recicved an RV CS SVC system  Ihc majority of 

patients were programmed to Sequential Pulse  75 3 c   23 4  were programmed to the 

Simultaneous Pulse  and 1 3  were programmed to Single Pulse  

Cardioversion defibrillation occurs between the COMMON electrode  cathode  and one 

or two anodes  These electrodes can be any of the following  the CS lead  the SVC lead  

the RV coil  or the SQ patch  Sensing occurs between the tip and ring of the tripolar RV 

lead  Pacing occurs between the tip of the RV lead and the COMMON electrode  

The RV electrode was COMMON in the majority  75 3   of the clinical implants  the 

SQ patch in 13 9   the CS in 7 6   and the SVC electrode in 2 4 a of the clinical 

implants  The overall efficacy in terminating spontaneous episodes of VF was 

approximately 98 7  for all pathways  pulsing techniques and choice of cathode  
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Lead system implantation and evaluation consists of placing the lead system  connecting 

the leads for pacing and sensing measurements  performing pacing and sensing 

measurements  and verifying lead connections  Each step is explained in the following 

sections  See the appropriate lead technical manual for more details  

Placing the Lead Systems 

Placin the E icardial Lead S stem 

Depending on the physician s preference  a variety of surgical approaches can be used to 

implant the lead system  such as a limited thoracotomy or median sternotomy  

Placing Pacing Sensing Leads  
The pacing sensing leads should be placed close to the ventricular apex to avoid sensing 

P waves  Approximately 1 cm should separate the electrodes from each other  

Placing Epicardial Patch Leads  
Suture two or three patch leads to the epicardium or pericardium in locations that 

produce opt mal defibrillation  pacing  and sensing  In all locations  place the leads so 

that they encompasses the maximum amount of cardiac mass and they have 

approximately equal amounts of mass between  em  

For a two patch system  a typical approach is to use an anterior right ventricular patch as 

COMMON and a posterolateral left ventricular patch as PULSE2  For a three patch 

system  a typical approach is to use a posterior ventricular septal patch as COMMON  an 

anterior right ventricular patch as PULSE1  and an anterolateral left ventricular patch as 

PULSE2  The PULSE1 and PULSE2 patches should be the same size  

Placin Transvene Leads 

CAUTION  Given the body diameter of transvenous defibrillation leads  insertion via a 

subclavian approach should be done as far lateral as possible to avoid 

clamping the lead body between the clavicle and the first rib  Clamping the 

lead can eventually cause the conductor to fracture  can cause damage to 

the insulation  or can cause other damage to the lead  This can result in 

complications such as loss of detection  loss of pacing therapies  or loss of 

cardioversion defibrillation therapy  Certain anatomical abnormalities  such 

as thoracic outlet syndrome  can also precipitate pinching and subsequent 

fracture of the lead  If the subclavian approach is required  avoid techniques 

that can damage the lead Specifically  do not force the lead if significant 

resistance is encountered  Do not use techniques such as adjusting the 

patient s posture  i e   raising the arm or putting a towel behind the person s 
back  to facilitate the passage of the lead  If resistance is encountered  it is 

recommended that an alternate venous entry site be used  e g  the cephalic 

vein  

There are several possible lead systems that can be evaluated depending on the desired 

pathway and physician placement preference  
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Two Lead System 

  Right ventricle  coronary sinus  

  Right ventricle  superior vena cava  

  Right ventricle  subcutaneous patch  

Figure 23 shows a flowchart for lead system evaiuation ibad begins wide  e bio lead  

system and adds an additional lead if the implant criteria is not met with the two lead 

system  The decision to evaluate a two lead system is based on the desire to achieve the 

simplist transvenous defibrillation system  

Three Lead System  

f 

  Right ventricle  superior vena cava  and subcutaneous patch  

  Right ventricle  coronary sinus  and subcutaneous patch  

  Right ventricle  coronary sinus  and superior vena cava  

Clinical results do not indicate superiority of any pulsing technique  lead system  or 

choice of cathode for transvenous defibrillation  The choice of lead system for initial 

evaluation can therefore be based on other factors including simplicity  SVC vs CS lead 

placement  and physician preference  

he RV  CS  and SVC lead should be implanted using standard transvenous implant 

techniques  Follow the general guidelines below for initial positioning of the Transvene 

lead system  the final positions will be determined by defibrillation threshold tests   

  Position the RV lead tip in the right ventricular apex  

  Advance the CS lead tip to just under the left atrial appendage  if possible  

  Place the SVC lead tip approximately 5 cm proximal to the right atrium and SVC 

junction  
  Place the SQ patch lead along the left midaxillary with the center over the fourth to  

fifth intercostal space  

Other positioning recommendations to consider  

  The CS lead position should be considered unacceptable if the proximal end of the 

CS defibrillation coil is at or outside the CS ostium  

  A cutaneous patch electrode may also be used during acute testing to minimize 

invasive procedures  Once de6brillation efficacy has been demonstrated  a 

permanent subcutaneous can be implanted  

  The subcutaneous patch may be placed subcutaneously  submuscu arly  or directly 

on the periosteum of the ribs  The patch may be repositioned on the left lateral chest 

wall  if necessary  to meet the implant defibrillation efficacy criteria  

  If the Transvene lead system implant criteria cannot be met  an epicardial lead 

system may be evaluated  as described in this section  

  If the CS lead is proving difficult to position  a temporary pacing catheter can be 

positioned in the coronary sinus ostium  This can be used as a guide to cannulate the 

coronary sinus with the permanent lead  

P3 
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Connecting the Leads for Pacing and Sensing Measurements 

Depending on the physician s preference  two approaches can be used to connect a 

pacing system analyzer  PSA  to the implanted leads  passing through the ETCD or by 

direct connection  See the appropriate ETCD or PSA technical manual for connecting 

instructions  

Performing Pacing and Sensing Measurements 

For a Transvene lead system  the pacing connections should be the RV tip electrode as 

cathode     and the defibrillation COMMON electrode as anode      Sensing 

measurements should be made between the RV tip and RV ring electrodes  

For an epicardial lead system  the PACE SENSE electrode serves as the cathode     for 

pacing and the COMMON patch electrode serves as the anode      Measure between this 

patch electrode and each pacinglsensing electrode to obtain the best pacing threshold  

Designate the best pacinglsensing electrode as PACE SENSE  The other elecuode 

should be SENSE2  

Listed below are the acceptable PCD system implant values for acute and chronically 

implanted lead systems  

Acceptable Implant Values 

Measuremeats Required Acute Lead System Chronic Lead System 

Capture threshold 
 at 0 5 ms pulse width  

Impedance 
Filtered R wave amplitude 
Slew rate 

  1 5 V   epicardial 
  1 0   endocardial 
200  800 ohms 
  5 mV  during sinus rhythm  
  0 75 V s 

  3 0 V   epicardial 
  3 0 V   endocardial 
200   800 ohms 
  3 mV  during sinus rhythm  
  0 45 V s 

Also  check that P  and T wave oversensing are not occurring by pacing at the maximum 

output  5 4 V  1 59 ms  and sensing at the maximum sensitivity  0 3 mV   

Defibrillation Efficacy Testing 

Verifying Lead Connections 

After connecting all of the leads to the ETCD  confirm that the sensing leads are 

connected properly by observing sensed events on the Marker Channel telemetry  Verify 

the cardioversion defibrillation lead connections to the ETCD by delivering a low energy 

shock  0 6 joules  synchronously into sinus rhythm  

The path resistance should be approximately 20 to 100 ohms for epicardial leads  or 40 

to 150 ohms for Transvene leads  

If the path resistance measurements  ohms  do not fall within these ranges  check the 

lead connections and lead placements and tighten or reposition if necessary  

CAUTION  Implanting the PCD device when the path resistance is less than 20 ohms 

may damage the device  
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Performing Defibrillation Efficacy Testing 

After checking the lead connections  test defibrillation efficacy to show the ability to 

properly treat ventricular fibrillation  Before testing defibrillation efficacy  ensure an 

external defibrillator is charged for a rescue shock  Use the ETCD to perform the 

following  

1  Program the ETCD to properly detect VF with an adequate safety margin 

 sensitivity   1 2 mV  VF NID   18  FDI   320 ms   

2  Program the VF therapy parameters  energy  pathway  and pulse width  to the 

desired settings  See Table 5 in  General Device Information  for information on 

choosing optimal pulse widths  

3  Induce VF using AC stimulation or the fibrillation induction feature present in the 

ETCD  See the appropriate programmer manual for specific instructions on 

inducing VF with the ETCD  

4  Convert the arrhythmia using the ETCD and lead system  

To demonstrate reliable defibrillation efficacy with acute or chronic leads  it is 

recommended that VF be initiated and terminated three out of four times at a stored 

output energy of 24 joules or less  The protocol shown in Figures 22 and 23 are 

suggested  If more than one of the four VF inductions are not terminated by the ETCD 

and lead system  the decision to implant the PCD device should be re evaluated  

In order to keep patient morbidity and mortality to a minimum  patients should be 

rescued promptly with an external device if the lead system and ETCD fails to terminate 

pl the VF episode and at least 5 minutes should elapse between VF inductions  

At their option  physicians may also test for ventricular tachycardia therapy efficacy after 

testing for defibrillation efficacy  

stan 

No Change pathway  lead Induce VF 
Success st 24 J  550 V   size  posilion  or number 

Induce VF 
Success at 18 J  500 V   

No  Repeal testing 
2 times at 24 J 

Y 

1 
Induce VF 

uccess at 12 J  400 V   
No Repeat testing 

1 time at 24 J 

  Yes 

1 
Induce VF I Yes No 

Success at 6 J  300 V    
Critenon 

met 

Critenon 
lIISI 

Criterion 
met 

Figure 22  Defibrillation Efficacy Protocol Flowchart 
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Evaluating VF Sensing 

While testing for defibrillation efficacy  evaluate VF sensing by reviewing the Marker 

Channel symbols and electrograms and checking for post shock T wave sensing  If VF 

sensing is not appropriate  it may be necessary to reposition the leads and repeat the VF 

inductions  

Two lead system   
RV      SVC 

implant 
Criterion 

met  

No 

Three load syatem   

RV      SVC  SQ 

Implant 
Criterion 

me11 

No 

Sim  Yes 
Seq  Yes 

Sim  Yes 
Seq  Yes 

Always try both pulsing methods before going on 

Switch to 
SQ cathode 

Anempt 
RV   CS  SVC 

Attempt 
RV   CS  SQ 

Implant 
Criterion 

met  

implant 
Criterion 

met  

Implant 
Criterion 

met  

Sim  Yes No Sim  Yes No Sim  Yes No 

Seq  Yes No Seq  Yes No Seq  Yes No 

Figure 23  Transvene Lead System Evaluation Protocol Flowchart 

CAUTION  Use of a chest tube is suggested in tunneling the lead connector to the pulse 

generator to prevent damage to the lead  DO NOT use surgical instruments 

to grasp the lead or connector pin when tunneling  

Connecting the Leads to the PCD Device 

The Model 7217B PCD device is connected to a lead system consisting of either two or 

three cardioversionldefibrillation electrodes  Figures 24 and 25 illustrate these two 

connection configurations  Both the PULSE2 and COMMON electrodes are used in either 

configuration  The PULSE1 electrode is required in a lead system that uses the sequential 

or simultaneous therapy current pathway  but it is not required when the single pulse 

therapy is used  When the PULSE1 electrode is not used  the 6 5 mm plug provided with 

the PCD device must be positioned in the lower left port of the connector block 

The COMMON  PULSE2 and PULSE1 lead connectors must be of the 6 5 mm style  If 

the lead connector is not the correct size  an adaptor designed for use in a 6 5 mm port 

must be positioned on the lead connector  

In either configuration shown in Figures 24 and 25  both a PACE SENSE and a SENSE2 

electrode are required  The PACE SENSE and SENSE2 lead connector must be either 

the Medtronic low profile bipolar or the IS 1  bipolar style  The PACE SENSE electrode 

must be on the pin of the lead connector and the SENSE2 electrode must be on the ring 

of the lead connector  If two unipolar myocardial leads are used for pacing and sensing  

insert their connectors into an appropriate adapter that will fit into the PCD device s 

bipolar pacinglsensing port  See the appropriate lead technical manual for more details  

1  IS 1 refers to the 1ntemational Connector Standard  ISO 5841 3  1992  whereby generators and leads so 

designated are assured of a basic mechanical fit  
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CAUTION  For questions about lead   pulse generator compatibility  consult your 
Medtronic representative or call Medtronic Technical Services at our 
24 hour toll free number  1 800 328 2518  

PACBSENSE SENSE2 

  
 M eron  L Poll   

IS 1 Connector  

PULSE1  6 5 mm  

Figure 24  The Three Cardioversion Defibrillation Electrode System 

PACE SENSE SENSE2 

j 
 Mero i r os 

IS l Connector  

COMMON  6 5 mm  

PLUG  6 5 mm  

Figure 25  The Two CardioversionlDefibrillation Electrode System 

It should be noted that the insertion depth of an IS 1 lead pin is 
less than the insertion depth of a low profile lead pin  The 
insertion mark for the IS 1 lead connector on the connector 
module  Figure 26  indicates that the IS 1 lead pin may not be 
inserted any further than the bar  Since the pin cavity is longer 
than the IS I requirement  the front part of the pin cavity will 
be empty when using an IS 1 lead  

Figure 26 
To connect each of the leads and plug  if required  to the PCD device  

1  Place a lead or plug into the appropriate port as shown in Figure 24 or 25  

2  Ensure full insertion of the connector pin by observing it protrude into the pin viewing area  i e   beyond the metal block of the connector   

p 
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3  Pass the hex wrench through the associated grommet and tighten the setscrew 
securely by turning clockwise until tight  For the PACE SENSE and SENSE2 
connector  tighten both setscrews  

If there is difficulty with lead insertion due to the setscrew obstructing the port  turn the 
setscrew counterclockwise   but only until the port becomes clear  

CAUTION  Counterclockwise rotation beyond this point may disengage the 
setscrew from the connector block  

The setscrews must be tightened securely using the hex wrenches provided with the PCD 
device  The hex wrenches are designed to yield at the handle when overtorqued  thus 
preventing damage to the socket of the setscrew  Do not use Medtronic blue handled  
right angle  or allen type wrenches since they possess torque capabilities far greater 
than intended for this device  

PC  System Kva3uation 

After connecting the leads to the PCD device  test the defibrillation efficacy of the PCD 
system  Before testing defibrillation efficacy  ensure an external defibrillator is charged 
for a rescue shock  Perform the following  

1  Program the PCD device to appropriately detect and treat the VF episode  

2  If using external fibrillation equipment  place the PCD device in magnet mode  VT 
and VF Detection are suspended   

3  Induce VF using external fibrillation equipment or the fibrillation feature present 
in the PCD device  If using external fibrillation equipment  apply the signal 
between the PACE SENSE terminal of the PCD and an indifferent electrode 
attached to body tissue  The SENSE2 terminal may be usaiinsteacLof tke 
PACE SENSE terminal with an indifferent electrode  See the appropriate 
programmer manual for specific instructions on inducing VF with the PCD device  

CAUTION  When using external fibrillation equipment  make only one 
connection to the PCD lead system  This connection should be 
disconnected immediately after VF is induced  

CAUTION  DO NOT MOVE THE PROGRAMMING HEAD from the beginning 
of detection through delivery of the shock  If the head is moved  
remove it from the PCD device to allow the device to operate 
automatically  Replacing the head during the sequence may suspend 
VF Detection or abort the therapy  

4  After verifying sustained VF  press the CANCEL MAGNET key and then the 
PROGRAM key to allow automati VF detection and therapy delivery to convert 
the arrhythmia   

l  When using the fibrillation feature present in the PCD device  pressing the CANCEL MAGNET key and 
then the PROGRAM key prior to induction of VF will cause VF Detection to be enabled immediately after the 
end of the fibrillation sequence  
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5  Observe the ECG signal and Marker Channel symbols for proper detection and 
therapy  Proper sensing following therapy delivery must be observed  Wait ten 
seconds after VF has been terminated before interrogating the device and printing a 
partial summary report of the data  

6  Program VT and VF Detection OFF before closing  

Placing the PCD Device 

To ensure telemetry and programming function post implant  the Model 7217B PCD 
device must be placed within 5 cm of the skin and with the engraved side facing toward 
the skin  

The Model 7217B PCD device has two suture holes located in the connector assembly  
Use of these suture holes may help secure the device in the subcutaneous pocket  thus 
minimizing rotation and or migration of the device post implant  Penetration of the holes 
can be achieved with normally available surgical needles  

Closing 

At closing perform or verify the following  

  All leads are sutured or positioned for chronic implant  
  All leads are fully inserted into the PCD device connector and all setscrews are tight  
  Place the PCD device in the pocket within 5 cm of the skin and with the engraved 

side toward the skin  
  Ensure that there are no kinks in the leads  
  Close the pocket  
  Program VF Detection and Therapies ON  
  Interrogate the device and print a full summary to document the post operative 

programmed status of the PCD device  
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Replacing a PCD Device 

To replace a Model 7217B PCD device  

1  Program VT and VF Detection OFF  

2  Carefully dissect the leads and the PCD device free from the surrounding tissues in 
the pocket  Be especially careful not to nick or breach the lead insulation 
inadvertently during the process of exposing the PCD system  

3  Insert the proper hex wrench through the slits in the rubber grommet and loosen 
the setscrew by turning counterclockwise  

4  Gently retract the lead connectors from the connector ports  
5  If any lead pin shows signs of pitting or corrosion  the entire lead should be 

evaluated and tested to assure the integrity of the system  

6  Take pacing  sensing  and defibrillation efficacy measurements  

7  Connect the leads to the replacement device  

8  Evaluate the defibrillation efficacy of the PCD system  

9  Place the PCD device and close  

10  Interrogate the device and print a full summary to verify and document that the 
programmed status of the device is as desired  

11  Return the explanted device after cleaninglgas sterilizing to your Medtronic 
representative for device evaluation  

Implanting a PCD Device With a Chronic Lead System 

When implanting a PCD device that connects to a chronically implanted lead system  
evaluate the following to ensure the device will detect and treat ventricular arrhythmias 
appropriately  

l  Integrity of the chronic patch leads  Evaluate by chest X Ray  inspection  or test 
shock  

2  Chronic pacing and sensing measurements  see 
 Performing Pacing and Sensing 

Measurements  in  Implantation Procedure    Repositioning the chronic leads or 
implanting new pacinglsensing or patch leads may be necessary  

3  Defibrillation efficacy  see 
 Defibrillation Efficacy Testing   in  Implantation 

Procedure    Repositioning the chronic leads or positioning a third patch lead may 
be necessary to meet the defibrillation efficacy protocol  Figure 22   

4  VF sensing  see 
 Evaluating VF Sensing   in 33efibrillation Efficacy Testing    

Repositioning the chronic leads or implanting new pacing and sensing leads may 
be required  

5  Fit of the connectors in the PCD device  see 
 Connecting the Leads to the PCD 

Device  in  Implantation Procedure    The leads must be properly inserted into the 
connector block for the device to function properly  

  9 



12178 MTL p53 81 MHC 9 25193 12 18 AM Pap 53 

Post Imp1ant Information   Programming Considerations Page 53 

POST IMPLANT INFORMATION 

Programming Considerations 

The following suggestions have been developed to assist the physician in programming 
the Model 7217B PCD device  These suggestions should be used to help program the 

proper detection and therapy parameters for the patient s clinical arrhythmias  They are 
only considerations based on the review of the clinical experience and are not the result 
of unanticipated adverse results or complications  The programming choices will also 
depend on the patient s specific clinical arrhythmia and the results of pre  and post  
implant electrophysiologic testing  

NOTE  Always interrogate the device at the beginning and end of each follow up 
session and print a full summary to verify and document that the programmed 
status of the PCD device is as desired  

The suggestions are divided into six main areas  VT Detection  VT Therapy  VF 
Detection  VF Therapy  VVI Therapy  and General  

VT Detection 

The PCD device uses two primary parameters to detect ventricular tachycardia  the 
Tachycardia Detection Interval  TDI  and the Number of Intervals to Detect  VT NID   
The two optional detection methods are the Onset and Stability Criteria  Keep in mind 
the following when programming VT Detection  

Tachycardia Detection Interval  TDI  

The choice of the TDI is based on the cycle length of the patient s clinical ventricular 
tachycardia  To provide a safety margin that allows the VT cycle length to vary 
somewhat and still be appropriately detected  the TDI should be programmed at least 40 
ms longer than the clinical VT cycle length  since a single cycle length greater than or 
equal to the TDI resets the VT event counter to zero   However  it must also be short 
enough to avoid inappropriate detection of sinus tachycardia and atrial fibrillation or 
flutter with rapid ventricular response  

Programming the FDI to a value greater than or equal to the TDI effectively disables VT 
Detection  When programming these two values  the physician should keep the TDI 
at least 40 ms longer than the FDI to allow for variability of the clinical VT cycle 
length  

Number of Intervals to Derect  VT MID  

The choice of the VT NID is based on the hemodynamic consequences of the clinical 
VT  Smaller VT NIDs will allow rapid detection of hemodynamically unstable VT  
Larger VT NIDs may be indicated in patients with a history of non sustained but well  
tolerated VT  For patients other than these  programming an initial VT NID of 16 is 
appropriate  
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Programming larger VT NID counts will result in correspondingly longer delays between 

VT therapies  when the previous therapy is ineffective in terminating the VT episode   

due to the need to redetect the VT episode after each unsuccessful VT therapy  

The physician should understand that the pro ammed VT NID applies to both initial 

detection and redetection of an ongoing episode after each therapy is delivered  

Onset Criterion 

Onset Criterion is indicated only if inappropriate detection of sinus tachycardia resulting 

in inappropriate VT therapy delivery has occurred  Treadmill testing  beginning at 81  

Onset  is suggested to evaluate the appropriate function of this algorithm  

This algorithm was used safely in 8 5  of 434 patients in the clinical study  Its use has 

demonstrated its safety and effectiveness  

If the Onset Criterion is ON and is not met at the beginning of a spontaneous ventricular 

tachycardia  the VT episode could remain  undetected   such as with an exercise  
induced VT  If VT Detection uses the Onset Criterion and detection is enabled after the 

start of a VT  the VT may not be detected  

A low programmed onset percentage value will increase the specificity of the Onset 

Criterion to detect the targeted tachycardia  but will also decrease the sensitivity of the 

overall VT detection algorithm  

Stability Criterion 

Stability Criterion is indicated if atrial fibrillation or atrial flutter with a rapid ventricular 

response has caused inappropriate detection and therapy delivery  A stability value of 

60 ms is suggested initially  

This algorithm was used safely in 17 9 7c of 434 patients in the clinical study  Its use has 
demonstrated its safety and effectiveness  

Decreasing the programmed interval stability value increases the specificity of the 
Interval Stability Criterion to detect the targeted stable tachycardia  but may also 
decrease the sensitivity of the detection algorithm 

Programming VT Detectiori ON 

VT Detection can be programmed ON only after VF Detection has been programmed 
ON  
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VT Therapy 

VT Therapy consists of four independently programmable therapies that can be delivered 

to restore the patient s normal cardiac rhythm  The physician can tailor these four 

therapies to each patient s needs by choosing from two methods of overdrive pacing 

 Ramp and Burst  and synchronized Cardioversion  Since the actual programmed 

parameters used will be patient dependent  the suggestions below may help in 

programming them appropriately  

The physician should be aware that even when there has been a satisfactory response to 

VT therapies  i e   Burst  Ramp  or Cardioversion  during clinically conducted EP 

studies  underlying or accompanying disease may over time alter the heart s electro  

physiologic characteristics  Thus  over time  the programmed automatic therapies may 

not only be ineffective but also deleterious to the patient  e g   initiate an atrial 

tachyarrhythmia or accelerate a ventricular tachycardia to flutter or fibrillation   

Ramp and Burst Therapy 

Clinical experience has shown that the most commonly prograauned values for Ramp 

Therapy are the following  

Initial   of S Pulses  
First R S Interval 
Per Pulse Decrement 
  of Sequences 
Minimum Interval 

5 
91  
10 ms 
5 
250 ms 

Clinical experience has shown that the most commonly programmed values for Burst 

Therapy are the following  

  of Sl Pulses  
First S 1 S 1 Interval 
Per Sequence Decrement 
  of Sequences 
Minimum Interval 

6 
84  
10 ms 
5 
250 ms 

The values selected for Ramp and Burst Therapies will depend on the patient s clinical 

VT cycle length  electrophysiologic testing results  and antiarrhythmic drug therapy  

Evaluating VT Therapies 

For evaluation of VT therapies  the exact number of inductions and successful termin  

ations that should be completed is primarily dependent on a patient s hemodynamic 

response to their ventricular tachycardia  In patients with poorly tolerated VT  it is 

recommended that at least ONE episode of VT be induced and successfully terminated 

using any of the VT therapies selected  For patients with well tolerated VT  it is 

recommended that at least FOUR episodes of VT be induced and successfully 

terminated  This testing should be conducted whenever the following are performed  

  Initial selection of VT therapies  
  Permanent reprogrammiag of VT therapies  and 
  Modification of antiarrhythmic drug therapy  

 5 



7217s WZL P53 811NNC 9 15 93 12 18 llM Peg 56 

Page 56 Post Implant Information   Programming Considerations 

Detecting VF as VT 

In cases where VF may be detected as VT  consider using one pacing sequence and three 

high energy cardioversion shocks for the VT therapies  

VT Therapy  4 

The last VT therapy should be high energy cardioversion  

Programming VT Therapies ON and OFF 

VT Therapy cannot be programmed ON unless VF Therapy is also programmed ON  

Also  programming one of the four VT therapies OFF will disable all subsequent VT 

therapies  For example  if VT Therapy  1 is programmed OFF  all VT therapies are 

effectively disabled  
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VF Detection 

The PCD device detects ventricular fibrillation using three programmable parameters  

the Sensitivity of the ventricular sensing circuit  the Fibrillation Detection Interval  FDI   

and the Number of Intervals to Detect  VF NID  that must be attained by the VF event 

counter  The programming suggestions for VF Detection are the following  

Sensitivity 

Sensitivity should be programmed to 0 3 mV to maximize the probability that VF will be 

detected  Values of 0 6 or 0 9 mV should be used only if oversensing  such as P  and T  

waves  would cause inappropriate shocks or inhibit pacing therapies  If sensitivity is 

reprogrammed to eliminate inappropriate sensing  VF should be reinduced and 

appropriately treated to ensure proper sensing and detection  Repositioning or implanting 

new pacinglsensing leads may be necessary  Use of values less sensitive  higher 

threshold  than 1 2 mV are not recommended except for testing and troubleshooting  

In the event of post pace oversensing  consider increasing the Refractory After Pace if it 

does not interfere with VT Detection or reducing the pacing pulse width or amplitude if 

it does not affect proper pacing capture  See  Refractory Periods  in  Principles of 

Operation  for more information on programming the Refractory After Pace  

Fibrillation Detection Interval  FDI  

FDI should generally be programmed to at least 320 ms  If VT therapies are required for 

faster VTs  then a shorter FDI should be programmed only if repeated inductions of true 

VF are detected as VF at the shorter FDI  Using the Last Episode Detection Sequence 

memory  the FD3   heu3d be engthened if 3 or more of the intervals from the start of VF 

detection are greater than or equal to the programmed FDI  Some drugs  such as 

Amiodarone  may slow the VF intervals to greater than 320 ms  which would require the 

FDI to be increased  

Number of Intervals to Detect  VF NID  

For most patients a programmed VF NID of 18 should be used  VF NIDs greater than 18 

may be indicated for some patients  for example  those with non sustained rapid 

tachyarrhythmias  However  in general  VF NIDs greater than 18 should be avoided to 

prevent prolonged detection and redetection times  

Programming VF Detection OFF 

VT Detection must be programmed OFF before VF Detection can be programmed OFF  

k  
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VF Therapy 

VF Therapy delivers up to four high energy defibrillation shocks to treat ongoing 

detected VF episode  The stood emery and pulse width for each therapy is separately 

programmable  see Table 5 in  General Device Information  for information on how to 

program the optimal pulse width   the electric current pathway is also programmable but 

must be the same for all VF therapies  

Current Pathways 

The multiple pathway options the PCD device offers  sequential  simultaneous  and 

single  allow the physician to provide an adequate defibrillation efficacy safety margin 

for most patients  For example  the simultaneous pathway may be indicated for patients 

who have difficulty meeting the defibrillation implant criteria with a different pathway  

Stored Energy 

Although the Transvene clinical study provided evidence that defibrillation thresholds 

5i remain stable in the study population  individual patients may experience threshold 

l changes relative to changes in their underlying disease state  Therefore  VF therapy 

number 1 should be programmed to at least twice the lowest energy of defibrillation or 

34 Joules  

The second  third  and fourth VF therapies should be programmed to the maximum 

stored energy of 34 joules  

Programming VF Therapies OFF 

VF Therapy cannot be programmed OFF unless VT Therapy is programmed OFF  Also  

programming one of the four defibrillation therapies OFF will disable all subsequent 

defibrillation therapies  For example  if VF Therapy  1 is programmed OFF  all 

defibrillation therapies are effectively disabled  
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VVI Therapy 

Pacing Parameters 

Rate  VVI pacing may be required for underlying conduction disease and after delivery 

of cardioversion defibrillation therapy  Program the rate for appropriate bradycardia 

support  but allow for contribution of the patient s intrinsic rate  

Pulse Width  keep in mind that this programmed setting also applies to VT Burst and 

Ramp therapies  When programming this parameter  ensure an adequate safety margin 

above the stimulation threshold  

Pulse Amplitude  choose from two settings  The setting selected also applies to VT 

Burst and Ramp therapies  the value selected should ensure an adequate safety margin 

above the stimulation threshold  

Sensitivity  this programmed setting will also be used to detect VT or VF  Therefore  

sensitivity should be programmed to 0 3 mV to maximize the probability that VF will be 

detected  A threshold greater than 1 2 mV may be too insensitive for VF detection  

Values less sensitive than 1 2 mV are not recommended except for testing and 

troubleshooting  If undersensing is observed in normal sinus rhythm  verify that VF 

sensing and detection are appropriate  Repositioning or implanting new pacinglsensing 

leads may be necessary  See also the programming considerations for VF Detection 

above  

A combination of wide pacing pulse width  high pacing amplitude  and high sensitivity 

 low sensing threshold  may cause inappropriate sensing after pacing  Programming a 

narrower pulse width  a lower amplitude pulse  a longer refractory period after pace  or a 

higher sense threshold may eliminate this inappropriate sensing  If sensitivity is 

reprogrammed to eliminate inappropriate sensing  VF should be reinduced and the PCD 

device should be allowed to automatically detect and treat the arrhythmia to ensure 

proper sensing and detection  

Long Refractory After Pace 

A long refractory period  more than 320 ms   coupled with a high programmed pacing 

rate  may impair the PCD device s ability to detect VT or VF and may cause 

asynchronous pacing  Events sensed within the refractory period restart a 120 ms 

blanking period but are ignored by both VT and VF detection criteria and for bradycardia 

pacing inhibition  Therefore  a short bradycardia escape interval  i e   a pacing rate 

greater than 50 ppml combined with a long Refractory After Pace  360 ms or longer  

may prevent a VT event from inhibiting a pacing output  In such circumstances  the 

VT could remain undetected  

To avoid this possibility when the Refractory After Pace is programmed to 360 ms or 

longer  ensure that at least one of the following is true   1  the difference between the 

bradycardia escape interval and the effective refractory period should be greater than the 

Tachycardia Detection Interval  TDI   or  2  the bradycardia escape interval must be 

greater than twice  2X  the effective refractory period   The effective refractory period 
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for a programmed refractory of 360 ms or longer is the programmed value plus 120 ms   

See  Refractory Periods  in  Principles of Operation  for more information  

General 

Estimates of Time to Device Therapy 

The time to device therapy depends on several factors including programmed detection 

parameters  the PCD device s remaining battery life  and the time since the last charge of 

the device capacitors  For all therapies  the time to device therapy increases with higher 

programmed NIDs  For cardioversion and defibrillation therapies  the time also increases 

as the device s battery voltage decreases and as the time since the last charge of the 

capacitors increases  

The time to device therapy projections found in Table 2 apply under the following 

conditions  

  The episode interval lengths to be detected are all less than the programmed TDI for 

VT episodes or FDI for VF episodes  

  A programmed TDI of 400 ms and VT NID of 16  

  A programmed FDI of 320 ms and VF NID of 18 

  A beginning of life charge time to 34 J of 6 00 seconds  

  A cardioversion or defibrillation therapy of 34 J  

Table 2  Estimated Time to Device Therapy from Onset of Episode 

Therapy 
Ramp or Burst 
Cardioversion 
Defibrillation 

Time to Therapy 
6 4 seconds 
12 4 seconds 
11 8 seconds 

Cardioversion and Defibrillation Charging Periods 

The PCD device cannot be propammed during the cardioversion or defibrillation 

charging periods or during delivery of VT and VF therapies  Positioning  i e   applying 

or removing  the programming head during a charging period has no immediate effect on 

the operation of the PCD device  However  if such positioning changes between the time 

the charging period begins and ends  the PCD device will abort the scheduled 

cardioversion or VF therapy   

R Ue capacitors are aot full charged  after three consecutive 35 second charging 

periods  the PCD device disables all VT and VF detection parameters and charging 

cycles and all VT pacing therapies  

l  VF therapy is aborted only if a refractory event is sensed at the end of charging  
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Permanent Telemetry Enable 

This feature  which appears on the 9710 Programmer  is designed for future applications  

At that time  it may be used to provide continuous telemetry  after removal of the 

programming head  for a programmable number of hours  or continuously  This feature 

is normally programmed OFF  

Conditioning the PCD Device Output Capacitors 

The cardioversion defibrillation output capacitors function more efficiently if they 

periodically receive an electrical charge  The charge conditions and helps maintain the 

efficiency of the capacitor function  The electrical charge should be used to condition the 

capacitors at every PCD follow up visit  See the appropriate MemoryMod cartridge 

technical manual for charging instructions  

Elective Replacement and Potential Loss of Function Indicators 

See Table 3 on the next page for a summary of voltage and charge time requirements at 

implant  elective replacement  and potential loss of function  

Elective Replacement Indicators 

Replacement of the Model 7217B PCD device is recommended when any of the 

following occur  

  The telemetered voltage for the battery is 4 97 V or less  or 

  The capacitor charging time is greater than or equal to 11 00 seconds  

These are elective replacement indicators only  They do not indicate that the PCD device 

has altered its operation in any way  

Potential Loss of Function Indicators 

Whenever any of the following are observed an immediate replacement of the PCD 

device is recommended  

  The potential for altered or loss of function is present when the telemetered voltage 

for the Battery is 4 74 V or less  

When the telemetered battery voltage is less than this value  the PCD device may be 

unable to successfully complete a charging cycle to the programmed energy  That is  

a charging period may terminate prematurely and result in the  Reset Parameter 

Value   see Table 4   

  As the battery depletes  the charging ume will generally increase  typically less than 

25 seconds   but a single charging period should not exceed 35 seconds  If the output 

capacitors have not reached their full programmed charge in this time  the charge 

circuit  times out    This data is available via telemetry   After such a timeout  the 

PCD device will again attempt to confirm VT VF detection before resuming with an 
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additional 35 second charging period  If after three successive charging periods the 

capacitors do not reach their programmed level  the PCD device identifies a  Charge 

Circuit Inactive  state   This data is also available via telemetry   In this state  the 

PCD device disables the following  

All automatic VT and VF detection and therapies 

Programmer initiated therapies  except emergency Burst Pacing  

Programmer initiated charging periods 

Table 3  Voltage and Charge Time Requirements 

Event 
Implant 

Elective Replacement 
Potential Loss 

of Function 

Requirements 

Voltage Charge Time 

  6 10 V and   10 00 seconds 
 4 97 V or  11 00seconds 
 4 74 V 

 Not applicable 

Time from Elective Replacement Indicator to Potential Loss of Function 

The time from the Elective Replacement Indicator to potential loss of function should be   

used to determine the frequency of follow up and the schedule for replacement of the 

unit  

The time from the Elective Replacement Indicator to potential loss of function is four 

months  minimum    based on the following conditions  

  100  pacing at 65 ppm  
  5 4 V pulse amplitude  
  0 49 ms pulse width  

  500 ohm pacing load  and 

  two 34 joule high voltage capacitor charging cycles per month  

This time may be shorter with increased pacing rates  increased pacing pulse widths  

lower pacing impedances  or an increase in high voltage capacitor charging frequency  

Potential loss of function means the PCD device may be unable to successfully complete 

a charging cycle to the programmed energy  

1  The preliminary projection of the time from Elective Replacement to potential loss of function is based on 

accelerated battery data and device modeling  Minimum projection means that virtually all  i e  99 998  of the 

modeled pmduction run of PCD devices will attain the values given at the stated conditions  

9 
I 
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Pre Hospital Discharge 

Monitor the patient appropriately post implant and take X rays as soon as possible to 

document and assess the location of the leads  

While the patient is in the hospital  interrogate the device after each spontaneous episode 

to assess the appropriateness of the detection and delivered therapy  Depending on the 

physician s judgment  the clinical tachyarrhythmia should be induced and terminated if 

no spontaneous episodes have occurred to confirm the appropriateness of the pro  

grammed values  Induction can be performed using the noninvasive electrophysiologic 

study  EPS  features present in the PCD device  See the appropriate MemoryMod 

cartridge technical manual for instructions  

Pacing and sensing values should also be tested and adjusted if necessary  

CAUTION  The physician should be aware that even when there has been a 

satisfactory response to VT therapies  i e   Burst  Ramp  or Cardioversion  

during clinically conducted EP studies  underlying or accompanying 

disease may over time alter the heart s electrophysiologic ciiaracteri cs  

Thus  over time  the programmed automatic therapies may not only be 

ineffective but also deleterious to the patient  e g   initiate an atrial 

tachyarrhythmia or accelerate a ventricular tachycardia to flutter or 

fibrillation   

  a 
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Patient Follow Up 

Regular patient follow up testing should be scheduled every three months post implant 

to confirm that the programmed parameter values are appropriate and to monitor the 

condition of the implanted system and of the device s battery  After the battery voltage 

falls below 5 25 volts  patient follow up should be scheduled every month  

Perform the following during each follow up visit  

  Evaluate the patient s clinical status  

  Interrogate the device at the beginning and end of each follow up session and print a 

full summary to verify and document that the programmed status of the PCD device 

is as desired  
  Observe the battery voltage before charging the device s capacitors  

  Review device experience  and  steus  

  Evaluate pacing and sensing performance  
  Perform a programmer initiated 34 joule charge of the capacitors and interrogate for 

the charge time   Do not  dump   the energy from the capacitors so as to allow them 

to reform  

V tke charge time is greater than or equal to 11 00 seconds  wait five minutes before 

dumping the energy on the capacitors and then perform another programmer initiated 34  

joule charge and interrogation  If the second charge time is again greater than or equal to 

11 00 seconds or if the initial battery voltage is 4 97 volts or less  the device should be 

replaced  

If the battery voltage is not observed before the device s capacitors are charged  it must 

reach its required value within thirty minutes after charging  

The patient should have X rays and pacin Jsensin thresholds taken every three months 

for the first year after implant and every six months thereafter to verify proper lead 

i  l 
position and check for conductor fractures  

See the section titled  Elective Replacement and Potential Loss of Function Indicators  

for more information about when to replace the PCD device  

l  Under unique conditions  a charge time of 2 33 seconds or its multiple may be reported as 2 33 seconds less 

than its actual value  e g  a reported charge time of 0 00 seconds could actually be 2 33 seconds   If this occurs  

wait five minutes before dumping the energy on the capacitors and perform another programmer initiated 34 J 

charge and interrogation  
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GENERAL DEVICE INFORMATION 

Magnet Programming Head Operation 

Applying and holding a magnet  Part No  174105  and or propamming head over the 

device temporarily suspends the automatic detection and therapy capabilities  Using the 

 Cancel Magnet  function on the programmer will restore these detection capabilities 

while the mapretfprogramming head  n position  

CAUTION  Telemetry communication with the PCD device may cause inappropriate 

sensed events resulting in brief inhibition of bradycardia therapy  These 

sensed events may also count toward detection of VT or VF  Removing 

the programming or transtelephonic monitor head restores the device to 

normal function  

Placing a magnet over the PCD device does not inhibit VVI therapy  

Turning Off the PCD Device 

m 

To turn OFF the VT and VF capabilities of PCD device  press the  Nominal VVI  key 

and then the  Program  key on the programmer  This turns OFF VT and VF Detection 

and programs other parameters to the values listed in Table 4 below  This programming 

takes infect after any therapies in progress are delivered  This keystroke sequence can be 

used at any time after the device model number has been selected or a successful 

interrogation has been performed  The physician should interrogate the device after 

pressing the key to ensure that VT and VF Detection have been turned OFF  

To turn the PCD device back ON  follow the usual programming steps  

The table below lists the settings the PCD device is programmed to at the following 

events  
  At factory shipping  
  When  Nominal VVI  is programmed  
  When the VVI option under  Emergency VVI  is programmed and 
  When a  power on reset   an electrical reset  occurs  

Table 4  Nominal VVI Settings  Reset Parameter Values  Emergency VVI Option 

Settings  and Factory Shipped Settings 

Parameter 
Mode 
Pulse Width 
Sensitivity 
Amplitude 
Refractory After Pace 

Pacing Rate 
VT Detection k  

Therapies 
VF Detection   
Therapies 

Value 
VVI 
0 49 ms 
0 6 mV 
5 4 V 
320 ms 
65 ppm 

OFF 

OFF 
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Device Reporting Features 

The PCD device has a number of reporting features that provide current programmed 

settings of pacing  sensing  and VT and VF Detection and Therapy  It also provides 

current functional status of the device and information about previous detected and 

treated VT and VF episodes   
PACING AND SENSING 

Programmed Parameters 
PACING MODE 

Pacing and Sensing PACING RATE 

PACING PULSE WIDTH 

The PCD device reports the pacing 
mode  rate  pulse width  and amplitude  

It also gives the programmed sensitivity 

and refractory after pace  

PACING AMPLITUDE 

SENSITIVITY 
REFRACTORY AFTER PACE 

VT DETECTION AND THERAPIES 

VT Detection and Therapy 
VT DETECT  

VT DETECTION ENABLE 

The PCD device reports the following 

about VT Detection and Therapy  

4 INTERVALS TO DETECT 

VT DETECTION INTERVAL 

INTERVAL STABILITY 

ONSET CRITERIA ENASLE 

  VT Detection ON or OFF 

  Interval Criterion settings  TDl and 

VT NID  

ONSET VALUE  R R   
QBSET C TER ENABLE 

VT THERAPY  1  

VVI 
65 PPM 

0 49 MS 
54 V 
0 3 MV 

320 MS 

ON 
16 

400 MS 

OFF MS 

OFF 
81  I 

OFF 

  Interval Stability Criterion ON or 

OFF 
  Interval Stability Criterion settings 

  Onset Criterion ON or OFF 

  Onset Criterion settings 

  Onset Counter ON or OFF 

  VT Therapy types  Ramp  Burst  or 

Cardioversion  and their respecti ve 

settings  

THERAPY TYPE 

VT THERAPY ENABLE 

INITIAL   OF S PULSES 

FIRST R S INTERVAL 

PER PULSE DECREMENT 

  OF SEQUENCES 
MINIMUM INTERVAL 

VT THERAPY  2  

THERAPYTYPE 
VT THERAPY ENABLE 

  OF S1 PULSES 

S1 S1 INTERVAL 

RAMP  
ON 

5 
97   
10 MS 

8 
200 MS 

BURST le 

PER SEQUENCE DECREMENT 

0 OF SEQUENCES 
MINIMUM INTERVAL 

QN 
6 

84  le 

10 MS 
5 

200 MS 

VT THERAPY  3  

THERAPYTYPE 
VT THERAPY ENABLE 

CV PULSE WIDTH 

CV ENERGY  JOULES  
CV CURRENT PATHWAY 

VT THERAPY 44  

THERAPY TYPE 
VT THERAPY ENABLE 

CV PULSE WIDTH 

CV ENERGY  JOULES  

CARDIOVERSION 
ON 
3 9 MS 
3 0 J 

SEQ 

1  The data strips shown are examples  CV CURRENT PATHWAY 

CARDIOVERSION 
ON 
3 9 MS 

34 0 J 
SEQ 
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VF Detection and Therapy VF DETECTION AND THERAPIES 

The PCD device reports the following 

about VF Detection and Therapy  

VF DETECT  
VF THERAPY ENABLE 

VF DETECTION INTERVAL 

  VF Detection ON or OFF   INTERVALS TO DETECT 

  VF Detection settings  FDI and VF 

NID  

VF DEFIBRILLATION THERAPY  1  

VF THERAPY ENABLE 

DEFIB PULSE WIDTH 

  Defibrillation Therapy settings DEFIB ENERGY  JOULES  

ON 
320 MS 

18 

DEFIB CURRENT PATHWAY 

ON 
39 MS 

34 0 J 
SEQ 

VF DEFIBRILLATION THERAPY  2  

VF THERAPY ENABLE 

DEFIB PULSE WIDTH 

DEFIB ENERGY  JOULES  
DEFIB CURRENT PATHWAY 

ON 
3 9 MS 

34 0 J 
SEQ 

VF DEFIBRILLATION THERAPY  3  

VF THERAPY ENABLE 

DEFIB PULSE WIDTH 

DEFIB ENERGY  JOULES  
DEFIB CURRENT PATHWAY 

ON 
3 9 MS 

34 0 J 

SEQ 

VF DEFIBRILLATION THERAPY  4  

VF THERAPY ENABLE 

DEFIB PULSE WIDTH 

DEFIB ENERGY  JOULES  
DEFIB CURRENT PATHWAY 

ON 
3 9 MS 

34 0 J 

SEQ 
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Status and Data 

These reports provide the physician with 

the capability to acquire data on the 

device s activitiesloperations between 

office visits  

  The PCD device will determine and 

report its own internal  statu   c g   

what it has retained in memory  
error messages  battery status  last 

charging time  and charging circuit 

status  
  The VT Onset Counter reports the 

number of instances when the Onset 

Criterion associated with VT 
detection was fulfilled  It only 
counts when VT Detection is also 

ON and either the Onset Criterion 
or Onset Counter is enabled  

  Following detection of a VT 

episode  the PCD device s VT 

Episode Counter adds one  This 

counter does not increase for 

subsequent detection s  of the same 

VT episode  It keeps track of the 

number of detected VT episodes  

DATA 

PCD STATUS  
MEMORY RETENTION 

CHARGE CIRCUIT 

LAST CHARGE TIME 

BATTERY VOLTAGE 

VT ONSET COUNTeR 

VT EPIHGDEiND THERAPY DA  A  

EPISODE COUNT 

VT THERAPY  1 SUCCESS COUNT 

VT THERAPY  2 SUCCESS COUNT 

VT THERAPY  3 SUCCESS COUNT 

VT THERAPY   SUCCESS COUNT 

  OF VT S PCD INEFFECTIVE 

PCD EFFICACIOUS ON LAST VT 

LAST THERAPY USED 

  SEQ lN LAST PACE THERAPY 

R R AVG FOR LAST PACE THRPY 

VF EPISODE AND THERAPY DATA  

EPISODE COUNT 
VF THERAPY  1 SUCCESS COUNT 

VF THERAPY  2 SUCCESS COUNT 

VF THERAPY  3 SUCCESS COUNT 

VF THERAPY  4 SUCCESS COUNT 

  OF VF S PCD INEFFECTIVE 

PCD EFFICACIOUS ON LAST VF 

LAST THERAPY USED 

LAST EPISODE OETECTION SEQUENCE  
 19  R R INTERVAL 920 MS 

 18  R R lNTERVAL 910 MS 

  If the PCD device determines the 

VT therapy was effective  see 
 VT 

Episode Termination and 
Determination of Therapy 
Efficacy     the VT Therapv 
Success Counter  corresponding to 

the last delivered therapy  is 
increased by one  A counter exists 

for each of the four possible 
programmed therapies   

 17  R R INTERVAL 230 MS 

 16  R R INTERVAL 210 MS 

 0  R R INTERVAL 210 MS 
 0  VF DETECTED 

EVENTS AFTER LAST THERAPY  

 0  VF THERAPY t2 DELIVERED 

 1  R R INTERVAL 50 MS 

 2  R R INTERVAL 920 MS 

 3  R R INTERVAL 920 MS 

OK 
OK 

6 19 V 

1d 

6 
3 
2 

0 
0 

YES 
 3 

5 
370 MS 

5 
3 
2 
0 
0 
0 

YES 
 2 

  The Number of VTs That the 
PCD was Ineffective  in 
terminating  increases by one each 
time all programmed VT therapies 
are ineffective in terminating a 
detected VT episode  

 10  R R INTERVAL 920 MS 

 10  THERAPY WAS SUCCESSFUL 

1  This counter is also incremented if the VT therapy accelerated the rhythm to VF and the corresponding VF 

therapy is successful in terminating the VT episode prior to the next VT detection  
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The number of effective therapies plus the number of VT episodes in which the PCD 

was ineffective should equal the VT episode count  Exceptions to this may occur if a 

therapy is aborted  e g   by a magnet application or by spontaneous termination of 

the VT episode during the first therapy s charging period   if therapies are initiated 

by the programmer during the episode  or if the device is interrogated prior to 

identification of VT termination  

  The PCD Efficacy on the Last VT Episode is also available  that is  whether the 

device was successful  8 consecutive paced or sensed beats greater than or equal to 

the TDI  on the last detected VT episode  

  The Last VT Therapy Used notes which programmed therapy was delivered last  

  The Number of Sequences in the Last Pacing Therapy reports which sequence 

within the last Burst or Ramp Therapy was delivered last  This information is useful 

because  from it  and with the next report   the physician can determine the interval 

and number of pulses of the last delivered therapy   

  The R R Average for the Last Pacing Therapy discloses the average of the last 

four intervals prior to delivery of the last Burst or Ramp sequence  When this 

information is coupled with knowledge of the programmed settings for the last 

pacing therapy and sequence counter of the therapy  the physician can determine the 

pulse intervals delivered during the last pacing therapy   

  Following detection of a VF episode  the PCD device s VF Episode Counter is 

increased by one  This counter does not increase for each detection within the same 

VF episode  
  If the PCD device determines a VF therapy was effective  see 

  v r Episode 

Termination and Efficacy Determination 
    the Successful VF Therapy Counter 

corresponding to the last delivered therapy is incremented by one  A counter exists 

for each of the four possible therapies  

  The Number of VF Episodes in which the PCD device was Ineffective is 

incremented by one each time all proparnmed VF therapies are delivered and 

determined to be ineffective in terminating a detected VF episode  

The number of effective therapies plus the number of VF episodes in which the PCD 

device was ineffective should equal the total VF episode count  Exceptions to this 

may occur if a therapy is aborted by a magnet application  if therapies are initiated 

manually by the programmer during a VF episode  or if the device is interrogated 

prior to identification of VF termination  

  The PCD Efficacy on the Last VF Episode is also available from the PCD device  

  The Last VF Therapy Used notes which programmed VF therapy was last 

delivered  
  The Last Episode Detection Sequence retains data from 20 intervals just prior to 

the last detected VTfVF episode  

  The Events After Last Therapy section retains data from 10 intervals following the 

last VT VF therapy of the last VT VF episode  

1  These two counters are also updated by a manually programmed Burst or Ramp therapy  
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Electrophysiological Study  EPS  Features 

With programmer initiated commands  the PCD device will produce up to four 

independently programmable premature stimuli  These stimuli may be used to induce a 

tachycardia for determining the patient s susceptibility to ventricular tachyarrhythmias 

and the efficacy of the device s programmed therapies  i e   Burst  Ramp  or 

Cardioversion  to treat the induced tachycardia  

Also  a ramp or burst pacing sequence with very short intervals for more aggressive 

stimulation may be used to establish the efficacy of Defibrillation Therapy  

The PCD device has these manually controllable therapies  

  Emergency therapies  including Defibrillation  Cardioversion  Burst  and VVI 

nominal pacing parameters  
  Defibrillation therapy  VFRx   programmable as to pulse width  stored energy  and 

current pathway  and 

  VT therapies  VTRx   programmable as to Burst  Ramp  or Cardioversion  
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Telemetry Features 

The physician can acquire information about the present and past operation of the PCD 

device  

  Programmed Parameter Report  i e   the programmed values to which the PCD 

device is currently set  See  Device Reporting Features  in  General Device 

Information  for more information on reports  

  Continuous  Real Time Marker Channels telemetry  including the timing and 

categorization of sensed  paced  and therapeutic events  i e   VF VT Normal   Refer 

to Figure 27 and the programmer technical manual for additional details  

  Continuous  Real time Electrograms from either of two different sets of leads  

EGM Near Field is taken from the PACE SENSE to SENSE2 leads and EGM Far  

Field is taken from the PULSE1 to COMMON leads   Far Field electrograms are 

not available in two electrode cardioversion defibrillation systems because a plug is 

used in the PULSE1 connector port   

20 ms 
        

Pace Sense VT Sense Refractory VF 

Sense Sense 

60 ms 
C   

 60ms  

End of Charging Cardioversionl Telemetry 

Period  Defibrillation oa a  
Output Pulse  

Figure 27  Representative Marker Channel Symbols 

l  Interference generated during charging or pulse delivery may occasionally prevent these markers from 

appearing  

2  This indicates data transmission other than Marker Channel telemetry  Other markers may not appear or may 

falsely appear within 300 ms either side of this Telemetry Data marker  
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Permanent Telemetry Enable 

This feature  which appears on the 9710 Programmer  is designed for future applications  

At that time  it may be used to provide continuous telemetry  after removal of the 

programming head  for a programmable number of hours  or continuously  This feature 

is normally programmed OFF  

 If 
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Radiopaque Identification 

A radiopaque code block is visible on a standard X Ray as black characters on a white 

background  This code block may be used to identify the PCD device  Model 7217B  as 

fo11ows  
Manufacturer  

Model Identification  
Engineering Series Number  

Medtronic 
ZB  Model 7217B  
Follows the Model Identifier 

Figure 28  Radiopaque I D  
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Output Voltage and Delivered Energy 

Programming Output Voltage For Cardioversion Defibrillation 

Table 5 converts stored energy  joules  to pulse amplitude  volts   based on a 75 ohm 

load  

Table 5  Converting Joules to Volts 

Programmed 
Stored Energy 

 Joules  
34 0 
32 0 
30 0 
28 0 
26 0 
24 0 
22 0 
20 0 
18 0 
16 0 
15 0 
14 0 
13 0 
12 0 
11 0 
10 0 

Pulse 
Amplitude 

 Volts  
753    5   
732    5   
708    5   
684  a 5   
660    5   

633    5   
606    5   
579    5   
549    5   
516    5   
501    5   
483    5   
465    5   
447    5   
429    5   
QQg 

   COI l 

Programmed 
Stored Energy 

 Joules  
9 0 
8 0 
7 0 
6 0 
5 0 
4 0 
3 0 
2 0 
1 8 
1 6 
1 4 
1 2 
1 0 
0 8 
0 6 
0 4 

Pulse 
Amplitude 

 Volts  

02 

387    5   
366  a 5   
342    5   
315  a 5   
288  a 5   

258  a 5   
225    5   
183    5   

174    16   

162    16   

153    16   

141    16   

129  a 16   

114    16   

99  w 16   
81    16   

57  a 16   

Programming Pulse Width For Defibrillation 

To achieve the most effective defibrillation therapy for the most patients  the output 

pulse should have approximately a 65   tilt   which means the amplitude at the end of 

the pulse should drop 65  of the initial amplitude  Tilt values are dependent on the pulse 

width and pathway resistance  Table 6 below suggests what the pulse width should be 

programmed to as a function of the pathway resistance to obtain a 65  tilt  For example  

when programming for SEQUENTIAL pulses where the two path resistances are 80 and 

60 ohms  calculate the mean resistance  70 ohms  and use the SEQUENTIAL table to 

choose a pulse width of 4 4 ms  If programming for SIMULTANEOUS pulses where the 

path resistances are 90 and 70 ohms  approximate the resistance by using the product of 

the two path resistances divided by their sum  6300   160   39 Q   Then look at the 

SIMULTANEOUS SINGLE table for 39 ohms and choose 4 9 ms  For a SINGLE pulse 

with a path resistance of 40 ohms  for example  use the SIMULTANEOUS SINGLE 

table  look under 40 ohms  and choose 4 9 ms  
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Clinical experience has shown that the most commonly used defibrillation pulse width is 

3 9 ms for SEQUENTIAL pathway and 6 3 ms for SIMULTANEOUS and SINGLE 

pathway s  

Table 6  Pulse Widths for 65  Tilt 

SEQUENTIAL 

Resistance  ohms   Pulse Width  ms  

20 34 2 0 

35 42 2 4 
43 50 2 9 
51 58 34 

59 66 3 9 
67 74 4 4 

75 82 4 9 
83 89 5 4 
90 97 5 9 
98 102 6 3 
103 110 6 8 
111 118 7 3 
119 126 7 8 

8 1 

SIMULTANEOUS SINGLE 

Resistance  ohms    Pulse Width  ms  

 19 2 0 
20 21 2 4 

22 25 2 9 
26 29 3 4 

30 33 3 9 
34 37 4 4 

38 41 4 9 

42 45 5 4 
46 48 5 9 
49 52 6 3 
53 56 6 8 
57 59 7 3 

60 63 7 8 
64 100 8 1 

 Use the mean of the two path resistances  
  For simultaneous  approximate the resistance   use the formula R  x R  

R  R  

Stored and Delivered Energy 

Cardioversion and defibrillation therapies have three promammable parameters  stored 

energy  pathway  and pulse width  The stored energy determines the pulse amplitude  as 

shown in Table 5   The percentage of programmed stored energy that is applied to the 

lead system  that is  the delivered energy  depends on the programmed pathway  the 

programmed pulse width  and the pathway impedance  The percentage of programmed 

stored energy that is delivered increases when the prop ammed pulse width increases or 

the pathway impedance decreases  
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The percentage of delivered energy vs  programmed stored energy may be seen by 

referring to Figures 29 and 30  Increasing the programmed stored energy will have a 

proportional effect on the delivered energy  For example  if the pulse width  pathway  

and pathway impedance are unchanged  doubling the stored energy doubles the delivered 

energy  

Figures 29 and 30 demonstrate the effect on the delivered energy with respect to the 

programmed stored energy  pulse width  pathway  and pathway impedance  One should 

not conclude  however  that two different settings delivering the same energy have the 

same effectiveness  Always verify the effectiveness of the new settings when 

reprogramming pulse width or current pathway 

110  

100  

90  

EPAi 

70  

60  o 

50  

40  

30  

20  

10  o 

0  
0 2 4 

Pulse Width  ms  
25 ohms 

  50 ohms 

75 ohms 

    100 ohms 

6 8 

Figure 29  Percentage of Programmed Stored Energy Delivered 

Over a Single Pathway 

If  for example  the programmed pulse width is 3 9 ms and the pathway impedance is 50 

ohms  the percentage of delivered energy  compared to programmed stored energy   is 

about 72   Increasing the pulse width to 6 3 ms with the same impedance will result in 

about an 88  delivered energy figure  

J 
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110  

100  

90  

EP o 

70  
  

6Q lo 

50  
   

40  

  
30  

20  

10  

PE 
0 2 4 

Pulse Width  ms  25 ohms 
      50 ohms 
        75 ohms 
          100 ohms 

6 8 

Figure 30  Percentage of Programmed Stored Energy Delivered 
Over Sequential or Simultaneous Pathways 

Programming a sequential or simultaneous pathway may change the percentage of 
delivered energy  With the same examples as were used to illustrate Figure 29 where 
each pathway is 50 ohms  the percentages are about 93  and 99  respectively  

Output Waveforms 

The illustrations that follow depict examples of waveforms that can be delivered by the 
PCD device during its programmable VT and VF therapies  Figures 31 33 represent the 
three programmable waveforms delivered during Cardioversion and Defibrillation 
Therapy  Figure 34 displays the waveform for Burst and Ramp therapies and bradycardia 
therapy  which are delivered at pacing energy levels   Dashed voltage waveforms 
represent detected potentials generated from other leads  The examples assume 75 ohms 
as the resistance for cardioversion and VF pathways    
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Cardioversion and Defibrillation 
Sequential Current Pathway 

Electric Potential  PULSED to COMMON 

800 10 

8 
600 

6 
Volts 400 Amps 

Current  PULSE1 to COMMON 

4                                      i                 

200 
2 

0 
0 2 4 6 8 10 

Time  ins  

Electric Potential  PULSE2 to COMMON 

0 
0 2 4 6 8 10 

Time  ms  

Current  PULSE2 to COMMON 

800 10 

8 

6 

Amps 

4 5  

2 

0 
0 2 4 6 8 10 

Time  ms  

0 2 4 6 8 10 

Time  ms  

Figure 31  Output Waveforms  Sequential  

NOTES  1  Dashed waveforms indicate potential reflected through the heart from the 
active electrode  

2 Current through the PACE SENSE and SENSE2 electrodes will 
normally be less than 10 mA  
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Cardioversion and Defibrillation 
Simultaneous Current Pathway 

Electric Potential  PULSE1 to COMMON 

800 10 

6 600     

6 

Volts Woo Amps 

4 

200   

2 

0 
0 2 4 6 8 10 

0 

Time  ms  

Electric Potential  PULSE2 to COMMON 

800 10 

8 600 

6 
Volts Woo Amps 

4 

200 
2 

0 
0 2 4 6 8 10 

Time  ms  

Current  PULSE1 to COMMON 

               
i       k                 

0 2 4 6 8 10 

Time  ms  

Current  PULSE2 to COMMON 

t      l                           

0 
0 2 4 6 8 10 

Time  ms  

Figure 32  Output Waveforms  Simultaneous  

NOTE  Current through the PACE SENSE and SENSE2 electrodes will normally 
be less than 10 mA  
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Cardioversion and Defibrillation 
Single Current Pathway 

Electric Potential  PULSE1 to COMMON 

800 10 

8 600                            

6 
Volts goo                                     Am ps 

4    l       
I 

200                               i             

2 
J 

0 0 

Current  PULSEl to COMMON 

0 2 4 6 8 10 

Time  ms  

Electric Potential  PULSE2 to COMMON 

800 10 

8 600 

6 
Volts 400 Amps 

4 

200     
2 

0 
0 2 4 6 8 10 

Time  ms  

0 

0 2 4 6 6 10 

Time  ms  

Current  PULSE2 to COMMON 

0 2 4 6 8 

Time  ms  

10 

Figure 33  Output Waveforms  Single  

NOTES  1  Dashed waveforms indicate potential reflected through the heart from the 
active electrode  

2  Current through the PACE SENSE and SENSE2 electrodes will 
normally be less than 10 mA  

jgi 
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20 ms 

Recharge 

Programmed Pulse Width 

Figure 34  Output Waveform  Pacing  

r 
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WARNINGS AND PRECAUTIONS 

Lead Systems 

The Medtronic 7217B has been proven safe and effective when combined with 
Medtronic epicardial patch electrodes  Medtronic Transvene non thoracotomy leads  or 
commercially available electrodes manufactured by Cardiac Pacemakers Incorporated 
 i e  C10   No claims of safety and efficacy can be made with regard to other acutely or 
chronically implanted lead systems  

Disease Progression  Detection and Automatic VT and VF Therapies 

The physician should be aware that even when there has been a satisfactory response to 
VT or VF therapies  i e   Burst  Ramp  Cardioversion  or Defibrillation  during clinically 
conducted EP studies  underlying or accompanying disease or change in antiarrhythmic 
drug therapy may over time alter the heart s electrophysiologic characteristics  Thus  
over time  the programmed automatic therapies may not only be ineffective but also 
deleterious to the patient  e g   initiate an atrial tachyarrhythmia or accelerate a 
ventricular tachycardia to flutter or fibrillation   In addition  changing cardiac electrical 
characteristics may prevent detection of a tachyarrhythmia or may cause the pulse 
generator to misinterpret a normal rhythm as a clinically significant arrhythmia  

Implanted or Temporary Pacemakers 

Previously implanted bradycardia pacemakers  tachyarrhythmia devices and leads should 
be explanted  The output pulses of an implanted device may adversely affect the 
tachyarrhythmia detection capabilities of the PCD device  If leads must be abandoned 
rather than removed they should be capped to ensure they will not become a pathway for 
currents to or from the heart  If a patient requires a separate atrial or dual chamber 
pacemaker for hemodynamic reasons  either permanent or temporary  consider the 
following to minimize potential interaction between the pacemaker and the PCD  

  Use only bipolar pacemakers that remain bipolar after exposure to high voltage 
shocks  

  Use pacemaker leads with close interelectrode spacing  

  c   Allow adequate space between the pacing lead electrodes and the defibrillation lead 
electrodes  

  Test the PCD device to determine if output pulses from the pacemaker are sensed by 
the PCD  

  Induce all the patients ventricular tachyarrhythmias and ventricular fibrillation with 
the pacemaker programmed to an asynchronous mode at maximum output to 
evaluate possible inhibition of detection by the PCD due to pacing artifacts  

  Program the pacemaker to the lowest amplitude allowable for capture chronically  
the maximum sensitivity  and the minimum rate acceptable to the patient  

   0i 
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Electromagnetic Interference  EMI  

Exposure to EMI may  under certain circumstances  prevent VT VF detection or cause 
the PCD device to falsely detect a VT or VF and deliver an unneeded VT or VF therapy  
The delivery of the therapy could  in turn  provoke an actual VT or VF  Additionally  
since the PCD device communicates with the programmer by means of radio frequency 
teIemetry  EMI may cause short telemetry interruptions  Under unique circumstances  
EMI may cause an electrical reset of the device  see Power On Reset   Keep PCD 
patients away from EMI sources  when and as long as any detection criteria are 
enabled  Physicians should carefully weigh their decision to program the device to 
maximum sensitivity  0 3 mV   as it will increase the susceptibility to EMI sources  EMI 
sources include  but are not limited to  the following  

  Nuclear Magnetic Resonance Imaging  MRI  equipment 
  Therapeutic diathermy 
  Defibrillation equipment 
  Electrocautery 
  High voltage systems 
  Radio transmitters 
  Theft prevention equipment 
  Current carrying conductors 
  High powered electromagnetic fields 

Preventing Accidental Exposure to Maximum Voltage 

To prevent an accidental discharge during implantation or explantation  the Model 
7217B PCD device should be programmed so that VT and VF detection are both OFF  

In the event of a patient s death while the Model 7217B PCD device is implanted  the 
device should be explanted and returned to Medtronic  Prior to the explant procedure  both VT and VF detection must be programmed OFF to prevent the delivery of 
potentially hazardous shocks to medical or mortuary personnel  Medtronic requests that 
such individuals INTERROGATE THE PCD DEVICE AND PRINT A FULL REPORT 
BEFORE TURNING OFF DETECTION AND EXPLANTING THE DEVICE   

Supraventricular Tachyarrhythmias 

Depending on programmed detection and therapy settings  patients with supraventricular 
tachyarrhythmias  despite a drug regimen  may be inappropriately paced  cardioverted  
or defibrillated  If the PCD device cannot distinguish such rhythms from ventricular 
tachyarrhythmias with available criteria  the physician must judge whether the use of the PCD device is advisable  

1  Consult the Technical Manuals for the Programmer and MemoryMod for details on turning OFF VT and VF detection  

gt 
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Because of the nature or frequency of conducted rapid atrial rhythms  the physician 
should carefully evaluate such rhythms and weigh the patient s needs against the benefits 
before implanting the PCD device  If the determining factor hinges on which therapies 
must be used  the physician should be aware that the tota  designed capacity for 
cardioversion and VF therapies is finite  The use of pacing level therapies  i e   Burst and 
Ramp   wih not appreciably alter ihe device s  longevity  

Repeated  Multiple VTNF Episodes 

The physician must weigh the risks versus the benefits for patients who display a history of 
repeated and multiple VT episodes  Use discretion in the treatment of such episodes  since 
it may quickly deplete the battery of the PCD device  

The PCD device has a finite capacity for its high energy therapies  i e   cardioversion and 
defibrillation  The use of pacing level therapies  i e   Burst and Ramp  will not appreciably 
alter the device s longevity  

Diathermy 

Therapeutic diathermy should not be used at the implant site on patients who have a PCD 
device because of possible damage to the circuitry due to heating effects on the device  

Defibrillation 

The Model 7217B PCD device may be damaged by direct or transthoracic defibrillatory 
discharges  When performing direct heart defibrillation  do not directly contact the 
exposed metal surface of any electrode with the paddies  When performing transthoracic 
defibrillation  do not place a paddle directly over the PCD device  Interrogate the PCD 
device after the use of direct or transthoracic defibrillation to determine the functional 
integrity of circuits and programmed parameters  Reprogramming may be necessary  

Patch electrodes  because they  insulate   a portion of the heart tissue  may unavoidably 
reduce the effectiveness of transthoracic defibrillation  

Use of a Magnet 

Use only a Medtronic magnet  Part No  174105  or programming head over the PCD 
device  

Positioning a magnet or the programming head of the Programmer over the Model 7217B 
PCD device temporarily suspends VT and VF Detection and makes the device subject to 
programming Placing a magnet over the PCD device does not inhibit VVI therapy  

Electrocautery 

Electrosurgical units should never be used in the vicinity  i e   six inches  15 cm  or 
closer  of a Model 7217B PCD device and its associated lead system Currents generated from electrosurgical units may cause permanent loss of output  induce ventricular 
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fibrillation  or reset promammed parameters in these units  see 
 Effects of 

Electrosurgical Cautery and Defibrillation    Where alternatives to electrocautery are 
available  these should be used  

Power On Reset 

Certain conditions   including but not limited to  exposure to EMI  electrocautery or 
transthoracic defibrillation  may lead to an electrical reset of the device  The table below 
lists the settings the PCD is reset to when a  power on reset   POR  occurs  Always 
interrogate the PCD device at the beginning and end of each follow up session to 
verify and document that the programmed status of the device is as desired  The 
device may be reprogrammed to desired parameters after the source of interference is 
removed  

ff a POR ha  occured   then   c MW  ON RESET message shouid be cieared irom 
the PCD device memory and the device reprogrammed to desired parameters  To clear 
the POWER ON RESET message  use the DATA key on the main menu of the 
programmer to display and clear the STATUS group  

Table 7  Power On Reset Parameter Values 
Parameter 

Mode 
Pulse Width 
Sensitivity 
Amplitude 
Refractory After Pace 
Pacing Rate 
VT Detection   Therapies 
VF Detection   Therapies 

Value 

VVI 
0 49 ms 
0 6 mV 
5 4 V 
320 ms 
65 ppm 
OFF 
OFF 

Nonsterile Package 

The sterile package should be inspected prior to opening  If the seal or package is 
damaged  contact your local Medtronic representative  

Damage to a PCD Device Prior to Implantation 

The Model 7217B PCD device should not be implanted if dropped on a hard surface 
from a height of 12 inches  30 cm  or more  

Random Failures 

All devices will ultimately cease to function due to normal depletion of the battery and 
may also fail at any time due to random component or battery failure which cannot be 
predicted prior to their occurrence  Also  the system may cease to function at any time 
due to lead related problems such as dislodgement  fracture  fibrotic tissue formation  
elevated thresholds  or medical complications  
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Infrequent Charging of the High Voltage Capacitors 

Infrequent charging of the high voltage capacitors may cause the charging period to be 
  oner  than desired    Fhe use of the programmer imtiated charging commana shouid 
be performed to 34 joules at every PCD follow up visit  

SIDE EFFECTS 

Possible side effects include  but are not limited to  the following  body rejection 
phenomena including local tissue reaction  muscle and nerve stimulation  pericarditis  
infection  lead dislodgement  erosion of the PCD device  leads  or adaptor through the 
skin  and adverse psychological effects  which may include psychologic intolerance to 
the PCD device  imagined pulsing  dependency  fear of inappropriate pulsing  and fear 
that pulsing capability may be lost  

POTENTIAL ADVERSE EFFECTS 

The following potential adverse effects may arise during and after implantation of a PCD 
device  myocardial initability at implant  which might cause premature ventricular 
contractions  PVCs   supraventricular tachycardia  or fibrillation  cardiac tamponade or 
loss of sensing due to perforation of the myocardium at implant  acute hemorrhage due 
to venous perforation  infection  thrombus formation and subsequent pulmonary embolization caused by the presence of intravascular leads  loss of system function due 
to battery failure or other component failure  inability to reprogram the pulse generator because of programmer failure  false sensing  inappropriate pulsing  and or inhibition of 
normal electrical conduction due to dislodged or fractured leads  case fracture  or 
electronic component failure  interruption of desired function due to electrical or 
magnetic interference  including nuclear magnetic resonance  NMR  and diathermy and 
lithotripsy when used near the site of the pulse generator and leads  and system failure 
due to ionizing radiation  erosion or extrusion of the pulse generator  fibrotic tissue 
growth  fluid accumuJation  kdoid format on   and formation of hematomas or cysts  

EFFECTS OF ELECTROMAGNETIC INTERFERENCE 

The Model 7217B PCD device is designed to limit the effects from most common 
sources of electromagnetic interference  EMI   Because many forms of EMI exist  it is 
impossible to characterize all of them here  In general  VT and VF Detection should  if 
possible  be programmed OFF before subjecting the patient to procedures that induce 
strong electromagnetic fields  

Paired sensing between the PACE SENSE and SENSE2 leads makes the Model 7217B 
PCD device relatively insensitive to signals of non cardiac origin  It is important to maintain 
a distance no greater than one  1  cm between the two electrodes to minimize EMI effects  
The patient should be advised to avoid strong electromagnetic fields such as those listed in 
Table 8  Such signals could be interpreted by the device as being of cardiac origin and be 
detected as a tachyarrhythmia with subsequent delivery of VT or VF therapies  

 V 

4 
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Table 8  Potential Complications 

Source 

Standard fluomscopy 
radiation for imaging 

Effects Precautions 

Ng P ffgrt 

Microwave diathermy ovens No Effect  

Page 87 

Therapeutic diathermy Heating of circuitry  Must be avoided directly over the 
device  program VT VF Detection OFF  

Transthoracic defibrillation Effectiveness of transthoracic defibrillation may be 
affected by the implanted PCD system  possible circuit 
damage or loss of output if   400 J or   15 cm from the 
PCD device  increased pacing threshold  decreased R  
wave amplitude  resetting of programmed parameter 
values  see 

 Power On Reset  on page 82   

Direct defibrillation Effectiveness of direct defibrillation may be affected by 
the implanted PCD system  potential circuit damage to the 
PCD device  loss of output  increased pacing threshold  
decreased R wave amplitude  resetting of programmed 
parameter values  Avoid direct contact of the paddies with  
the exposed coils of the patch electrodes  

Electrosurgical cautery Possible triggering of VT VF detection and or therapies  
within 15 cm of the PCD system  the complications may 
include  potential circuit damage to the PCD device  loss 
of output  increased pacing threshold  decreased R wave 
amplitude  or resetting of programmed parameter values  
Program VT VF Detection OFF to avoid inadvertent 
detection  

Ionizing radiation Possible damage to circuitry  Should be avoided or device 
shielded  see  Hospital or Medical Environment   May 
mimic R waves and inhibit output or initiate VT VF 
detection and therapies  Program VT VF Detection OFF 
to avoid inadvertent detection  

Domestic e  ecicai 
equipment  car engine  
airport screening equipment 

PO aCaVCSSC CffCCt With c entionai  properiy 
grounded and operating devices  However  excessive 
levels of EMI may cause VT VF detection  

Pulsed energy  leakage 
current 

May mimic R waves and inhibit output or cause VT VF 
detection  

l  Up to 200 Volts peak meter  
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Potential Complications  Continued  

Source Effect Precautions 

Continuous strong 
interference 

May mimic R waves and inhibit output or cause VT VF 
detection  

Continuous strong 
magnetic field 

Undesired suspension of VT VF detection  possible 
damage to PCD circuitry  if charging occurs  

Metal portions of the 
electrodes touching each 
other 

A short circuit may occur during defibrillation or 
cardioversion resulting in permanent damage 
to the device s high energy output circuitry  

Effects of Electrosurgical Cautery and Defibrillation 

The use of electrocautery  within 15 cm  or direct defibrillation may cause permanent damage to the device  

Under certain conditions  the use of direct defibrillation or electrosurgical cautery in the 
vicinity of a Model 7217B PCD System  i e   device and lead electrodes  may cause the 
device to be set to its reset parameter values  see Table 4 in  General Device 
Information     

Program VT VF Detection OFF during electrosurgical cautery to avoid triggering of 
VT VF therapy  

Following the use of direct or transthoracic defibrillation or electrosurgical cautery  
interrogate the device and print a full summary to verify and document that the 
programmed status of the device is as desired  

NOTE  Always interrogate the device at the beginning and end of each follow up 
session and print a full summary to verify and document that the programmed status of the PCD device is as desired  

Hospital or Medical Environment 

Exposure to normal diagnostic levels of x ray and fluoroscopic radiation should not 
affect the Model 7217B PCD device  

The Model 7217B PCD device SHOULD NOT BE DIRECTLY IRRADIATED by 
therapeutic levels of ionizing radiation  such as produced by cobalt or linear accelerators 
used for cancer treatment   because of risk of permanent damage to the device s circuitry  
If such therapy is required in the vicinity of the device  the device should be shielded 
 with VT VF detection OFF  and its operation and various functions confirmed 
following treatment  
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Home or Job Environment 

The Model 7217B PCD device should not be affected by the normal operation of 
electrical equipment such as household appliances  electrical machine shop tools  
microwave ovens  spark ignited internal combustion engines  radio frequency 
transmitting systems  or microwave frequency transmitting systems  

NOTE  Such effects will normally not be observed if proper electrode spacing  i e   no 
greater than 1 cm between the PACE SENSE and SENSE2 electrodes and 
with the corresponding leads routed together  is provided at implant  

Medtronic should be consulted when device wearers will be in areas where contact with 
current carrying conductors is possible or when they must come near high powered  
electromagnetic fields radiated by are welding units  induction furnaces  resistance 
welders  etc  
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GENERAL WARNING 

The Medtronic  Implantable Pacer Cardioverter Defibrillator Device  the 
 Device    and 

the Medtronic Implantable Leads  the 
 Leads   are implanted in the extremely hostile 

environment of the human body  This environment places severe limitation on the design 
and function of the Device and Leads  These limitations unavoidably reduce the 
effectiveness and longevity of the Device and Leads despite the exercise of due care in 
design  component selection  manufacture  and testing prior to sale  

The Device includes a nonseparable power source that will ultimately cease to function 
due to exhaustion or premature failure thereby necessitating removal of the Device  The 
Leads are necessarily very small in diameter and very flexible  which unavoidably 
increases the likelihood of breakage or breach of their insulation  Other reasons for 
iaiiure of the uevice or Leads include  but are not limited to  body rejection phenomena  
physiological variations in patients  medical complications  including antiarrhythmic 
drugs  Lead displacement  Lead fracture  fibrotic tissue formation  erosion of the Device 
or Lead through body tissue  infection  perforation of an artery or heart  random 
component failure  or interference from transmitters  tools  appliances  instruments  
equipment  electrocautery  external defibrillators or other devices that use electricity  
ionizing radiation  or electromagnetic wave transmission  

Complications that may be associated with the use of the Device and Leads include  but 
are not limited to  failure to detect ventricular tachycardia or ventricular fibrillation  
failure to terminate ventricular tachycardia or ventricular fibrillation  delivery of a pacing or shock therapy when no ventricular arrhythmia is present  which could precipitate an 
episode of ventricular tachycardia or ventricular fibrillation  acceleration of a ventricular 
arrhythmia  failure to capture after a shock delivery  constrictive pericarditis  discomfort 
or pain during or following the delivery of electrical shock  or tissue or muscle burns at 
the site of the electrodes  

Consequently  no representation or warranty is made that failure or cessation of function 
of the Device or Leads will not occur  that the body will not react adversely to the 
implantation of the Device or the Leads  that medical complications wiH 1iOtfOHWV tent implantation of the Device or the Leads  that the Device and Leads will effectively 
restore adequate cardiac function  or that implantation of the Device and Leads will 
prevent sudden death  See the Medtronic Warranty packaged with the product for the terms and conditions of the warranty  

SERVICE 

Medtronic employs highly trained representatives and engineers located throughout the world to serve you and  upon request  to provide training to qualified hospital personnel in the use of Medtronic products  In addition  Medtronic maintains a professional staff of consultants to provide technical and medical consultation to product users  For 
supplemental information  contact your local Medtronic representative  or call or write Medtronic at the appropriate address or telephone number listed on the back cover  

pi 
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GLOSSARY OF TERMS 

The following definitions and or descriptions are used in this manual  

Anode  Positive  pole  of the current pathway  PULSE1 and or PULSE2 are the anodes 
for delivery of cardioversion and defibrillation therapies  

Auto Adjusting Sensitivity  The device automatically adjusts the prop ammed 
sensitivity to a less sensitive value following signal detection on the sensing leads  This 
prevents the sensing of T waves when sensitive thresholds are used  

Acceleration  The criteria for determination that a VT has accelerated after delivery of a 
therapy  Acceleration is defined as a decrease by 60 ms or more in the average cardiac 
cycle length from the initial VT detection cycle length  

Automatic  When the desired detection and therapy are programmed ON  the device 
delivers the therapy  without manual intervention  after all detection criteria are met  

Blanking Period  The period during which the PCD device does not sense events  
Blanking periods occur after each paced  sensed  or therapy event and during and after a 
charging period is completed  

Burst  A VT therapy in which the device delivers a sequence of rate adaptive  equal  
intervatpulses  The first pulse in the sequence is delivered at a propammable percentage of the  ach wardia cycle length  Subsequent purses in Ae same sequence are deiivered at 
this same interval  

Cancel Magnet  A programming command that overrides the effect  on VT and VF 
Detection  of positioning a programming head over the device  This command reinstates 
automatic VT and VF Detection while the programming head is in place  
Cardioversion  Describes the VT therapy type in which the PCD device delivers a 
programmable pulse that is synchronized to a ventricular sensed event  

Cathode  Negative  pole  of the current pathway  COMMON is the cathode for delivery 
of cardioversion and defibrillation therapies  

Charge  A programming command that allows the manual initiation of the capacitor 
charging cycle  The length of this cycle is an indication of the condition of the PCD 
device battery  

Charge Circuit Inactive  A change in device function after three consecutive Charging 
Periods are equal to 35 seconds  In this state  the device disables  

  All automatic VT and VF Detection and Therapies  
  Programmer initiated therapies  except Emergency Burst Pacing   
  Programmer initiated EPS  premature stimuli  and fibrillation stimuli  
  Programmer initiated Charging Periods  

Charging Period  The period during which the PCD device stores the programmed energy  charge  in capacitors so that it can rapidly deliver a cardioversion or 
defibrillation therapy 
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Committed  Once a charging cycle is initiated for defibrillation therapy  a shock will be 
delivered  The therapy may be aborted by applying a magnet  however  timing of magnet 
application will determine whether therapy is aborted  

COMMON  The electrode that serves as the cathode for cardioversion and defibrillation 
therapies  and as the anode for pacing therapies  

Current Pathway  The path followed by a Cardioversion or Defibrillation pulse s  
when discharged across cardiac tissue  i e   between an anode and cathode  

Defibrillation  A therapy consisting of electrical shock to terminate ventricular 
fibrillation  The device attempts to synchronize the shock to a ventricular depolarization  
and if unsuccessful  delivers the shock asynchronously  Automatic VF Therapy can be 
programmed up to a series of four attempts to terminate a VF episode  

Detection  The condition in which the device has determined the presence of electrical 
events that fulfill all programmed VT or VF criteria  

Disabled  A permanently programmed state in which detection and or therapies are not 
available  OFF condition   These functions can only be re enabled via a programming sequence  

Dump  A programming command that discharges the manually charged capacitor into a 
load circuit in the device  

Effective Therapy  The PCD device considers a VT or VF therapy effective if  after the 
therapy  the device recognizes the termination of the episode prior to redetection  i e   the 
continuation of the original arrhythmia  

EGM  Electrograrn   The signal  transmitted via telemetry  of an electrogram taken 
from the device s lead system  

Elective Replacement Indicator  The telemetered battery voltage at which replacement 
of the device is recommended  It does not indicate that the device has altered its 
operation in anyway 

Emergency VVI  A programming step that allows quick access to manual initiation of 
Defibrillation  Burst  Cardioversion  or VVI Nominal Therapy  

Enable  Allows or turns ON the function  e g   allows VT and VF Detection and 
Therapies to carry out the designed capacity for detecting and terminating VT VF 
episodes  

ETCD  External Tachyarrhythmia Control Device  
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Fibrillation Detection Interval  FDI   The interval in milliseconds that measured 
cardiac intervals must be less than or equal to in order to meet the ventricular fibrillation 
detection criteria  

Interval Criterion  The programmable VT Detection Criterion that is designed to detect 
a sustained high ventricular rate by measuring each cardiac cycle length and comparing it 
to the programmed Tachycardia Detection Interval  

Interval Stability Criterion  The programmable VT Detection Criterion that allows the 
PCD device to screen out irregular ventricular rhythms and or unstable VTs  

Marker Channel  A programmer generated set of symbols that allows real time 
visualization of sensing  pacing  detection  and therapy events occurring within the device  

Number of Intervals to Detect  NID   The programmable number of measured cardiac 
intervals that must meet the FDI or TDI criteria for detection to occur  Displayed on the 
programmer screen as  INT  

Non Committed  Post completion of charging for cardioversion  the device attempts to 
confirm the presence of VT and synchronize to an R wave  if this is not possible  therapy 
will not be delivered  

Onset Criterion  The programmable VT Detection Criterion that permits the PCD 
device to differentiate between a sudden or abruptly starting tachycardia and one with a 
gradually increasing rate such as sinus tachycardia  

Paced Events  Output pulses  of pacing energy levels  from the PCD device  

Pacing Therapies  Two VT therapies  Burst and Ramp  are pacing therapies designed to 
deliver pulses at pulse widths and amplitudes the same as those programmed for 
bradycardia therapy  

PCD Ineffective  The PCD device is considered ineffective for VT or VF if  after all 
therapies have been delivered  the device redetects the arrhythmia prior to recognition of 
the episode s termination  

Potential Loss of Function Indicator  The telemetered voltage at which immediate 
replacement of the PCD device is recommended  In this situation the potential for altered 
or loss of function is present  

PULSE1  PULSE2  The defibrillation electrodes that serve as anodes for cardioversion 
and defibrillation therapy  

Ramp  A VT Therapy in which the device delivers a sequence of rate adaptive  
decreasing interval pulses  The first interval is a programmable percentage of the 
detected VT cycle length Each subsequent interval is decremented from the preceding interval by a programmable value  For each sequence the device automatically increases 
the number of pulses by one  

Redetection  After the delivery of VT VF Therapy the device monitors the cardiac cycle 
length for continued fulfillment of the propammed detection criteria  Fulfillment of this 
criteria  redetection  is required before the next therapy will be delivered  

 it 
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Refractory Period  The period after paced  sensed  or therapy events during which 
events are not used for detection  synchronization  etc   but are used to restart a blanking 
period  The PCD device can sense evils during tXs   me  but  not  during  e related  
blanking period  Events sensed during the refractory period are called  refractory sensed 
events   

Rounding  When attempting to detect a tachyarrhythmia  the PCD device rounds down 
to the nearest 10 ms while measuring the cardiac cycle length  However  it rounds up or 
down to the nearest 10 ms interval when using the measured interval to average or 
calculate percentages of intervals  e g   during Burst or Ramp Therapies or when the 
Onset Criterion is active  

Sensed Event  The recognition by the PCD device circuitry of electrical activity on the 
paired leads  PACE SENSE to SENSE2  that exceeds the programmed sensitivity 
threshold  Sensed events are either refractory sensed events or non refractory sensed 
events  i e   events sensed outside a refractory period  Non refractory sensed events may 
also be categorized as VT  VF  or normal sensed events  

Sequence  The programmable feature that indicates the number of attempts that will be 
made by a given Ramp or Burst therapy to terminate the tachycardia  

Sequential Pulse Cardioversion or Defibrillation  The programmable therapy 
designed to terminate a VT VF episode  consisting of two high voltage pulses delivered 
one after the other across two different pathways  

Simultaneous Pulse Cardioversion or Defibrillation  The programmable therapy 
designed to terminate a VT VF episode  consisting of two high voltage pulses delivered 
at the same time across two different pathways  

Single Pulse Cardioversion or Defibrillation  The programmable therapy designed to 
terminate a VT VF episode  consisting of one high voltage pulse delivered across one 
pathway  

Suspend  Temporary inactivation of detection functions by placing the programming head over the device  Cancel Magnet or lifting the programming head reactivates 
detection if it was previously programmed ON  Detection functions are also suspended 
after all therapies are delivered  

Synchronization Sequence  In both Cardioversion and Defibrillation Therapy  the 
process conducted after the completion of charging when the PCD device attempts to 
identify the leading edge of an R wave or ventricular event with which to synchronize 
the delivery of a high energy output  In Cardioversion therapy  this period is also used to 
confirm the continued presence of the VT  
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Tachycardia Detection Interval  TDI   The interval in milliseconds that measured 
cardiac intervals must be less than to meet the ventricular tachycardia detection criteria  
Note  The intervals must also be greater than the FDI  

Termination  The PCD device considers a VT of VF episode  terminated  whenever it 
detects eight consecutive cardiac cycles longer than the TDI or FDI  respectively  

Therapy Type  Defines the kind of delivered therapy  i e   Burst  Ramp  Cardioversion  
or Defibrillation  

Therapy Sequence  A single attempt to terminate a VT with pacing level stimuli  The 
term applies to VT therapy types in which a single therapy can consist of a program  mable number of Burst or Ramp sequences  

Therapy  The device operation to treat a detected VT or VF  A single therapy consists 
of a cardioversion or defibrillation shock or a sequence of pacing level treatments  i e   
Burst or Ramp  

VF Episode  The period during which the device considers VF in propess  i e   from the 
time of initial VF detection until the criteria for VF termination are recognized by the 
PCD device  

VT Episode  The period during which the device considers VT in propess  i e   from the 
time of initial VT detection until the criteria for VT termination are recognized by the 
PCD device  

   1  
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Capacitor conditioning 61 
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current pathways 24 
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pulse delivery 30 
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Contraindications 2 
Current pathways 
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defibrillation 37 
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Data reports 68 
Defibrillation efficacy testing 47 
Defibrillation therapy 34 
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current pathways 37 
differences from cardioversion 25 
efficacy determination 33 
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programming OFF 34  58 
pulse width programming 74 
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Electromagnetic interference CHEMI  83  86 
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radiopaque I D  73 
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lead implantation 42 
lead measurements 46 
lead placement 44 
operative set up 41 
overview 40 

placing the PCD Device 51 
pre programming 42 
set up 41 
system evaluation 50 
testing 42 

Implanting a PCD device with chronic leads 52 
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procedure 40 
replacement 52 
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Indications 2 
Intended uses 2 
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Interval measurement 7 
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Longevity expectations 3 
Magnet operation 65 
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VF detection 31 
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VT detection 8 
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Pathways  current 
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programming considerations 61 
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potential loss of function indicator 61 
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programming considerations 53 
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Precautions 
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Prescribing the PCD device 2 
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overview 4 
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VF detection 31 
VF therapy 34 
VT detection 8 
VT therapy 18 
VVI therapy 38 
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Programming considerations 53 
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VF therapy 58 
VT detection 53 
VT therapy 55 
VVI therapy 59 

Programming head operation 65 
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Radiopaque I D  73 
Ramp therapy 21 

programming considerations 55 
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References ii 
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data 68 



7217B NTL Index MMC 10 6 93 4 26 PM Page 98 

Index 
Page 98 

pacing and sensing 66 
status 68 
VF detection and therapy parameters 67 
VT detection and therapy parameters 66 

Reset parameter values 65  85 
Resterilization 39 
Sensing and detection 5 

programming considerations 38  57  59 
Sequential pathway 24  37 
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Termination  episode 
VF 33 
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defibrillation 35  37 
interval measurement 7 
reiractory periods 6 

Turning off the PCD device 65 
VF detection 31 

disabling 33 
efficacy determination 33 
episode termination 33 
fibrillation detection interval  FDI  31 
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overview 31 

programming considerations 57 
programming OFF 31  57 
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suspending 33 

VF therapy 
see Defibrillation therapy 34 

VT acceleration 23 
VT detection 8 
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onset criterion 13 
overview 8 
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programming ON 54 
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therapy efficacy 16 

VT therapy IS 
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cardioversion therapy 24 
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programming considerations 55 
programming ON and OFF 56 
ramp therapy 21 
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VVI therapy 38 
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disease progression 82 
electrocautery 84 
electromagnetic interference  EMD 83  86 
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SPECIFICATIONS 

Programmable Capability 
Functions 

Increments Programmer Tolerance Other Notes 
Default  

Sensing Pacing 

Mode VVI 

Pacing Rate 30 64  65  66 82  2 ppm 
85  86  88  90 ppm 

65 ppm 

Pulse Width 
Sensitivity   

0 03   1 59 ms 0 03 ms 
0 3   2 4 mV 0 3 mV 

0 49 ms 
0 3 mV 

Pulse 
Amplitude 2 8 and 5 4 V 

Refractory After 
Pace 320 480 ms 

VT Detection 

Enable 
VT Detection 
Interval  

Number of 
Intervals to 
Detect 

Onset Criterion 
R R Percents 

ON OFF 

280   600 ms 

4 52 

ON OFF 

56 62  66 87  
91   97  

Onset Counter 
Interval 

ON OFF 

5 4 V 

40 ms 320 ms 

OFF 

10 ms 400 ms 

4 16 

OFF 
3  8 lac 

OFF 

Stability  OFF  30   130 ms 10 ms OFF 

Only mode 
available 

  1ppm 

  0 0     03 ms 
  0 15 mV For 0 3 mV 
  0 20 mV For 0 6 mV 
  0 25 mV For 0 9 1 5 mV 
  0 40 mV For 1 8 2 4 mV 

2 5 8 5 2 V min 

  20   Oms 

  1 ms 
TDI should be 
at least 40 ms 
longer than FDI 

NID value 
applies to all 
VT Detections 

  0 5    

  ms  

a  Due to Medtronic s continuing deveopment  it is not possible to list all currently available programming coa6guratioas  See the appropriate Medtronic programmer manual for specific details  
b  Parameter and tolerance values apply at 37  C and 510 ohm load at time of manufacture  Values may vary depending on the specific test procedures used  
c  Programmer default values are associated with the Model 9788 MemoryMod  
d  Escape interval equals pulse interval   10    50 ms   
e  With a 40 ms sine waveforrn  
f  When using the Cenelec waveform  the rated sensing threshold value will be 1 5 times the rated sine  sensing threshold value  g  With a periodic  constant amplitude and wave shape  signal  
h  Does not include an additional   0   10 ms  rounding tolerance associated with each interval measurement  i  Does not include an additional   5 ms rounding tolerance associated with an R R average calculation  
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Page 100 
Specifications 

Programmable Capability 
Functions 

Increments Programmer Tolerance Other Notes 
Default 

VF Detectioa 

Enable 

VF Detection 
Interval   

ON OFF 

240 400 ms 

Number of Inter  
vals to Detect 6 30 

VT Therapies 0 4 
Burst 

Enable ON OFF 

10 ms 

6 

Number 
of S  Pulses 

S   S  Interval 

1   15 1 
5 Hi2  66   87  3  
91 97  

Number of 
Sequences 

Decrement per 
Sequence 

Minimum Pulse 
Interval 

Ramp 
Enable 

Initial Number 
of S  Pulses 

First R S 
Interval 

Decrement per 
Pulse 

Number of 
Sequences 

Minimum Pulse 
interval 

1   15 

0 its iO ms 

150   300 ms 10 ms 

ON OFF 

1 15 

5 2  66   87  3  
91   97  

0   40 ms 10 ms 

1   15 

150 300 ms 10 ms 

OFF 

320 ms  1 ms 
FDI should be 
at least 40 ms 
less than TDI 

18 

OFF 

6 

84    0 5 c 

5 

iO ms  1ms 

200 ms  1ms 

OFF 

5 

97 7o   0 5  c 

10 ms   1 ms 

8 

200 ms   1 ms 

a    th a persodie  constant amplitude and wave siiape  signal 
b  When VF Detection is enabled  the programmed setting for this parameter serves as the minimum interval to identify a VT event  c  Tolerance does not include rounding tolerances associated with the R   R interval measurement   0  10 ms   R R average calculation    5 ms   and the stimulation interval calculation    5 ms   d  The Minimum Pulse Interval selected applies to both Burst and Ramp therapies and is used for all programmed therapies and sequences  
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Specifications 
Page 101 

Programmable Capability 
Functions 

Increments Programmer Tolerance Other Notes 
Default 

Cardioversion 

Enable 

Current Path 
ON OFF 

Single  Simultaneous  
or Sequential 

Pulse Width 0 5   2 0 ms 0 5 ms 
2 4   5 9 ms 0 5 ms 
6 3   7 8   8 1 ms 0 5 ms 

OFF 

Sequential 

6 3 ms  0 2   0 1 ms 
 0 2    0 1 ms 
 0 2    0 1 ms 

Peak voltage with 
75 ohm load  

Energy  Stored  0 2   1 8 joules 
2 0   15 0 joules 
16 0   34 0 joules 

VF Therapy 
Enable 

0 4 

ON OFF 

0 2 J 
1 0 J 
2 0 J 

Current Path Single  Simultaneous  
or Sequential  

Pulse Width 2 0   2 4   5 9 ms 0 5 ms 
6 3   7 8   8 1 ms 0 5 ms 

o s st 

OFF 

Sequential 

6 3 ms 

Energy  Stored  0 2   1 8 joules  
2 0 9 0 joules  
10 0   15 0 j oules 
16 0 34 0 joules 

VT Manual Prescriptions 

0 2 J 
1 0 J 
1 0 J 
2 0 J 

34J 

Burst See Above 
Ramp See Above 
Cardioversion See Above 

VF Manual Prescriptions 
Defibrillation See Above 

Electrophysiological 
Studies 

300 2000 ms 10 ms 
S  ST 150   600 ms 10 ms 
ST ST 15 00 ms 10 ms 
ST S4 150 600 ms 10 ms 
Number of S  1   20 1 

600 ms 
400 ms 
OFF 
OFF 
8 

20 95 5 
a  Default setting is 34 0 J for therapy  3 and  4 
b  The programmed current path applies to all four VF therapies  
c  Energy range available only for Therapies  1 and I D  
d  Specifications may vary with the specific Medtronic programming system used 

  35  
  15  
  15  

  lac 
 5  
 5  

 0 2   0 1 ms 
 0 2   0 1 ms 

  35  
  15  
  15  
  15  

Peak voltage with 
75 ohm load  
  16  
 5  
 5  
 5  

Programmer in 
itiated therapies 
 Manual Pre  
scriptions  do 
not involve the 
automatic detec  
tion criteria  
Only one pacing 
sequence or ther  
apy per command  

 2 ms 
 1ms 
 1 ms 
  1 ms 

Delivered  
in VVI Mode 
Asynchronously 
Asynchronously 
Asy nchronously 
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Page 102 
Specifications 

Programmable 
Functions 

Capability Increments Programmer Tolerance Other Notes 
Default 

E ectroplxysioJogicaE 
Studies  continued  
High Rate Pacing  Fib  
Manual   Interval 
Automatic 

Interval Limit 

100 400 ms 10 ms 

100   200 ms 10 ms 
210   250 ms 20 ms 
300 400 ms 50 ms 

Telemetry 

Permanent OFF  1 63 hrs 1 hr 
Continuous 

Type Marker Channel 
EGM   Near Field 

400 ms   1 ms 

200 ms   I ms 
  1 ms 
  1 ms 

OFF 

Marker Channel 

Based on 4 000 
events per hour 

PACE SENSE to 
SENSE2 

EGM   Far Field PULSE1 to 
COMMON 

Manual Capacitor 
Charging 0 2   1 8 J 0 2 J 

2 0 15 0 J 1 0 J 
16 0   34 0 J 2 0 J 

  35  
  15  
  15  

Peak voltage with 
75 ohm load 
  16 7o 
 5  
 5  

Nonprogrammable CapabHity 
Functions 

Tolerance Other Notes 

Blanking 

Refractory 

lap ms  
320 ms 
300 ms 
300 ms 

200 ms 

400 ms 
520 ms 

  20   0 msc 
  20   0 ms 
  20   90 ms  
  20   0 ms  

After sensed event 
After paced event 
After Charging Period 
After VT VF therapy or 
failure to synchronize 

  20   0 ms  

  20   90 ms  
  20   0 ms  

After sense  during CV 
Synchronization Sequence 
After Charging Period 
After VTIVF therapy or 
failure to synchroni e 

VF Synch Period 500 ms  1ms If no sensed event  the 
defibrillation shock is 
delivered 

Escape Interval 
Maximum Allowable 
Charging Period 

1000 ms 

34 95 seconds 

 Z ms 

 20    10 ms 

After VT VF therapy 

For cardioversion and 
VF therapy 

a  Using a periodic  constant amplitude and waveform  signal 
b  Measured from the time of the previous sensed event  
c  Based on a 40 ms sine waveform at twice the programmed sensitivity threshold  
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Specifications 
Page 103 

Nonprogrammable Capability 
Functions 

Tolerance Other Notes 

Time Between 
Sequential Pulses 
Disabling of VT 
Detection 

244 Haec 

64 events 
Rate Limit  Pro  
tective Feature  120 ppm 

Input Impedance  min  50 Kohms 

  225 p sec 

After a VF detection 

  20 ppm Does not apply during 
therapies or programmed 
high rates 

Data Range Tolerance Other Notes 

PCD Status 
Memory Retention 

Charge Circuit 
Last Charge Time 
Battery Voltage 

VT Onset Counter 

VT Episode and 
Episode Count 
VT Therapy 

Success Count 
Number of VTs PCD 

Ineffective 

OK  Reset  by Power Inadequate  Memory Loss  Both  

PCD Efficacious 
on Last VT 

Last Therapy Used 
Number of Sequences 

in Last Therapy 
R R Average for 

Last Pace Therapy 

OK  Timeout  Inactive 
10 ms   34 95 seconds 
Measured Voltage 
0 65 535 

Therapy Data 
0   255  

 20    10 ms 
 200 mV 

0 255  

0 255  

YES NO 

0 4 

1   15 

None  150 600 ms 

Reports for each of 4 therapies 

Applies to Burst and Ramp 
therapies only 
Applies to Burst and Ramp 
therapies only 

a  An increment to a counter that causes the value to exceed the maximum will cause the counter to go to the minimum value  
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Page 104 
Specifications 

Nonprogrammable Capability Tolerance Other Notes 
Functions 

VF Episode and Therapy Data 
Episode Count 0   255  
VF Therapy 

Success Count 
Number of VFs PCD 

Ineffecti ve 

0 255  

0   255  

Reports for each of 4 therapies 

PCD EFricaeious 
on Last VF 

Last Therapy Used 
Last Episode 

Sequence 
Cycle Length Intervals 
Last Therapy 

Sequence 

YES NO 

0 4 

20 intervals 
100   2000 ms   12    2 ms 

10 intervals 

Prior to last VT or VF episode 
detection 

Following last VT or VF therapy 
delivered during last episode 

Mechanical Dimensions 

Size  Height 
Length 
Width 

Mass 

Displacement 
Volume 

External Shield 
Battery 

101 mm 
70 mm 
20 mm 
197 grams 

113 cc 

Titanium 
Lithium Silver Vanadium Oxide  6 4 V nominal  

Factory Preset Parameters As indicated on Package Labeling 

a  An increment to a counter that causes the value to exceed the maximum will cause the counter to go to the minimum value  

g 
 I 
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March 26  1993 

Office of Device Evaluation 
PMA Document Mail Center fHFZ 401  Cg 

Center for Devices and Radiological Health 

Food and Drug Administration 
1390 Piccard Drive 
Rockville  MD 20850 

4  

Re  Transvene Lead System  PMA Amendment 

 Document Control Number P920015       3 
CP 

I 
P 

 WIT 

The purpose of this submission is to respond to the deficiencies described in 

FDA s letter  dated March 17  1S93  see Attachment 1  Deficiency responses 

are presented in Attachment 2  An updated Summary of Safety and 

Effectiveness is provided in Attachment 3  

Information provided in this amendment includes clinical experience of 757 

patients through February 1  1993  Additional information is provided on 

virtually all clinical Transvene system implants  N   1330  relative to patient 

cornpbcations and obsericat on    nrJuding lead dislodgements   patient deaths 

and survival  This is provided in deficiency response 48  Again  the data 

imtu  f  date far  these 
  330 

pat eats is February 1  1993  A stand alone  

Clinical Summary Report is provided in Attachment 4 for convenient reference  

Clinical data presented in this amendment continues to demonstrate the PCD 

Transvene system performs as specified and is  therefore  safe and effective 

for its intended use  Results include 99 3 percent survival from SCD at one 

year  Additionally  Transvene system perioperative mortality and hospital stay 

compares dramatically to that of epicardial systems  0 7  mortality and 7 days 

lA IlOSplt8I  V S 5  3 p8fC8Pit    Of   8   yl  BM 1 1   pS  0  405plt8l   fBSDBCtlVBIY  

Copies of Transvene labeling  technical manuals  are provided in Attachment 

5 for reference  
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March 26  1993 

The existence of this PMA Amendment and the data and other information it 
contains are confidential  and the protection afforded to such confidential 
information by 1S USC 1S05 and other applicable laws is hereby claimed  

Three copies of this PMA Amendment are provided  Should additional 
information be required by the Agency  please contact the undersigned  

Sincerely yours  

MEDTRONIC  INC  

Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
 612  574 4688 
 612  574 6424 FAX 

Attachment 

1 
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DEPARTMENT OF HEALTH 6  HUMAN SERVICES 
3 Public Health Service 

Food and Drug Administration 
1390 Piccard Drive 
Rockville  hiD 20850 

MAR I  l993 

Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  Minnesota 55432 3576 

RE  P920015 
Transvene  Lead System 
Filed  April 1  1992 
unended   Sep4eaber 23   1991 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 
Administration  FDA  has completed an initial scientific review of the above 
referenced premarket approval application  PNA   We regret to inform you that on the basis of this review  we have concluded that the PMA lacks information 
needed to complete the review and determine whether there is reasonable 
assurance that the device is safe and effective for its intended use  

We recognize the potential public health significance of this device and acknowledge the separate discussions underway to expedite the review  
However  because of this lack of information  review of the PMA cannot 
continue and  accordingly  we have listed the following significant 
deficiencies arhich require the responses as indicated  

1  To clearly establish the purpose of the clinical data in the PNA 
application  please provide the following  

a  the hypothesis and the objectives of your clinical study  

b  a discussion of  i  how your clinical study addresses the use of a control  which is relevant to all clinical studies   ii  the appropriateness of the AICD  as a historical control  and  iii  
your rationale for not using a concurrent control during an 
implantable cardioverter defibrillator  ICD  study  

c  the endpoints of your study  and 

d  how the data provided in the PMA application support the 
specified endpoints  
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2  Based on data provided in your PMA application  please prepare 
table s  which include a side by side comparison of the PCD4  
Transvene  and the PCD  Epicardial System and the PCD  Transvene  and 
Ventak P AICD  populations  The table must also include the 
inclusion and exclusion criteria which were used for each study  You 
must include a discussion of how these data may or may not represent 
a valid comparison  and other comments which justify and support the 
use of these groups as controls  

3  An update of the PMA clinical study population must be provided  The 
update must include the data as presented in the PMA application  and 
must include the clinical experience in the use of the new anchoring 
sleeves  which are aimed at decreasing the incidence of dislodgement  
and a summary of the clinical experience  spontaneous treatment 
efficacy of ventricular tachycardia  VT  and ventricular fibrillation 
 VF   observations and complications  number of patient deaths and 
overall survival  of the patients followed for a year or more  

4  Please provide a clear description of how you identified the  patient 
who did not meet the implant criteria   Please discuss your implant 
criteria and how implant testing attempted to satisfy protocol 
requirements  

5  Of the 214 patients who did not meet the implant criteria and yet were implanted with the device  170 patients had successful 
defibrillation with 24 Joules  J   Please provide an update of the 
clinical experience on these patients  as described in item 3 above  
Also  please discuss how your proposed labeling will address this 
protocol deviation  Will implant criteria be changed  

6  There were 20 patients among the 214 who did not meet the implant 
criteria and were implanted without the 10 J safety margin  An 
update of the spontaneous episode experience in the treatment of VT 
and VF in these patients and the overall survival must be provided  

7  Table IK 4  page 151  compares the patients meeting the implant 
criteria to those who did not meet the criteria  However  many of 
the percentages were presented without numerical support  Please 
provide the appropriate numbers  

8  Please provide an update on the patients who are implanted with the 
Transvene  System and were not counted in the PNA population  The 
update must include a suaunary of the clinical expert as 
referenced in item 3 above  

9  Based on your study protocol  please differentiate between 
defibrillation threshold  DFT  testing and lowest energy to 
defibrillate  LED  testing  Based on the individual patient report 
forms of the  5  patients   hov many patients unde werrt  hat is 
described as DFT testing and how many had LED testing  Samples of 
the patient report forms showing the scheme of testing which was 
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categorized as DFT and LED testing must be provided  Please discuss how the DFT and LED data were reported and presented in the PNA application  

10  There is a statistically significant difference between the mean DFT obtained with the RV CS SQ lead configuration and the mean DFT 
obtained with the other lead configurations  How do you account for this difference  Was the DFT as reported and discussed for all lead configurations obtained using an identical or similar scheme  Please discuss  You must document that there were no significant 
differences between the scheme for performing DFT and LED testing between the Transvene  and PCD  Epicardial patient populations  if that is the case  

11  Please elaborate on how the comparison of DFTs obtained from the PCS Epicardial Lead study and the Transvene  study can be considered as a valid comparison in that the majority of the patients  574  7  3 
percent   in the Transvene  study were programmed with the sequential 
pathway and 178  23 4 percent  were programmed via the simultaneous 
pathway  The majority of the patients  496  65 2 percent   in the PCD  Epicardial study were programmed with the single pathvav Based on your FCD  Epicardial study  please discuss the DFTs or energy requirements obtained with the use of the single defibrillation 
pathway versus the sequential and simultaneous pathways  

12  Please discuss the time between detection and delivery of therapy of the Transvene  System versus the PC   Epicardial System  

13  On page 125 of the application  please explain and or discuss what is meant by  a 2 1 VF sensing margin   how it is determined  and if the 
patients tnet the criteria  

14  Of the 329 patients who were followed for 6 months  130 patients had spontaneous episodes  What was the average number of VT and VF episodes per patient  Of the patients followed for a year  how many had spontaneous episodes of VT and VF and what was the mean nunber of episodes per patient in this group  

15  On page 130  Table IF 4  you report that there were 5362 episodes of VT successfully terrainated  On page 131  paragraph 2  you state that 25 patients experienced 45  0 8 percent  episodes of sinus tachycardia or atrial fibrillation  Are these patients included in the success or failure category  Nine hundred and sixty four episodes of VF were reported  however  75 episodes were not actual VF  You must clarify how the successful and ineffective therapies and failures are discerned and categorized  Please prepare a table which includes a category of ineffective therapies with actual 
patient numbers and percentages  In addition  what assurance is there that an episode of supraventricular tachycardia or atrial fibrillation is not misinterpreted as VT or VF by the physician and considered a successful therapy  

Q  
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16  Table IM 6  page 173 must be modified to include a column on inappropriate therapy or therapies delivered as the device was progranuned so that the percentages add up to 100 percent  

17  On page 162  Table IL 2 lists a category  Fail to Cardiovert Defibrillate  as 0 8 percent  Please clarify  Xf a patient survives an episode of an inappropriate therapy  is it categorized as a success  Please discuss  The tables must include percentages with the representative numerical support  

18  There were 38 inactive patients reported in Table IH 1  however  34 patients were reported to be no longer active  Please clarify  

19  Please discuss how the 1 year sudden cardiac death survival  as reported in Table IF 2 page 128  was calculated  The numbers and an explanation of patient classification must be included  Vas every patient included who had a prior cardiac arrest regardless of the arrhythmia  

20  On page 177  the number of patients must be provided so that the percentages and calculated p values can be confirmed  

21  Table IV C  page 649 of the original submission shows a comparison of patient variables for the three lead systems and provides p values for the variables tested  but the hypothesis was not clearly stated  Please state the hypothesis and discuss the p values obtained when reporting by primary indication  and the chi square test of the data set and how it was computed  

22  For purposes of justification of data pooling and data analysis of Table IV C  please discuss why the multiple statistical significant difference was not adjusted at a 0 05 significance level using a more widely accepted procedure such as the Hochberg procedure  Dunnett and Tarnhoue  A Step up Multiple Test Procedure  Journal of the American Statistical Association March  1992  Vol 87  pp 162 170   
23  You claim that confidence interval analysis was performed to compare the overall mortality of the PCD  and AICD  populations  What was the confidence interval  

24  Please clarify and or discuss the following regarding Table XB 1  page 378  Volume 2  

a  the total number of patients in the Ventak P population  292  versus those reported by primary indication  291   and 

b a chi aqua  e  test of primary incEcation  using the StatXact computer software  yields a p value of nearly 0  This is statistically significant  indicating the PCD  and Ventak P populations are significantly different  
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25  Please discuss the incidence of inappropriate therapies reported as observations in the Transvene  study  It appears as if there has only been a slight improvement over the PCD  Epicardial study as it relates to programming and patient management  drug therapy   Please discuss the experience of both studies and how the labeling supports effective programming of the device parameters and the use of the Onset and Stability algorithms  How many patients in the Transvene  study have the Onset and Stability algorithms programmed ON  At what interval during the study were the majority of patients programmed with the algorithms  Your experience in the treatment of induced and spontaneous episodes viCh use  f the  algmithms must be discussed  

26  Please discuss the  device related  complications reported for the Transvene  and the PCD  Epicardial System  

27  Please describe in detail the complications reported in the patients followed for a year  

28  There was a substantial increase in the number of infections reported in the Transvene  study  Even though you discussed why there was an increase  based on your experience  how will your labeling address the procedures for reduction in the number of infections  Please validate these procedures  

29  A discussion of your experience in the use of the different entry sites for the placement of the Transvene  leads  and how your labeling assists in the selection of an entry site  must be provided  
30  Of the 22 deaths  15 systems were explanted and returned for analysis  The results of the analyses  PCS and Transvene   leads  must be provided  What did device interrogation reveal  How many of the 41 Transvene   lead systems which were explanted were returned and analyzed  How long were the leads implanted  A description of the protocol for analysis and the results of the analyses on all leads and devices must be provided  The PMA application must document how your study has addressed the need for the return and analysis of all Transvene  leads and the PCD4  

31  Please discuss the circumstances surrounding the death of the patient who died ------ months post implant  What did interrogation of the device reveal  

32  Of the perioperative deaths  how many devices were progreaeaed OFF  Please discuss the circumstances surrounding each death  The number  of perioperative deaths must be reported in a table and be identified as sudden cardiac  non sudden cardiac or non cardiac  Were there other deaths when the device was programmed OFF7 

33  You state that there have been no reported patient deaths in the group with a 1 year sudden cardiac death survival and overall 

(b)(4)
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actuarial survival of 100 percent  Does this include the 
perioperative deaths and the patients who have been followed out for a year  

34  Please provide an engineering drawing of each Transvene  lead model which identifies the segments of the lead and a description of the tests that each segment and the full lead body underwent  

35  Since flex testing exerts a considerable amount of stress on the lead  and is essential to life testing  why was it considered that --------- cycles at a bend radius of ------- inch per lead model over a 12 month period would be sufficient  Describe how the full lead and different segments were flexed  Did you do a finite element stress analysis to validate the flex testing stress  

36  In light of the failure of your platinum sputtered polyurethane bradycardia pacing leads  and since the Transvene  lead Model 6966 is also a platinum sputtered polyurethane lead  please provide documentation regarding the failure mechanism of the pacing leads and all relevant information pertaining to these cases  How can we be assured that the failure may be restricted to the bradycardia pacing leads  Based on your testing to date regarding the pacing leads and the testing of the Model 6966 lead  discuss the potential and the probability of failure of the Model 6966 lead  A side by side comparison of the Model 6966 and the 4 000 series bradycardia pacing leads must be provided  The comparison must include material  design  dimensions  function  tests performed and a schematic drawing  

37  A copy of the Surenary of Safety and Effectiveness which includes the updated data must be provided  

This is to advise you that an amendment including the above requested information will be considered a major amendment and may extend the FDA review period up to 180 days  As provided by 21 CFR 814 37 c   you may decline to submit a major amendment requested by FDA in vhich case the review period may be extended for the number of days that elapse between the date of such request and the date that FDA receives the written response declining to submit the requested amenchnent  

As provided under 21 CFR 814 44 g   FDA will consider this PNA to have been voluntarily withdrawn if you fail to respond in writing within 180 days of the date of this request for a PNA amendment  You may  however  amend the PNA within the 180 day period to request an extension of time to respond  Any such request is subject to FDA approval and should justify the need for the extension and provide a reasonable estimate of when the requested information will be submitted  If you do not amend the PMA with in the 180 day period to  1  correct the above deficiencies  or  2  request an extension of time to respond and have the request approved  any amendment submitted after the 180  day period will be considered a resubmission of the PNA and will be assigned a new number  

  a a   

(b)(4) (b)(4)
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You may amend the PMA to provide the above requested information  12 copies   voluntarily withdraw the PMA  3 copies   direct CDRH to complete processing the PMA without the submission of additional information  3 copies  or request an extension  The required copies of the amended PMA should include the FDA reference number for this PMA and should be submitted to the following address  

PNA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

Upon receipt of an amendment adequately addressing the above requests or a written response declining to submit the requested amendment  CDRH may schedule an advisory panel meeting at which your PNA will be reviewed  You will be notified of the location and date of this meeting should one be necessary  In order to provide adequate time for CDRH and advisory panel review  information received by FDA less than 6 weeks in advance of any scheduled advisory committee meeting will not be considered or reviewed at the meeting and may delay consideration of your PNA until a subsequent advisory committee meeting  

If you have questions concerning this deficiency letter  please contact Doris Terry at  301  427 1018 or Arnold Alpert  Ph D   at  301  427 1186  

Sincerely yours  

Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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MEDTRONIC CONFIDENTIAL 

1  To clearly establish the purpose of the clinical data in the PMA 01 
application  please provide the following  

a  the hypothesis and the objectives of your clinical study  

RESPONSE  

The hypothesis and objectives of the Medtronic Transvene clinical 
study are as follows  Note that this has been presented in each 
clinical summary report provided to FDA over the past two years 
including our previous deficiency responses provided on 
September 18  1992  

H o hesi 

The objectives of the Transvene clinical study  described below  
are intended to demonstrate the hypothesis that the Transvene 
PCD system is safe and effective in treating VT and VF  versus 
the null hypothesis that the system is not safe and effective in the 
treatment of VT and VF tachyarrhythmias  

Objectives 

The safety and efficacy of the Transvene system is was 
determined by  

Evaluating the sensitivity and specificity of the PCD device 
with Transvene lead systems to detect episodes of VT and 
VF  and to evaluate the ability of the system to 
appropriately discriminate between VTIVF and other 
potentially nonmalignant rhythms  

Monitoring the efficacy of the PCD device with Transvene 
lead systems in treating VT and VF episodes  VTIVF 
therapy efficacy is determined as the ratio of successful 
termination of episodes detected to the total number of 
episodes detected in which one or more therapies were 
delivered  successful terminationlnumber of detected 
episodes with therapy delivered   Investigators are able to 
choose from any of the available leads and VT VF therapies 
that the efficacy was first evaluated acutely  

Evaluating the performance of the Model 6966  6963 and 
6999 Transvene leads  

  lb 
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Estimating the one year SCD and overall survival of the 

patients implanted with the PCS Transvene System  

Monitoring the patient selection criteria and patient 
management methods required by the PCD device and 
Transvene leads  

  Evaluating the safety and effectiveness of the Model 5355 
ETCD device when used during the implant procedure  
Specifically  tachyarrhythmia episode induction  detection  
termination and ease of use are analyzed  

  Evaluating the safety and performance of the Model 9710 

programmer and the Model 9788 MemoryMod software 
CBfifiGg8 IPi pfOgramrrir g sensing  and therapy parameters 
and the appropriate delivery of noninvasive 
electrophysiologic stimulation  

b  a discussion of  i  how your clinical study addresses the use of a 
control  which is relevant to all clinical studies   ii  the 
appropriateness of the AICD as a historical control  and  iii  your 
rationale for not using a concurrent control during an implantable 
cardioverter defibrillator  ICD  study  

RESPONSE  

I  how your clinical study addresses the use of a control  
which is relevant to all clinical studies  

Back round 

The PCD Epicardial System  is a tiered therapy device that  
combines features of bradycardia support pacing  
antitachycardia pacing  low energy cardioversion as well as 
defibrillation therapy  This system has incorporated 

programmability and multiple detection and therapeutic 
options that allows the titration of device therapy to a 

patient s specific clinical arrhythmia history  

The PCD Epicardial System requires a thoracotomy for 
implantation because of the need to insert epicardial patch 
leads  This exposes the patient to surgical risk and 
potentially limits the type of patient who may be considered 
for implant of the system  The need for a simpler and safer 
implantation technique is widely recognized  The 
incorporation of a nonthoracotomy lead system  such as 

014  
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the PCD Transvene System  should decrease the potential 

perioperative and long term mortality and morbidity 
associated with current epicardial system implantation 
approaches  

The PCD Epicardial System and PCD Transvene System are 
identical except for the implanted defibrillation lead system  
Thus the performance of the PCD device  and associated 
support equipment  is similar in the two systems and 
therefore a comparison of clinical experience should focus 
on those areas where the lead system implanted may 
impact clinical outcome  This would include spontaneous 
VT VF episode efficacy  complication observationrates and 

patient survival  

The Use of a Control 

Medtronic provides a comparison of the PCD Transvene 
System clinical experience to the reported PCD Epicardial 
System clinical experience  A historical control comparison 
was performed using the Medtronic clinical database on the 
PCD Epicardial System since patients were being enrolled 
in the two studies concurrently and the patient indications  
implant criteria and clinical data requirements were identical 
for the two patient groups  

At the start of the PCS Transvene System clinical study 
a randomized controlled study was not performed since the 
investigators felt strongly that it was not clinically 
appropriate to randomize to a surgical procedure when a 
less invasive implant procedure was available  The 
investigators believed that the ability for Medtronic to do a 
historical control comparison between the PCS 
Transvene and PCS Epicardial System would provide 
sufficient data to allow a comparison of the clinical 
outcome of the two patient groups  A historical comparison 
would be appropriate 

A historical comparison to the Ventak P Epicardial System 
was also feasible since it was the most similar system that 
was market released and the patient indications were 
similar to that of both the PCS Transvene  and PCS 
Epicardial Systems  

The premise of the PCS Epicardial and Transvene studies 
was to demonstrate that if a patient was evaluated at 

l  
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implant and shown to meet implant criteria  that they 
would be reliably defibrillated over time  and therefore  
have a high probability of survival from SCD regardless of 
which lead system or defibrillation pathway was chosen  
The Epicardial System is a valid comparison since the same 
PCS was used in both systems  the same indications were 
used  the same implant criteria  the same protocol and data 
requirements and the studies were performed concurrently 
at the same centers  There is no other system that is 
currently market released that is a better  or more 
applicable control  We have shown for both studies that 
freedom from SCD at one year is at least equivalent to that 
afforded by the commercially available AICD for patients 
who meet the implant criteria regardless of lead system  
All of the transvenous defibrillation systems that are 
available are currently under investigation and  as such  
limited or no data exists with which to compare our 

performance  

The investigators believe that there is a class of patients 
who cannot tolerate the thoracotomy required for the 
utilization of the epicardial patch lead defibrillation lead 
system and who are at high risk of sudden cardiac death  
For these patients  the PCD Transvene System is the only 
therapy available  Because of the surgical risks and 

postsurgical complications associated with epicardial lead 
system  implantation in the following patient groups may 
not be possible  

 1  patients in whom there is no indication for concomitant 
cardiovascular surgery at the time of ICD System implant  

 2  patients with severe pulmonary disease who cannot 
tolerate prolonged anesthesia oi an open chest procedure  

 3  patients with severe congestive heart failure  ejection   
40   who are at increased risk for perioperative mortality 

post a thoracotomy procedure  

 4  patients who may eventually require open chest 

procedures for treatment of their coronary artery disease 
or cardiac transplant  

For these patients  the PCD Transvene System is the only 
therapy available  The PCD Transvene System simplifies 
and greatly reduces the risk associated with lead 
introduction  making therapy available to these patient  

  I  
 I 
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groups  Because there is no need to open the chest of 
these patients  options for future therapy remain available  
e g  CABG is associated with decreased morbidity and 
mortality if there has been no prior open chest surgery  
Thus randomization would not be feasible or clinically or 

ethically appropriate in these patient groups  

ii  the appropriateness of the AICD as a historical control  
80d 

The AICD clinical experience was compared to that of the 
Transvene system  i e   the AICD served as a control of 
sorts  because the AICD system was the only commercially 
available  FDA approved ICD system  at the time of our 
analysis and documentation of the PCS Epicardial and 
Transvene  clinical experience  The Ventak P System was 
chosen since it was the most similar to PCD  and the 

patient indications were similar  For purposes of 
comparison  the Ventak P epicardial system patient 
population described in the  Ventak P  Summary of Satety 
and Effectiveness  P890061  dated May 2  1991  was 
used  A copy of this summary was obtained through the 
Freedom of Information Act  

A detailed comparison has been provided in the Transvene 
PMA application and subsequent amendments  It is also 

provided in this amendment  see Deficiency Response 
Number 2  

iii  your rationale for not using a concurrent control during an 
implantable cardioverter defibrillator  ICD  study  

A concurrent market release control was not used because 
of the reasons previously stated in Deficiency Response 
1 b  i  and because another transvenous defibrillation lead 
system was is not commercially available  Other 
manufacturers simply do not allow their systems  clinical or 
market release  to be used by competitors due to the need 
to protect trade secrets  A concurrent control was also not 
used because an appropriate historical control was 
available  that is  the PCD Epicardial System  The PCS 
Epicardial System is an appropriate historical control  Since 
patients were being enrolled in the two studies 
concurrently  the patient indications  implant criteria and 
clinical data requirements were identica1 for the two 

gl OUpS  
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Specifically  the PCD Epicardial System uses the same 

tiered therapy device that combines features of bradycardia 
support pacing  antitachycardia pacing  low energy 
cardioversion as well as defibrillation therapy  This system 
has incorporated programmability and multiple detection 
and therapeutic options that allows the titration of device 
therapy to a patient s specific clinical arrhythmia history  

The PCD Epicardial System and PCD Transvene System are 
identical except for the implanted defibrillation lead system  
Thus  the performance of the PCD device and associated 
support equipment  is similar in the two systems and 
therefore a comparison of clinical experience should focus 
on those areas where the implanted lead system may 
impact clinical outcome  

Analysis provided in this clinical update  and also provided 
in previous Transvene PMA documents  shows that the 
incorporation the of nonthoracotomy defibrillation system 
has maintained the type of therapy available for the 
treatment of recurrent VTIVF and decreased the potential 
mortality and morbidity associated with epicardial implant 
approaches while maintaining the positive impact of ICD 
therapy on VTIVF episode efficacy and patient survival  

This analysis is thoroughly discussed in this amendment  
See Deficiency Response Number 1 and the Clinical 
Update  

tpg opQp j tc nf ye ctiiQy gag 

d  how the data provided in the PMA application support the 
specified endpoints  

RESPONSE  

The following is a description of the endpoints of the Transvene 
clinical study and how the data collected support these endpoints  

Endpoint  Freedom from sudden cardiac death  SCD  and all cause 
mortality as shown through one year survival  

Endpoint  Treatment efficacy of spontaneous VTIVF episodes  

Data supporting these endpoints are as follows   See also the 
Clinical Update included in this PMA amendment   

   P 
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Patient Deaths 

  The estimated one year survival probabilities for Sudden 
Cardiac Death  Non Sudden Cardiac Death  all Cardiac 
Deaths and Noncardiac Death were found to be 99 5   
96 2   95 8   and 98  1    respectively  

The incorporation of programmable VTIVF detection and 
therapies has improved the type of therapy available for the 
treatment of recurrent VTIVF while maintaining the positive 
impact of ICD therapy on survival from sudden cardiac 
death  

  The sudden cardiac death survival of 99 5  at one year is 
comparable to that of the AICD patient population 98 0   

  There have been no deaths due to a PCD Device 
malfunction  

OVBf8H SUfV V8t 8t  Re  o iS b8tt8t ttt8A ttMt 8ffGfd8tt tVj 

the Ventak P Epicardial System  

Complications Observations 

Complications were reported in 19 4  of the patient 
population and observations were reported in 23 8  of the 
patient population  

  The incidence of complications was comparable to that of 
the market released AICD  system in the categories of 
ineffective VT VF therapy  pocket infection and pocket 
erosion  and was lower than the AICD  in the category of 
inappropriate delivery of VTIVF therapy  

Patient Indications 

All of the patients entered into clinical evaluation met at 
least one of the primary indications  Sudden cardiac death 
 SCD  was the primary indication in 37 1  of the patients  
recurrent ventricular tachycardia  VT  was the primary 
indication in 49 8  of the patients and SCD VT was the 
primary indication in 13 1  of the patients  

  The number of patients  60 5   receiving VT VF therapy 
for spontaneous episodes of ventricular arrhythmias 
supports the conclusion that the patient selection criteria 
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are appropriate and that the PCD Transvene System was 

implanted in patients who benefit from this therapy  

  The one year sudden cardiac death survival rates for the 

SCD patient group was 100 0   for the VT patient group 
99 4  and the SCDIVT patient group 98 6   

VTIVF Detection and Therapy Performance 

The PCD Transvene System properly detects and treats VT 

as demonstrated by the spontaneous episode data  The 

overall success rate for detection and treatment of 

spontaneous VT was 98 4   

  The PCD Transvene System properly detects and treats VF 
as demonstrated by the spontaneous episode data  The 
overall success rate for detection and treatment of 
spontaneous VF was 98 4   

  There were no reported patient deaths due to the 
nondetection of a spontaneous VT or VF episode by the 
PCD Transvene System  

PCD Transvene System Performance 

  The PCD Transvene System components  Model 
721 6A17217B and Model 688416966  688116963  
6895 6999 Transvene leads  have performed according to 
design and specification and are  therefore  considered safe 
and effective in the indicated patient population  

Clinical Experience Summary Conclusions 

The PCD Transvene System is a tiered therapy device which 
combines features of bradycardia pacing support  antitachycardia 

pacing  low energy cardioversion as well as defibrillation therapy  
The incorporation of these features has allowed the physician to 
titrate the ICD therapy to meet specific patient clinical needs  
allowed fewer shocks to be delivered for recurrent ventricular 
tachycardia because of antitachycardia pacing features  allowed 
fewer cases of inappropriate therapy delivery due to 

programmable detection and allowed a sudden cardiac death 
survival rate identical to the Ventak P Epicardial System  

The PCD Transvene System  due to the elimination of the need for 
a thoracotomy  has provided a marked improvement in both the 
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perioperative and overall patient mortality as compared to the PCD 
Epicardial System  In addition  due to the decreased perioperative 
morbidity and mortality  the post implant hospital stay has been 
decreased to a mean of 7 6 days as opposed to a mean of 10 6 
days  p  0 001  for the PCD Epicardial System  

Medtronic asserts and the PCD Transvene investigators 
unanimously agree that the findings of the clinical study support 
the conclusion that the Medtronic Tachyarrhythmia Control 
System and the Transvene Cardioversion and Defibrillation 
Eiectrodes are safe ana eiieciive in the ittdicated patiettt 
population  
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2  Based on data provided in your PMA application  please prepare table s  

which include a side by side comparison of the PCS Transvene and 

the PCS Epicardial System and the PCS Transvene  and Ventak P 

AICD populations  The table must also include the inclusion and 

exclusion criteria which were used for each study  You must include a 

discussion oi how these data may or may net represent a vahd  

comparison  and other comments which jti8tify aAd Svpport  a iW8 vf 

these groups as controls  

RESPONSE  

The efficacy and safety of implantable cardioverter defibrillator  ICD  
therapy for recurrent ventricular tachycardia  VT  and ventricular 
fibrillation  VF  has been well established  The Ventak P Epicardial 
System provides cardioversion and defibrillation therapy for VT and 
hemodynamically unstable VT  However  this type of therapy may not 
be optimal for patients with stable  well tolerated VT that is amenable to 
antitachycardia pacing due to the pain associated with cardioversion 
shock therapy  The need to incorporate programmability  multiple 
detection and therapeutic options has lead to the development at the 
PCS Device  

However the Ventak P Epicardial System and PCS Epicardial System are 
implanted only with a defibrillation lead system requiring a thoracotomy  
The PCS Transvene  System allows the implantation of an ICD System 
without the potential increased perioperative morbidity and mortality 
associated with a thoracotomy  This allows the application of ICD 
therapy in patients who may not otherwise be candidates for this type 
of therapy  

In the PCD  Transvene M System PMA Application a comparison of the 
PCS Transvene  System clinical experience was made to both the 
Ventak P Epicardial System and the PCD  Epicardial System   Reference  
Clinical Experience Report Section X  Comparison to AICD Clinical 
Results and Section XI  Comparison to PCS Epicardial System Clinical 
Results   A comparison to the Ventak P Epicardial System was done 
because this was the only FDA approved ICD System available at the 
time of the original submission  A comparison to the PCS Epicardial 
System was done since this system incorporated the same tiered therapy 
IGD Device as well as beina a concurrent clinical study  

The comparison between the Ventak P Epicardial System and the PCS 
Transvene System was limited in scope due to the availability of clinical 
data from the Ventak P Epicardial System Summary of Safety and 

Od  
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Effectiveness but included patient characteristics  implant defibrillation 
thresholds  incidence of spontaneous VTIVF episodes  incidence of 
complications and one year actuarial survival  

The comparison between the PCS Transvene System and the PCS 
Epicardial System included patient characteristics  implant data  implant 
defibrillation thresholds  programmed parameter status  spontaneous 
VTIVF episode efficacy  incidence of complications and observations and 
one year actuarial survival  

At the start of the PCS Transvene System clinical study a randomized 
controlled study was not performed since the investigators felt strongly 
that it was not clinically appropriate to randomize to a surgical procedure 
when a less invasive implant procedure was available  The investigators 
believed that the ability for Medtronic to do a historical control 
comparison between the PCS Transvene  and PCS Epicardial System 
wnujQ nrnvide cufficjept  t  tn a Jom a r mpariggn of tJl  rljojcal 

outcome of the two patient groups  A historical comparison would be 
appropriate since patients were being enrolled in the two studies 
concurrently and the patient indications  implant criteria and clinical data 
requirements were identical for the two patient groups  

A historical comparison to the Ventak P Epicardial System was also 
feasible since it was the most similar system that was market released 
and the patient indications were similar to that of both the PCS 
Transvene and PCS Epicardial Systems  

The indications for the Ventak P Epicardial System are  

1  Patients who have survived at least one episode of cardiac arrest 

presumably due to hemodynamically unstable ventricular tachycardia 
unassociated with acute myocardial infarction  and 

2  Patients who have experienced recurrent ventricular tachyarrhythmias 
in the absence of previous arrest and are inducible into sustained 
hypotensive ventricular tachycardia or fibrillation despite conventional 
antiarrhythmia drug therapy  

The patient indications for the PCS Transvene and PCS Epicardial 
System are as follows  

Patients who have survived at least one episode of cardiac arrest 
presumably due to a ventricular tachyarrhythmia not caused by an 
acute myocardial infraction  or 

2  Patients with recurrent sustained ventricular tachycardia that remain 
inducible via programmed electrical stimulation or exercise  or occur 
spontaneously  despite the most efficacious antiarrhythmic drug 
therapy that can be tolerated by the patient chronically  

Od8 
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The Ventak P Epicardial System is contraindicated in the following 

patients  

1  Patients who ventricular tachyarrhythmias may have a reversible cause  

2  Patients who require a pacemaker that causes Ventak P pulse 

generator nondetection or oversensing  

3  Patients whose ventricular tachyarrhythmias occur so frequently that 

device s batteries would be depleted soon after implantation  and 

4  Patients who are prone to supraventricular tachyarrhythmias despite 

conventional drug therapy  

The PCS Transvene and PCS Epicardial System are contraindicated 

in the following patient groups  

1  Patients with transient ventricular tachyarrhythmias due to reversible 

causes  

2  Patients with transient ventricular tachyarrhythmias due to other 

causes such as acute myocardial infarction  and 

3  Sole use of detection and treatment of atrial arrhythmias  

The following tables provide a side by side comparison of the PCS 
Transvene  System to both the Ventak P Epicardial System and the 
PCS Epicardial System  These tables are identical to those presented 
in the PCS Transvene  System PMA application but have been updated 
to reflect clinical experience with the PCS Transvene System with a 
data cutoff of 211193  The clinical experience with the PCS Epicardial 
System reflects a data cutoff of 115193 and the Ventak P Epicardial 

System clinical experience is that presented in the Summary of Safety 
and Effectiveness that is available via the Freedom of Information Act  

A comparison of the Ventak P Epicardial System clinical experience and 

the PCS Transvene  System clinical experience indicates that the 
devices are being used in patients with similar cardiovascular disease 
history  There is a statistical difference in the primary indication for 
implant between the two systems  There were more patients that had 
Sudden Cardiac Death as their primary indication in the PCS 
Transvene System population than the AICD Epicardial System 

population  p   0 001   

Cox regression analysis was performed to see what effect gender  
primary indication and system implanted  PCS Transvene or PCS 
Epicardial  had on survival outcome  This analysis showed that for overall 

OV4 
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survival at one year the system implanted had an influence on the 

probability of survival but gender and primary indication had no 

influence  

Thus  since primary indication has no impact on survival outcome  the 

PCS Transvene System and Ventak P Epicardial System can be 

compared  There was a statistical difference  Confidence Interval 

Analysis  in one year overall survival between the PCS Transvene 

 94 2   and AICD Epicardial System  90 8    This difference is due to 

the implanted defibrillation lead system  

The mean DFT value at implant of the PCS Transvene System falls 

well below the maximum output  34J  of the PCS Device and is 

comparable to that reported with the Ventak P Epicardial System  

The percentage of patients receiving therapy from the PCS Transvene  

System is comparable to that reported with the Ventak P Epicardial 

System  However  greater than 90  of the VT episodes are treated by 

antitachycardia pacing in the PCS Transvene  System versus 

cardioversion shocks in the Ventak P Epicardial System experience  This 

reduction in shocks is a clinical benefit to the patients  

The reported incidence of most complications is comparable between the 

two systems  The incorporation of programmable VT VF detection has 

decreased the delivery of inappropriate therapy for sinus tachycardia 

and or atrial fibrillation with a rapid ventricular response  The 

incorporation of programmable VTIVF detection and therapy algorithms 
has not resulted in an increase in reported complications  

The reported Sudden Cardiac DeaA survival rates in the two patient 

groups is comparable  PCD  Transvene System   99 7    Ventak P 

System   98 6    This indicates that the programmable features within 

the PCS Transvene  System have improved the types of therapy 
available for the treatment of recurrent VT and VF while maintaining a 

positive impact on sudden cardiac death survival  

More importantly  the overall one year actuarial survival for the PCS 
Transvene System was 94 2  as compared to 90 8  for the Ventak P 
Epicardial System  This difference was primarily due to the improvement 
in the reported perioperative mortality in the PCS Transvene  System 

patient population  

The PCD  Transvene System incorporates additional detection and 
therapy features as compared to market released Ventak P Epicardial 
System and has been used in a comparable patient population  In that 

patient population the PCS Transvene  System has allowed for fewer 
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shocks to be delivered because of the antitachycardia pacing features  

fewer cases of inappropriate therapy delivery due to programmable 
detection and a comparable sudden cardiac death survival rate  

In addition  the elimination of a thoracotomy for implant in the PCS 

Transvene System has improved the perioperative mortality and overall 
one year survival when compared to the Ventak P Epicardial System  

A comparison of PCS Transvene  System clinical experience and PCS 

Epicardial System clinical experience indicates that the devices are being 
used in patients with similar cardiovascular disease history  There is a 
statistical difference in the primary indication for implant between the 
two systems  There were more patients that had Sudden Cardiac Death 
as their primary indication in the PCS Transvene System population 
than the PCS Epicardial System population  p 0 002   However  as 
with the Ventak P Epicardial System analysis indicated that this 
difference in indication did not have an impact on patient outcome  

The mean DFT value at implant of the PCS Transvene System falls 
well below the maximum output  34J  of the PCS device and are 
comparable to those obtained with the PCD  Epicardial System  

The differences in PCS device programmed status in the two groups is 
a reflection of the patients receiving the PCS Transvene System and 
the defibrillation energy requirements of a nonthoracotomy lead system  
However  despite differences in the programmed status  the PCS device 

performed safely and effectively in both patient groups  

The spontaneous VT episode efficacy for the PCS Transvene System 
was 98 4  which was comparable to that reported with the PCD  
Epicardial System  98 3   The spontaneous VF episode efficacy for the 
PCD  Transvene M System was 98 4  which again was comparable to 
that reported with the PCS Epicardial System  98 7   Thus the 
incorporation of a nonthoracotomy lead system had no effect on the 
efficacy of the PCS Device in detecting and terminating spontaneous 
VTIVF episodes  

The reported incidence of complications is comparable between the two 
systems  The reported incidence of observations was statistically lower 
in the PCS Transvene  System  

Finally  the reported Sudden Cardiac Death survival rates in the two 
patient groups is statistically the same  PCD  Transvene   99 5   PCD  
Epicardial   98 9    However  there is statistical improvement in the 
overall survival in the PCS Transvene System patient population  
There was a significant improvement in overall survival in the patient 

e szr  
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receiving a PCS Transvene System  The Overall one year actuarial 

survival includes death from all causes  The overall one year survival for 

patients receiving the PCD  Transvene  System was 93 3   

This is significantly improved as compared to the overall one year 
actuarial survival for the PCD  Epicardial System  88 6    p  0 004   

This improvement in overall survival is primarily due to the marked 
improvement in perioperative mortality  the PCS Transvene  System 
having a 0 7  perioperative mortality versus the a perioperative 
mortality of 5 3  in the PCD  Epicardial System  This improvement in 

perioperative mortality is primarily due to the elimination of the need for 
a thoracotomy and its associated morbidity and mortality  

Comparison of the clinical performance and survival outcome of the 
PCS Transvene  System versus both the PCS Epicardial and Ventak P 
Epicardial Systems indicates that the PCS Transvene Systems 

performs similarly while providing important patient benefit  The PCS 
Transvene   System eliminates the need for a thoracotomy for the 
implantation of defibrillation lead systems  This directly improves the 
overall patient survival by decreasing the perioperative patient morbidity 
and mortality when compared to the PCS Epicardial System and 
Ventak P Epicardial System  This is added benefit however is not gained 
at the expense the PCS Transvene System efficacy in treating 
spontaneous VTIVF episodes when compared to the PCS Epicardial 
System  

n 2 
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757 292 

11 7 months 6 8 months 

610  81   
147  190 D  

231  79   
61  21   

Mean Aisle 59 4 years 61 5 years 

281  37   
377  504lo  
99  13   

49  16   
169  59   
73  25   

561  74   228  78   

35  6ok 34  

42  45  O ER 

0  18 0  

Statistically Significant  p   0 05  

Table 2 1  Comparison of Patient Characteristics  PCS versus Ventak P 211193 

PCDC A CD 

Mean DFT 1 4  8J 13 4J 

Table 2 2  Comparison of Implant DFT  PCS versus Ventak P  211193 
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458  60 5   137  46 9   

Table 2 3  Comparison of Incidence of Spontaneous VTIVF Episodes  PCS vs 

Ventak P 211193 

Category 

2 3ok 4 1  

9 6  20  

2  9 ok 2 2  

0 8  0 7  

Includes bservations only  there were no omplications in this category  

Table 2   Comparison of Complication Observation Rates  PCS Transvene 
System vs AICD Epicardial System   2 1193 

ORB 
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5 

30 

16 6 

Urikriiown 

TOTAL 51 19 

5 8 

Table 2 5  Comparison of Patient Death Classifications  PCS versus AICD   

211 93 

99   7  98 6  

94 2  90 8  

0 7  

tatistically ignificant  p   0 05  

2 7  

Table 2 6  Comparison of Actuarial Survival  PCS versus AICD   211193 

OJU 
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757 

11 7 months 

  Olales  
  Femiles 

610 80 6  
147 19 4  

742 

16 3 months 

637 85 8  
105 14 2  

59 4 years 59 6 years 

281 37 1  
377 49 8  
99 13 2  

214 28 8  
405 54 6  
1 23 1 6 6  

561 74  1  
238 13 1  

569 76 7  
222 29 9  

35 6  

2 3 3 0 

tatistically ignificant  p 0  5  

Table 2 7  Comparison of Patient Characteristics  PCS Transvene System 
versus PCS Epicardial System   2 1193 

08K 
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Pacing Threshold  0 87 V 

 0 1 3  6V  

0 98 V 

 0 2 5 3 V  

8 Wave Amplitude  14 2 mV 

 1 3 32 mV  
13 5 mV 

 2 2 37 2 mV  

1 66 vlS 

 0 25 9 8 vlS  
1 38 v S 

 0 15 7 2 vlS  

Resistance  575 ohms 

 264 1381 ohms  

tatistically ignificant  p    5  

438 ohms 

 1 57 1 206  

Table 2 8  PCS Transvene System  Comparison of Implant Pace Sense 
Parameters   211193 

1A A 

 0 5   25 mV  
9  5  mV 

 0 5   40 mV  

0 24 ms 

 0 03 1 59 ms  
0 24 ms 

 0 03 1 59 ms  

Table 2 9  PCS Transvene System  Comparison of Chronic Pace Sense 
Parameters   211 93 
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81 

14 8J 

9 8J 

------------- ------------ --- - --- 

Table 2 10  PCS Transvene System  Comparison of Implant DFT   211 193 

574  75 3   251  33 0   

178  23 4   14  1 8  o  

10  1 3   496  65 2   

Table 2 11  PCS Transvene System  Comparison of Programmed Defibrillation 
Pathway   211193 

9 

(b)(4)
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Table 2 12  PCS Transvene System  Comparison of Spontaneous VTIVF Episode 

Efficacy   211193 
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Reported Cimplicatiane 

Increaaed DefibrQlation Requirements 1 2  0 5  

2 2  

0 8  3 5  

2 9  2 3  

Lead Reliticf 15 1  2 8  

0 5  0 9  

Table 2 13  Reported Complications  PCD  Transvene System versus PCD  Epicardisl System   

211 193 

1 1  1 1  

9 6  13 6  

P acelSense Related 9 0  1 4 0  

5 3  2 54lo 

Leod Related 2 3  1 2  

Table 2 14  Reported Observations  PCS Trsnsvene  System versus PCS Epicardisl System   

2 1 193 

AdS 
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Elean Classification 

5 24 

30 54 

35 78 

16 34 

51 112 

5 39 

Table 2 15  Death Classifications  PCS Transvene System versus PCD Epicardial 

System   211193 

Gee  Ymr Survival  

757 742 

Sudden Cardiac 99 5  98 9  ------- 

96  2  96  7  --- ----- 

All Cardiac 95  8 k 95 7  ------- 

Non cardiac 98 1  98 0  ------- 

Overall  93 3  

Perioperative Mortality  0 7 k 

-------------- ------------- --------- 

88 6  

5 3  

------- 

------- 

Table 2 16  Comparison of Actuarial Survival  PCS Transvene System versus 

PCS Epicardial System   211193 

(b)(4)

(b)(4)



MEDTRONIC CONFIDENTIAL 

3  An update of the PMA clinical study population must be provided  The 

update must include the data as presented in the PMA application  and 

must include the clinical experience in the use of the new anchoring 
sleeves  which are aimed at decreasing the incidence of dislodgement  
and a summary of clinical experience  spontaneous treatment efficacy of 

ventricular tachycardia  VT  and ventricular fibrillation  VF   observations 
and complications  number of patient deaths and overall survival  of the 

patients followed for a year or more  

RESPONSE  

A  The update of the PMA clinical study population is attached  This 

population consists of 757 patients entered into the Clinical Trial 
as of 6 24 92 and followed through 2 1 93 with a mean implant 
duration of 11 7 months  

B  Chrljca   Experience of Pat   en 8 wit Two A choring S eev s 

Analysis has been completed on 234 patients implanted with the 
Transvene system using leads that are packaged with two 
anchoring sleeves   NOTE  These 234 patients were enrolled in 
the Clinical Trial after 6 24 92 and are not included in the 757 

patient population   Table 3 1 contains a data summary for the 
234 patients  This group of patients has similar characteristics to 
the 757 patient population in most areas with a slightly higher 

percentage of patients with VT reported as the primary indication 
for implant than the 757 group of patients  60 7  vs 49 8    

Number of Patients 234 

Number    Male 
Number    Female 

192 82 1  
42 17 9  

Mean Age 60 8 yrs 

Primary Indication  
SCD 
VT 

gwra 
ngw 

75 32 1   o 

142 60  7 o 
T 

Coronary Artery Disease 180 76 9  

Mean Ejection Fraction 33 1   N  212  

Table 3 1  PCS System Data Summary for Patients with Two Anchoring 
Sleeves 

Oi  
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Of these 234 patients  186 have completed their 1 month follow  

up and 49 have completed their 3 month follow up  There has 
been one lead dislodgement in this group of patients  

Since the introduction of the dual anchoring sleeve the incidence 
of lead dislodgement has been dramatically reduced  

C  Clinical Experience of Patients Followed For Greater Than or Equal 
To One Year 

Table 3 3 provides a data summary on the patients followed for 
a year or more  This table includes patient characteristics  
defibrillation pathway configuration  mean LED and DFT  
spontaneous VT and VF experience and efficacy  The 
characteristics of this subset of patients are similar to the original 
757 patient population  Patients followed for a year or more had 
a slightly lower percentage of patients having a history of 
coronary artery disease  69 2  vs 74 1   and a slightly higher 
mean ejection fraction  38  vs 35 6    The differences are small 
and are not suspected to have an impact on implant duration or 
survival  Note that since by definition all patients have been 
followed for at least one year  the overall survival rate and the 
sudden cardiac survival rate is 100  at one year  

I 



MEDTRONIC CONFIDENTIAL 

Patients with 12 months of Follow up 

393 

6454 6 

16 3 mo 

37 4 mo 

310 78 9  
83 21 1  

150 38 2  
191 48 6  

52 13 2  

272 69 2  

357 38 0  

296 74 9  

93 23 6  

6 1 5  

15 6J  N  365  

14 3J  N  184  

186 
6338 

  Success 99 0   6273 6338  

Spontaneous VF  
Number of Patients 
Number of Episodes 

Success 

176 

1105 

98 6   1090 1105  

Table 3 3  PCD System Data Summary   Transvene  Patients with 12 
month Follow up   211 93 

pl 
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There have been a total of 7 patient deaths reported in this subset 
of patients  The deaths occurred greater than 12 months from 
the date of implant  Table 3 4 summarizes how these patient 
deaths have been classified  

0 

4 

3 

7 

Table 3 4  PCD Transvene  System   Summary of Death 
Classifications   211193 

Complications and Observations in the patients followed for 1 

year or more 

The use of a multiprogrammable implantable cardioverter 
defibrillator  ICD  device allows the physician to resolve most 
relevant medical events by noninvasively changing programmed 
parameters thus  avoiding invasive procedures  However  there 
will continue to be certain relevant medical events which will 
require invasive procedures for resolution  

For purposes of this clinical study  reported relevant medical 
events were divided into complications and observations based on 
the following definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which can NOT be treated or 
resolved by reprogramming the device and REQUIRES 
invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which either does NOT 
require invasive intervention  or which CAN be 
corrected by reprogramming the device  

As of February 1  1993  of the 393 patients with implant 
durations of greater than or equal to one year  there have been a 
total of 89 complications reported in 76 patients and 122 
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89 
observations reported in 99 patients in the PCD Transvene 
System patient population  Thus  19 3   76 393  of the patients 
had a clinical event reported which was categorized as a 
complication vs 19 4   147 757  in the overall population and 
25 2   99 393  of the patients had a clinical event reported 
which was categorized as an observation vs 23 8   180 757  in 
the overall population  

Table 3 5 summarizes the reported PCS Transvene System 
complications and observations by category  The reported 
complications and observations are recognized clinical events that 
may occur with any of the current ICD devices  These 
complications and observations are discussed in the PCS device 
and Transvene manual  None of the reported complications or 
observations have resulted in a patient death  

  fP 
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Table 3 5  PCD Transvene System  Reported Complications and Observations   211193 
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Table 3 6 contains a description of the lead dislodgements that  
have occurred in less than 30 days and in greater than 30 days  

27  6 9   29  7 4   0  0  6  1 5   

Table 3 6  PCD Transvene System  Lead Dislodgements occurring  301 30 days in 

patients followed for greater than or equal to one year as of 211193 

There have been a total of 29 lead dislodgements reported in 

patients at greater than 30 days  None of the lead dislodgements 
resulted in an ineffective therapy for a spontaneous VT or VF 
episode or patient death  Lead dislodgements were documented 
by fluoroscopic examination d uring electrophysiologic evaluation  
chest x ray obtained during routine follow up  or during 

pacing sensing threshold evaluation during routine follow up  In 
all 29 cases  reoperation was required to reposition the lead and 
reestablish an effective defibrillation lead system  

Lead dislodgements are not specific to the PCS Transvene  
System and have been reported with dual chamber pacemakers 
and the current market released implantable cardioverter 
defibrillator  ICD  system  The early history of dual chamber 

pacemakers witnessed a high lead dislodgement rate of at least 
20   Smyth  PND  et al  Permanent perivenous atrial sensing and 

pacing with a new J shaped lead  J Thoracic Cardiovascular 
Surgery  1976 72 565 570   Winkle  et al reported that the 
incidence of dislodgement of the superior vena cava spring leads 
with the current market release ICD system to be 6 3    Winkle  
et al  Automatic Implantable Cardioverter Defibrillator  Efficacy  
Complications  and Survival in Patients with Malignant Ventricular 
Arrhythmias  JACC  June 1988  Vol 11  No 6 1278 86   

In summary  this group represents the majority of the overall 

population and characteristics of the 393 patients with implant 
durations of greater than or equal to one year were similar to the 
overall population  

0 
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4  Please provide a clear description of how you identified the  patient who 

did not meet the implant criteria   Please discuss your implant criteria 

and how implant testing attempted to satisfy protocol requirements  

RESP NSE  

For purposes of the PCS Transvene and Epicardial Systems  the 

implant criteria was defined as successful VF termination at least 3 times 

in 4 attempts with the final lead configuration with an output energy of 

18 Joules or less  

 Patients who did not meet implant criteria  were defined as  

  Patients who had less than 3 successful VF terminations at 
18 Joules or less  

  P8ti8fitS ifi WtiQfn t  i8 IQW8St Bfi8fg f Of SUCC688 WBS gf88t8f 

than 18 Joules  

  Patients in whom either 1 or 2 successful VF terminations 
with the final lead configuration were obtained at 18 Joules 
or less  and  

  Patients in whom ventricular tachycardia or ventricular 
flutter was induced at the time of implant  

The PCS Transvene and Epicardial Systems were evaluated through 
successive inductions and treatment of ventricular tachyarrhythmias 
according to study protocol  The protocol asked for a minimum of 3 
inductions of VF in order to demonstrate reliable defibrillation efficacy at 
18 Joules  If the first lead system evaluated successfully defibrillated 
the patient three consecutive times at 18 Joules or less  the implant 
criteria would have been satisfied and the implant could be completed  
Additional inductions were required if the first lead system was not 
efficacious at 18 Joules  Performing additional inductions to obtain a 
defibrillation threshold was not a protocol requirement  The attached 
figure represents the recommended Defibrillation Efficacy Protocol used 
in lead evaluation testing for the PCS Transvene  and Epicardial 
Systems  

There is a class of patients who cannot tolerate the thoracotomy 
required for the utilization of the epicardial patch lead defibrillation lead 
system and are at high risk of sudden cardiac death  Because of the 
8 0 f giCGt f iSkS Bf id pQ tSti f giC3   CQf7ip  CGtiGf iS 8SSOQBtBQ  Witrl  f re  iAlpWit 

of an epicardial lead system  implantation in the following patient groups 
may not be desirable or possible  

 ok 
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 1  Patients in whom there is no indication for concomitant cardiovascular surgery 
at the time of ICD implant  

 2  Patients with severe pulmonary disease who cannot tolerate prolonged 
anesthesia or an open chest procedure  

 3  Patients with severe congestive heart failure  ejection fraction   40   who are 
at increased risk for perioperative mortality post a thoracotomy procedure  

 4  Patients who may eventually require open chest procedures of treatment of 
their coronary artery disease or cardiac transplant  

For these patients  the PCS Transvene  System is the only therapy 
available  The PCS Transvene System simplifies and greatly reduces 
the risk associated with lead introduction  making therapy available to 
these patient groups  Because there is no need to open the chest of 
these patients  options for future therapy remain available  e g  CABG is 
associated with decreased morbidity and mortality if there has been no 

prior open chest procedure  

The investigators felt that for these patients a 10 Joule safety margin 
between the lowest energy of success  24J  and the maximum output 
 34J  of the PCS Device provided adequate defibrillation efficacy 
evaluation  The investigators used this 10 Joule safety margin as a 
benchmark based on the clinical experience discussed in the article  
Troup  et al  The Implanted Defibrillator  Relation of Defibrillating 
Configuration and Clinical Variables to Defibrillation Threshold  Journal 
of American College of Cardiology  1985  6 1315 1321  The 
investigators felt that for these patients the risk associated with not 
meeting the recommended implant criteria was outweighed by the 
benefit of not having to undergo an epicardial system implant with a 
thoracotomy approach and its associated morbidity and mortality  

A45 
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To determine whether a patient can be defibrillated 
reliably with a particular lead system  VF must be 
induced and successfully terminated at least 3 times in 4 
attempts with a stored output energy of 18 Joules or 
less  The following protocol should be followed in 
assessing defibrillation efficacy  

---- 
---------- -- ---- 

--------- 

--------- ----- ------ 
----------- --- --------- 

----- 

-------- ---- 
---------- -- ---- 

--------- 

---- --------- --------- 
-- ------- -- ---- ----------- ----- 

----- 

-------- ---- 
---------- -- ---- 

--------- 

---- --------- -------- 
-- ------ -- ---- ----------- ----- 

----- 

-------- ---- 
---------- -- --- 

--------- 

--------- 

----------- ----- 

Lead system testing will be accomplished using an 
External Cardioverter Defibrillator  ECVD   Model 2394 or 
Model 5355  

NOTE  The following precautions should be observed when 
initiating and treating episodes of ventricular 
tachyarrhythmias with the Model 2394 External 
Cardioverter  Defibrillator  

21 

   G 
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5  Of the 214 patients who did not meet the implant criteria and yet were 
implanted with the device  170 patients had successful defibrillation with 
24 Joules  J   Please provide an update of the clinical experience on 
these patients  as described in item 3 above  Also  please discuss how 
your proposed labeling will address this protocol deviation  Will implant 
criteria be changed  

RESPONSE  

Table 5 1 provides the patient characteristics for 170 patients who did 
not meet the implant criteria but had successful defibrillation at 24 joules 
and received the PCD Transvene  System  

170 543 

9 6 months 12 3 months 

151  88 8   
19  11 2   

422  77 7   
121  22 3   

59 8 yrs 59 4 yrs 

SCD 
VT 

SCDIVT 

63  37 1   
77  45 3   
30  17 6   

209  38 5   
78  51 2010  
56  10 3   

Cardiovascular History 
CAD 

Cardio myopathy 
137  77 7   
58  34 1   

396  72 9   173 

 31 9   

Mean EP  32 7  36 3  

NYHA Class 
I 
II 
III 
IV 

45  27 6   
90  55 2   
24  14 7   

4  2 5   

164  30 908   
278  52 4016  

82  15 4   
7  1 3ok  

Stetistically Significant  p  0 05  

Table 5 1  PCD Transvene System  Patients Meeting Implant Criteria N  170 Patient 
Characteristics   211193 

04  
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There was a statistically significant difference in the number of males 
 p 0 002   the number of patients with the primary indication of VT 
 p 0 032   and the mean EF  p 0 007  between the groups above 
however these differences are not clinically significant  

In order to determine if the patient s not meeting implant criteria had 
higher risk for morbidity and mortality  a comparison of their clinical 
outcome was made with those patients who did meet the implant 
criteria  This comparison is provided in Table 5 2  There were no 
statistical or clinically significant differences in outcome as observed 
below  

170 543 

98 5  98 7  

99 4  98 7  

11 37 

0 6  0 7 k 

Sudden Cardiac 99 4  
98 6  
98 0  
96 3ok 
93 8  

99 5  
95 8  
95 4  
98 5  
93 2  

Table 5 2  PCD Transvene  System  Patients Not Meeting Implant Criteria 
N  170   Clinical Outcome   211193 
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Complications and Observations  Patients Not Meeting Implant Criteria 
N 170 

For purposes of this clinical study  reported relevant medical events were 
divided into complications and observations based on the following 
definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which can NOT be treated or 
resoived by repmgrammirtg the device arrd REQU RtS 

invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event with 
potential adverse effects  which either does NOT 

require invasive intervention  or which CAN be 
corrected by reprogramming the device  

Of the 170 patients with successful defibrillation at 24 Joules  as of 
February 1  1993  there have been a total of 41 complications reported 
in 33 patients and 34 observations reported in 31 patients in the  CD 
Transvene  System patient population  Thus  19 4   33 170  of the 
patients had a clinical event reported which was categorized as a 
complication and 18 2   31 170  of the patients had a clinical event 
reported which was categorized as an observation  The percent of 
patients with complications reported in the overall population of 757 
patients was 19 4   147 757   the same percentage as in this subgroup 
of 170  There were 23 8   180 757  of the patients in the overall 
population with reported observations  a slightly higher percentage than 
in this subgroup of 170 patients  Table 5 3 summarizes the reported 
PCS Transvene  System complications and observations by category  
The reported complications and observations are recognized clinical 
events that may occur with any of the current ICD devices  These 
complications and observations are discussed in the PCS device and 
Transvene  manual  None of the reported complications or observations 
have resulted in a patient death  

l    
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Catejjory 

Total 41 34 

Table 5 3  PCD Transvene System  Reported Complications and Observations   211193 

IF  
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Table 5 4 contains a description of the lead dislodgements that have 

occurred in less than 30 days and in greater than 30 days in the 170 

patients  

Num f  of Pts  

9  5 3   14  8 2   1  0 6  2  1 2   

Tat le 5 4  PCD Transvene System  Lead Dislodgements  301 30 days   211193 

There have been a total of 14 lead dislodgements reported in patients at 

greater than 30 days  None of the lead dislodgements resulted in an 
ineffective therapy for a spontaneous VT of VF episode or patient death  
I cad dislodgements were documented by fluoroscopic examination 
during electrophysiologic evaluation  chest x ray obtained during routine 
follow up  or during pacinglsensing threshold evaluation during routine 
follow up  In the overall patients population of 757  lead dislodgement 
was reported in 6 5  of the patients implanted for  30 days which is 
slightly lower than in this subset of patients  8 2   which are included 
in the analysis of the overall population  In all 14 cases  reoperation was 
required to reposition the lead and reestablish an effective defibrillation 
lead system  

Lead dislodgements are not specific to the PCS Transvene  System and 
have been reported with dual chamber pacemakers and the current 
market released implantable cardioverter defibrillator  ICD  system  The 
early history of dual chamber pacemakers witnessed a high lead 
dislodgement rate of at least 20   Smyth  PND  et al  Permanent 

perivenous atrial sensing and pacing with a new J shaped lead  J 
Thoracic Cardiovascular Surgery  1976 72 565 570   Winkle  et al 
reported that the incidence of dislodgement of the superior vena cava 
spring leads with the current market release ICD system to be 6 3   
 Winkle  et al  Automatic Implantable Cardioverter Defibrillator  Efficacy  
Complications  and Survival in Patients with Malignant Ventricular 
Arrhythmias  JACC  June 1988  Vol 11  No 6 1278 86   

In summary  there are no clinically significant differences in the 
characteristics and or most importantly in outcome of the 170 patients 
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that did not meet implant criteria but were successfully defibrillated with 
24 joules and those meeting implant criteria  Based on these data  the 
recommended defibrillation efficacy implant requirements will be revised 
to the following  

Two consecutive successful defibrillations with the final lead 
configuration with a stored output energy of 24 Joules or less  or 

Three successful defibrillations in four attempts with the final 
configuration at a stored output energy of 24 Joules or less  

I   
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6  There were 20 patients among the 214 who did not meet the implant 
criteria and were implanted without the 10 J safety margin  An update 
of the spontaneous episode experience in the treatment of VT and VF in 
these patients and the overall survival must be provided  

RESPONSE  

There were 20 patients in whom the implant procedure was terminated 
due to poor patient condition  These patients received a PCS 
Transvene System without at least a 10 Joule defibrillation safety 
margin  The mean ejection fraction of this group was 26 9   indicating 
a more severe underlying cardiovascular disease  and may have 
contributed to the physicians decision to terminate the implant procedure 
prior to meeting the recommended defibrillation implant criteria  

Of these 20 patients  VT or VF has been induced at chronic follow up 
visits in 16 patients  80   and in all cases successful defibrillation with 
the implanted PCS Transvene System was documented  

The overall spontaneous VT episode efficacy for the patient group was 
98 9   While the overall spontaneous VF episode efficacy for the 

patient group was 96 0   Examination of the spontaneous VF episodes 
indicated that one patient experienced atrial fibrillation that was detected 
as VF and in whom all four programmed VF therapies were ineffective  
This patient s antiarrhythmic drug therapy was modified and there were 
no further reports of ineffective therapies  

There have been no patients in this patient population who have 
experienced an actual spontaneous VF episode where all four 

programmed VF therapies failed to terminate the episode  

There have been two reported patient deaths  both of which were 
classified as non sudden cardiac secondary to end stage heart failure  
The one year sudden cardiac death survival in this patient population is 
100  while the overall one year survival was 85 5   This lower overall 
one year survival may be due to the lower mean ejection fraction and 
poorer cardiac status of this group  

l   
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The clinical outcome  which is summarized in the Table 4 1  of these 

twenty patients was not adversely affected by not meeting the 

recommended defibrillation implant criteria since there were no reports 

of failure to terminate a spontaneous VF episode and the overall one year 
sudden cardiac death survival was 100   

20 

26 9  

16  80   

98 9  

96 0  

100  

85 5  

Table 4 1  PCS Transvene System  Patients Not Meeting Implant 

Criteria Due to Poor Patient Condition 
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7  Table IK 4  page 151  compares the patients meeting the implant criteria 

to those who did not meet the criteria  However  many of the 

percentages were presented without numerical support  Please provide 
the appropriate numbers  

RE P NSE  

The spontaneous VT and VF episode efficacy and perioperative mortality 

presented in table IK 4 are percentages  but the survival calculations are 

probabilities  The survival probabilities are calculated using a life table 

survival analysis  For verification of survival probabilities  the data 

necessary to do calculations is available upon request  The following 

table is IK 4 with a June 24  1992 data cutoff  providing you the 

additional numerical support for percentages where appropriate  

versus 

Implant Data 

Data 

543 

3619 
3657 

99 0  

708 

214 

1743 

1773 

98 4  

Number of VF Episodes 715 
258 
260 

Spontaneous VF Episode Efficacy 99  O ER 99  2 ok 

Number of Patient Deaths 18 4 

Perioperative Mortality 4 0 7  1 0 5  

One Year Actuarial Survival 

Sudden Cardiac 

Non Sudden Cardiac 

All Cardiac 

Noncardiac 

Overall 

100 0  
96 4  
96 4 
99  2  
94 9  

99 3  
98 6  
97 9  
100 0  
97 4  

Table IK 4  PCS Transvene  System  Patients Not Meeting implant Criteria versus 

Patients Meeting Implant Criteria   Comparison of Clinical Outcome   

6 24192 
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Transvene System and were not counted in the PMA population  The 
update must include a summary of the clinical experience as reference 
in item 3 above  

RE P NSE  

Overview of Clinical Experience for Transvene Population of 1330 
Patients 

This response covers a total of 1335 implants in 1330 patients of the 
PCD Device with the Transvene Defibrillation Lead System  The 
patients included in this report includes the 757 patients described in the 
original PMA application and an additional 573 patients that have been 
implanted in the U S  from 6125192 to 211193  The first implant occurred 
internationally on October 20  1989  and the first implant in the U S  
occurred on October 16  1990  

The mean implant duration for this patient population is 8 0 months and 
ranges from implant to 37 4 months  The cumulative implant duration is 
10 653 7 months  

TING p8t l8Pit pQpU Bt IQPi    3    i 33Qg 8Pif 088 a  iPi u  8 C liAiC 8 t F i i  WGS 

predominately male  81 6   with a mean age of 60 4 years  In half of 
e Pa Lien  s    54    o     he 

PP p  ary ip djca jape far iPlp apii  was recUrpep 

sustained ventricular tachycardia without an episode of sudden cardiac 
death  Sudden Cardiac Death was the primary indication for 34 7  of 
thy nptigntg agQ gpss jp r npnQjpgtjgp a jfh rpgi igrgpt  ig gjp  XJ T  a gg 

the primary indication in 10 8   Coronary artery disease was the 
primary heart disease in 76 2  of the patient population with a mean 
reported ejection fraction of 34 3  Table 8 1 provides a data summary 
np thgcg ngtigntg gjthggigp thgra i  g gljgptly hjgp  n  ngpt g nf 

patients with the primary indication of VT  54 5  vs 49 8   PMA 
patient population   there are no substantial differences or trends noted 
from the original PMA population  

  I 
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1330 

10 653 7 mo 

8 0 mo 

37 4 mo 

1085 81 6  
245 1 8 4  

60 4 yrs 

462 34 7  
725 54 5  
145 10 8  

1014 73 4  

1194 34 3  

980 73 4  
341 25 5  

14 1 1  

16 4J  N  1236  

Mean DFT 15 4J  N  496  

Number of Patients 
Number of Episodes 

  o Success 

424 
11577 
98 1  

Spontaneous VF  
Number of Patients 
Number of Episodes 

  o Success 

427 
2453 

98  6  

One Year SCD Survival 99 3  

Overall Survival 93 0  

Table 8 1  PCD Transvene System  Data Summary   Updated Pts   1330    
2 1 93 

 l 
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Complications and Observations 

For purposes of this clinical study  reported relevant medical events were 
divided into complications and observations based on the following 
definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event with 
potential adverse effects  which can NOT be treated or 
resolved by reprogramming the device and REQUIRES 
invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event with 
potential adverse effects  which either does NOT 
require invasive intervention  or which CAN be 
corrected by reprogramming the device  

Of the 1330 patients  as of February 1  1993  there have been a total 
of 225 complications reported in 195 patients and 275 observations 
reported in 228 patients in the PCD  Transvene  System patient 
population  Thus  14 7   195 1330  of the patients had a clinical event 
which was categorized as a complication and 17 1   228 1330  of the 
patients had a clinical event which was categorized as an observation  

Table 8 2 summarizes the reported PCS Transvene System 
complications and observations by category  In almost all categories  the 
percentage of patients in which a complication or observation was 
reported has decreased compared to the original PMA patient population 
of 757  The percentage of patients with lead dislodgements reported 
has substantially decreased from 12  with a complication to 8 8  and 
1  6  with an observation to 0 9 lo  Na nevv cmtegor em of comphcat or s 
or observations were reported  The reported complications and 
observations are recognized clinical events that may occur with any of 
the current ICD devices  These complications and observations are 
discussed in the PCS device and Transvene  manual  None of the 
reported complications or observations have resulted in a patient death  

 9 
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14  1 1   8  0 7   

17  1 3   

68  5 1   

6  0 5   16  1 2   

1  0 1   83  6 2   

5  0 4   1  0 1   

30  2 3   12  0 9D10  

10  0 8 10  20  1 5   

12  0 9   23  1 70jD  

2  0 2   1  0 1   

2  0 2   

7  0 5 k  

1  p 1 oA   

9  0 7   

7  0 5   

4  0 3   

117  8 8   

6  0 5   

5  0 4   

12  0 9   

Totsl 225 275 

Table 8 2  PCD Transvene System  Reported Complic tionsl Observations 
 n   1330  2 1 93 

pl 
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Table 8 3 contains a description of the lead dislodgements that have 
occurred in less than 30 days and in greater than 30 days  As noted 
earlier  the percentage of patients in which a complication or observation 
regarding lead dislodgement was reported has decreased from the 
original PMA patient population of 757  

 30 days  30 days 

0  0  1  0 1   

19  4 9   11  2 8   2  0 5   2  0 5   

1  0 1   6  0 6   

57  4 3 lo  60  4 5   3  0 2   9  0 7   

Table 8 3  PCD Transvene System  Lead Dislodgements  301 30 days 
in  1330    211193 

There have been a total of 60 lead dislodgements reported in patients at 
greater than 30 days  None of the lead dislodgements resulted in an 
ineffective therapy for a spontaneous VT of VF episode or patient death  
Lead dislodgements were documented by fluoroscopic examination 
during electrophysiologic evaluation  chest x ray obtained during routine 
follow up  or during pacinglsensing threshold evaluation during routine 
follow up  In all 60 cases  reoperation was required to reposition the 
lead and reestablish an effective defibrillation lead system  

Lead dislodgements are not specific to the PCS Transvene  System and 
have been reported with dual chamber pacemakers and the current 
market released implantable cardioverter defibrillator  ICD  system  The 
early history of dual chamber pacemakers witnessed a high lead 
dislodgement rate of at least 20   Smyth  PND  et al  Permanent 
perivenous atrial sensing and pacing with a new J shaped lead  J 
Thoracic Cardiovascular Surgery  1976 72 565 570   Winkle  et al 
reported that the incidence of dislodgement of the superior vena cava 
spring leads with the current market release ICD system to be 6 3   
 Winkle  et al  Automatic Implantable Cardioverter Defibrillator  Efficacy  
Complications  and Survival in Patients with Malignant Ventricular 
Arrhythmias  JACC  June 1988  Vol 11  No 6 1278 86   
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Patient Deaths 

The positive impact of implantable cardioverter defibrillator  ICD  therapy 
on sudden cardiac death mortality has been well documented in the 
medical literature  The use of device therapy for the treatment of 
recurrent ventricular arrhythmias has become an accepted and important 
clinical tool  An analysis of the sudden cardiac death survival in the 
PCD  Transvene System patient population was performed  

For purposes of the clinical study  each of the patient deaths was 
categorized using the following definitions  

Non Cardiac  Deaths that occurred where the primary cause 
of death was determined to be non cardiac in 
nature  e g  stroke  cancer  etc  

Cardiac  Deaths that occurred where the primary cause 
of death was determined to be cardiac in 
   at re   

Non Sudden  Deaths that occur greater than one hour after 
the onset of symptoms  

Sudden  Deaths that occur within one hour of the onset 
of symptoms or where the death is 
  nw tnessed   Sudden cardiac deaihs were also 

categorized as being Witnessed or 
Unwitnessed  

Perioperative  Deaths that occur within thirty days of implant  

System Related  A death which results from a malfunction 
 operation not according to design 
specification  of a PCD System component  or 
as a result of a device induced arrhythmia  or 
an interaction between a PCD System 
component and the patient  

Procedure Related  A death which occurs as a result of a 
procedure required to implant  follow or test a 
PCD  System  

All deaths and significant complications have been and will continue to 
be reviewed by a committee comprised of PCD Transvene  System 
investigators and other physicians  Two committees  Clinical Event 
Review Committees  have been formed  one to review North American 
deaths and complications  and the other to review European clinical 
events  The primary purpose of these reviews was to determine whether 

J 
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the PCD  System was related to the deaths or significant complications 
that have occurred and  if so  what changes may be required to prevent 
such events in the future  

There have been a total of 68 patient deaths reported in the PCD 
Transvene  System patient population  Table 8 4 summarizes how these 
patient deaths have been classified  

10 

37 

21 

68 

Table 8 4  PCD Transvene  System   Summary of Death 
Classifications  n  1330    211193 

None of the patient deaths were attributed to a malfunction of the PCD  
Tran svene System  

Actuarial survival analysis on the PCD  Transvene  System was done 
on all patients who were either evaluated for implantation or in whom 
the device was implanted  Thus  the analysis is done from the 
perspective of intention to treat  Those patients in whom the PCD  
Device was OFF at the time of death or in whom no device was 
implanted are included in the survival analysis  Those patients that were 
screened for a PCD Transvene  System but failed to receive a 
Transvene system are not included in this analysis  

Projected one year survival calculations for the various death 
classifications are provided in Table 8 5  The actuarial projections 
include perioperative deaths only in the calculation of one year survival 
from death due to all causes  shown in the row labelled Overall   The 
perioperative death rate defined as deaths which occurred within thirty 
days of implant was 0 8   10 1330  which is considerably less than the 
perioperative mortality for the PCD  System with Epicardial leads  5 3  
  39 742   

A4 P   
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99 3  

96 3  

95 6  

98 1  

0 8  

93 0  

Table 8 5  PCD  Transvene System   One Year Actuarial Survival   2 1193 

The positive impact of the PCD  Transvene  System on patient mortality 
is clearly obvious from this analysis  The sudden cardiac death survival 
rate the total patient group  n 1330  is 99 3   This is a marked 
improvement when compared with the reported survival of similar patient 
groups treated with drug therapy alone of between 34  and 73  at one 
year  

In conclusion  the data above for the 1330 patients implanted and 
followed through 2 1 93 is similar to the 757 PMA patient population as 
expected  Although lead dislodgement is not an unexpected 
complication and patients are routinely evaluated during follow up 
procedures at follow up visits  in order to minimize the incidence of lead 
dislodgement  the dual anchoring sleeve has been introduced and the 
incidence of lead dislodgement has drastically decreased  The one year 
actuarial survival results continue to be stable  above 99  for SCD and 
efficacy rates continue at greater than 98   

p    
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9  Based on your study protocol  please differentiate between defibrillation 
threshold  DFT  testing and lowest energy to defibrillate  LED  testing  
Based on the individual patient report forms of the 757 patients  how 
many patients underwent what is described as DFT testing and how 

y h  CEO tm5ag7 Sample of  t  e  patent report forms showing the 
scheme of testing which was categorized as DFT and LED testing must 
be provided  Please discuss how the DFT and LED data were reported 
and presented in the PIVIA appIication  

RESPONSE  

The study protocol asks the investigator to determine the efficacy of the 
implanted lead system with the external test device prior to connecting 
the leads to the implantable PCS device  The minimum amount of 
testing required to demonstrate lead system efficacy is 3 of 4 successful 
defibrillations at 18 Joules  The protocol asks that investigators go 
beyond this minimal level and perform testing using a step down 
procedure  Investigators attempt defibrillation at energy levels lower 
than 18 Joules in order to establish a defibrillation threshold  In order to 
make defibrillation testing uniform among the investigators  the protocol 
asks that testing be done using a common step down protocol  This 
protocol is as follows  

------ 

----- 

-------- ---- 
---------- -- ---- 

--------- 

---- --------- ----- ----------- 
--------- --- ---------- 

----- 

-------- ---- 
---------- -- ---- 

--------- 

---- --------- -------- -- ------- 
-- ---- ----------- ----- 

-------- ---- 
---------- -- ---- 

------ ---- 

---- --------- -------- -- ------ 
-- ---- ----------- ----- 

-------- ---- 
---------- -- --- 

------ ---- 
----------- ----- 

All investigators were asked to perform this step down testing  but the 
investigator was allowed to stop the step down testing  or waive it 
completely  if  in the investigators opinion  the patient could not tolerate 

I 
644 

(b)(4)



MEDTRONIC CONFIDENTIAL 

additional VF inductions  Since testing did not always follow this step 
down protocol  two terms were developed to accurately report 
defibrillation efficacy  Lowest Energy of Defibrillation  LED  and 
Defibrillation Threshold  DFT   They are defined as follows  

Lowest Energy of Defibrillation  LED   
LED is defined as the lowest programmed energy that successfully 
defibrillated the heart with the implanted lead system  

Defibrillation Threshold  DFT   
DFT is defined as the lowest programmed energy which 
successfulIy defibrillated the heart provided there is a failure at an 
energy below the lowest success or a success at   5J  

Based on these definitions all patients with a DFT also have an LED but 
not every patient with an LED has a DFT  

Several examples of the type of data used in this analysis is presented 
below  The first example shows successful completion of the step down 
protocol with the first lead system tested  By having a success at 5 
Joules this patient has both a DFT and LED of 5 Joules  This example 
also shows the various codes used in this section of the data forms  

Lead 
Syetem 
Number 

Episode Therapy 
Number Number 

Induced 
Rhythm 

Therapy Data  Post 
Therapy 
Rhythm 

-- -- -- ---- ----------------- ---- ---- ---------- 

-- -- -- ---- -- - -- ----- ---- -- ---- ---- ---------- 

-- -- -- ---- ---------------- ---- ---- ---------- 

-- -- -- ---- ---------- ---- ---- --- ---------- 

- ---------- ------- ---- ----------- ------- ------ --- 

-------- ----------- ------- --- - ---------- ------ --- --- -------------- --- --------- ----- ---------- 
------------- -------- - ------- ----------- ------------ ----- ---------- 

-------- - ------- ---------- ------------ ----- ---------- 
-------- ----------- ------- --- - ---------- ------ --- --- ------------ ----------- --- --- --- ------------ 

-------------------- --------- 
---------- ------- -- - ----------------- -- - ---------------- -- - ----------------- 
-------- ----------- -- - -------- --- - ----------------- ---- - ------------- 

------------- ------------- - ----------------- - -------- ----------- - -------- ------- 
-------- - --- -------- 
----------------- - ---------------- - ------------- ----------- - -------- ------- 
--------- - - --- -------- 
-------- - ----------------- ---- -------- -------- - ----- -------- 

c 
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The next example shows a failure at 5 Joules  This patient  therefore  
has a DFT and LED of 10 Joules  

i cad Fpiiode Therapy Induced 

Syatem Number Number Rhythm 
Number 

Therapy Data  Poet 

Therapy 

Rhythm 

---- ----------- ------ ---- ---- ---------- 

-- --------------- ---- ---- ---------- 

-- ---- ---------------- ---- ---- ---------- 

-- ---- ---------------- ---- --- --------- 

-- ---- -------- ---- ----- ------- ---------- --------- 

The next example is one where the investigator decided to stop lead 
evaluation before reaching an energy low enough to demonstrate failure 
to defibrillate  The implant criteria was met since there was three 
successes at 18 Joules or less  Since a failure was never demonstrated  
we are unable to calculate a DFT  only an LED  The LED in this example 
is 10 Joules  

Lead Episode Therapy Induced Therapy Data  
System Number Number Rhythm 
Number 

Peat 

Therapy 

Rhythm 

---- --------------- ---- ---- ---------- 

-- ---- ---------- ------ ---- ---- ---------- 

-- ---- ---------------- ---- ---- ---------- 

Typically  more than one lead system is evaluated  The lead systems are 
described on the previous page of the  Lead 

System Evaluation Data 
Form  and identified by number  Every induction and therapy delivered 
into the lead system is recorded on the  Lead Evaluation Log   This is 
an example of a difficult patient that required two modifications to the 
lead system before an efficacious system was found  This patient had 
an LED of 18 Joules and no DFT  Since defibrillation testing was not 
performed at an energy less than 18 Joules  a failure level was not 
established  

64 
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Lead Epieode Therapy Induced 

Syetem Number Number Rhythm 

---------- 

Therapy Data  Pact 

Therapy 

Rhythm 

---- --- -------- ---- -- 

------- 

---- ---- --------- 

----- ------- ---------- --------- 

---- --------- ----- ----- ---- -- 

-- -- ---- ------- ---- ----- ------- ---------- --------- 

-- -- ---- ---------------- ---- ---- ---------- 

-- -- ---- ----------------- ---- ---- ---------- 

-- -- ---- ----------- ------ ---- ---- ---------- 

Table VID 8 on page 213 of the PMA clinical report shows the LED for 

the lead configurations tested at implant  Below is an updated Table 

VID 8 based on 757 patients  

703 
Mean 

Std  Dev  
Maximum 

16 0 
5 1 
34 
0 6 

456 
Mean 

Std  Oev  
Maximum 
Minimum 

16 7 
4 8 
34 
3 

RV CS SQ  N 
Mean 

Std  Dev  
Maximum 
Minimum 

210 
14 6 
5 6 
34 
0 6 

RV CS SVC  N 
Mean 

Std  Dev  
Maximum 
Minimum 

37 
1 5 2 
4 9 
34 
10 

Table VID 8  PCD  Transvene  System   Lowest Energy of Defibrillation   6124192 

Seven hundred three  703  patients had at least one successful defibrillation with the 

lead system implanted during lead system testing  During the remaining 59 implant 

procedures  762 703  59  the patient either could not be induced into VF during 

implant lead testing  only V Flutter or VT  or testing of the final lead system was 

waived due to patient condition  

Af 
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A subset of patients were evaluated with the step down protocol and either had a defibrillation failure at an energy below 18 Joules or was successful at 5 Joules  A defibrillation threshold  DFT  was calculated in this group of patients  This calculation was performed by Medtronic s statisticians from the information recorded on the study data forms  DFT is defined as the lowest programmed energy which successfully defibrillated the heart provided there is a failure at an energy below the lowest success or a success at   5J  There was no requirement to find the lowest DFT possible in a particular patient  

DFT s were obtained during 316 of the 762 implant procedures presented in this report  Table VID 9 on page 215 of the PMA clinical report contains the DFT s obtained during implant testing  

----- 
------ 
---- 
--- 
---- 

----- 
------ 
---- 
--- 
-- 

----- 
------ 

----- ------ ---- 
--- 

------------ ---- 
--- 

------- 
----- ------ 

------------- 
------------ 

- ----- 

--- 
--- 

- 

Table VID 9  PCD  Transvene  System   Defibrillation Threshold   6124192 

In summary the Lowest Energy of Defibrillation  LED  is defined as the lowest programmed energy that successfully defibrillated the patient with the implanted lead system  Defibrillation Threshold  DFT  is defined 
as the lowest programmed energy which successfully defibrillated the heart provided there is a failure at an energy below the lowest success or a success at   5J  An LED was determined during 703 of the 762 implant procedures included in the September 18  1992 clinical update  In 316 of these implant procedures we were also able to calculate a DFT  Three hundred eighty seven  387   703 316   387  implant 
procedures had only an LED determined  since a failure level was never established  

  A 
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10  There is a statistically significant difference between the mean DFT 
obtained with the RV CS SQ lead configuration and the mean DFT 
obtained with the other lead configurations  How do you account for 
this difference  Was the DFT as reported and discussed for all lead 
configurations obtained using an identical or similar scheme  Please 
discuss  You must document that there were no significant differences 
between the scheme for performing OFT and LED testing between the 
Transvene and PCS Epicardial patient populations  if that is the case  

RESPONSE  

There was a statistically significant difference between the mean DFT 
obtained with the RV CS SQ lead configuration and the mean DFT 
obtained with the other lead configurations  Since there were no 
differences in the patient population implanted with any of the 3 lead 
configurations  this may be a configuration that results in lower DFTs 
than the other configurations  In theory  this may be due to better 
defibrillation current distribution throughout the myocardium  There is 
no intent to show that a lower DFT results in a better patient outcome  
The premise of the PCS Epicardial and Transvene  studies was to 
demonstrate that if a patient was evaluated at implant and shown to 
meet implant criteria  that they would be reliably defibrillated over time  
and therefore  have a high probability of survival from SCD regardless of 
which lead system or defibrillation pathway was chosen  We have 
shown that freedom from SCD at one year is at least equivalent to that 
afforded by the commercially available AICD for patients who meet the 
implant criteria regardless of lead system  As was described in 
Deficiency Response No  5  Our data demonstrates that there is no 
difference in outcome between patients who met our 18J implant criteria 
 3 4 at   18J  or those with a 10J safety margin  at least one success 
at 24J   The DFT as reported for all Transvene  and all Epicardial 
Systems was obtained using the same testing scheme  Please see 
Deficiency Response Number 9 for a thorough discussion of DFT and 
LED testing  

As previously discussed in the response to Deficiency  4  implanted 
defibrillation lead systems were evaluated through successive inductions 
and treatment of ventricular tachyarrhythmias according to study 
protocol  The protocol asked for a minimum of 3 inductions of VF in 
order to demonstrate defibrillation efficacy  The attached table 
represents the recommended Defibrillation Efficacy Protocol that was 
used to evaluate all lead configurations  

The recommended implant criteria and Defibrillation Efficacy Protocol 
was identical for both the PCD  Transvene and Epicardial Systems  
References from the investigational plan  provided in IDE submissions for 
1 h If h PCO T dEi dil8 
attached  
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To determine whether a patient can be defibrillated 
reliably with a particular lead system  VF must be 
induced and successfully terminated at least 3 times in 4 
attempts with a stored output energy of 18 Joules or 
less  The following protocol should be followed in 
assessing defibrillation efficacy  

-------- ---- 
---------- -- ---- 

---------- 

---- --------- ----- ------ 

----------- --- --------- 

----- 

-------- ---- 

---------- -- ---- 

--------- 

---- --------- --------- 
-- ------- -- ---- ----------- ----- 

----- 

-------- ---- 
---------- -- ---- 

--------- 

---- --------- -------- 
-- ------ -- ---- ----------- ----- 

----- 

-------- ---- 
---------- -- --- 

--------- 

--------- 

----------- ----- 

Lead system testing will be accomplished using an 
External Cardioverter Defibrillator  ECVD   Model 2394  or 
Model 5355  

NOTE  The following precautions should be observed when 
initiating and treating episodes of ventricular 
tachyarrhythmias with the Model 2394 External 
Cardioverterl Defibrillator  

21 
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08110 92 

UPDATE  

NTL 

INVESTIGATIONAL PLAN 

MODEL 7217B PCD 

PACER CARDIOVERTER DEFIBRILLATOR WITH 

NON THORACOTOMY LEAD SYSTEMS 

A  STUDY PURPOSE 

--- ------- ----- ----------- ----- --- --------- 

----- -------- -------- ------ --------- ---------- --- --------- ---------------- 

------------ -- ------- ------------ --------- --------------- ----------------- ----- 

------------ ------- ----- -- ------------ ----------- ----------- ------ ------ --- 

---------- --------------- --------- 

----- -------- -------- ------ ---------------------------------------- -- --- 

--------------- ------------------------- ------------ -------------------- --------- 

-------- ----------- --- ------- ----- ------ ----------- --- ------------- -------------- 

------ ----- ------------- ------------- ------ ------- ------- ----- -------- -------- 
----------- --- -------- -------- ----------------- --- ---------------- ------------ 

--------- ---- ----------- --- ----------- --- ------------- -------------- ---- 
--------------- --- ----------- --------- ---- ------------- -------------- ---- --- ----- 
----------------- ------------------ ---- ----------- ----- --- --------- ----- 
----------------- ----------- ------ -------- ----- ------------ -------- --------- 

------ ----- ------- ----- --------------- ----------------- ------------ --- --- ----- 

------------------ ---- ------------ --- ---------------- --------- ----- --- 
----------------- ----------- ------ ---- ------------ --------- ----------------- ----- 
---------------- ----------- ----- ----- --- ----------- ----------- --- ---- 

------------ ---- ---- ---------------- 

----- -------- -------- ----- --- ------ ------ ----- ------ ------- --- ----- ---------- - 

-- --- ------------ --------- ---- 

--- -- --------------- --- --------------- --------------- ---------------- 
--------- 

-- 

(b)(4)
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To determine whether a patient can be defibrillated 
reliably with a particular lead system  VF must be 

induced and successfully terminated at least 3 times in 4 
attempts with a stored output energy of 18 Joules or 
less  The following protocol should be followed in 
assessing defibrillation efficacy  

-------- ---- 
---------- -- ---- 

--------- 

---- --------- ----- ------ 

----------- --- --------- 

----- 

-------- ---- 
---------- -- ---- 

--------- 

---- --------- --------- 

-- ------- -- ---- ----------- ----- 

----- 

-------- ---- 

---------- -- ---- 

--------- 

---- --------- -------- 

-- ------ -- ---- ----------- ----- 

----- 

-------- ---- 

---------- -- --- 

--------- 

--------- 

----------- ----- 

Lead system testing will be accomplished using an 
External Cardioverter Defibrillator  ECVD   Model 2394 or 
Model 5355  

NOTE  The following precautions should be observed when 
initiating and treating episodes of ventricular 
tachyarrhythmias with the Model 2394 External 
Cardioverterl Defibrillator  

21 
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4 6 92 
PVE 

INVESTIGATIONAL PLAN 

MODEL 7217B PCD 

PACER CARDIOVERTER DEFIBRILLATOR SYSTEM 

WITH EPICARDIAL PATCH LEADS 

--- ---------- ------------- 

--- ------- ----- ----------- ----- --- --------- 

----- -------- -------- ------ --------- ---------- --- --------- ---------------- 

------------ -- ------- ------------ --------- ------------ ------- ---------- ---------- 

--- ---------- ---- ------ --- ---- ------- ------------ ----- -- ------------ ----------- 

----------- ------ ------ --- ---------- --------------- --------- 

----- -------- -------- ------ ---------------------------------------- -- --- 

--------------- ------------------------- ------------ -------------------- -------- 

-------- ----------- --- ------- ----- ------ ----------- --- ------------- -------------- 

------ ----- ------------- ------------- ------ ------- ------- ----- -------- -------- 

----------- --- -------- --------- ---------------- ----------------- ---- ---- --- 

---------------- ----------- ---- ----- 

--------- ---- ----------- --- ----------- --- ------------- -------------- ---- 

--------------- --- ----------- --------- ---- ------------- -------------- ---- --- ----- 

----------------- ------------------ ---- ----------- ----- --- --------- ----- 

----------------- ----------- ------ -------- ----- ------------ -------- --------- 

------ ----- ------- ----- --------------- ----------------- ------------ --- --- ----- 

------------------ ---- ------------ --- ---------------- --------- ----- --- 

----------------- ----------- ------ ---- ------------ --------- ----------------- ----- 

---------------- ----------- ----- ----- --- ----------- ----------- --- ---- 

------------ ---- ---- ---------------- 

---- ------ -------------- ------- ----- -------------- --------- ----------- ---- 

----------------- ------- -- --------- ----------- ---------------- ------------ --- -- 

----------- ---------------------------- -------------- -------- ----------- ----- ----- 

--- ---- --------------------------------- ------------- ---- ---- -------- -------- 

------ ---------- --------- -------- ---------- ----- -------------- -------- 

------------- 

1 

07J  
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---- ---------- ------ ------------- ------------ ----- ------------ 

------- ------------ ---- ------------ ------------ ------------------ 

----- --- -------- 

--- -- --- --------- ------- 
-------- ------- 

--- ------- --------- --------- 
------------- ------- 

----- ------------ ------ ----------- ------------- ---- 

----------------- ------- --- ------------- --- ---- ----- ---------- 

----- ---- --------- ---- ----------- ---- ---------------- ------- 

--------- ----------------- ---------- ---------- - ------- --- -- ------- 
---------------- -------- --------- --------- 

---- ------------ ---------- -- -------- ---- --- --------------- 

--------- ------ -- ------------ ----- --------- ---- ------ --- 

---------- ----- --------------- ------------- -- ------ -- ------- --- -- 

---------- ------ --- -------- -------- --- --- -------- --- ------ 

----- ------------ ---------- -------- --- ----------- ----------- --- 

----------- ---------------- ----------- 
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DEFIBRILLATION EFFICACY PROTOCOL 

---------- 

-------- ---- 
---------- -- --- - ------ ---- 

---- 

----- 
---- 

--------- ----- ------ 
----------- --- --------- 

-------- ---- 
---------- -- --- - ------ ---- 

--------- -------- 
-- ------- -- --- - 

----------- 
----- 

----- 
---- 

-------- ---- 
---------- -- --- - ------ ---- 

--------- -------- 
-- ------ -- --- - 

----- 

-------- ---- --------- ----------- ----- 

----------- 
----- 

---------- -- -- - ------ ---- 

------------- -- --- -------------- ------ ----- -- -- ------------ --- 

------------ ---- --------- --- ---- -------------- ---- 

----------------- ---------- ---------- ----- --- ---------- --- 

------- ------- ---- ----- --------- ------ --------------- 

------------- ---- -------- ------ ------- --- ------ ---------- 

------ -- -------- -------- -------- --- --- -- 

18 
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11  Please elaborate on how the comparison of DFTs obtained from the 

PCS Epicardial Lead study and the Transvene study can be considered 
as a valid comparison in that the majority of the patients  574  75 3 

percent   in the Transvene   study were programmed with the sequential 

pathway and 178  23 4 percent  were programmed via the simultaneous 

pathway  The majority of the patients  496  65 2 percent   in the PCS 
Epicardial study were programmed with the single pathway  Based on 

your PCS Epicardial study  please discuss the DFTs or energy 
requirements obtained with the use of the single defibrillation pathway 
versus the sequential and simultaneous pathways  

RESP NSE  

The premise of the PCS Epicardial and Transvene studies was to 
demonstrate that if a patient was evaluated at implant and shown to 
meet implant criteria  that they would be reliably defibrillated over time  
and therefore  have a high probability of survival from SCD regardless of 
which lead system or defibrillation pathway was chosen  The Epicardial 
System is a valid comparison since the same PCS was used in both 
systems  the same indications were used  the same implant criteria  the 
same protocol and data requirements and the studies were performed 
concurrently at the same centers  There is no other system that is 
currently market released that is a better  or more applicable control  We 
have shown for both studies that freedom from SCD at one year is at 
least equivalent to that afforded by the commercially available AICD for 

patients who meet the implant criteria regardless of lead system  All of 
the transvenous defibrillation systems that are available are currently 
under investigation and as such  limited or no data exists with which to 
compare our performance  A discussion of DFTs or energy requirements 
obtained with the use of the single defibrillation pathway versus the 
sequential and simultaneous pathways is found in the PCS Epicardial 
IDE G870102  In Section VII  Page 25 of the Clinical Summary report  
it was shown that the DFTs were similar  A copy of that page is 

provided here for your convenience  The two patch  single pathway  
DFT mean was 10 5J  The three patch  sequential simultaneous  DFT 
mean was 8 8J  There was no difference in the outcome of patients 
with either of the systems  

 i 4 
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Table Vll 7 illustrates the lowest energy of defibriilation  LED  and 
defibrillation threshold  DFT  for the implanted lead systems  As 
noted previousIy  the implant criteria for the PCD Device was 3 
of 4 episodes of VF successfully terminated at 18 Joules or less 
with a given lead configuration  As the DFT and LED indicate  VF 
was reliably terminated at an energy below the maximum output 
 34 Joules  of the PCD Device  

PCD Epicardial System 
Oe britlation Efficacy by Lead System 

implant Frequency LED DFf 

All Lead Systems 11 9J 9 8J 

2 Patch System 12 5J 10 5J 

3 Patch System 10 6J 8 8J 

Table VII 7  PCD Epicardial System Defibrillation Efficacy by Lead System   

511 4192 

Of the 742 patients screened for a PCD Epicardial System  92 

patients  12 4   received the system despite not meeting the 
recommended defibrillation implant criteria  The investigators felt 
in every case that the testing performed at the time of implant  
though it did not meet the recommended implant criteria  
demonstrated adequate defibrillation efficacy for implantation of 
the PCD Epicardial System  

A safety margin of at least 10 Joules between the successful 
defibrillation energy  24 J or less  and the maximum output of the 
PCD Device  34 Joules  was provided in 90  of the patients  
The investigators utilized this 10 Joule safety margin as a 
benchmark based on the clinical experience discussed in the 
article  Troup   et al  The Implanted Defibrillator  Relation of 
Defibrillating Lead Configuration and Clinical Variables to 
Defibrillation Threshold  Journal of American College of Cardiology 
1985  6 1315 1321  

It is important to note that there was no statistical difference in 
overall spontaneous VTIVF episode efficacy and one year sudden 
cardiac death survival in patients who did not meet the 
recommended defibrillation implant criteria versus those patients 
who did meet the recommended implant criteria  

25 
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12  Please discuss the time between detection and delivery of therapy of the 
Transvene System versus the PCS Epicardial System  

RESP NSE  

The time between the start of detection and delivery of therapy is 

dependent on the programmable VT VF detection and therapy 

parameters and not on the implanted defibrillation lead system  

A representative VT episode duration can be determined by using the 
most frequently programmed parameters for VT detection and therapy 
during the clinical trial  For both the PCS Transvene and Epicardial 
System the most frequent VT detection and therapy parameters were as 
---------- 

- ---- ----------- --- ----------- --- -------- ------- 
- ---- --------------- ------------ ---------- ------- 
- ---- ---------- --- ------ 

--- 
----- ---- 
------- 

- ---- ---------- --- -------------- ---- ----- ----------- 
-- --------- -- ------------- 
--- ---- -------------- 

- ---- ---------- ----- ------ ----------------- 

- ---- ---------- --- -------------- -- -------- 

For both the PCS Transvene  and Epicardial System  the majority 
 90   of spontaneous VT episodes were terminated with VT Therapy 
41  Using the above listed parameters a VT episode would last 8 4 
seconds in patient receiving one sequence of antitachycardia pacing and 
25 2 seconds in a patient requiring all three sequences for termination 
of the VT episode  Note  that after each delivery of a pacing sequence 
the PCS Device needs to redetect ventricular tachycardia  If VT 
Therapy  2  cardioversion  was required for termination of the episode  
the episode duration would be 32 6 seconds  

A representative VF episode duration can be determined by using the 
most frequently programmed parameters for VF detection and therapy 
during the clinical trial  For both the PCS Transvene and Epicardial 
System the most frequent VF detection and therapy parameters were as 
---------- 

---- ----------- --- ----------- --- -------- ------- 
---- --------------- ------------ ---------- ------- 
---- ---------- --- ------------------- 
--------- ------- ---- ---- ---------- ----- 
---- ---------- --- ------------------- 
--------- ------- ---- ---- ---------- --- 

--- 
----- ---- 
---------------------- 
---- ---------- 
---------------------- 
---- ---------- 
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For both the PCS Transvene and Epicardial System  the majority 

 90   of spontaneous VF episodes were terminated with VF Therapy 
 1  Using the above listed parameters a VF episode would last 11 8 
seconds in patient requiring VF Therapy  1 for successful reversion  If 
VF Therapy  2 was required for termination of the episode  the VF 
episode duration for both the PCS Transvene  and Epicardial System 
would be 20 6 seconds  

Since both the PCS Transvene and Epicardial System patients were 

programmed to similar VTIVF detection and therapy parameters as well 
as the majority of spontaneous VTIVF episodes being terminated with 
Therapy  1  there is no difference in the time between start of detection 
and delivery of therapy for the two systems  

 Al 
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13  On page 125 of the application  please explain and or discuss what is 

meant by 
 a 2 1 VF sensing margin   how it is determined  and if the 

patients met the criteria  

RESPONSE  

As previously described in the PCS Transvene System PMA 

application as well as responses to deficiencies on the PCS Epicardial 

System  PMA P900061  Submission dated 10130 91   analysis of 

appropriate sensing and detection of VF is performed at the time of 

implant as well as during the course of follow up  The goal of this 

testing is to ensure appropriate VF sensing and detection on an acute 

and chronic basis  

During defibrillation --------- the Mode- ------ -------- is programmed to a 

sensitivit-- ------- --- ---- ----- which is ----- times the nominal sensitivity 

setting ----- ------ of the Model -------- ------ Device  During VF 

inductions  the VF electrogram and -----------------  --------- --------- ls 
which are available from the Model ------ -------- ----- ------ --------- are 
monitored and the majority of the ---- ------ ls ------ should have an 

amplitude equal to or greater than ---- ------ 

For the sensitivity parameter  the ----------------  recommendations 
recommend a programmed value of ---- ------ Using the described 
testing  this would provide a ---- ---- sensing margin  --- --- er words  

appropriate sensing of VF was documented at a value ----- times less 

sensitive than the programmed value and would provi--- -- ----- step 
safety margin when the PCS Device is programmed to ---- ------ -- the 
PCS Device was programmed to a sensitivity value of ---- ------ the 

described testing would provide a 2 1 VF sensing margin  --- other 
words  appropriate VF sensing was documented at a value ----- times 
less sensitive than the programmed value and would pro----- -- ----- step 
safety margin when the PCS Device is programmed to ---- ------ In both 
of these cases  implant testing and sensitivity value programming allows 
for changes in the VF electrogram amplitude without impacting 
appropriate VF sensing and detection  

All of the patients who received the PCS Transvene  System met the 
2 1 VF sensing margin  At ---- ---- known fo------- p  76 6  of the 

patients were programmed to ---- ----- sensiti----- ----- VF sensing margin  
and 22 3  were programmed to ---- ----- ----- VF sensing margin   In 

addition  there have been no reports of undersensing during induced 
episodes of VF as well as no reported patient deaths due to lack of 
detection of a spontaneous VF episode  
This clinical experience indicates that the recommended VF sensing 
implant criteria has provided safe and effective evaluation of VF sensing 
at implant and ensured chronic appropriate VF sensing  

GSO 

(b)(4) (b)(4)
(b)(4) (b)(4)

(b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4)
(b)(4)

(b)(4)
(b)(4)

(b)(4)
(b)(4)

(b)(4)

(b)(4) (b)(4)
(b)(4) (b)(4)



MEDTRONIC CONFIDENTIAL 8S 

14  Of the 329 patients who were followed for 6 months  130 patients had 

spontaneous episodes  What was the average number of VT and VF 

episodes per patientT Of the patients followed for a year  how many had 

spontaneous episodes of VT and VF and what was the mean number of 
episodes of VT and VF and what was the mean number of episodes per 

patient in this group  

RESPONSE  

Using the June 24  1992 data cutoff there were 329 patients followed 
for 6 months or longer  Of the 329 patients  130 patients had a 
spontaneous VT episode with a mean of 28 9  3752 130  episodes per 
patient and 120 patients had a spontaneous VF episode with a mean of 
5 6  667 120  episodes per patient  A total of 179 patients had either 
spontaneous VT or VF episodes with a mean of 24 7  4419 179  
episodes per patient  

Of the 115 patients followed for 12 months or longer  60 patients had 
a spontaneous VT episode with a mean of 29 5  1770 60  episodes per 
patient and 37 patients had a spontaneous VF episode with a mean of 
6 7  248 37  episodes per patient  A total of 67 patients had either 
spontaneous VT or VF episodes with a mean of 30 1  2018 67  
spontaneous episodes per patient  

 4 
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15  On page 130  Table IF 4  you report that there were 5 362 episodes of 
VT successfully terminated  On page 131  paragraph 2  you state that 
25 patients experienced 45  0 8 percent  episodes of sinus tachycardia 
or atrial fibrillation  Are these patients included in the success or failure 
category  Nine hundred and sixty four episodes of VF were reported  
however  75 episodes were not actual VF  You must clarify how the 
successful and ineffective therapies and failures are discerned and 
categorized  Please prepare a table which includes a category of 
ineffective therapies with actual patient numbers and percentages  In 
addition  what assurance is there that an episode of supraventricular 
tachycardia or atrial fibrillation is not misinterpreted as VT or VF by the 

physician and considered a successful therapy  

RESPONSE  

For purposes of this clinical trial  spontaneous VT and VF episodes were 
defined as those episodes that satisfied the programmed VT and VF 
detection criteria  Specifically  all programmed VT and VF detection 
criteria must be fulfilled to detect an episode  Successful termination of 
the episode was defined as satisfying the VTIVF episode termination 
Cfit8fiB Alt SpQPitRigQg  VTi Qp6 VF gpjggQgg 

dptggtQ gpss tragtnrJ hy 

the PCS Device are used in determining therapy efficacy  An ineffective 
episode is defined as VT or VF episode detected by the PCS Device in 
which all four programmed therapies failed to successfully terminate the 
episode  Spontaneous episode efficacy is determined by the following 
ratio  Number of TOTAL Episodes Successfully Terminated by PCS 
Device Number of TOTAL Episodes Detected by the PCS Device  The 
attached PCS Device telemetry printouts provide examples of how 
spontaneous episode efficacy is determined  

For those episodes where all four programmed VT VF therapies failed to 
terminate the episode  the clinical follow up data form was reviewed for 
investigator s comments on the episode  The investigator reviewed the 

patient s symptoms at the time of the episode as well as the stored 
episode information provided by the PCS Device and indicates on the 
clinical dataform whether the ineffective therapy was due to a 
nonventricular tachyarrhythmia such as sinus tachycardia or atrial 
fibrillation  If there is no such indication on the clinical dataform  it is 
assumed that the ineffective therapy was for a spontaneous VT or VF 
episode  It should be noted that for all current ICD Systems  the delivery 
of inappropriate therapy for atrial fibrillation or sinus tachycardia is a 
known risk of the therapy  

The Table 15 1 summarizes the spontaneous VTIVF episode experience 
on 757 patients with a cutoff date of February 1  1993  The discussion 
that follows provides additional data on these episodes  
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10 027 316 

256 

163 10 027  1 6   60 

16 

23 

21 

1982 317 

195111982  98 4   301 

3111 982  1 6 lo  16 

1111982  D 55   4 

711 982  0 4   4 

411982  0 24lo  

211982  0 1   2 

219182  0 1   

511982  0 25   4 

Table 15 1  PCS Transvene System Spontaneous Episode Experience   2 I 193 

S ontaneous VT E isode Ex erience 

To date  10 027 spontaneous episodes of VT have been detected by the 
PCD  Device in 316 patients  Most spontaneous VT episodes  90 7   
were successfully treated with VT Therapy 41 and 98 4  were 
successfully treated with one of the four programmable VT therapies  

ST  p3O8AtS BXjIBA81li  8d  1 63 BpiSQ68a i i  Wh1CA  try PCu  u8V C8  VVGS  

ineffective in terminating a spontaneous episode of VT despite delivery 
of all four programmed therapies  Sixteen  16  patients experienced 33 
episodes of atrial fibrillation with a rapid ventricular response that was 
not  successfully treated  by the PCS Device  Twenty three  23  
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patients experienced 62 episodes of sinus tachycardia that was not 
 successfully treated  by the PCS Device  It should be noted  that the 

possibility of inappropriate VT therapy delivery due the detection of atrial 
fibrillation with rapid ventricular response or sinus tachycardia that meets 
the programmed VT detection criteria is a known risk for all current ICD 
Systems  

And finally  twenty one patients experienced 68 episodes of 
spontaneous VT in which the programmed VT therapies were ineffective 
in terminating a spontaneous episode  No patient deaths occurred as a 
result of ineffective VT therapy  Reprogramming and pharmacologic 
intervention resolved these events  The table provided at the end of this 
response summarizes this experience  

ontaneous VF E isode Ex erience 

To date  1982 spontaneous episode of VF have been detected by the 
PCD  device in 317 patients  Most  89 1   spontaneous VF episodes 
were successfully treated with VF Therapy  1 and 98 4  were 
successfully treated with one of the four programmable VF therapies  

Sixteen  16  patients experienced 31 episodes in which the PCS Device 
was ineffective in terminating a spontaneous VF episode of VF despite 
delivery of all four programmed VF therapies  Four  4  patients 
experienced 11 episodes of atrial fibrillation with a rapid ventricular 
response that was not  successfully treated  by the PCS Device  Four 
 4  patients experienced 7 episodes of sinus tachycardia that was not 
 successfully treated  by the PCS Device  One patient experienced 4 
episodes of both atrial fibrillation and sinus tachycardia that was not 
 successfully treated  by the PCS Device  It should be noted  that the 

possibility of inappropriate VT therapy delivery due the detection of atrial 
fibrillation with rapid ventricular response or sinus tachycardia that meets 
the programmed VT detection criteria is a known risk for all current ICD 
Systems  

In addition  there were three  3  patients who experienced ineffective 
therapy for a spontaneous VF episode due to lead performance or 
secondary to a terminal event  One patient experienced one episode of 
ineffective VF therapy due to lead dislodgement  a second patient 
experienced one episode of ineffective VF therapy due lead fracture 
which generated 

 noise  which was classified by the PCS Device as 
 VF  and the third patient experienced two episodes of ineffective 
therapy at the time of his monitored death  

And finally  four patients experienced 5 episodes of spontaneous VF in                       il 

GS4 
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spontaneous VF episode  In three patients  these events were resolved 
with reprogramming or pharmacologic intervention and as of the last 
known follow up these patients remain alive and have had no further 
ineffective VF therapies  

The last of the four patients experienced cardiac arrest at home and was 
found by the paramedics to be in sinus rhythm  While on monitor the 

patient developed VF and the PCS Device appropriately detected and 
terminated the episode  However  the patient developed EMD and upon 
admission to the ER was pronounced dead on arrival  

The overall success rate of the PCS Transvene System in terminating 
spontaneous episodes of either VT or VF was 98 4   Table 15 2 

provides as summary of spontaneous episode efficacy  

10 027 

98 4   9864 10 027  

0 7   68110 027  

0 9   95110 027  

1982 

  Overall Efficacy 98 4   1951 1982  

0 3   5 1982  

  Unsuccessfu  Due to Non VF Arrhythmias 1 3   26 1982  

Table 15 2  PCS Transvene System Spontaneous VTIVF Episode Efficacy 

The physicians who are investigators in our study are all highly trained 
and are qualified by their education and experience to evaluate ICD 
performance  These physicians are the experts and leaders in their field 
and  as such  their interpretation of the data is considered the state of 
the art  Also  as the PCD is not designed nor intended to treat atrial 
arrhythmias  it is unlikely that the ventricular arrhythmia therapy from the 
PCD would terminate a ventricular arrhythmia  If an atrial arrhythmia 
was misinterpreted as a ventricular arrhythmia  the PCD therapy would 
likely be ineffective and this would  therefore  lower the reported percent 
success for PCS therapies  

OS  
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EVE  ITS AFTER LAST THERAPY  
 8  VT THERAPY 01 DELIVERED 
t I  R R INTERVAL  1  ø MS 

l 0 ML A Ct l6 3    i 

7  r   6  9 

 2  R R INTERVAL  1 6  MS 
 3  R R INTERVAL  67  MS 
 4  R R INTERVAL  65  MS 

 5  R R INTERVAL  668 MS 
 6  R R INTERVAL  66  MS 
 7  R R INTERVAL  67  MS 
 8  R R INTERVAL  67  MS 
 9  R R INTERVAL  65ø NS 

 18  R R INTERVAL  66  MS 

 1   THERAPY WAS SUCCESSFUL 

(b)(4)
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-------- ------------- ----------------- ----------------- 
----- ----- ---------------- ----- ----- 

------ ----- ---------------- ----- ----- 
----- ----- ---------------- ----- ----- 
----- ----- ---------------- ----- ----- 
----- ------ ---------------- ----- ----- 
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----- ----- ---------------- ----- ----- 
----- ----- ---------------- ----- ----- 
----- ----- ---------------- ----- ---- 
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--- ----- ---------------- ----- ---- 
--- ----- ---------------- ----- ---- 

--- ----- ---------------- ----- ---- 
--- ----- ---------------- ----- ---- 
--- ----- ---------------- ----- ----- 
--- ---- ---------------- 

- -- ----- ---------- 

EVENTS AFTER LAST THERAPY  
 0  VF THERAPY tel DELIVERED 
 1  R R INTERVAL  1000 l1h 
 2  R R INTERVAL  1200 MS 
 3  k E INTERVAL  1000 l15 
  1  R R INTERVAL  700 MS 
 5  R F  INTERVAL  950  1S 

6  R  I   I iTERVAL  1140 AS 

 7 R F   IiVTERVAL  1160  1S 

  3  R k IiiTERVAL  1150 MS 

it 

g   R R INTERVAL 1040 MS 

 10  R R INTERVAL  860 hid 

 10  THERAPY WAS SUCCESSFUL 
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 A 
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16  Table IM 6  page 173 must be modified to include a column on 

inappropriate therapy or therapies delivered as the device was 

programmed so that the percentages add up to 100 percent  

RESPONSE  

Table IM 6 has been modified to include rows for episodes that were 

unsuccessfully terminated but classified as Atrial Fibrillation or Sinus 

Tachycardia  Unsuccessful termination of an episode was defined as 

episodes in which the PCS Device was ineffective in terminating a 

spontaneous episode despite delivery of all four programmed therapies  

5 6 months 9 7 months 

5 430 13 706 

5 36215 430 
98 7  

1 3 449113 706 
98 1  

2715 430 
0 4  

116113 706 
0 9  

4515 430 
0  9  

1 4111 3  706 
1 pop 

Mean Follow Up 

Number of Episodes 

  Overall Efficacy 

5 6 months 

973 

964 973 
99 1  

9 7 months 

1 694 

1  67111  694 
98 6  

  Unsuccessful Termination 

ill 

1 1973 
A 101 
V   I rE 

911 694 
nr y  

  Unsuccessful Termination 

 AF ST  

81923 
0 8  

1 411 694 

0 9  

Table IM 6  PCS Transvene System  Comparison of Spontaneous VT VF Episode Efficacy 
  6124192 

  5 
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Thirty patients out of 757 in the Transvene population experienced 68 
 68 5430  1 3   episodes in which the PCD  Device was ineffective in 
terminating a spontaneous episode of VT despite delivery of all four 

programmed VT therapies  Twenty five patients experienced 45  0 9   
episodes that were due to sinus tachycardia or atrial fibrillationlflutter 
 SVT  with a rapid ventricular response that had been detected as VT  
These episodes were resolved with either modification of programmed 
parameters or of antiarrhythmic drug therapy  It should be noted that 
the PCS Device responded appropriately based on the programmed 
detection parameters  

Seventy nine patients out of 742 in the Epicardial population experienced 
257  257 13 706 1 9   episodes in which the PCD  was ineffective 
ir  ter    donating  a spontaneous epis de of VT despite dehvery  f aH four 

programmed VT therapies  Of the irieffective episodes  141 episodes 
 1 0   were due to sinus tachycardia or atrial fibrillation with a rapid 
ventricular response that had been detected as VT  These episodes 
were resolved with either modification of programmed parameters or of 
antiarrhythmic drug therapy  It should be noted that the PCS Device 
resPonded appropria  y based on t     e Program   ed det t ion parameters  

Five patients in the Transvene  population experienced 9 episodes 
 9 973  0 9   in which the PCS Device was ineffective in terminating 
a spontaneous episode of VF despite delivery of all four programmed VF 
therapies  Four patients had eight reported ineffective VF spontaneous 
episodes that were due to sinus tachycardia or atrial fibrillation with 
rapid ventricular response rather than VF  Reprogramming and 
pharmacologic intervention resolved these problems  It should be noted 
that the PCS Device performance was appropriate based on the 
programmed detection parameters  

Thirteen patients in the Epicardial population experienced 23 episodes 
 23 1 694   1 4   in which the PCD  Device was ineffective in 
terminating a spontaneous episode of VF despite delivery of all four 
programmed VF therapies  Fourteen of the ineffective episodes  0 9   
were due either to atrial fibrillation with a rapid ventricular response that 
had been detected as VF  sinus tachycardia or the device not being 
disabled at the time of explant allowing the PCS Device to sense 
external noise as VF  The episodes due to atrial fibrillation and sinus 
tachycardia were resolved with either modification of antiarrhythmic drug 
therapy or programmed parameters  It should be noted that the PCS 
Device performance was appropriate based on the programmed detection 
parameters  

OR 
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17  On page 162  Table IL 2 lists a category  Fail to CardiovertlDefibrillate  
as 0 8 percent  Please clarify  If a patient survives an episode of an 
inappropriate therapy  is it categorized as a success  Please discuss  
The tables must include percentages with the representative numerical 
support  

RESPONSE  

Table IL 2 references a side by side comparison of complicationl 
observation rates observed in the PCS Transvene System and the 
AICD Epicardial System  The table is provided here for reference and the 
PCS Transvene System reflects an update on the clinical experience 
with the 757 patients with a new cutoff date of 211193  The incidence 
of  Fail to Cardiovert Defibrillate  was 0 8  and is now 1 2  due to the 
increase in mean follow up time from 5 6 months to 10 8 months  

1 2   9 pts  4 1   7 pts  

9 6   73 pts  20   55 pts  

2 94k  22 pts  2 2   6 pts  

0 7   5 pts  0 7   2 pts  

The AICD Epicardial System clinical experience data is from Winkle  et 
al  Long Term Outcome with Automatic Implantable Cardioverter  
Defibrillator  JACC  May 1989  13 6  135 161  This article was 
selected because it provides a detailed clinical complication experience 
on large patient population  270 patients  

As described in the PCS Transvene System PMA Application clinical 
experience report  Section X  Comparison to AICD Svstem  the instances 
of failure to cardiovert and or defibrillate in the PCS Transvene System 
patient population were associated with increased defibrillation 
requirements during induced VF episodes  none of which resulted in 
patient death  The failures to cardiovertldefibrillate reported in Winkle et 
al  article were associated with patch dislodgement  patch crinkling  lead 
conductor fracture and elevated defibrillation thresholds due to changing 
patient conditions  

 i 
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For purposes of this PCS Transvene System clinical trial  spontaneous 
VT and VF episodes were defined as those episodes that satisfied the 
programmed VT and VF detection criteria  This includes all 
tachyarrhythmia episodes  i e  VT  VF and supraventricular tachycardia  
that meet the programmed detection criteria  It should be noted for all 
current ICD Systems  the possible delivery of inappropriate therapy for 
atrial fibrillation or sinus tachycardia is known risk of the therapy  There 
have been no patient deaths due to the delivery of inappropriate VT or 
VF therapy in the PCS Transvene  System population  Using the stored 
episode information available in the PCS Device and evaluation of the 
patient s symptoms at the time of the episode  the physician can 
attempt to discern whether the therapy was delivered for spontaneous 
VTIVF episode or a nonventricular arrhythmia such as atrial fibrillation or 
sinus tachycardia  

Gi 
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18  There were 38 inactive patients reported in Table IH 1  however  34 
patients were reported to be no longer active  Please clarify  

RESPONSE  

The text accompanying Table IH 1  Inactive Patients  page 136 of the 
clinical summary provided in the September 18  1992 amendment  
contained an error  The text preceding the table should state  there are 
a total of 38 patients who had received a PCD system and are no longer 
active in the study as of 6124192   Note that the information in the 
table was correct  

As of 211193 there are a total of 82 patients who had received a PCD 
system and are no longer active in the study  The distribution of these 
patients is presented below and also appears in the updated clinical 
summary report under  Inactive Patients   

Transvene Inactive Patients 

Reason for inactivity    of Patients 

Patient deaths 51 

Infection  explant  22 

Heart transplant 9 

Total 82 
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19  Please discuss how the 1 year sudden cardiac death survival  as reported 
in Table IF 2  page 128  was calculated  The numbers and an 
explantation of patient classification must be included  Was every 
patient included who had a prior cardiac arrest regardIess of the 
arrhythmia  

83 

RE PONSE  

Sudden cardiac death is defined as a death that occurs within one hour 
of onset of symptoms or where the death is unwitnessed  The sudden 
cardiac death survival probability shown in T----- ----- -- ------------ ------- 
a life table survival analysis ------------- ----- ----------- ------------ 
----------- ---- ------------- --- ---------- ---- --- --------- --- --------- -- ---- 
--------- --- ---------- ---------- ---- ---------- --------- --- ---------- ----------- 
-------- ---- ---------- ----- ---- --------- --- -------- ------------ --- ----- ---------- 
----- --------------- ------ ------------ ------- ---- -------------- ------------ 
----------- ---------- ------- 

Presentation of the number of patients does not allow calculation of the 
survival probability  Therefore  a dataset will be available upon request 
if you desire to verify the survival probability  

The sudden cardiac death survival probability estimates the likelihood 
that a patient enrolled in the study will survive to one year without dying 
a sudden cardiac death  All patients in the Transvene  clinical study are 
included in the analysis regardless of the indication  VT SCD or SCDIVT   
arrhythmia   VT or  VF    or  prior  cardiac arras   status  

ORS 

(b)(4)

(b)(4)
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20  On page 177  the number of patients must be provided so that the 
percentages and calculated p values can be confirmed  

RESPONSE  

The percentages in Table IM 10 page 177 are calculated using the life  
table survival estimate procedure  

757 742 

99 8  98 7  ------- 

96 8  95 7  ------- 

All Cardiac 96 6  94 4  ------- 

Noncardiac  99 4  97 3  ------- 

95 3  87 2  ------- 

-------------- ------------- -- - - -- 

Table IM 10  Comparison of Actuarial Survival  PCS Transvene System versus 
PCD Epicardial System   6124192 

The life table procedure estimates the probability of survival for intervals  
All patients for each population enter the model for estimation and are 
censored at their last known follow up or counted as an event at time of 
death  The calculations were estimated using the commercial statistical 
software package ------- Therefore  providing a number of patients would 
not aid in verification of percentages and p values  For verification of 
percentages and p values datasets are available upon request  

Q9 

(b)(4)

(b)(4)

(b)(4)
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85 
21  Table IV C  page 649 of the original submission shows a comparison of 

patient variables for the three lead systems and provides p values for the 
variables tested  but the hypothesis was not clearly stated  Please state 
the hypothesis and discuss the p values obtained when reporting by 
primary indication  and the chi square test of the data set and how it 
was computed  

RESPONSE  

For Table IV C  page 649 of the original submission the null hypothesis 
was  the patient characteristics are equivalent for the three lead 
configurations  RV SVCISQ  RVICS SQ  and RV CSISVC  

Mean Age 57 9 60 7 56 3 ----------- --- ---- --- 
----------- 

Number    Male 170 82 9  71 83 5  19 70 4  -------------- ------- 
Number    Female 35 17 1  14 16 5  8 29 6  ----- 

Mean Ejection 
Fraction 

37 4  35 5  35 8  ----------- --- ------- 
----------- 

Primary Indication  
SCD 
VT 

SCD 5  VT 

79 38 5  31 36 5  10 37 0  -------------- ------- 
92 44 9  41 48 2  12 44 5  ----- 
34 16 6  13 15 3  5 18 5  

NYHA 
Classification  

IIII 
IIIII V 

163 81 1  74 87 1  23 85 2  ---------- ------- 
38 18 9  11 12 9  4 14 8  ------- ----- 

Coronary Artery 
Disease 

73 2  69 4  74 1  -------------- ------- 
----- 

Myocardial 
Infarction 

68 3  65 9  66 7  -------------- ------- 
----- 

Congestive Heart 
Failure 

32 2  25 9  29 6  -------------- ------- 
----- 

Cardiomyopathy 27 13 2  14 16 5  4 14 8  ---------- ------- 
------- ----- 

FaDe tVC  Summary oi Variabies Tested on Lead Configurations   11127192 

----- -------------- ---- -- ------ --- ---- ---- -------------- ---------- ------------ 
-- -- ------ ---- -- -- -- --- ------- ----- -- ------------ --------------- -------- ---- 
--------------- --- ------- ------ ------ ------------ ------- ---- -------------- 
------------ ----------- ---------- ------- ---- ------------- --------------- ---- 
---------- ------------- --------- ----- ------- ------ --------- ---------- ---- 

63  

(b)(4)

(b)(4)
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86 differences between the observed and expected frequencies ------- 
Users s Guide  Statistics  ---------- -- ---------- ------- ---- ------------ 

Ther wer so sta  isticaHy significant differences at a  ------- - igriificarice  
level in patient characteristics between the lead configurations  
Therefore  we accept the null hypothesis that the patient populations are 
equivalent  

D 

(b)(4)

(b)(4)

(b)(4)
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22  For purposes of justification of data pooling and data analysis of Table 
IV C  please discuss why the multiple statistical significant difference 
was not adjusted at a 0 05 significance level using a more widely 
accepted procedure such as the Hochberg procedure  Dunnett and 
Tarnhoue  A Step up Multiple Test Procedure  Journal of the American 

i ical Association  March  1992  Vol 87  pp  162 170   

RE PONSE  

The Hochberg procedure was not used to adjust for multiple inference 
in table IV C of the original submission because the Dunnett and 
Tarnhoue article was not published and not known by us until the same 
month that the original submission was submitted  March 1992  Also 
procedures that adjust for multiple inference are used to adjust the p  
value below 0 05 to correct for a type I error  rejecting the hypothesis 
of no difference between the populations when the hypothesis should be 
accepted   As shown in table IV C below  none of the comparisons are 
significant at a 0 05 significance level so there is no reason to adjust the 
significance level below 0 05 to eliminate type I errors  

pl 
99 
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Mean Age 57 9 60 7 56 3 ----------- --- ------- 
----------- 

Number    Male 170 82 9  71 83 5  19 70 4  -------------- ------- 
Number    Female 35 17 1  14 16 5  8 29 6  ----- 

Mean Ejection 
Fraction 

37 4  35 5  35 8  ----------- --- ------- 
----------- 

Primary Indication  
SCD 
VT 

SCD L VT 

79 38 5  31 36 5  10 37 0  -------------- ------- 
92 44 9  41 48 2  12 44 5  ----- 
34 16 6  13 15 34k 5 18 5  

NYHA 
Classification  

IIII 
IIIIIV 

163 81 1  74 87 1  23 85 2  ---------- ------- 
38 18 9k 11 12 9  4 14 8  ------- ----- 

Coronary Artery 
DI88888 

73 2  69 4  74 1  -------------- ------- 
----- 

Myocardial 
Infarction 

68 3  65 9  66 7  -------------- ------- 
----- 

Congestive Heart 
Failure 

32 2  25 9  29 6  -------------- ------- 
----- 

Cardiomyopathy 27 13 2  14 16 5  4 14 8  ---------- ------- 
------- ----- 

Table IV C  Summary of Variables Tested on Lead Configurations   11127192 
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23  You claim that confidence interval analysis was performed to compare 

the overall mortality of the PCS and AICD populations  What was the 
confidence interval  

RESPONSE  

The survival probability at one year for the Transvene population was 
95 3   From the analysi- ----- using the commercially available 
statistical software package ------- the survival standard error was also 
calculated  ----- ----------- e interval was calculated by taking the survival 
probability --- ---- ------- urvival standard error   The survival standard 
error was ----- ----------- ---- -------------  nterval for Transvene survival 
at 1 year is ------ - -- ---- --- -------------- The overall survival probability 
reported for the Ventak P was 90 8   We do not have the data 
necessary to calculate the confidence interval around 90 8  for the 
Ventak P  This probability is outside the lower range of the confidence 
interval for the Transvene  survival probability at one year  therefore by 
using the best available information we conclude that there is a 
statistically significant difference between the survival probabilities  

 j  

(b)(4)

(b)(4)
(b)(4)
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24  Please clarify and or discuss the following regarding Table XB 1  page 
378  Volume 2  

a  the total number of patients in the Ventak P population  292  
versus those reported by primary indication  291   and 

RESPONSE  

b  a chi square test of primary indication  using the ----------- 
computer software  yields a p value of nearly 0  This is 
statistically significant  indicating the PCS and Ventak P 
populations are significantly different  

RESPONSE  

As noted in the PCS Transvene System PMA Application  for 
purposes of comparison the Ventak P Epicardial System described 
in the Summary of Safety and Effectiveness Data  PMA 
Application Number P890061  dated May 2  1991 was used  
Therefore only that data which was presented in this summary is 
available via the Freedom of Information Act  The primary 
indication for one patient was not available in the Ventak P 
Epicardial System summary  

Analysis performed by Medtronic indicated that there was a 
statistical a difference in the category of patient indication 
between the two patient population groups  There were more 
patients that had Sudden Cardiac Death as their primary indication 
in the PCS Transvene  System --------- ion than the AICD 
Epicardial System population --- --------- 

Cox regression analysis was performed to see what effect gender  
primary indication and system implanted  PCS Transvene or 
PCS Epicardial  had on survival outcome  

This analysis showed that for overall survival at one year the 
system implanted had an influence on the probability of survival 
but gender and primary indication had no influence  

Thus  since there is no impact on survival outcome based on 
primary indication  the PCS Transvene M System and AICD 
Epicardial System can be compared  There was a statistical 
difference  Confidence Interval Analysis  in one year overall 
survival between the PCD  Transvene   95 6   and AICD 
Epicardial System  90 8    This difference is due to the 
implanted defibrillation lead system  

(b)(4)

(b)(4)
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25  Please discuss the incidence of inappropriate therapies reported as 
91 

observations in the Transvene  study  It appears as if there has only 
been a slight improvement over the PCS Epicardial study as it relates 
to programming and patient management  drug therapy   Please discuss 
the experience of both studies and how the labeling supports effective 

programming of the device parameters and the use of the Onset and 
Stability algorithms  How many patients in the Transvene  study have 
the Onset and Stability algorithms programmed ON  At what interval 
during the study were the majority of patients programmed with the 
algorithms  Your experience in the treatment of induced and 
spontaneous episodes with use of the algorithms must be discussed  

RESPONSE  

a  Inappropriate Therapies 

Inappropriate therapy delivery is defined as the delivery of either 
VT or VF therapy for reasons other than a spontaneous VT or VF 
episode  This includes atrial fibrillation with a rapid ventricular 
response or sinus tachycardia that overlaps with the programmed 
detection criteria  Delivery of therapy for rhythms other than VT 
and VF is a known risk of ICD therapy which is clearly discussed 
in the device labeling  

Physicians initially program the PCS based on the known cardiac 
arrhythmias and tend to program the device toward greatest 
sensitivity for VT and VF detection  When patients go home and 
recover from the implant procedure they will generally become 
more active and may experience increases in their sinus rate  If 
these increased sinus rates overlap the programmed VT detection 
rate criteria  the patient may experience an inappropriate VT 
therapy  Similarly atrial arrhythmias may develop as the patient s 
heart disease progresses  The philosophy behind Medtronic s 
labeling recommendations and the practice of PCS investigators 
is to accept some overdetection of non VT VF rather than risk 
underdetection of a life threatening tachycardia  If the patient 
experiences inappropriate therapies due to either ventricular 
response to atrial fib flutter or sinus tachycardia  the investigator 
will evaluate both device programming and other medical surgical 
therapeutic options  Because of these patient management 
practices the incidence of inappropriate therapy delivery will never 
be zero  Physicians will likely always wait until inappropriate 
therapy delivery occurs before programming supplementary 
detection criteria  

  4  
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The incidence of inappropriate problematic VTIVF therapy delivery 
was lower in the PCS clinical experience than the published 
experience with the AICD  Winkle  et al  Long Term Outcome With 
the Automatic Implantable Cardioverter Defibrillator  JACC  May  
1989   13 6    135 161    Table XII F 2 on page 253 Transvene  
clinical update dated 9 18 92 shows 10 6   N   742  of patients 
with the PCS epicardial system and 8 2   N  757  of patients 
with the Transvene  system experienced inappropriate VT or VF 
therapies  The Winkle article reports a 20  rate of delivery of 
inappropriate therapies  The reduction in inappropriate therapies 
can be attributed to the incorporation of independently 
programmable detection algorithms for VT and VF  

The circumstances reported in the Winkle  et al article were 
nonsustained VT  recurrent stable VT  sinus tachycardia  atrial 
fibrillation with rapid ventricular response and pacemaker 
interaction  The patients with VT complained of receiving multiple 
shocks with limited or no symptoms  The incorporation of 
antitachycardia pacing in the PCD Device decreases the need for 
delivery of cardioversion shocks for the termination of stable VT 
and increases patient acceptance of ICD therapy  

The slight reduction of inappropriate therapies between the 
epicardial and the Transvene  systems is likely due to the 
diiierence in the incidence of atrial fibrillation between the two 
systems  Atrial fibrillation  with a risk of inappropriate shocks and 
the potential need for concomitant antiarrhythmic drug therapy  
is a recognized medical event in patients receiving an ICD System 
utilizing an epicardial defibrillation lead system  The occurrence 
of atrial fibrillation in these patients may be related to the 
thoracotomy procedure required for implant  manipulation of the 
atrium during the implant procedure or the positioning of the 
epicardial patch leads near or on the atrium resulting in irritation 
and induction of atrial fibrillation  The incidence of inappropriate 
therapy for atrial fibrillation in the PCD Epicardial System was 
6 1  while that for that the PCD Transvene System was 4 9   
An decreased incidence of inappropriate therapy results in a 
decreased potential risk for acceleration on non VTIVF rhythms as 
well as increased patient acceptance of ICD therapy  Though the 
introduction of a transvenous lead system has not totally removed 
the risk of inappropriate therapy for atrial fibrillation  from this 
clinical experience it appears that the incidence has been 
decreased  

The Transvene  clinical update dated September 18  1992 
reported forty nine patients with inappropriate VT therapy which 

104 
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were all classified as observations and discussed this experience 
in detail  Inappropriate VT therapy was delivered for atrial 
fibrillation with a rapid ventricular response in 28 patients and due 
to sinus tachycardia in 21 patients  This observation was 
resolved by reprogramming of the VT detection parameters in 21 
patients  with modification of drug therapy in 26 patients and no 
action was required in one patient  One patient with atrial 
fibrillation underwent successful AV Node ablation  Post this 
procedure  appropriate PCD Device function was documented  

In two patients in whom inappropriate VT therapy was delivered 
for sinus tachycardia  the ONSET algorithm was enabled to 
improve discrimination between VT and sinus tachycardia  The 
use of this algorithm resulted in no further delivery of 
inappropriate therapy for sinus tachycardia  

In three patients in whom inappropriate VT therapy was delivered 
for atrial fibrillation  the STABILITY algorithm was enabled to 
improve discrimination between VT and atrial fibrillation  The use 
of this algorithm resulted in no further delivery of inappropriate 
therapy for atrial fibrillation  

The Transvene  clinical update also reported thirteen patients 
who experienced an episode of inappropriate VF therapy  all of 
which were classified as observations  In nine cases  
inappropriate VF therapy was delivered for atrial fibrillation that 
had a rapid ventricular response that met the programmed VF 
detection criteria  In two cases  inappropriate VF therapy was 
delivered secondary to sinus tachycardia that was detected as 
ventricular fibrillation  Modification of the programmed VF 
detection criteria or the patient s antiarrhythmic drug therapy 
corrected these two clinical observations  

One patient received inappropriate VF therapy secondary to the 
sensing of T waves during sin--- rhythm with the PCD device 
programmed to a sensitivity of ---- ------ ------ was resolved with 
reprogramming of the sensitivity to ---- ------ Appropriate VF 
sensing was documented at this programmed setting  

The final patient received inappropriate VF therapy secondary to 
nonsustained ventricular tachycardia  In the PCD Device  once 
 VF  is detected the device is committed to the delivery of 
defibrillation therapy  This observation was resolved by 
reprogramming of the FDI and VF NID  

   4 
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b  Labeling 

The PCS technical manual contains specific recommendations for 
programming both VT and VF detection  For VT detection  
specific statements are made for programming the Tachycardia 
Detection Interval  TDI   the Number of Intervals to Detect  VT 
NID   as well as the Onset and Stability Criteria  For VF detection 
recommendations are made for Sensitivity  Fibrillation Detection 
Interval  FDI  and Number of Intervals to Detect  VF NID   

The recommendations specify initial programming 
recommendations for each parameter as well as appropriate 
warnings for potential programming problems  

The programming recommendations for the Onset Criterion in the 
PCS technical manual are  

Onset Criterion is indicated if inappropriate detection of sinus 
tachycardia resulting in inappropriate VT therapy delivery has occurred  
Treadmill testing  beginning at 81  Onset  is suggested to evaluate 
the appropriate function of this algorithm  

This algorithm was used safely in 8 5  of 434 patients in the clinical 
study  Its use has demonstrated its safety and effectiveness  

If the Onset Criterion is ON and is not met at the beginning of a 
spontaneous ventricular tachycardia  the VT episode could remain  undetected   

such as with an exercise induced VT  If VT Detection 
uses the Onset Criterion and detection is enabled after the start of a 
VT  the VT may not be detected  

A low programmed onset percentage value will increase the specificity 
of the Onset Criterion to detect the targeted tachycardia  but will also 
decrease the sensitivity of the overall VT detection algorithm  

The programming recommendations for the Stability Criterion in 
the PCS technical manual are  

Stability Criterion is indicated if atrial fibrillation or atrial flutter with a 
rapid ventricular response has caused inappropriate detection and 
therapy delivery  A stability value of 60ms is suggested initially  

This algorithm was used safely in 17 9  of 434 patients in the clinical 
study  Its use has demonstrated its safety and effectiveness  

Decreasing the programmed interval stability value increases the 
specificity of the Interval Stability Criterion to detect the targeted 
stable tachycardia  but may also decrease the sensitivity of the 
detection algorithm  

5 04 
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The labeling directed at programming these two algorithms is 
necessary and appropriate in that it clearly states that while 
specificity for VT detection is enhanced  sensitivity for VT 
detection is reduced  For this reason the recommendations clearly 
state that these supplementary detection criteria should be used 
after the need for this increase in specificity has been clearly 
demonstrated  that is  inappropriate therapies form either sinus 
tachycardia or atrial fib flutter have occurred  

The values recommended for initial programming of both of these 
features was made through analysis of the clinical data base  In 
both cases the values chosen were the most widely used values  

c  Transvene  Experience 

As of February 1  1993 thirty three  33  of the 757 Transvene  
patients in the clinical report had the Onset Criterion enabled and 
55 patients had the Stability Criterion enabled  Eleven of these 
patients had both the Onset and the Stability Criteria programmed 
ON  The most widely used programmed value for the Onset 
Criterion was 81   54 5  of patients with Onset programmed 
ON   The m---- ---- ely used programmed value for the Stability 
Criterion was -------  45 4  of patients with Stability programmed 
ON   

Table 25c 1 shows a distribution of the time from implant to the 
first programming of the Onset and the Stability Criteria  Almost 
half  48 5  16133  of the patients with the Onset Criterion 
programmed ON did so within the first 30 days following implant  
The greatest time from implant to the first programming of the 
Onset Criterion is 345 days  More than half  63 6  35 55  of the 
patients with the Stability Criterion programmed ON did so within 
the first 30 days  Like the Onset Criterion many patients had the 
Stability Criterion programmed on for the first time very late in the 
ioilow up period  the greatest being 622 days  

 v 
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13 29 

3 6 

9 

101   200 davs 3 3 

4 4 

3 

0 3 

33 55 

Table 25c 1  Time to Program Onset and Stability Criterions ON 

While most of the patients requiring these supplementary 
detection algorithms do so relatively early following implant  some 
patients require this feature much later  This is an example of the 
dynamic nature of patient s underlying heart disease and the need 
to have these programmable features available for use long after 
implant  as the patient s cardiac condition changes  

At the time of programming either of these supplementary VT 
detection criteria ON  many patients had arrhythmias induced to 
assure appropriate detection of VTIVF  Table 25c 2 shows the 
number of episodes of VT and VF induced during the follow up 
evaluation where the criterion was programmed ON  Fifty percent 
 11 22  of the patients with the Onset Criterion only programmed 
ON were induced into a tachyarrhythmia at the follow up 
evaluation where the programming occurred  Over half  61 3  
27144  of the patients with the Stability Criterion only 
programmed ON and 72 7   8 11  of those patients with both 
supplementary criteria programmed ON were induced at the 
follow up where the programming occurred  In all cases the PCS 
system performed appropriately  
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18 Episodes 
10 Patients 

14 Episodes 
8 Patients 

78 Episodes 
19 Patients 

4 Episodes 
2 Patients 

41 Episodes 
21 Patients 

31 Episodes 
6 Patients 

18 Episodes 
5 Patients 

Table 25c 2  Induced Episodes When Onset or Stability Were 
Programmed ON 

Table 25c 3 shows the spontaneous episode experience in the 
patients with these two detection criteria programmed ON  Three  
hundred nine  309  episodes occurred in 30 of the patients with 
the Stability Criterion programmed ON  Two hundred ninety three 
 293  were successfully terminated by the PCS Transvene  
system  The re ma inina episodes were due to ventricular response 
to atrial fib flutter that met the programmed Stability Criterion 
value  Twelve  12  of the  Failed  episodes were in one patient 
who was hospitalized for titration of medical therapies  Eleven 
patients with the Onset Criterion experienced 493 VT episodes 
which were terminated with an efficacy of 99 2   Ventricular 
fibrillation was terminated 100  of the time in this patient group  

VT 

Stability Criterion Only 
O  Patients 
O  Episodes 

Efficacy 

30 
309 

94  8  

18 
125 

100 0  

Onset Criterion Only 
   Patients 
O  Episodes 

Efficacy 

11 
493 

99 2  

7 
17 

100 0  

Both Criteria 
O  Patients 
O  Episodes 

EHicacy 

Table 25c 3  

10 
364 

97 0  

4 
39 

1 00 0  

Spontaneous Episodes When Onset or Stability Were 
Programmed ON 

ql 
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d  Conclusion 

The Onset and the Stability Criteria for VT detection are the same 
algorithms that were demonstrated to be safe and effective with 
the market released PCS Epicardial System  They remain a 
useful tool in a subset of patients requiring discrimination between 
ventricular tachycardia and the rapid ventricular response to atrial 
fib flutter or sinus tachycardia in the PCD  Transvene  System  

  1 
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26  Please discuss the  device related  complications reported for the 

Transvene and the PCS Epicardial System  

RE P NSE  

As described in the PCS Transvene System PMA Application   Device 

Related  complications includes patients in whom the device was 

explanted for reasons other than patient death  infection or transplant  

In the case of the PCS Transvene  System  these patients were 

discussed in detail in the Clinical Experience Report  Section XII  

Complications and Observations and detailed information on each patient 
was provided in Volume 3  Clinical Appendices  Appendix C  There were 
four patients  0 5   in whom the PCD  Device was explanted due to 
reasons other than death  infection or heart transplant  Reasons for 
explant included   1  lower than expected battery voltage for time in 
service due to leakage at the input to one of the integrated circuits  1 
unit    2  failure to appropriately synchronize and deliver cardioversion 
therapy for an induced VT episode  1 unit    3  Power on Reset  POR  
condition that was not related to the delivery of external defibrillation or 
cautery  1 unit   and   4  inappropriate delivery of VF therapy during a 
manual capacitor charge time  1 unit   In all cases  the devices were 
safely replaced with no adverse patient consequences  The attached 
information from the PCS Transvene  System Application provides a 
summary of these patients  

In the case of the PCS Epicardial System  there were seven patients 
 0 9   in whom the PCD  Device was explanted due to reasons other 
than death  infection or heart transplant  The reason for explant for all 
seven devices was lower than expected battery voltage for time in 
service  The identified causes for low battery voltage were  1  failure in 
an integrated circuit which increases the current drain and results in 
reduced battery longevity  3 units    2  leakage at the input of one of the 
integrated circuits where voltage measurement is taken  1 unit   and  3  
leakage at tantalum capacitors  3 units   Information on these identified 
causes for low battery voltage have been previously provided the 
agency  In all cases  the devices were safely replaced with no adverse 

patient consequences  

11k 



RIEEill   K IF l      I   ii s      

Early Device Explant   tao 
There were four patients in whom the PCD Device was explanted 

due to reasons other than death  infection or heart transplant  In 

all cases these medical events were classified as complications  

In the first patient the PCD Device was explanted for lower than 

expected battery voltage measurement for time in service  

Anaiysis irrcHcated Pie  decreased ba tmy voltage movement 

was due to leakage at the input to one of the integrated circuits  

This lead to a voltage drop across a resistor where the voltage 

measurement was taken  Analysis indicated the battery to be 

performing to specifications and the leakage to be a random 

event  

The second patient received inappropriate VF therapy during 

reformation of the device capacitors  Analysis of the explanted 

unit indicated that arcing occurred between the conductors in the 

high power hybrid  As a result  high voltage was momentarily 

applied to the low power circuitry  including the low power hybrid  

This low power hybrid lost function including the capability to 

pace and transmit telemetry due to the excessive voltage applied  

Since this is the only device that exhibited this type of failure in 

the field and the hybrid manufacturing process has demonstrated 

that it will screen out infant mortality  this was determined to be 

a random component failure  

In the third patient  during the pre hospital discharge 

electrophysiology study  VT was induced and cardioversion 

therapy failed to appropriately synchronize and deliver therapy for 

this induced episode  The PCD Device was explanted and the 

patient received a second device without difficulties  Analysis of 

the explanted PCD Device indicated a random device failure in the 

microprocessor and low power hybrid  The manufacturing 

process was modified to incorporate a screening process to 

identify any further devices which may exhibit this behavior  

In the final patient  the PCD Device exhibited a Power Gn Reset 

 POR  condition that could not be related to use of electrocautery 

or external defibrillation  The device was explanted and returned 

to Medtronic for analysis  Final results on the analysis are not 

available at the time of this submission but will be submitted to 

the FDA when they are available  
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27  Please describe in detail the complications reported in the patients 
followed for a year  

RESPONSE  

Complications and Observations in the patients followed for 1 year or 
more 

The use of a multiprogrammable implantable cardioverter defibrillator 
 ICD  device allows the physician to resolve most relevant medical 
events by noninvasively changing programmed parameters thus  avoiding 
invasive procedures  However  there will continue to be certain relevant 
medical events which will require invasive procedures for resolution  

For purposes of this clinical study  reported relevant medical events were 
divided into complications and observations based on the following 
definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which can NOT be treated or 
resolved by reprogramrning the device and REQUIRES 
invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which either does NOT 
require invasive intervention  or which CAN be 
corrected by reprogramming the device  

As of February 1  1993  of the 393 patients with implant durations of 
greater than or equal to one year  there have been a total of 89 
complications reported in 76 patients and 122 observations reported in 
99 patients in the PCD  Transvene System patient population  Thus  
19 3   76 393  of the patients had a clinical event which was 
categorized as a complication and 25 2   99 393  of the patients had 
a clinical event which was categorized as an observation  These 
percentages are consistent with the percentages of patients with 
complications  19 4   147 157  and observations 23 8   180 757  in 
the original PMA patient population  

Table 27 1 summarizes the reported PCS Transvene System 
complications and observations by category  The reported complications 
and observations are recognized clinical events that may occur with any 
of the current ICD devices  These complications and observations are 
discussed in the PCS device and Transvene  manual  None of the 
reported complications or observations have resulted in a patient death  
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AlOF8  By Category 
in  393  

6  1 5441 

Total 89 122 

Table 27 1  PCD Transvene System  Reported Complications and Observations 
  211 193 



MEDTRONIC CONFIDENTIAL i 03 

Table 27 2 contains a description of the lead dislodgements that have 
occurred in less than 30 days and in greater than 30 days  

Coinplications 

 30 days  30 days  30 days  30 days 

0  0  6  1 5   

Table 27 2  PCD Transvene System  Lead Dislodgements  301 30 days   

2 1 93 

There have been a total of 29 lead dislodgements reported in patients at 

greater than 30 days  None of the lead dislodgements resulted in an 
ineffective therapy for a spontaneous VT of VF episode or patient death  
Lead dislodgements were documented by fluoroscopic examination 
during electrophysiologic evaluation  chest x ray obtained during routine 
follow up  or during pacinglsensing threshold evaluation during routine 
follow up  In all 29 cases  reoperation was required to reposition the 
lead and reestablish an effective defibrillation lead system  

Lead dislodgements are not specific to the PCS Transvene System and 
have been reported with dual chamber pacemakers and the current 
market released implantable cardioverter defibrillator  ICD  system  The 
early history of dual chamber pacemakers witnessed a high lead 
dislodgement rate of at least 20   Smyth  PND  et al  Permanent 
p8f IVRPiQUS Bt 6 i  8 Bf iS I fig GtlG p aC i flg Wite 8 P 8W J 8 n ap8G 1886  J 

Thoracic Cardiovascular Surgery  1976 72 565 570   Winkle  et al 
reported that the incidence of dislodgement of the superior vena cava 
spring leads with the current market release ICD system to be 6 3   

 Winkle  et al  Automatic Implantable Cardioverter Defibrillator  Efficacy  
Complications  and Survival in Patients with Malignant Ventricular 
Arrhythmias  JACC  June 1988  Vol 11  No 6 1278 86   
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28  There was a substantial increase in the number of infections reported in 
the Transvene study  Even though you discussed why there was an 
increase  basea on your experience  hoer writ  your labeHng  address the  

procedures for reduction in the number if infections  Please validate 
these procedures  

RE PON E  

In the current update of our database  we report in Table IM 7  a copy 
is attached for your convenience  that there is a 2 9  incidence of 
infection leading to explant of the PCS in the 757 Transvene patients 
8fKf 2 3  0 fGI ted  74L EpC8f5I8f pCILi8fltS  TI 1888 tWO i8t88 Bf8 AQt 

substantially different nor are they different from the 2 4  rate reported 
in the Ventak P Summary of Safety and Effectiveness Data  PMA 
Application P890061  May 2  1991  Therefore  it is our assertion that 
there is not a substantial increase in infections and the current labeling 
is appropriate  

 14 
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29  A discussion of your experience in the use of the different entry sites for 
the placement of the Transvene leads  and how your labeling assists in 
the selection of an entry site  must be provided  

RE PONSE  

Transvene leads are placed via several approaches  either through the 
subclavian  cephalic or jugular veins  The specific site is determined by 
the implanting physician  Analysis of Transvene data shows that the left 
subclavian vein is the most frequently used entry site regardless of the 
type of lead or intended lead location  i e   RV or CSISVC lead  A 

presentation of entry sites is presented below  The total number of RV 
lead entry sites is greater than the total number of patients included in 
this report because of patients with multiple lead evaluation sessions  
This information was also presented in the clinical experience report 
provided in the September 1992 PMA amendment  

i oft Subclavian 483 583 1066 

40 47 87 

213 180 393 

8 15 

Left Internal Jugular 9 16 

Right Internal Jugular 11 9 20 

Other 5 

Total 767 

Venous Entry Site   6124192 

4 9 

839 2097 

There have been two reports of fractures of the Model 6884 right 
ventricular lead associated with clamping of the lead body between the 
clavicle and first rib  Both of these leads were placed via a right 
subclavian approach  These patients are discussed in detail in the 
complications section of the clinical summary  There were no reports of 
ineffective therapy for a spontaneous VTIVF episode due to a right 
ventricular lead fracture  
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Technical manuals for both the Model 6966 RV lead and Model 6963 
CSISVC lead provide a detailed discussion of selection of a lead entry 
site  This is addressed under   suggested impiantation Procedure  in 
each of the technical manuals  Copies of the applicable pages of the 
technical manual for each lead are provided following this response  
Note that this information was also provided in the original Transvene 
PMA application dated March 31  1992  

I x  
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MEDTRONIC CONFIDENTIAL 

30  Of the 22 deaths  15 systems were explanted and returned for analysis  
The results of the analyses  PCD  and Transvene  leads  must be 

provided  What did device interrogation reveal  How many of the 41 
Transvene lead systems which were explanted were returned and 
analyzed  How long were the leads implanted  A description of the 

protocol for analysis and the results of the analyses on all leads and 
devices must be provided  The PMA application must document how 
your study has addressed the need for the return and analysis of all 
Transvene leads and the PCS  

RESPONSE  

In the 762 implants in 757 patients  a total of 41 units  5 4   were 
explanted secondary to patient deaths  infection  heart transplant  low 
battery voltage measurement and PCS Device performance issues  This 
information was provided in the PCS Transvene System PMA 
Application  Clinical Experience Report  Section IX  System Performance  
For convenience  Table 30 1 provides an overview of the units 
explanted  and returned to Medtronic for analysis and reason for explant  

762 

15 

17 

Cardiac Transplant 5 

PCS Device Performance Issues 3 

Total 41 

Table 30 1  Reasons for PCS Device Explant 

There were 22 reported patient deaths and 15 devices were explanted 
and returned to Medtronic for analysis  In the remaining 7 deaths  either 
the family refused to allow the PCS Transvene  System to be explanted 
or the patient expired and was buried prior to notification of the primary 
investigator  



MEDTRONIC CONFIDENTIAL  0 8 

Of the fifteen devices which were explanted due to patient death  ten 
 10  have been analyzed and found to be performing within normal 
specifications  The remaining five  5  PCS Devices are pending final 
analysis  however  none of the deaths were classified as being PCS 
Transvene  System related  and initial analysis has not indicated that 
these devices were performing outside normal specifications  Results of 
analysis performed on the 41 explanted devices is presented in Table 30  

20 

2 

17 

41 

Table 30 2  Final Analysis on Explanted PCS Devices 

Of the 41 devices explanted  final analysis on 19 units indicated that the 
devices were functioning within normal specifications  Final analysis is 
not available on 17 units which have been explanted  The reason for 
explant in these units includes patient death  5   infection  10  and 
cardiac transplant  2   It should be noted that none of these devices 
were explanted secondary to concern over the function of the implanted 
PCS Transvene  System  

Four PCS Devices were explanted for the following device performance 
issues  

explanted due to a Power On Reset  POR  condition that was not 
related to the delivery of external defibrillation or cautery  N  1   

explanted for lower than expected battery voltage for time in service 
 N  1   

explanted secondary to failure to appropriately synchronize and deliver 
cardioversion therapy for an induced VT episode  N   1   and 

explanted post inappropriate delivery of VF therapy during a manual 

capacitor charge time  N   1   

l 
4Q 
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Of the 41 lead systems previously discussed  21 lead systems  or 

portions of systems  were returned  Of those 21 only one 6966 lead 
was damaged  specifically  the helix  The remaining leads were found 
to be within specification  

The investigational plan requests that if the PCS Transvene System is 
explanted during the course for any reason  i e   patient death  infection  
cardiac transplant or PCS Device performance issues  that the PCS 
device be returned to Medtronic for analysis  In addition  the patient 
informed consent also indicates that the patient allows permission of 
explant of the PCS Transvene System at the possible time of his her 
death  

The PCS Transvene System clinical dataform specifically requests 
information on whether the system has been explanted and justification 
for not explanting the system  
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A description of the protocol for PCD device and Transvene lead analysis 
is presented below  

Filr Anal i Pr c 
  

r  Oevi e rr Trarr ne te 

--------- ---------------- --- -------------- -------- ----------- ---------- --- ------ 
------- ---- -------- ---------- -- ---- ----------------- --- ---- ------ ------- ---------- 
----------- -------------- ----- ------------- --- ---- ---------- ----------- ----- --------- 
--------- --- ---- ---------- --- --------------------------- -------------- 

----- -------- ----- -- ---------- --- ------------- -- ------------------- ---- 

--------------- --- ------------------ ----- -------- ------- --- --- ---- --- 
---------------- -- ----------- --- ------------ ---- ------- --- ---- --------- ---------- 

------------- ------- ------- ----- --- ---- --------- ------ ---- -------- --- ---- 
---------- -------- ---------- ---- ------------------- --- ----- ------------ -------- 
---------- ----- -------------- -------- ---- ------------ --- ------------- --- -------- 
----------- -------- --- ------- --------- 

P D D vie 

--------- ---------------- --- -- ------ -------- ----------- 

--- 
--- 
--- 

--- 

-- ------- --------------- --- ---- -------- -- --------- 
-- ------------ --- ---- -------- ------------- --- ----------- 
------------- --- ---- ---------------- -------------- 
------------- --- ---- ------------ ---- --- ---- -------- -------- -- ------------- 
--- ---- ---- ------------- --- ------------------ ------- ------------ ------------- 
-------- --------- --- ---- ---------- 
-------------- -------- ----- -- ---------- --- ---- --------- ----- ---- -------- 
----- ----------- 

Specialized testing may include  

--- 

--- 

--- 

--- 

--- 

------- ------ -------------- --- -------- ----------- --- ----------- --- --------- 
--- -------- ------------ 
------------------ --------- ------------ --------------- --------- ----- ----------- 
-------- ------------- --- --- ------- --- ------- -- ----------- ----- --- ----- 
------- ---------- --- ---- -------- ----- ------------------ -------- ------------ 
--------------- --------- ----- ----------- --------- 
------- -------------- ------ ------- --- ---- -------- ---- ------- --- ---- 
----------- ------------ -------- --- --------- ---------------- ---------- 
-------------- ---------------- -------- --- --------- ----------- ----- 
------------- --------- 

gal  

(b)(4)

(b)(4)

(b)(4)
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Destructive testing may include  

--- 
--- 
--- 
--- 
--- 
--- 

--- 

--- 

----------- -------- ------- --------- ------ --------- 
---------------- ----------- --- ---- -------- ---------- 
------ ---------- ------------ --------- 
--------- -------- ------- ----------- --------- 
-------- --------------- ----- ------- ---------- --- ---- -------- ---------- 
-------------- ---------- --- -------- ----- --------------- ------------ ----------- 

---------- ----- ----------------- --- ------------ ---- ---------- --- -- ------- 
-------------- 
----------- --- ---- ------- -------------- ----- ---------- --- ------------ ---- 
----- ------- --- ---- -------- ------------ -------- ---------- -- ---- --------- 
------- -------------- --- ---------- -------- ------- --- ---- ------- --- ---- 
------- --------- ------ ----- --------- ---------- -------- ----------- ----------- 

Specialized battery depletion testing may include  

--- 

--- 

--- 

---------------- ----- ---- -------- ---- ----------- -------- ---- ----- ----------- 
--- ---- ------- 
------------------ ---------- --- ---- ---- -------- ---- ----- --- ---------- 
------------ ---- ---- --------- 
-------------- ---------- -------- ----- --------- ---------- -------- ----------- 
----------- 

Transvene Lea 

--------- ---------------- --- -- ---------- ------------- ----- ----------- 

--- 
--- 

--- 

-- ------- --------------- --- ---- -------- -- --------- 
------------ ------------- ----- ------------ ----- ------------ --------- -------- 
----- ------ ------- 
------- -------- ----- -------- 

--- 

--- 

------------------------ --------------- --- ---------- ------ ----- ----- 
------------ 
--------- --- ---- -------------- ---------- ------ ---- ----- --- ----- ----------- 

Specialized testing may include  

-- 
--- 
--- 
--- 

------- ----------- ---------- ----- -------- -------------- 
------ ------------ ----- ------------ ---------- --- -------- 
------ ------ -------------- --------- 
------- -------------- ------ ------- --- ---- -------- ---- ------- --- ---- 
--------- ------ --- ----------- -------- ----------- ---------- ------------ 
----------- ---------- --------------- ----- --------- ------------- 
----------------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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----- -------- --- --- ---- -------- ------------- --- ---- -------- ---- ----------- ------- 

----------- ----- ---- ------------- -- ------- ---------- ---- -------- ---- ------------- 
--- ----------- --- -- ---- --- ---------------- ------ ------------- -- --------- ----- ---- 

--------- --------------- ----- ------ ----- -- ----------- --- -- ---------- ------ ---- 

----- -------- --- ---------------- ----- ---------- -------- -- ------------- --- ---- 
---------- ---------------- ------- -------- ---------- --- ------------------ ------ 
---------- -------------- ---------- ----------- ------------------ ---------------- 
------------ ----------- ------------- ---------- -------------- --------- ----- 
------------------ ------ ---- ------------------ ----------- ----- ---------- -- --------- 
--- ---------- -------------- -- ---------- ------------ --- ---- ----------- --- ---- 
---------- ---------------- -------- -- ---------- ---------------- ---------------- ----- --- 
----------- ------ ---------- -- -------------- ----------- --- ---------- --- 
---------------- --- ---- ----------- ---------- ----- ---------- ------ -- ---------- ------- 
----- ------------ -------- ----- ----------- ----- -------- ---------- ------------ 
---------- ---- ----------- --- ---- ---------- ---------------- ------- ---- 
---------------- -------- --------- ---- ------ 

I 

(b)(4)
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M 4 Incidence of Complications Observations 

A comparison of the reported complications and 

observations was made between the PCD  Transvene 

System and the PCD Epicardial System  The PCD  

Epicardial System patient population used for comparison 

included clinical experience as of January 5  1992 with 

742 patients and a mean impiant duration of 16 3 months  

These two patient groups are similar in the patient 

demographics and indication for implant of the PCD  

System  In the PCD  Transvene  System patient 

population  19 4  o of the patients experienced a ciinicai 

complication and 23 8  of the patients experienced a 

clinical observation  In the PCD Epicardial System  14 2  

of the patients experienced a clinical complication and 

32 9  of the patients experienced a clinical observation  

Table IM 7 and IM 8 provide a comparison of the reported 

complicationslobservations and their incidence in the two 

patient populations  

PCD  Transvene System 

PCD  Transvene System versus PCD  Epicardial System 

Reported Complications 

Reported Complications PCD Transvene System 

 N   757  

PCD Epicsrdial System 

 N   742  

Increased Defibrillstion Requirements p 
0  0 50  

Inappropriate Therapy Q 
0  

Pace Sense Related Q Q0  3 5  

Infection Related   Eggplant Q 0  2 3D  

Lead Rdated 9 
C3  g 

01 

Device Related Q 
EOI 0 90  

Table llVI 7  Reported Complications  PCD  Transvene System versus PCD 

Epicardial System   211193 

S66 

 9 
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31  Please dis-----  he circumstances surrounding the death of the patient 
who died ------ months post implant  What did interrogation of the 
device reveal  

RESPONSE  

The circumstances of this patient death  Patient ID --------- were 
provided in PMA Amendment  9118 92   Volume 3 page 543 545  A 
copy of the patient death summary is provided here for convenience  

In summary  the patient had been admitted for worsening symptoms of 
congestive heart failure  renal decompensation and increased frequency 
of spontaneous VT and VF e isodpm  la addjtgon t4e patient had digjtAjs 
toxicity  The patient s condition worsened and the family members 
elected not to use heroic measures in the treatment of the patient  The 
patient eventually expired secondary to progressive cardiac failure due 
to left ventricular pump dysfunction  The patient death was classified as 
nan sudden cardiac and not related tw table PCD  Transveme  Syst   
Final interrogation of the PCS Device  at the time of explant  indicated 
normal battery voltage and charge time and the patient had experienced 
no new episodes of VT or VF since the last follow up visit  The PCS 
Device was explanted and analysis found the device to be performing 
within specifications  

 4 

(b)(4)

(b)(4)
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Patient -------- ii 5 
PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------- ---------- 
----------- 

----------- 
Non Sudden Cardiac 

------ -------- ----- --- ----- ---- ------ ------ --------- --- ----------- 
------------- -------------- ------------- ------ -- --------- --------- ------- 
---------- --- ---- ---- --------- ------ --- --------- --- ---- ------ ------------- 
---------- ---- -------- --------------- ----- --------- -------- ----- --------- 
----- --- ----------- --- --------------- ----- ----- ---------- 
------------------ --------- ----------- -------------------- ------ --- ---------- 
---------- --- ---- ----- -- --------- ----------------- --- ------- ---- ----- 

---------- ------------------ ------ --------- -- ---- ------ --- --------- 
----------- -------------- 

----- -------- ---------- -- ------ ------------- --------- -------- ----------- --- 
----------------- ----- --------- ---------------- ----------- ----- --- -------- 
------ -- ---------------- ---------------- ---------- --- ----------------- -- 
------ --- ------- ------------- ------ ------------- ----- ----- ----- 
---------------- ----- ------------- ----- ------- ---------- --- ------ --- ---- 
----------- ----- --- ----------- 

A83 
  

g 4 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)(b)(4), (b)(6)
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----- -------- ---- ---- ---------- -- -------------- ------------ 
---------------------- -------- ----- ------ --------- ---------------- ------- ------ 1 i  6 
as follows  

12 

VT Rx  1 Burst 

VT Rx 4 2 CV110JISIM 

VT Rx 0 3 CV120JISIM 

VT Rx  4 CV134 J IS IM 

FDI 330 ms 

VF N D 18 

VF Rx 41 34JIS I M 

VF Rx  2 34J IS IM 

VF Rx   3 34JIS I M 

VF Rx 4 4 34JIS I M 

--- ---- ----- -------- ------------- -- ------ ------ --------------- ----- ---- 
------ ----- ----- ------------- --------------- ----- ---------- ----- ---- ----- 
----- ---------------- --- ----------- ---- -------- ----- --------------- -- ------ 
--- ----- --------------- ---- ----------- ----- ----- --- ------ --------------- 
---------- --- ---- ---------- --- ---------- --- ------- --- --------- ---- 
------------ --- --------------- ---- ----------- ---- ---------- 
------------------ ------ --------- ----- ----------- --- ------------ ----- 
----------- 

--- ---- ------ -------- ------------ ------ ---- ----- ---------- ----- 
--------------- ---------- --- ---- ---------- --- ------- ----- -------- ----- 
--------------- --- --------------- ----------- --- ---- --- ---- ------ ---- ---- 
------ 

---- --------- ----- --------- --- ---- ------ ------------- ---------- ---- 
-------- ----- ----------- ---- --- ---------- --- ------------ --- --------------- 
---- ----------- --- ----- --- ------------- --- ------------- ------ --------- 
--------- ----- ------------------- ---- -------- --------------- -- ------ --- ----- 
----------- --- ------------- --------------- ---- --- ------ ----------- ------ 

A84 

(b)(4), (b)(6)

(b)(4), (b)(6)

(b)(4), (b)(6)

(b)(4), (b)(6)
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--------------- ---------- --- ---- ---------- --- - ------------ ---- ---------- --- 

----- ------ ---------------- --- ------- -------- --- ---- ----- --- ----- ---- 11  

----------- -------------- ---- --------- --- ------------- ------------- -------- 

------ --------------- ---------- --- ---- ---------- --- ------- --- ------- --- 

--------- ---- ----------- --- ------------- --------------- ---- ---------- 

----------- ------------------ ------ --------- --- ------------ ----- ---------- ----- 

---------------- ----- ------------- --------- ----- ----------- 

------------------ ----- ------- ------ --- ---- -------- ---- -------- ----- 

----------- ---- ------------- --- ------------- ------ --------- ------ 

-------------------- ----- ------------ ------------ --- --------------- --------- 

----------- --- ----------- ---- -------- ----- ---------- ---------- ------- --- 

---- ------------- ---- -------- --------------- ----- ----------- --- ----- --- --- 
-------- ------ ------------- -------- ------ ---- ---------- --- --------- ----- 

---------- --------- -------- ---------- ------------ ----------- ---- ------------ 
------------- ------------ ----- --- ----- -------- --------------- ------ 

-------------- ----- ----------- -------- ------ -- --------- ---------------- --- ---- 
------------- -------------- ---- ------------------ ------- ------- ------------ 
----- ---- ------------- --- ------------- ------ -------- ---- ---- ---------- --- 
------------- ---------- ---------- ----- -------- --------- ---- ------ ---- 

-------- -------- --- -- ------------- ----- ---------- --------- -------- 
------------ --- --------- ------ ------------- --------------- ----- ------ --- 
-------- ----- ------------ --------- ----- -------- ------------- --------- 
------------ --- -------------- --------- -------- ----- --- ---- ------------- 

------- --------------- 

----- ------ --------- ----- ------------ ----- ---------- --- ------------- ---- 
---------- ----- ------- --- --- -------------- -------- ---------------- 

The investigator classified this patient death as non sudden 
cardiac and not related to the implanted PCD Transvene System  
The CERC reviewed the circumstances of this patient death and 
agreed with the investigator s classification  

A85 

(b)(4), (b)(6)(b)(4), (b)(6)
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32  Of the perioperative deaths  how many devices were programmed OFF  
Please discuss the circumstances surrounding each death  The number 

 f Q 
of perioperative deaths must be reported in a table and be identified as 
sudden cardiac  non sudden cardiac or non cardiac  Were there other 
deaths when the device was programmed OFF  

RESPONSE  

As of February 1  1993  there have been a total of 51 reported patients 
deaths in the 757 patients who received a PCS Transvene  System  
There have been five  5  reported perioperative patient deaths with a 
resultant perioperative mortality of 0 7   The -------- - eath in which the 
PCS Device was programmed OFF  Patient ID --------- was classified as 
non sudden cardiac and was not related to a ventricular tachyarrhythmia 
episode  Table 32 1 summarizes these perioperative patient deaths  

2 

2 

5  0 7   

Table 32 1  PCS Transvene System Perioperative Death Classifications 

The circumstances of these patient deaths were provided in PMA 
Amendment  9 18192   Volume 3 page 503 580  A copy of the patient 
death summaries is provided here for convenience  

e  
A 9 

(b)(6)
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In the total patient death group of 51 patients  there were seven  7  
deaths were the device was programmed OFF  In none of these cases 
did the primary investigator indicate that the patient death was related 
to the implanted PCS Transvene  System  There was one sudden 
cardiac death in which the PCS Device was programmed OFF  One 
month post implant of the PCS Transvene System  this patient 
experienced fourteen  14  episodes of VF which were all successfully 
terminated by the PCS Device  The patient was admitted for evaluation 
and during this hospitalization requested that the PCS Device be 

programmed OFF  Approximately 30 minutes later the patient 
experienced an episode of ventricular tachycardia and expired  The 
death classifications for those patient deaths where the PCS Device 
was programmed OFF are provided in Table 32 2  

4 

2 

Table 32 2  PCS Transvene System   PCS Device OFF Death Classifications 

5 



KlR   YTW llv1li P f8   XI  r1 I       

Patient -------- 

12o 
PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------------------ 
------ ----- 
----------- 
Noncardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- ----------- 
------------- --------------- --- ---- ---- --------- ------ --- ---- --------- --- 
---- ------ ------------- --------- ---- -------- ----- --------------- --------- 
----- ---- --------- --------- ----- ---------- ------------------ --------- 
----------- -------------------- ------ --- ---------- ---------- --- ---- ----- 
--------- ----------------- ------- ---- ----- -------- ----- ------------- --- 
------- ------- --------------- ------------------ ----- -------- ------ --- ---- 
--------- --- ---- ------ ------------- ---------- --- ---- ------ --- --------- ---- 

-------- ----- --- --- ------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- ----- --------- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- ----- ------------- 
----- ----- ----- ---------------- ----- --------- ----- ------ ---------- --- ---- 
---- ---- --------- ------------ ----- --- ---------- ------ ---- ------- ---------- 
--- ------ --------- ------- ------ ----------- 

----- ---------- ----------------- -------- ----- --------------- --- ----------- 
------------- -------------------- ----------- ----- -------- --------------- -- 
------ --- ------- ---- ----------- ---- -------- ------ ------------- --- ---- 
---------- --- ------------- ----- ----- -------- ---------- ---- ---------- --- 

------------- --- ------- --- --------- ---- ----------- ---------- ---- ---------- 
------------------ ------ --------- ----- ----------- --- --------- --------------- 
----- ------------- 

--- ---- ------ --- ------------ ------ ---- ----- ---------- ----- --------------- 
------------- ------ ---- ---------- --- ------------- ----- -------------- 
--------- --- ----------- ---- -------- --- --------------- ---------- ----- ------ 
--------- ---------------- ------- ----- --- ---------- 

A45 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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Parameter 

Sensitivity 0 3 mV 

TDI 4SO ms 

VT NID 20 

VT Rx 41 CV134JISEQ 

VT Rx 02 CV134JISEQ 

VT Rx t3 CV134JISEQ 

V7 RxW C V 34 J i SP  

FDI 380 ms 

VF NID 18 

VF Rx  1 34JISEQ 

VF Rx  2 34JISEQ 

VF Rx 43 34JISEQ 

VF Rx   4 34JISEQ 

----- -------- ----- ---- ------------- ------ ---- ---------- ------ ---- ------ 
--- ------------ ----- ---- ----- --------- ------------- --- -- --------- ------- 
---- ---- ------------ ------------ ----- -------- ------------- ------------- --- 
----------- ----- ------------- --------- ----- ------------------ ------------------- 
-------- ----- -------------- ----------- ----- -------- -------------- ----- --- 
----------- --- ---- ------------ -------- ----- -------- ------- ----- ---- 
------------- ------ ----- --------------- --------- ----------- ---- ---------- 
----- ------------- ---- ----- ---- ------ ------------- --------- ------------ 
------ --- ---- ---------- -------- 

The investigator classified the patient death as perioperative  
noncardiac and not related to the implanted PCD Transvene 
System  The CERC committee reviewed the circumstances of this 
patient death and agreed with the investigator s classification  

18i 

A46 

0 

(b)(4), (b)(6)
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Patient -------- 122 
PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
----------- 
--------- 
Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- ----------- 

------------- --------------- --- ---- ---- --------- ------ --- ---- --------- --- 

---- ------ ------------- --------- ---- -------- ----- --------------- -- 

----------- --- --------------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- --------- ----- 

------------- ------ --------- ----- ---------- ---------- ---------- ----- ---- 

------ -- --------- ----------------- --- ------- ---- ----- -------- ----- --- --- 

------------------ ------ --------- -- ---- ------ --- ---------- 

----- -------- ---------- -- ------ ------------- --------- ----- ----------- --- 

-------------- ----- --------- ------ ----- -- -------- ------ -- ---------------- 
---------------- ---------- --- ------------------------ -- ------ --- --- 

------------- ------ ------------- ----- ------ ----- ----- ---------------- ------- 

------------- ----- ------ ---------- --- ---- ---- ---- --------- ------------ ----- 

----- ---------- ------ ----- --------- ---- --- ---------- ----- ----------- ----- 

---------------- ----------------- ---- ------------- --------------- 

----- ---------- ----------------- -------- ----- --------------- --- ----------- 

--------- ----------- --- ----- --- ---- ---------- --- ---------------- ---- 

--------- ---- ------ ------------- ------ -- ------ ------------- ------------ ----- 

-------- -------------- --- --------- --- ---- ----- ------- --------- 
---------- --- ---- ---------- --- -------- ----- ----- ----------- --- ---- ----- 
------ --------------- ---------- --- ---- ---------- --- ------------- --- 
----------- ---- -------- --------------- -- ----------- --- ------ ------------- 
----- ---------- --- ---- ---------- --- ---------------- ---- ---------- ----- ------ 
--------- ----- ----- ------------------ --- ---------- ----- ---------- --- 
---------------- ---- ---------- 

A47   

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



------------ XiEEEE Eg  
--- ---- ------ --- ------------ ------ ---- ----- ---------- ----- --------------- 

---------- ------ ---- ---------- --- ------------- --- ----------- ---- ----- ----- f Qj 
---------- ----- --------------- ------------- --- ---- ------ ---------- ----- ------ 

--------- ---------------- ------- ----- --- ---------- 

Sensitivity 0 3 mV 

TDI 490 ms 

VT NID 12 

VT Rx 41 Burst 

VT Rx 4 2 CV15 JISI M 

VT Rx 4 3 CV134JISIM 

VT Rx  4 CV134JISIM 

FDI 320 ms 

VF NID 18 

VF Rx 41 1 8JISIM 

VF Rx 42 34JIS I M 

VF Rx At3 34 J IS I M 

VF Rx 44 34JISIM 

----- ---------- ------- ----- --------------- ----------- --- ---------------- --- 

---- -------- ----- ------------- ------ --- --------- ----- ------- --- ------------- 

---- ----------- ----- -------- --- ----- ---------- ---- ---- ----------- --- --- ----- 
-------------- ---- ----- --- ----------- --- ---- ------- 

------- ------------ ------ ---- ---------- ---- -------- ----- --------------- --- 

------------ --- ----------- --- --------------- ---- ----- -- --------- --- 

--------------- ----- --- ---- ----- --- ----- --- ----------- ------ 

--------------- -------- --- ---- ---------- --- -------- ----- ----- --------- 
---------- ---- ---------- --- ------------------- ----- --------- --- ---- ----- 

--------------- ---------- --- ---- ---------- --- ------------- 

----- ---- --------- ---------- --- ---- ------ --------- ----- ---- ----- ---- 
------- -------- --- ---- --------- ----- ----- ----- ---- ---------- --- -------- 
--------------- ------------- ----- --------- ----------- ---- ------- -------- --- 
---- --- ----------- ----- ---- ---------- --- --------- ------ ----- ----- ------- 
----- --- ---------- ------------- ---- ---- ---------- -------- ---------- 

A48 
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(b)(4), (b)(6)

(b)(4), (b)(6)
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The investigator classified this patient death as perioperative qnd   4 
sudden cardiac  The relationship of the death to the implanted 
PCD Transvene System was classified as unknown  The CERC 
committee reviewed the circumstances of this patient death and 

agreed with the investigator s classification  

A49 

 1 
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Patient -------- 

1 25 
PCD Serial Number  

Date of Implant  
Date of Death  
Death Classification  

----------------- 
----------- 
----------- 
Sudden Cardiac 

------ -------- ----- -- --- ----- ---- -------- ------ -- --------- --- ----------- 

------------- --------------- --- ---- ---- --------- ------ --- ---- --------- --- 

------ ------------- ---------- ---- -------- --------------- ----- --------- --- 

--------------- ---- ----- --- ----------- --- --------- -------- ----- ---------- 

------------------ --------- ----------- -------------------- ----- ------------- 

------ --------- ----- ---------- ---------- ---------- ----- ---- ------ -- 

--------- ----------------- --- ------- ---- ----- -------- ----- --- --- 

------------------ ------ --------- -- ---- ------ --- ---------- 

----- -------- ---------- ---------- -- ------ ------------- --------- -------- 

----------- --- ----------------- ----- --------- ------ ----- --- -------- ------ 

-- ---------------- ---------------- ---------- --- -------------------- -- ------ --- 

----- ------------- ------ ------------- ----- ------ ----- ------------------ ------ 

------------- ------ ---- ----- --------- ------------ --- ---- ------ ---------- 

---- ----- --------------- ------------- ------ --- --------- 

----- -------- ------------- ---- ----- ----- --------- ---------------------- 

------- ----- ------ ----- ---- --------- ------------- ------ ------------- --- ---- 

------ ------------- ------ ------------ -- ---------- --- ---------------- 

----------------- --- ---- ----- ---------- ---- ---------- --- ----- 

---------------- --- ----------- ----------- ---- ---------- --- ------------ ----- 

---------- ---- ------------- ------------ --- ---- --------- ---------- ---- 

---------- --- ----- ------------------ --- ---- ----- --- ----- ----- ---- 

---------- --- ----- ---------- ---- ------------- ------------ ------- ----- --- 

----------- --- ----- ----------------- ----- -------- ----- ------------ ---- -- 

--------- ----- ------ ---------- ---------------- --- --- ------ ------------- 

--------- -- ------------- ---------------- ------- ---- --- ----------------- 

------- ----- ------------- ---- ----- ---- ------------ ----- ------------ ------ 

------ ---------- 

----- -------- ------------- ---- --------- ----- --------- ---------------------- 

------- ----- ------ ----- --------- --- ---- ------ ------------- ---------- ----- 

------- ---------------- --- ---- ------ --------- ----------- -- -------- ---- ------- 

------ --------- ------------ ----- ------------ ----------- ------- ----- ------ --- 

--------- --- ----------------- ---- ----- ---- ------ --------- --- ---- ---------- 

--- ---------- ---------------- ------ ---- ----- ---- -------- ----- -------- ---- 

------- ----- --------- ------ ---- ------ --------- ----------- ---- -------- ----- 

A50 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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successfully reprogrammed and VF inductions were performed  

126 
-- ------ --- ----- ------------- ------ ------------- ------ ---- ------ ------------- 

---------- --- ---- ----- ------------ ---- ----- --------------- ---------- ------ 

---- ---------- --- ------------- --- ---- --------- ------------ ------ ---- 

---------- --- ----- ---------------- --- --- --------- ---- ---------- --- 

------------ ----- ---------- ---- ------------- --------------- ----- ---------- 
--- ----- ---------- ---- ---------- --------- ----- ------ ------------- ------ -- 
------ ----------- ------- -------- --- ------ --------- ---- -------- ----- 

------------ ---- --------- ----- ----- ----- ------------- --- -- ------ ------------- 
---------- 

--- ---- --------- --------- ------------- ---- ------ ------------- ---------- ----- 

------------------ ------------ ------ -------- --- ---------- ---- ---------- 
--------- ------ --- --- -------- ----- ---- ------ ----------- -------- ----- 

------------ ----- -------------- --------- --- --------- ---- ------ ------------- 
--------- ----- --------- -- ----- ------- ------------ --------- ----- ------ ------ 
---- ------------ ---------------- ----- --------- ----- --- --------- --- ---- ------ 
------------ ------ ---- ----- --------- ------------ --- ---- ------ ---------- ---- 
----- --------------- ---------- ------ --- --------- 

----- -------- ------------- ---- ------ ---------------------- ------- --- ------ 

----- ---- ------- --------- ------------- --- ----- ------ ---- ---------- --- ---- 
------------ ------------ ---------------- ----- --------- ----- ------------- -- 
------ --- ------ ---- ------------- ------ -------------- --- ---- ----- 
------------ ---- ---------- --- ----- ---------------- --- --- -------- ----------- 
---- ---------- --- ----------------- ----- ---------- ---- ------------- 
------------ --- ---- --------- ------------ ---- ---------- --- ----------------- 
----- ------------- --- ---- ------ ------------ ---- ---------- --- ----- 

---------------- --- --- -------- ----------- ---- ---------- --- ----------------- 
----- ---------- ---- ------------- ------------ ------- --- ------ -------- ----- 
---- -------- --------- ------------- ----- ------------- ------- -------- --- ---- 
------ -- ----- ----------------- ----- ---- ------ --------- --- ------------ 
----------- ---- -------------- --------- --- ------------ ---- -------- ------ 
---------- ------- ---- ----------------- -------- ----- ------ --------- 

programmed status was as follows  

A51 

(b)(4), (b)(6)
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Parsmeter Value 

Sensitivity 0 3 mV 

TDI 450 ms 

VT NID 12 

VT Rx  1 Ramp 

VT Rx 42 CV134JISINGLE 

VT Rx  3 C V 34 J ISING LE 

VT Rx  4 CV134 J ISING LE 

FDI 300 ms 

VF NID 12 

VF Rx 41 34 J I SINGLE 

VF Rx 42 34 J I SINGLE 

VF Rx  3 34J SINGLE 

VF Rx  4 34JISINGLE 

------------------ ----- ------- ----- ------------ ------ ---- ----------- ---- 

-------- ----- -- ------- ----- ------------- ------------- --- ------ ----- ----- 

---------- --------- -------- ------ ---- ------ ---------- ------- -------- --- ---- 

--------- ---- -------- ----- --- -- ------- ----------- --------------- ----- ----- 

----- ------------- ------- -------- --- ---- ------------- ------- ---- ------ 

----- ----- ----- ------ ---- --------- ---- ----- ------ ---------- ----- 

------------ ----- ------- ---------- ------------ ------------ ----- 

---------------- --- ---- ------------- ------- ------------ ----- -------- --- 

------------ ---- ------------- --------------------- ----- ------------- -- 

--------- ------ ------ ---------- ------------------ --- --------------- ----- ------ 

--------- ---------- 

----- ------ --------- ----- ------------ ----- ---------- --- ------------- ---- 

----------- ----- ---------- --- ---- -------- ----------- ----- ---- ------ --------- 

----- -------------- -------- --------- ------------------ ------------ ----- --- ---- 

-------- ---- ------- ------------ ---- -------- -- -------------- -------- 

----------- ---- ---------- ----- ------------- ---- ---- ---------- -------- 

---------- 

-- ------ ---------------- --- ---- -------- ----- ----------- ------- ----- --- 

----------- --- -------- --- -------- ---- --------- --------- ----- ------ ------- 

----- ---- --------- ------- ----- ------ ----------- ------- ------------ ---- 

id  

A52 
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(b)(4), (b)(6)



---------- -- -- -------  K    II 

-------- ----- --------------- -- ------ --- --- ---- ----------- ----- -- ---- 
-------------- ---------- --- ----- ------------------- 

--- 
- ------------- --------- -------  

f p g --------------- ------------- --- ---- ------ --------- ----- --- ----- ---- ---- ---- 
--------- ----- ---- ------------- -------------- ----- ------------ ---- 
----------- ----- ------ --------------- ---------- --- ---- ---------- --- 
---------- 

---- ------ ----------- --- ---- ------ -------------- -- ------- --------------- 
---------- --- ---- ---------- --- ------------------ ----- ----- --------- 
----------- ---- ---------- --- ------------------ ----- ---- --------- ---------- 
--- ---- ------ --------- ----- ---- ------ ----------- --------- ------ ----- - ----- 
----- ----- -------- ------ ---- ---- --------- ------ -- ------- --------- ----- 
---- ---------- --- ----------------- ----- ------------- 

The investigator classified this patient death as perioperative  
sudden cardiac and not related to the implanted PCD Transvene 
System  The investigator felt that the patient s death was related 
to her severe left ventricular dysfunction  The CERC committee 
reviewed the circumstances of this patient death and agreed with 
the investigator s classification  

A53 

(b)(4)
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Patient -------- 

 29 
PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
-- --------- 
---------- 
Ron Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ --------- --- ----------- ----- 

----------- ------- --------- ----- -------- -------------------- --- ----- --- 

-------- --------- -------------- ------------- --------- ----- ----- ------ 

-------- ------ -------- ---------- ----- ---------- ---------- ---------- ----- 

---- ------ -- --------- ----------------- --- ------- -- ------ --- --------- --- ---- 

------ --------- ---- -------- ----- ------- ------ ------------------ ------ ------ 
----------- ---- -------- ----- --- --- ------------------ ------ --------- -- ---- 

------ --- ---------- ----- --- ---- ---------- -------- --------- -- 

-------------------- ----- --------- ----- ----------- --- ----- --------- 

----- -------- ---------- -- ------ ------------- --------- -------- ----------- --- 
--------------- ----- ------ ------------- ----- --------- ------- ----- 

------------- ------- ------ ----- ---------- ------------ --- ------- ---- ------ 

----- ---- ---------------- ----- -- ------- ------------- ------------ ---- ----- 
--- ------ ---------- ------ ----- ----- ---------------- ----- ------- ------ ---- 
-------- ------ ----- --------- -- ---- -------------- ------------ ---- -------- 
------ ------- --------- --- --------- -- ----- ---- -------- ------ ----- --------- 
--- --------- --- ----- ---------------- ---------- ------------ ----- 
-------------------- 

-- ------ --- ---- ------------- ------ ------------- ---------- ---- -------- ------ 
-------- ------ ---- ---- ---- ----- -- -------- ------- ------------- --- 
-------------- ---- ---------- ------------- -------------- --------- ------ 
------------- -------------- --------- ----- ----------- --- ---- ----- 
---------------- ----- ----- --------- ----- ------------ --- ---- -------- 
-------- ------ ----- ----- ------ ---- ------------ ----- -------------- ------ 
--------- ----- --------- -------- --- ------------ --- ----- --- ------- -------- 
----------- ----------- ------ ---- ------ --------- --------- ---------- 
----------------- ----- ------------ --------------- ----------- ---------- ------ 
---------- ------- ----- --------- -- ----- -------------- ----- ---- -------- 
------------- ----- ------------ --- --------- ----- --- ------- ----- ------ ------ 
--- -------------- ------------- --------------- ------ ---- ---- ------ ----- 
-------------- ---- -- ----- ------ ----- ----- ------------ ------- ---- ----- 
---------------- --- -------------- ----- --------------- --- -------- 
---------------- ------------ ----- --- ---- ---------- ------------- ------- ---- 

------------ ----- ------------- --------- -------------- ----- -------- 

-------------- ----- ------ -------- --------- ----------- ----- ----------- ------ 

A57 

(b)(6)

(b)(6), (b)(4)

(b)(4)
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-------------- ---- ---- ------------- ----------------- --------- ----- 
-------------- ------- ----- ---- ----- ----- --- ------------- ---- ----- --------- 

f 3 Q 
-------------------- ------ ---- ---------- ------- ----- ------------- 

----- ---------- ----------- ----- ------------- ------ ---- ----- --- ------- 

------ --- ------------- ------ ------- --- --------- ----- --- ---------- -------- 
------ ---- ------ -------- ---------------- --- ------ ------- ------ -- ----- --- --- 

------ ----- ------------- --- ---- ------ ----------------- ------------- -------- 
------ ----- --------- ----- ------- ---------------- -------------------- 
-------------- ----------- --- ---------------- ---- ------ -------- ------------- 
------ ------ --------- ---- ----- ----- ---- --------------- ----------- ------ ---- 

---------- -------------- ---------- ---- ------------- ------ ---------- ------ 
------- --- ------- 

----- -------- ----- ------------- -------- ------ ------ ---------- ----- 

----------- ---------------- --------- ------------ ----- ------------------ --- 
------- ----- ---------- --- ----- ----------------------- --------------- 
------- ----- --- ----------- --- ---------- ----- ------------- 
---------------------------- ----- ------------ --- --------- ------------- ----- 
------- ---- ----- --- ---- ---------- ------ --------- -------------------- ----- 
------- --- ---- -------------- -------------- ----- ---- -------------- ----- 

-------- --------- ------ ------------ --------------- ------------ -- -------- 
--- -------- ----- -- ---- ------ --- ---- ---------- ------- --------- ----------- 
----- ----------- ------ ---------------- ------- 

----- ------ -------- ----- ------------ ----- --- ---------- ----- -------------- 
----- ---------- ------------ -- -------------- --- ---- ------ ----------- --- ---- 
---- ------ ---------------- --- --------------------- ----- ------------ 
-------------- ---- ------ ----------- -------- --- ------- ------- --- 
------------- 

----- -------- -------- ------ -------- ----- ------------ ----- ---------- ---- 
---------- ----- ----- ------- --- --- -------------- -------- ------------------ 

The investigator classified this patient death as periopertive  non  
sudden cardiac and related to the implanted PCD Transvene 
System  The CERC reviewed the circumstances of this patient 
death and felt that the death was related to the implant procedure 
and not the implanted PCD Transvene System  

A58 

(b)(4)
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Patient -------- 
131 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
------------ 
------------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ------ ------ -- --------- --- ----------- 
------------- --------------- ---- ------------------ --------- ----------- 
----------- ------- --------- ----- ------------- ------ --------- ---- ---------- 
---------- ----- ---- ------ -- --------- ----------------- --- ------- ---- --- ---- 
---- --------- ------ --- --------- --- ---- ------ ------------- ---------- ---- 

-------- --------------- ------ --------------- ---- ----------- --- ---- ------ 
--- --------- ---- -------- ----- --- --- ------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- -- ------ --- ----- ------------- ------ -------------- ----- ----- 
---------------- ----- ------- ----- ---- ------ ------ --- ---- ----- --- 
----------- ----- -------- -------- --- ---------------- ----- ----- 

----- ------ --- ---------- ------------ ---------------------- ------- ----- ------ 
----- ------ ----- --------- --- ---- ------ ------------- --------- ------ ----- 
------------- --- ----- --- ---- ----- ---------- ---- ---------- --- ----- 

---------------- --- ----------- -------- --------------- ---------- ---- ---------- 
--- ---- --------- ---------- ---- ---------- --- ----- ---------------- --- 
----------- -------- ----- ---------------- ---- ---- ----- --------------- 
---------- --- ---- ---------- --- ------------- -------- --- ---- -------- --- 
----- -------- ---- ------ -------- ----- ---------------- --- ---------- 

A77 

(b)(6)

(b)(6), (b)(4)

(b)(4)
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iss 
0 3 mV 

VT Rx41 OFF 

VT Rx 42 OFF 

VT Rx 4 3 OFF 

VT Rx  4 OFF 

FD1 320 ms 

VF NID 24 

VF Rx  1 34JISEQ 

VF Rx  2 34JISEQ 

VF Rx  3 34JISEQ 

VF Rx At4 34JISEQ 

----- -------- ----- ---- ------------- -- ----- ------ ----- --- ------------- --- 
------------- ------ --------- ------ ---- ----- ----- ------ ---- ---------- 
------------ ------------ ----- ------------- --------- ----- -------- --- --------- 
--- ---------- ---- ---------- ------------ --- ---- ------ --- ---- ------- ---- 

-------- ----- ----------- ------------ ----- ------------ --------- --------- 
----------------- ------ --- ---- ------- ---- -------- --------------- --- 
--------- --- ---- ----- ----- --------------- -------- --- ---- ------ --------- ---- 
---------- --- ------------- ------- ----- ---------- ---- -------- ----- ------- 
----------- ------------ ---------- ----- -------- ------------- --------- 
------------ ---------------- -------- ---- ------------- ------ -- --------- 
---------- ----- ------ -------- ----- ------------ ----- ----- ------- --- --- 
-------- --------- ------------------ 

The cause of death was reported as perioperative  non sudden 
cardiac secondary to end stage heart failure by the investigator 
and not related to the implanted PCD Transvene System  The 
CERC reviewed the circumstances of the patient death and agreed 
with the investigator s classification  

A78 

(b)(4)



MEDTRONIC CONFIDENTIAL 
g   

33   ----- ------ ----- ------ ------ ------- --- ---------- -------- ------- --- ---- -------- 
------ -- -- ----- --------- --------- ------- ---------- ----- --------- ----------- ---------- 
--- ----- ---------- ------ ----- --------- ---- ---------------- -------- ----- ---- 

---------- ----- ------ ------ ----------- ---- ---- -- ------ 

---------------- 

------ ---------- ------- --- ---- ----------- --- ------------- ----- --- ------ ---- 
----------- ------------- ------- --------- -- ------ --- ----- ----------- -- ----------- 
---- ------ ---------------- ------ ------------- ------- --- --- --------- ---- --------- 
------------- ------------ ----------- ----- -------------- ----------------- ----- 
---------- ------- --- ---- -------- ----- ------ ------ ----------- ---- -- ----- ----- 
------- 

----- ---------- ----- ------ ----------- --- ----- ------- ------ ------- ----- ----- 
------------- -- ------ ----- ----- --- ------------- ------ ----------- ---------- --- --- 
-------------- ------------- --- ------------ --- --- ------ ---------- ------ ------ -- 
----- ----- ----- --------- --- ------ ---------- ------ --- -------- --- ------- ---------- 
-------------- ---------- --------------- ----------------- ----- ------ ---------- 
----- ----- --- ---- ---------------- -------- ---- ------- ----- ----- --- ---- ----- --- 
------ ------ ---------- ----- ------------ -------- --- ----------- ---- ------ ----- --- 
------ ----- ---- ---- -- ----- --- ---- -------- ------- ------ ----- ----- ------------- 

  15 

(b)(4)
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17  Please discuss your clinical experience  treatment efficacy  lead 
orientation  complications and survival rates  of the patients who have 
been followed for 1 year and more  

RESPON E  

A summary table of this experience and relevant discussion is provided below  

AR Patients 
 3 Electrode Systems  

757 

4246 4 me 

Mean Follow up Time 5 6 mo 

Maximum Follow up Time 28 6 me 

Number    Male 
Wumber    Female 

610 80 6  
147 19 4 9a 

59 4 yrs 

Primary Indication  
SCD 
VT 

SCD VT 

281 37 1  
377 49  8 9o 

99 13 1 9o 

Coronary Artery Disease 561 74  1 9o 

Mean Ejection Fraction 35 6 a 
 a   688  

Lead Orientation  
RV CS SQ 

RV SQ SVC 
RV CS SVC 

222 29  3 9o 

496 65 5 9o 

39 5 29e 

16 0  a  702  

14 8  n 316  

Paiients with 12 months of 
Follow up 

115 

1835 5 me 

15 7 mo 

28 6 mo 

91 79 1  
24 20 9  

57 0 yrs 

45 39 1 Fo 

56 48 7 9o 

14 12 2 Fo 

85 73 9  

40 5 9o 

 n   104  

33 28 7 a 
73 63 5 9o 

9 7  89o 

15 2  n   105  

13 8  a  62  

Spontaneous VT  
Number of Patients 
Number of Episodes 

  Success 

226 
5430 

98 7  

60 
1770 

98 9  

Spontaneous VF  
Number of Patients 
Number of Episodes 

  Success 

198 
973 

99  1  

37 
248 

98 8  

One Year Overall Survival 
One Year SCD Survival 

95 3 Pe 

99  8 Fo 

100 0  
100 0  

Patients with complications 138 18 2 9o 24 20 9  



KIEDIURE0  XCilEXEIK0DPg  g 
The patients population  n  115  with 12 months or more of follow  
up is predominantly male  79 1   with a mean age of 57 0 years  
In the majority of patients  48 7    the primary indication for 
implant was recurrent  sustained ventricular tachycardia without an 
episode of sudden cardiac death  The treatment efficacy for this 

patient population was 98 9  for spontaneous VT episodes  and 
98 8  for VF episodes  which is equivalent to the overall patient 
population with 98 7  and 99 1  respectively  Overall and sudden 
cardiac death one year survival for this patient population is 100 0  
since all patients have been followed for one year or greater  In the 

patients followed for 12 months or more there has been one death 
which is classified as non sudden cardiac  This death occurred 684 
days  22 5 months  post implant  Twenty four  20 9   of the 

patients followed for 12 months had a complication  

Based on the data above  the PCS has performed safely and 
reliably for patients followed for 12 months or greater  

f 
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34  Please provide an engineering drawing of each Transvene  lead model 
gag which identifies the segments of the lead and a description of the tests 

that each segment and the full lead body underwent  

RE P NSE  

The table below lists the tests which each Transvene  lead underwent 
as indicated by the  x   The segments are labeled on the engineering 
drawings that follow  For consistency  each lead has been labeled as 
foflows  

----------- -- 
----------- -- 
----------- -- 
----------- -- 

----- ------ 
------------ 
------ ------- 
----------- 

Se men 
T st Metho 
------ --------- ------ 
---- ------------- 
------ ------ 
------ ------------ 
------------- -------- --------- 
------ ----------- 
--------- ---------- 
--------------- ---------- 
------- ----- 

-- 
-- 

-- 

-- 

-- 

-- 
-- 

-- 
-- 

-- 

-- 

-- 

-- -- 

-- -- 

-- 

--------------- 
--------------------- 

-- 

-- 

-- -- -- 

- ----- ------ --------- ----- ---------- --- ----- --- ------ ----- ------ ---------- --------------- 
------ -- ----- --- ----- -------- --- ------ --- ------------ ----- ------ ------- ----- ------ ----- --- 
--------- --- ------ ------- ------------ --- ----- ------------ ------------ ---- --- ------ --- 
------------------------ ------- -------- --- ------ --------- ---------- --- ------ --- ------ 

- ------ -------- --- ---- --------- ---- ----- -- ---- ------ ----- ----- ---- ------ ----- ----- 
------------ -------- --------- ----- ---------- ------- ------- ----- --- ------------- ------ ------------- 

- ------ ----------- -------- -- ------ --- -------------- ------ ------ 

- --- ---------- --- ---- --------- ----- ------ ----- --------- ---- ---------------- ----------- ----- 
---- ----- ------ ------ -------- --- ---------- -------- --------- -------- -------- ---- ------ --------- 
------ 

- ---------- -- -------- -- ----------- --- ---- -------------- ---- ---- ---- -------- ------ ----- -- 
---------------- ------- 

st  

(b)(4)

(b)(4)

(b)(4)
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iav 

T Me hod Safe Issue 

------ --------- ----- ------ ------------ ----- --- -- --------------- --- ------ ------ 
----- ------ -------- ---------- 

---- ------------- ------ ------------- 

------ ----- -------------- ------- ---------- ----------- -------------- 

------------- --- ------------- ----------- 

------- --------- -------- ------- --------- ------ ------------ 
-------- ------------- ----- ----------------- 

------ ----------- ------- -------- ---------- 

------------- -------- 
--------- 

---------- --- ------ ---------- 

------ --------- ------------- ---------- 

--------- ---------- --------- ----------- -------- ---------------- 

---------------- ---------- ---------- ------------------------- -------------- 

------- ----- ------ --- ------ ------------ ---------- 

-------------- ---------- ------------------ --- ---- ------- 

------ ------------ ---- ---------------- 

--------------------- ------------- --- ---------------- ---------- 

 LIES 

(b)(4)
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isa Test Description 

L ad tern Test 

---------- ------ ----- ----- ------------ ----- ------- ---- ---- ------------- --- ---- ----- --- 
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35  Since flex testing exerts a considerable amount of stress --- ---  lead  
and is essential to li--- ------ g  why was it considered th-- --------- cycles 
at a bend radius of ------- inch per lead model over a --- month period 
would be sufficient  Describe how the full lead and different segments 
were flexed  Did you do a finite element stress analysis to validate the 
flex testing stress  

RESPONSE  

Flex testing is considered an important factor in assessing lead fle-- ---- 
longevity  ----- ------- onic flex st-------- minimum requirement is a ----- 
----------- of ---------- cycles at a ------- inch radius  This flex standard 
was applied to the design of the ----- --- ----- Lead System Test 
sequence  Initi----- ------ -- ad was inspected and tested for DC 
resistance  In the ----- --- ----- test ----------- each lead went through the 
following sequence of tests -- --- -- -------- 

------ --------- -- -------- ---------------- 
------ ------- --------- --------- 
----------------- ------------ ------- --------- --------- 

------------------------ ------- ------ ------- 
------------ -------- ------ --- ---------- ---- ------- 

------ --------- --------- 
----- ------ -------- ---- --------- 

------------------------ ------- ------ ------- 
------------ -------- ------ --- ---------- ---- ------- 

---- ----------- ---- ----------- --- -------- ---------- -------- ------ ----- -------- 
---------- 

------ --------- 
------ ------- --- -- --------- - ---------- --------- 
----------------- ------------ ------- --- -- --------- - ---------- --------- 

----- ------ ------- 
-------------- ------ --- -- --- - ----- ------- 

------ --------- --------- 
----- ------ -------- --- -- --- - ----- --------- 

----- ------ ------- 
-------------- ------ --- -- --- - ----- ------- 

----- ----- ------ ----- ---- ---------------- ----------- ------ ------ -------- -- -- 
------- ----- -------- ----- -------- ------- ----------- ---------------- -------- 
---------- ------- ----------------- ------------ --------- --- -- -------- ----- -- --------- 
----------- ----- ---- ----- ------ ---------- ---------- --- ---- -------- --- ---- 
---------------- -------- ----- ------- -- ---- -------- --- ---- ----- -------- ---- ----- 
--- --------------------- ----------- ------ ---- ------------- 
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At the end of the Lead System Testing  each lead was visually 

reinspected  had the DC resistance measured and intermittency tested  

In conclusion  all the leads met all test requirements without failure and 

therefore demonstrate an acceptable assurance of safety and reliability 

in lead design  

Each lead had a section marked to identify were to flex the lead body  

This was done to assure ----- each lead had the same section of the lead 

body flexed for each of ------ --- test cycles  By ---------- the same 

location  each lead body was subjected to a total of ---------- cycles of 

flexing  The marked section was in the same region identified as  Lead 

Body  in the answer to question 34 for each lead Model  The Lead Body 

flex test set up is illustrated below  

FLEX TEST FIXTURE 

-- -- -- - --------- -- -- -- -- -- --- ---- - 

--- 
-- 

-- 
-- - 

- --------- 

- 

--------- ------------------- ----- --- 
- 

-- 

--------- -- 

LES 
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Ea--- ----- was flexed at the rate of ----- cycles ---- --------- over a radius 

of ------- inch at ------- ---------- --------------- until reaching the required 

number of cycles per the Lead System Testing protocol  

The Model 699--- a unipolar  subcutaneous patch  was subjected to a 

flex test of the ----------- -------- that couid be a resuii of patient body 

motion  The patch flex set up is illustrated below  

TEST FIXTURE FOR FLEX OF PATCH BODY 

----- -------- --- ---- ------ --------- --------- ---------- ---------- ----- ---- ------ 
--------- ------- ------------- ---- ------- ----- ----------- --- ------ ------ 

------------- -------- ---- ----- 

  I D 
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----- ----- -------- ------- ----- ----------- --- ------------- ---- -------- --------- 

---- -------- --- ----- -------- --- ---- -------- ------ -------- ---- ---------------- 

------------- ----- --------------- --- ---- ------ ---- ------ --- ------- ------ ----- ----- 

--------- ------- --- ---- ----- ----- ------------- ----- ------------ ------ ----- -------- 

------------ --- -------------- --- ----- ----- ---------------- ------------- ------------- 

----------- -- ---- --- -------- ---- --- ------ ----- --------------- --- ---- -------- 

------ ------ ---- -------------- ----- ---- ----- ------------- -------- ----------- --- 

--------- ---- ------ ------- ---------- ------------- -- -- ---- -- --------- ------ -- -- 

----- --- ----- -------- ---- --------- ---------- ------ -------- ------ ----------- 

------------ -------- ----------- -------- --- ----- -------- ----- -------- --- ----- --- 

------ ----- --------------- ------ ------ ------ ---- -------------- ---- ----------- --- ------- 

----- --------------- --- ------ --------- ----- ------- ----- ---------- 

-- ---------------- -------- ------ ------- ---------- ------- ----------- --- ----- ------ 

-------- ------ -------- --- ------ --- ---------- -- ------- ----- ----- -------- ---- 

------ ---------- --------------- --- --- ------- --- ----------- ---------- -------- 

--------- ------ --- ----- --- ------ --- --- ------ -------- --- -------- -------------- 
------------- ------------- ----- -- ------- ---------- ----------- ----------- ------------- 
--- -- ------------- --------- ------- ----- --- -- ----- --- -------- ----- ---------- ------- 
-- -------- -- -------------- --- --- ------------- ---- -- --------- ------- --- -------- --- 

---- ---- --- ----- ------ ---- -------- -- ----- ------------ ---------- ---- --- ------ 

------- --------- -------- ---- ------ ----------- ------- --- ------ ------ 

----- ------- ---------- ---------- ------ ----- ---------- ---- ------------ -------------- 

-------------- 

----- ----------- 
------ ----------- 
---------- --- ------ ------- ----------- 
------ --- ---- ------- 
------- ----------- 
---------- ----------- 

-------- --- ---- ------- --- ----- ---------- ------ -- ------ ------- ------------ -------- 
--- ---------- ---- ---- ------------ ----- -------- -------------- 

----- ------- --------------- ----- ---- ------ --- ------------ ---- ------------- ------- 
------- ---- ------ ----------- ----- ---- ------------- -------- --------------- 

-------------- --------------- -- ------ --- ---- ------------ ----------- ------ ----- 
----------- ---------- ---- ----------- ---- ----------- --- ------------ --- 
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36  In light of the failure of your platinum sputtered polyurethane bradycardia 

pacing leads  and since the Transvene   lead Model 6966 is also a 

platinum sputtered polyurethane lead  please provide documentation 

regarding the failure mechanism of the pacing leads and all relevant 

information pertaining to these cases  How can we be assured that the 

failure may be restricted to the bradycardia pacing leads  Based on your 

testing to date regarding the pacing leads and the testing of the Model 

6966 lead  discuss the potential and the probability of failure of the 

Model 6966 lead  A side by side comparison of the IVlodel 6966 and the 

4 000 series bradycardia pacing leads must be provided  The 

comparison must include material  design  dimensions  function  tests 

performed and a schematic drawing  

RE P NSE  

Back r und n Brad Pacin Lea Ex ri nc 

Medtronic utiiizes two systems to monitor period  arise  of  its brady 

pacing leads  The analysis of returned product is used to identify lead 

failure mechanisms  However  it cannot be used to estimate clinical 

performance since all leadsllead segments are ---- ------------ --- ----------- 

Clinical performance is monitored through our ---------- ------ ------- -------- 
a multi center study c---------- involving eleven representative -- S  

Clinical centers and over --------- leads  Lead performance in the ------ is 

presented as actuarial survival from clinical complications resulting in 

lead explants or abandonment  Specific complication criteria have been 

established  reference Medtronic Produc P rformanc Re or  February 

1993  in Appendix C   Since all leads are not explanted it is not always 

possible to relate a clinical complication to a specific failure mechanism 

and not all complications are associated with lead failure  

The primary failure mechanisms for brady pacing leads are conductor 
fracture and insulation failure  Conductor fractures are primarily 
associated with the widely accepted  Subclavian Stick  implant 

procedure using percutaneous lead introducers  Leads implanted by this 

procedure can be clamped and crushed between the first rib and clavicle  
leading to fracture of the conductor  and sometimes  insulation failures 

as well  Bipolar leads are more susceptible to this failure mechanism 
than unipolar leads because of their larger lead body diameter  Crush 
fractures tend to occur primarily during the first two years post implant  

For leads with polyurethane insulation  the primary insulation failure 
mechanisms are Environmental Stress Cracking  ESC  and Metal Ion 

(b)(4)
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Oxidation  MIO   both tend to occur starting about 2 years post implant  

Bipolar leads tend to be more susceptible to insulation failure than 

unipolar leads  

ESC is associated with stress on the lead either induced during 

manufacture or via implant procedure  Newer generation Medtronic 

leads have greater ESC resistance due to improvements in design  

manufacturing processes and materials  

MIO is an oxidative degradation of polyurethane insulation  The reaction 

is catalyzed by metal ions released by the corrosion of the conductor 

coils  To reduce the potential for MIO  newer Medtronic lead designs 

have ------- d a sputtered coating of platinum to the conductor ------- 

Also  ----- polyurethane tends to be more resistant to MIO than ------- 

Medtronic has used an accelerated oxidation environment  ---------- --- 

to evaluate MIO and potential factors that can minimize its -------------- 

A table depicting the frequency of these failure mechanisms  conductor 
fractures  MIO and ESC  for brady leads  Models 40041M and 40581M  

follows this response  As shown  conductor fracture due to crush is the 

predominate failure mode  See table  Failure Mechanisms  following this 

response  

The Model 40041M is a bipolar lead incorporating ----- polyurethane and 

platinum coating  As of ----------- ---- ------- -- rvival probability of the 
Models 4004 4004M is ------ -- ----- -- --- months  reference the 
February 1993 Product ---------------- --------  n Appendix C   Crush 
fracture is the primary source of lead failures to date  with rates 
comparable to that of earlier bipolar lead designs  

Over the past several months Medtronic and FDA have had numerous 
discussions about the occurrences of failure associated with MIO in the 
Model 4004 M lead  ---- --- - ebruary 28  1993  Returned ---------- 
Analyses has i----------- --- ------ failures out of approximately --------- 
leads implanted --------- MIO failures in previous lead designs tend to 

predominate in -- areas  proximally in the pacemaker pocket  medially in 
the clavicular region  and distally near the ring electrode  With Models 
40041M  platinum sputter coating appears to reduce the occ--------- --- 
MIO proximally and medially  The majority of the MIO failures ---- --- ---- 
occurred distally  Distal failure occurs between the ring electrode and 
the AV valve and appear to be related to flexing of the lead associated 
with ventricular contractions  

Initial ---------- --  testing was conducted under static conditions and gave 
no indication of this failure mechanism  Currently testing is underway 
to develop a dynamic ---------- -- test to study factors affecting this 

(b)(4) (b)(4)
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failure mechanism and potential corrective actions  To date  we have 

been able to induce failures and are conducting experiments to 

understand contributing factors  

In order to illustrate the similarities and differences between the brady 

and tachy leads  a side by side comparison of the Model 6966 to the 

4 000 series brady leads is presented in a table following this response  

Note that only bipolar  polyurethane  brady leads from the 4 000 series 

are presented  includes Models 4016A  40581M  4024  40041M and 

401214082   This is due to their similarity of design characteristics to 

the 6966  and also because these brady leads are being  or were  widely 

used in the field  and therefore present with comprehensive data from 

the ---------- ------ ------- and Medtronic s returned product analysis  

Tests performed to qualify the brady leads were the same as those used 

for the tachy leads  except for high voltage system and crush testing   

All tests are consistent with Medtronic standards and requirements for 

implantable cardiac leads  reference response to f34   Drawings of 

these brady leads are also presented following the comparative tables  

Some common features to all the leads in the tabie are ---- ----------- 

conductor coil  coaxial coil design  polyurethane insulation ------ and or 

------ and platinum alloy electrode material  Like the 6966 lead  the 

Models 4016A  405------ and 4024 aiso have piatinum c ng  ori  u   e 

conductor coil and ----- as the inner insulation  Individual lead 

differences include the ------ ode fix------ mechanisms  i e   screw in ------ 

versus tines and the ----- versus ----- insulation usage  Using ----- 

insulation provid--- -- ore stiffness  and greater resistance to insulation 

failure  whereas ----- provides for greater ease of handling  

As presented in the lead comparison table  the brady lead most similar 

to the 6966 lead is the --------   Both have ----- polyurethane as the 

inner most  insulation  ----- -or the middle outer insulations  distal 

screw in fixation mechanisms  similar French  introduction  sizes and 

virtually identical insulation dimensions  Only the coil dimensions vary 

slightly  Note that the 4058 M lead is also very sim---- --- the 4016A  

the only substantive change is the introduction size  -- --------- Model 

4016A and 40581M leads have shown excellent clinical --------- ance  for 

the 4016A actuarial survival is 98 2  at three years -------- ----------- 

and for the 40581M actuarial survival is 99 7  at three years --------- 
implants   reference the CLS and returned product analysis as presented 
in the Medtronic Product Performance Report  Appendix C  

As previously presented  the 6966 lead has a larger body diameter than 

the brady leads  This is to be expected given the tripolar coaxial design 

of the lead  Given the larger French size of the 6966  it is more 

susceptible to crush between the clavicle and rib than the smaller French 

yS3 
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482 leads  Lead fracture due to crush in this area is  however  a recognized 

failure mechanism for all transvenous leads implanted via subclavian 
insertion   brady or tachy leads   This is vigorously addressed in product labeling  lead technical manuals  and includes appropriate cautions about 
the use of the procedure  

Also  the larger diameter of the 6966 lead body and presence of a 
defibrillation coil electrode proximal to the distal pace sense ring of the 
6966 lead imparts more stiffness to it than the brady leads  Hence  
there is less lead body movement below the valve when the 6966 is 
implanted in the right ventricle as compared to a brady lead  This was 
clearly evident in the videotape comparing the in vivo flexing of botP a 
brady and tachy lead  presented in FDAIMedtronic meeting of February 
18  1993   Decreased flexing of the 6966 lead below the valve is our 
basis for expecting flex related MIO will not be a significant failure 
mechanism of the 6966 lead  

An I i f Transvene Model 6966 Lead and Clinical Presentation 

The Model 6966 tripolar tachy lead is comparatively less flexible than 
------- --- ds  Therefore  distal MIO as evident in a very small percent 
-------- of brady 400414004M leads is not necessarily indicative of a 
similar occurrence in the 6966 lead  A videotape illustrating the clinical 
flex performance differences between brady and tachy leads was 
presented during the FDAIMedtronic meeting on February 18  

Analysis of the Model 6966 lead  as it relates to the potential for MIO  
indicates that it would be more likely to occur on the middle versus the 
outer or innermost insulations  Lead failure due to MIO typically is found 
on the inner insulation on returned bipolar brady leads  Therefore  this 
failure mechanism is not expected to significantly affect the ----- outer 
insulation of the 6966 lead  Should MIO occur on the outer insulation 
of the 6966 lead  the net effect would be an increased defibrillation 
electrode surface area  This would not be expected to significantly 
aff---- -- stem performance  Additionally  the more resistant properties of -----  to MIO   of the 6966 innermost insulation  are expected to further reduce the potential for MIO  99 7  survival Model 4058 M at 
three years  see Product Performance Report  Appendix C   

For the Model 6966 lead  should the middle  ------ insulation fail  it would likely present initially as an intermittent short  as is more typical 
with brady leads  and can progress over time if not identified and treated  to a hard  direct  short  These could manifest initially as oversensing  and ultimately as integrated bipolar sensing  respectively 
 intermittent versus hard short   In the case of a hard short of the middle insulation  specifically  shorting the pacing tip to the common 
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defibrillation electrode  an integrated bipolar sensing system is created  
In this type of system  sensing occurs between the unipolar pacing tip 
and the common defibrillation electrode  versus standard bipolar sensing 
between the pace sense tip and ---- ----- -------------- -----  type of 
sensing system is identical to the ----- ---------- ----------------- currently 
in clinical trials  and also to Medtronic s historic Transvene RV lead  the 
Model SP2100 lead  These type of integrated systems have been shown 
to be clinically acceptable  Note that fifteen Model SP2100 leads were 
implanted at the start of the Transvene clinical study  There have been 
no observations or reported problems related to the SP2100 lead 
performance   Data from the SP2100 lead have been incorporated in the 
clinical experience analysis reported in this PMA application   

Intermittent sensing could result in oversensing  if the detection criteria 
are also met  and this could result in delivery of inappropriate  i e   not 
needed  therapies  This can be considered a  safe failure  given the 
system would  err  by oversensing  versus undersensing  and the patient could receive an unnecessary therapy  Also  patients are instructed to 
report therapies to their physicians  this facilitates identification of any 
inappropriate therapy  

Recently  a Model 6884  lead was explanted after 27 months when the 
patient received a heart transplant  The lead was fully functional at 
explant  however  returned product analysis has indicated the presence of some MIO in the clavicular region  Transvene leads  like brady leads  
are implanted by subclavian insertion and are susceptible to being 
crushed between the clavicle and first rib  As indicated above  with 
brady leads this can result in conductor fractures  insulation failures or 
both  Analysis of the specific Model 6884 lead is ongoing and a more 
detailed report will be provided in approximately 30 days  

It should be noted that MIO is only one potential failure mechanism of 
implantable leads  As discussed  others include fracture due to crush in 
the area of subclavian insertion  environmental stress cracking due to 
stresses the in vivo environment may impart to the lead and lead 
dislodgement  

  The Model 6884 lead is the earlier ver----- --- -- e Model 6966 lead and differs only in the conne----- ---- - onfiguration  the 6884 has a ---- ------ high voltage connector pin and the 6966 has a ---- ------ high voltage connector pin  Otherwise the leads are the same  

8 K   

(b)(4)

(b)(4)
(b)(4)
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Tr nsv ne Clinical Assessment Ex erience 

Given over 2000 worldwide Transvene patients implanted to date  
ranging from zero to forty months implant duration  there have been no 
reports of undersensing  insulation failures  or oversensing that could not 
be managed via reprogramming  Furthermore  the benefits of Transvene 
implantation are dramatically apparent from the perspective of 
perioperative mortality  0 7 percent for Transvene versus 5 3 percent for 
epicardial implants  Transvene survival from SCD is 99 5 percent and 
overall survival is 93 3 percent at one year  Additionally  Transvene 
implants  on average  require 8 days in hospital versus 11 days for an 
epicardial system  a significant cost savings  In summary  the benefits 
of the Transvene system performance clearly surpass the potential for 
MIO  or other potential failure mechanisms  in the 6966 lead  

onclusions 

Although Medtronic cannot assure that MIQ or other lead failure 
mechanisms will not occur in the Model 6966 lead  the actual benefits 
of the Transvene system  as previously discussed  would appear to 
exceed the potential risk due to MIO  Analysis shows that the potential for MIO to occur in the 6966 lead would result in a  safe failure   Note 
that preclinical and animal testing cannot completely simulate the long  
term implant environment  thereby eliminating all potential for lead 
failures in vivo  This was recognized by Congress in implementing the 
Postmarket surveillance provision in the Safe Medical Device Act of 
1990  It is clear that postmarket surveillance mechanisms  e g   
returned product analysis and chronic lead monitoring  are more 
appropriate mechanisms for evaluatina and managing patent al femur 
mechanisms of implantable cardiac leads  

155   
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FAILURE MECHANISMS 

 CLPiICAL ELECTRICAL FAILURES FROID RETURN PRODUCT ANALYSIS  

------ --- -- 
- --- ----------- --- ----- 

------ -- 
- --- ----------- ------ 

------- --- --- 
- --- ----------- --- - --- 

A 27JV3878 
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37  A copy of the Summary of Safety and Effectiveness which includes the 
updated data must be provided  

RESPONSE  

See Attachment 3  

I  
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A  Inic in Fr s 

The Medtronic PCD Model 7217B Multiprogrammable Tachyarrhythmia 
Control System with Nonthoracotomy Cardioversion and Defibrillation 
Electrodes  hereafter referred to as the PCD Transvene System  is 
intended to treat patients at risk of sudden cardiac death due to 
ventricular tachyarrhythmias  Indications for use include  

Patients who have survived at least one episode of cardiac arrest due to a 
ventricular arrhythmia not caused by an acute myocardial infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain inducible 
via programmed electrical stimuli or exercise  or occur spontaneously  despite 
the most efficacious antiarrhythmic drug therapy that can be tolerated by the 
patient chronically  

Patients undergoing replacement of a previously implanted implantable 
cardioverter defibrillator  

The patients who meet the above patient selection criteria should have 
also undergone a complete cardiological evaluation that includes 
electrophysiological testing  Electrophysiologic evaluation and testing of 
the safety and efficacy of the proposed pacing  cardioversion  or 
defibrillation therapies are recommended during and after the 
implantation of the PCD Transvene System  

The PCD Transvene System components  except for the defibrillation 
lead system  are identical to the PCD Epicardial System which was 
unanimously recommended for approval by the FDA Advisory Panel on 
February 3  1992 and FDA approved on February 11  1993  

Market approval is not being sought for use of the PCD Device with 
other manufacturers transvenous defibrillation lead systems  In addition  
market approval is not being sought for the use of the PCD Transvene 
lead system with other manufacturers implantable cardioverter 
defibrillators  
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188 
B  Descri tion of the Transvene Lead PCD S stem 

The Medtronic Tachyarrhythmia Control System consists of two 
fundamental configurations   1  the implantable configuration and  2  the 
external configuration  Both configurations use the Transvene lead 
system  See Figure III B 1 

The implantable configuration is composed of a Pacer Cardioverter  
Defibrillator  PCD  device  impIantable leads  and a programmer  The PCD 
device is art implacable  mu tlpKrgrammable  automatic  tai  thmia 
control device  

The external configuration is composed of an External Tachyarrhythmia 
Control Device  ETCD   a patient cable  implantable leads  and a 

programmer  The ETCD is an externally operated  multiprogrammable  
tachyarrhythmia control device  

Intended Uses   Transvene Leads 

Model 6963 Lead 

The Medtronic Transvene Model 6963 Unipolar  Coronary Sinus or 
Superior Vena Cava  Transvenous Lead features an electrode for the 
delivery of cardioversion and defibrillation therapies  It is intended for 
long term use in the coronary sinus or superior vena cava and is 
designed to be used with an implantable tachyarrhythmia control device 
along with at least one other lead  such as the Model 6966 Tripolar  
Right Ventricular  Transvenous Lead  

The lead has application where implantable tachyarrhythmia 
cardioversion or defibrillation systems are indicated  

Model 6966 Lead 

The Medtronic Transvene Model 6966 Tripolar  Endocardial  Screw In 
Lead is designed for pacing  sensing  and delivering cardioversion and 
defibriitation puises in the ventricie  The iead has appiication wnere 
implantable tachyarrhythmia control systems are indicated  

The Model 6966 lead has a helical electrode made of platinum alloy that 
can be actively fixed in the endocardium  The helix can be extended or 
retracted by rotating the lead connector pin with a speciaI fixation tool  

Active fixation leads are particularly beneficial for patients who have 
smooth or hypertrophic hearts where lead dislodgement may be potential 
a problem  

2  4 
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The three electrodes of this lead are the coil  ring  and helix  

The defibrillating coil electrode is most proximal to the pulse generator and connects 
electrically to the connector pin of the unipolar leg of the bifurcation  This unipolar leg 
will not accept a stylet  

The ring electrode is proximal to the helix and connects electrically to the 
connector ring of the bipolar leg of the bifurcation  

The helix tip electrode is most distal to the pulse generator and provides active 
fixation in the endocardium  It can be extended or retracted by rotating the 
lead connector pin with a special fixation tool  The helix electrode connects 
electrically to the connector PIN of the bipolar leg of the bifurcation  This 
bipolar leg is the only one that will accept a stylet  

The helix tip electrode and the ring electrode may be used for bipolar 

pacing and sensing  the coil electrode is intended to be used for delivery 
of cardioversion and defibrillation pulses  

The lead has application where implantable tachyarrhythmia 
cardioversion or defibrillation systems are indicated  

Model 6999 Lead 

The Medtronic Model 6999 Unipolar  Subcutaneous  Oval  Patch Lead 
features an electrode for the delivery of cardioversion and defibrillation 
therapies  It is intended for long term use and is designed to be used 
with an implantable tachyarrhythmia control device along with at least 
one complementary defibrillating electrode and a pacinglsensing lead  a 
third defibrillating electrode may also be used  

The lead has application for patients in whom implantable 
tachyarrhythmia cardioversion or defibrillation systems are indicated  
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Intended Uses   PCD Device 

The Model 7217B PCD device is intended for use in patients who are at 
high risk of sudden death due to ventricular tachyarrhythmia  

Current medical research indicates that such patients should  

have survived at least one episode of a cardiac arrest  presumably due to a 

ventricular tachyarrhythmia as evidenced by resuscitation using a transthoracic 

defibrillator  The ventricular tachyarrhythmia should not be caused by an acute 

myocardial infarction  or 

  in the absence of a prior cardiac arrest  have recurrent  sustained ventricular 

tachycardia that occur spontaneously or can be induced  despite the most 

efficacious antiarrhythmic drug therapy that can be tolerated chronically  

Extensive electrophysiologic evaluation and testing of the proposed 
pacing  cardioversion  or defibrillation therapies are recommended during 
and after the implantation of the Model 7217B PCD device  Before 

permanently programming the PCD device to the automatic detection 
and delivery of the VT and or VF therapies  the patient should have 
demonstrated a satisfactory response to the proposed therapy  

Intended Uses   ETCD 

The Model 5355 External Tachyarrhythmia Control Device is intended for 
use in conjunction with an antitachycardialdefibrillation lead system 
during diagnostic studies for implanting the Model 7217B PCD device  

Indications for use of the ETCD include  

Patients experiencing recurrent episodes of ventricular tachyarrhythmia  

Patients who survived a cardiac arrest due to a ventricular tachyarrhythmia and 
are at risk for repeated episodes  

Patients who are undergoing an assessment of the efficacy of antitachycardia 

pacing  cardioversion  or defibrillation therapies in anticipation of an implantable 
cardioverter defibrillator  

I  dL   
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Com onents of the S stem 

A list of components used in the system is given below  It is separated 
into a listing of those components for which market approval is sought 
and those components that are now commercially available  Market 
approval is not being sought for use of the PCD Device with other 
manufacturers transvenous defibrillation lead systems or for the use of 
the PCD Transvene lead system with other manufacturers implantable 
cardioverter defibrillators  

Seekin A roval  Commerciall Available  

Transvene Leads 
Model 6963 
Model 6966 
Model 6999 

Programmers Model 9710 and 
accessories 

Printers Model 97S1 9712 

Pacer Cardioverter Defibrillator 
 PCD  Device 

Model 7217B 

External Tachyarrhythmia 
Control Device  ETCD  

Model 5355 ETCD 
Model 5418 Patient Cable 
Model 5419 Patient Cable 
Model 5414 Test Load 
Model 5417 EGM Cable 

Programmer Software Cartridge 

ModeI 9788   Memory Module 
for 7217B PCD Device and 5355 ETCD Devices 

Lead Accessories 

Model 6701 Lead End Cap 
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Com onents Used in the Im lantable Confi uration 

The implantable configuration is composed of a PCD Device  lead 
system  and a 9710 Programmer with applicable software cartridge  The 
implantable device is a Model 7217B PCD Device  The PCD device 
requires an appropriate lead system consisting of up to three 
cardioversionldefibrillation electrodes  See Figure III B 2  The Transvene 
ieads used with the Vodei 7 178 PCD uevice are the h1adels 698    
6966  and 6999  

The Model 9710 Programmer is commercially available  Two printers are 
also commercially available  When higher printing speeds are desired  it 
is recommended that the programmer be used with the faster printer  the 
Model 9751  If slower printing speeds are acceptable  as may be the 
case in some follow up situations  the Model 9710 Programmer can be 
used with the battery powered Model 9712 Printer  

Corn onents used in the External Conti uration 

The external tachyarrhythmia control system is composed of the Model 
5355 ETCD  a Model 5418 Patient Cable  a Model 5419 cable  lead 
system  and a Model 9710 Programmer with applicable software 
cartridge  see Figures IV A 3  4  The ETCD uses replaceable batteries 
as its power source  The Model 5418 Patient Cable and Model 5419 
Cable are designed to connect the Transvene leads to the ETCD  Like 
the implantable system  the ETCD uses the same Transvene leads 
 Models 6963  6966  and 6999   
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Figure IV A 4  Model 5353 External Tachyarrhythmia Control Device 
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Pur ose of the S stem 

PCD S stem Confi uration 

The PCD Device is an implantable device designed to detect episodes of 

ventricular tachycardia  VT  and ventricular fibrillation  VF   and upon 

detection  automatically deliver the appropriate therapy or a progression 
of therapies programmed by the physician for each patient  The available 

therapy types that can be programmed are overdrive pacing  
cardioversion  and defibrillation  The PCD Device also has bradycardia 

pacing capability  The Transvene leads allow the PCD device to deliver 

these therapies to the heart  

ETCD S stem Confi uration 

The ETCD is an external tachyarrhythmia control device designed to 

deliver overdrive pacing  cardioversion  defibrillation  and bradycardia 

therapies in the same fashion as the PCD device  The ETCD can be 

programmed to automatically deliver overdrive pacing therapy upon 

detection of VT  When used as a component of a system that includes 

the appropriate Medtronic programmer and applicable software cartridge  

the ETCD can deliver manually initiated VT pacing  cardioversion  and 

defibrillation therapies  The ETCD allows the assessment of the 

Transvene lead system characteristics and aids in the assessment of lead 

SySt6n    paC f ig BPiG SBfiSifig C  Bf BCt fiStiCS  

Overview of S stem Features 

General 

The PCD device is designed to automatically detect episodes of VT or VF 

and  upon detection  deliver the appropriate programmed pacing  
cardioversion  or defibrillation therapies  The device has two 

ifi48p6fid8Pitl y  pfOgtBfiifiiab 6 dCtBCtiQA BAd i  8fBp g pfOCW  f S   GA8 fQf  

VT and a second for VF  

When used as a component of a system that includes the appropriate 

Medtronic programmer and dedicated software  the ETCD is designed to 

deliver manually initiated cardioversion and defibrillation therapies  The 

LcTrn     g   d   g 
  

t p Ap 
at apjggQgg  Qf 

XJT apQ XJp It rgp 

automatically deliver VT overdrive therapies  burst and ramp  upon 

detection of a VT  

 9 
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VT Detection and Thera 

Both the PCD device and E I CD use a v r detective atgarithrri vvhich  carr 

use up to three separately programmable criteria as it monitors the 

cardiac cycle length to identify the presence of a tachycardia  Upon 

detection  the devices deliver their first programmed VT therapy  If the 

VT episode persists and is again detected  up to three additional 

independently programmable VT therapies may be delivered to restore 

the patient s normal cardiac rhythm  This progression of four VT 

therapies can be tailored to each patieni 
 s 

need   icrr the  PCu  device  u   e  

therapies may be selected from two methods of overdrive pacing  burst 

and ramp  and synchronized cardioversion  

For the ETCD the same overdrive pacing therapies can be automatically 

delivered  with cardioversion therapy being available as a manual 

therapy  

VF Detection and Thera 

The VF Detection algorithm monitors the cardiac cycle length to identify 

a VF episode  Upon detection  the PCD device provides a programmable 
high energy defibrillation pulse for VF therapy  Up to a maximum of four 

VF therapies may be delivered for ongoing detected VF episodes  Each 

defibrillation therapy consists of one  single pulse  or two  simultaneous 

or sequential  high voltage pulses designed to restore the normal cardiac 

rhythm  

For the ETCD  each cardioversion or defibrillation therapy  which must 

be initiated manually via the programmer  also consists of one high  

voltage pulse or two  simultaneous or sequential  high voltage pulses in 

the same fashion as the PCD devices  

Brad cardia Thera 

For both the ETCD and PCD devices  bradycardia pacing is delivered in 

the VVI mode  Asynchronous   VOO   pacing is not available  and is 

avoided even with magnet application since this type of pacing has 

increased potential to initiate ventricular arrhythmias in patients receiving 

this system  
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Lead S stems 

The PCD Device and the ETCD perform pacing  sensing  cardioversion  
and defibrillation through multiple electrodes in the lead system  Listed 

below are the electrodes and their function  

  The PACE SENSE electrodes are incorporated in the right ventricular 
defibrillation lead  These electrodes function as the sensing circuit and deliver 

pacing pulses  The PACE SENSE electrodes are used for sensing in conjunction 
with the SENSE2 electrode  

The COMMON electrode is an electrode coil that serves as the cathode for 
cardioversion  defibrillation  and pacing  

The PULSE2 electrode is an electrode coil that serves as the anode for 
cardioversion and defibrillation  

The PULSE1 electrode is an optional electrode coil that serves as an additional 
anode for sequential and simultaneous cardioversion and defibrillation  

Cardioversion and defibrillation current pathways are between the 
PULSE2 and COMMON electrode coils and  if the additional lead is 
implanted  between the PULSE1 and COMMON electrode coils  

Other Ca abilities 

The physician may use the ETCD or the PCD devices to conduct 
noninvasive electrophysiologic studies  EPS  via the programmer with the 
appropriate software cartridge  The physician can also manually deliver 
various therapies via the programmer to manage an induced or 
spontaneous tachyarrhythmia  

The PCD device will provide the physician with information  via the 
Programmer  about its present programmed status and data on its 
operation accumulated between office visits  This information may be 

printed and retained in the patient s file  

The PCD Device and ETCD can also transmit an electrogram to the 

programmer  The electrogram is the electrical signal sensed on the leads  

A programmer generated set of symbols  termed Marker Channel   
allows real time visualization of sensing  pacing  detection  and therapy 
events occurring within the device  

In addition  the ETCD provides a display of measurements and other 
information related to delivered cardioversion and defibrillation pulses  

di  
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With this information and other features  the ETCD can be used to 

assess the suitability of the lead system and its placement for individual 

patients  

P DB er Ln vi Ex t ins 

The longevity of the Model 7217B PCD Device depends upon several 

factors  including programmed bradycardia pacing parameters  the 

percentage of paced to sensed events  the pacing load  and on the 
frequency of high voltage capacitor charging  The longevity projections 
found in Table IV A 1 apply under the following conditions  

65 ppm pacing rate  
5 4 V pacing pulse amplitude  
0 49 ms pacing pulse width  and 
500 ohm pacing lead  

1 
Projected Longevity 

Table IV A 1 

100  Sensing Quarterly 5 0 years 

15  Pacing Monthly 4 2 years 

100  Pacing Monthly 3 4 years 

The longevity of the device decreases with the following  

An increase in pacing rate  
An increase in pacing amplitude  
A decrease in pacing impedance  
An increase in pacing pulse width  
An increase in the 

 percentage 
of bradycardia paced to sensed events  or 

An increase in the charging frequency  

Each 34 Joule charging cycle will typically decrease the longevity of the 
device by approximately six days  

These preliminary longevity projections are based upon accelerated battery data and 
device modeling  They include an estimate of five months between time of 
manufacture of a PCD device and its implant  If a device was stored for the full 
twelve month shelf life  the average longevity would be reduced an estimated 4 3 to 
5 9 months  depending on device use  With the stated condition  100  pacing and 
monthly 34 Joule charging cycles  the minimum longevity of the device will be 2 5 

years  7217B   Average refers to the projected mean longevity of the modeled run of 
PCD devices at the stated conditions  Minimum longevity means that virtually all  i e   
99 9   of all modeled production run of PCD devices will attain the value given  

 p 
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C  Alternative Practices and Procedures 

The use of implantable defibrillators in patients with drug refractory 

ventricular tachycardia  fibrillation  VT VF  and in survivors of sudden 

cardiac death has reduced the arrhythmic mortality in these patients  
Other treatments available to treat ventricular tachyarrhythmias include 

antiarrhythmic drug therapy  ventricular tachycardia surgery  

transthoracic defibrillation and other market released implantable 

defibrillators with epicardial defibrillation lead systems  
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D  Marketin Histor 

All of the Medtronic Transvene Tachyarrhythmia Control System device 

components which have been implanted in the U S  to date have been 

part of the IDE clinical study and have followed the FDA approved 

investigational protocol  In November 1991  the Medtronic PCD 

Transvene System  and respective components described in this 

submission  were market released in Europe  In March 1991  the 

Medtronic PCD Epicardial System  and respective components  were 

market released in Europe  And in February 1993  the FDA approved the 

Medtronic PCD Epicardial System  

  8 
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E  Adverse Effects 

Potential adverse effects which may be associated with the use of the 

PCD Device include but are not limited to  failure to detect ventricular 

tachycardia or ventricular fibrillation  failure to terminate ventricular 

tachycardia or ventricular fibrillation  delivery of pacing or shock therapy 

when no ventricular tachyarrhythmia is present  which would precipitate 

an episode of ventricular tachycardia or ventricular fibrillation  

acceleration of a ventricular arrhythmia  failure to capture after a shock 

delivery  discomfort or pain during or following the de1ivery of electrical 

shock  or infection  

The following additional  potential adverse effects associated with all 

pacemaker systems include loss of normal pacemaker function due to 

battery failure or other component failure  inability to program a 

pacemaker pulse generator because of programmer failure  infection  

erosion  undesired muscle or nerve stimulation  and inadequate sensing 

or pacing  Any demand pulse generator can be affected by magnetic  

electrical and electromagnetic signals of sufficient strength or with 

characteristics which mimic cardiac function  Possible effects of 

electrical interference on pulse generator operation include reversion to 

asynchronous pacing  inhibition of output pulses and rapid synchronous 

pacing  Certain environmental sources can couple sufficient energy into 

a cardiac pacing system to damage the pulse generator or cardiac tissue 

adjacent to the electrodes  

Failure of the pulse generator system to function properly may result in 

the patient experiencing the symptoms for which the pulse generator 

was originally indicated  

The potential complications related to the use of the PCD Transvene 

Lead System include  but are not limited to  the following patient related 

conditions  fibrillation  air embolism  cardiac perforation  heart wall 

rupture  cardiac tamponade  pericardial rub  infection  myocarditis  

constrictive pericarditis  pneumothorax and hemothorax  Other potential 

complications related to the lead system include  but are not limited to  

the following  lead dislodgement  lead conductor fracture  and insulation 

failure  

The above referenced information is provided in the labelling of the PCD 

Transvene System  

  5 



MEDTRONIC CONFIDENTIAL 

199 
F  ummar of Studies 

To validate the performance of the h16dtMiTiC Tachpatrnp i nti isa Coflt of 

System nonclinical laboratory  bench  testing  animal studies and human 

clinical trials were performed  All of the nonclinical bench and animal 

testing demonstrated that the devices are safe and performed according 

to design intent  

The nonclinical laboratory  bench  testing provides information relative 

to the Model 6966  Model 6963 and Model 6999 Transvene Leads  

Model 7217B PCD  Model 5355 ETCD  and Model 9788 Memory 

Module  

The animal studies were performed to evaluate acute and chronic 

performance PCD Transvene System and to validate that the PCD and 

ETCD System are safe for human use  

Finally  human clinical trials were performed to evaluate the safety and 

effectiveness of the PCD Transvene System in treating patients with life  

threatening ventricular arrhythmias  

All of the studies have demonstrated that the PCO Transvene System 
functions safely and is appropriate for human use  

The following summaries are provided in this section  

1  Model 6966  Model 6963 and Model 6999 Nonclinical Testing 

2  Non clinical Testing of the Related Components of the Transvene 

Lead system  Models 7217B PCD  Model 5355 ETCD and Model 

9788 MemoryMod Model 7217B PCD Nonclinical Testing 

3  Animal Testing 

4  Clinical Study of the PCD Transvene System 

K4R   
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1  Model 696 Model 6963 and Model 6999 Defibrillation Leads   Q   

Summar of Nonclinical Testin 

To validate the performance of the Medtronic Tachyarrhythmia 

Control System nonclinical laboratory  bench  testing  animal 

studies and human clinical trials were performed  All of the 

nonclinical bench and animal testing demonstrated that the 

devices are safe and performed according to design intent  

The nonclinical laboratory  bench  testing provides information 

relative to the Model 6963 CS SVC lead  Model 6966 RV lead  

Model 6999 SQ patch lead  and related system components  

a  Electrical Testin 

Electrical D C  resistance testing was performed to ensure 

proper functioning of the Model 6963  6966 and 6999 

leads  

Seventeen Model 6963  thirty five Model 6966 and 

eighteen Model 6999 leads were submitted for testing  

Electrical resistance was measured utilizing a milliammeter 

under ambient room conditions  All samples measured 

were within the individual design specifications  

b  Environmental Anal sis Testin 

The purpose of the testing was to subject the lead to 

temperature extremes to determine the lead s resistance to 

the thermal stresses when transported from extremes of 

C 11AT8t8  

Thermal Shock 

Fifteen Model 6963 and thirty five Model 6966 leads were 

subjected to five cycles from  45 C to 70 C with a soak 

time of thirty minutes at each temperature extreme with a 

transfer time of one minute  Thirty five Model 6999 leads 

were subjected to five cycles from  40 C to 66 C with a 

soak time of thirty minutes at each temperature extreme 
with a transfer time of one minute  

After the thermal shock testing was completed visual 

inspection and electrical resistance measurements were 

performed  There were no visual defects and the electrical 

D C  resistance of all the samples met the design 

specification  

F83 0 
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c  Mechanical Testin 

The purpose at the mechanicai testing was to cfetermirre 

the mechanical integrity of the leads to ensure that the 

devices are safe  reliable  and suitable for their intended use 

and conform to design specifications  The leads and or 

assemblies were subjected to the following  

flex testing 
composite pull strength testing 

crimp weld pull strength testing 
insertionlwithdrawal force testing 

A C  impedancelleakage testing 

Flex Testin 

The flex testing consisted of mounting the insulated 

conductor coils and uninsulated electrode coils of the 

Models 6963  6966 and 6999 in a lead flex test fixture  

The insulated conductor coils and uninsulated electrode 

coils were flexed under ambient room conditions at a 

specified radius  Eleven samples were used in each test  

Samples exceeded specifications and therefore are 

considered to be satisfactory for their intended use  

Lead Joint Tensile Stren ths 

Pull testing of the various lead joints is conducted to ensure 

that the integrity of the joint meets the design specification 

and is  therefore  adequate for its intended application  The 

testing conducted consists of a composite pull test which 

evaluates the overall pull strength of the lead and crimp pull 
testing that evaluates the crimped connections of the leads 

to assure specification conformance  

Corn osite Pull Stren th 

i eacts were boil8d iA niAQGT b SuiUtiQir Of Suak6d iti nQriiia  

saline and pull tested  while wet  the lead is usually cut in 

half to facilitate fixturing limitations  utilizing a tensile 

testing machine  The samples were pulled until failure at a 

rate of five inches per minute  The initial failures were then 

analyzed statistically for the confidence level in meeting the 

specification for the composite lead which is 1 0 lb  

minimum  

  0 
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Model 6963 data demonstrates that with a 95  

confidence at least 97   distall and 99 9   proximai  oi 

the leads will meet or exceed the specification  

Model 6966 data demonstrate that with a 99  confidence 

at least 99 9  of the leads will meet or exceed the 

specification  

Model 6999 data demonstrate that with a 99  confidence 

at least 99 9  of the leads will meet or exceed the 

specification  

Therefore  Models 6963  6966 and 6999 leads  with 

respect to composite pull strength  are adequate for their 

intended use  

Crim Weld Pull Stren ths 

Crimp and weld pull strength tests were conducted to 
evaluate the strength of the connections to ensure that 

they meet the design specification and are  therefore  

adequate for their intended application  The connections 
tested are  

e DISt8t CflfAp Sl68VB 10 CQA4tiCiuf CGiE Cf ifT ip  8963t 

Double crimp core to conductor coil crimp  6963  

Electrode coil to double crimp core weld  6963  

Electrode coil to distal crimp sleeve weld  6963  
Tip crimp sleeve to conductor coil crimp  6963  

Connector pin to conductor coil crimp  6963 and 6999  

Helix electrode to inner conductor coil crimp  6966  

Electrode ring to middle conductor coil crimp  6966  

Transition sleeve to electrode coil weld  6966  

Transition sleeve to outer conductor coil crimp  6966  

Fixed connector pin to outer conductor coil crimp  6966  

Connector ring to middle conductor coil crimp  6966  

Rotating connector pin to inner conductor coil crimp  6966  

Manifold crimp sleeve to conductor coil cr----- -------- 
0 M8AlAA5 CAfAp StB8v 6 tO 6 8CtfOd8 CGil  ---- ------- ----- ------- 

crimp  6999  
Manifalci crimp sleeve to electrode coil ---- ------ ---- ------ 

crimp  6999  

Subassemblies were submitted for testing and pull tested 
by using a tensile testing machine  The samples were 

pulled until failure at a rate of four inches per minute  

Pull strength testing consisted of a minimum of 15 

subassemblies of each crimp connection and a minimum of 

    0 
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7 subassemblies of each weld connection All samples 

tested exceeded the individual specification  The test 

results indicated that with a 95  confidence  at least 95  

of the leads will have crimp and weld strengths that exceed 

the specification  

Therefore  the Model 6963  6966 and 6999 leads  with 

respect to crimp and weld connection pull strengths  are 

  uata for their intended use  

Insertion ithdrawal Forces 

Insertionlwithdrawal forces are measured to ensure 
compatibility with the implantable device without causing 
damage to the lead  Twenty five each of the lead Models 

6963  6966 and 6999 were tested with the Model 7217B 
PCD Device connector modules  There were no physical 
changes and all measurements met the design specification  

A C Im cdance Leaka e Testin 

Fluid leakage tests are conducted on the lead 

assemblieslimplantable device connector to determine 
leakage  Ten of each lead model Models 6963  6966 and 
6999 were tested with the Model 7217B connector 
modules  A C  impedance was measured from the PCD 
device case to the lead connections while immersed in 
fluid  All samples met the design specification  

d  Biocom atibilit Testin 

The materials used in the Models 6963  6966 and 6999 
that are directly exposed to body tissue are  

Polyurethane 
Silicone rubber  methylvinylpolysiloxane  
Silicone rubber titanium dioxide 

Platinum Iridium 

These materials have been shown to be biocompatible 
through many years of use in Medtronic permanent 
implantableendocardiallmyocardialpermanentpacing leads  
In addition to extensive implant experience with these 
materials  standard biocompatibility tests have been 

performed to verify the biocompatibility of the above listed 
materials  Testing has demonstrated that all materials are 
nonhemolytic  nonpyrogenic  nontoxic  nonmutagenic and 
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biocompatible  Therefore  the materials passed the tests 

and are considered suitable for human implant  The 

materials used in the Models 6963  6966 and 6999 are 

identical to those used in other commercially available 
Medtronic pacing leads  

e  Lead S stem Life Testin 

In addition to the aforementioned tests  the Transvene 

leads were subjected to system  or life  testing  Further 
testing also evaluated the leads with respect to crush 
resistance  Testing included subjecting the leads to 

soaking  flexing and high voltage pulsing  A separate test 
evaluated crush performance  The purpose of these tests 
was to subject the leads to severe conditions and assess 
the overall integrity of the system  

D C  resistance values and intermittance data measured 
before and after being subjected to soaking  multiple flexing 
and high voltage pulsing  as well as crushing  demonstrated 
the non thoracotomy leads satisfied requirements and are 
therefore acceptable for their intended use  

AC  t ai f 
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2  Non clinical Testin of the Related Com onents of the Transvene 

Lead s stem  Models 7217B PCD Model 5355 ETCD and Model 

9788 Memor Mod 

Non clinical testing of these components was provided Volume 4 

of the original PMA application  P900061  dated September 27  

1990  Volume 3 of the amendment dated March 8  1991  and 

Volume 2 of the amendment dated August 30  1991  A summary 

of the test results for each of the components is provided  

Model 7217B PCD  Summar of Nonclinical Testin 

Testing of the Model 7217B pulse generators and the peripheral 
devices that comprise the system  i e   the Pacing System 

Analyzers  the Model 9710 Programmer utilizing the Model 9788 

MemoryMod and the Model 9751 Printer have been tested and 

found to be acceptable  All aspects of system interaction and 

operation are in accordance with the Model 7217B PCD Device 

and Model 9788 technical manuals and system specifications  

Therefore  the Medtronic Tachyarrhythmia Control System  in its 

entirety  is acceptable for its intended use  

Model 9788 Memor Module  Summar of Nonclinical Testin 

The Medtronic Model 9788 MemoryMod Cartridge was designed 

for insertion into the commercially available Model 9710 

Programmer  When inserted  it becomes an integral part of the 

non invasive programming system for the implantable PCD devices 

to establish pacing  ventricular tachycardia  VT  detection and 
therapy  ventricular fibrillation  VF  detection and therapy  and 

electrophysiological study  EPS  capabilities of an implanted 

pacemaker  cardioverterldefibrillator  PCD   Both the Model 

7217B PCD device and the Model 5355 ETCD are programmed 
with the Model 9788 MemoryMod cartridge when used with the 

Model 9710 Programmer  

Testing of the Model 9788 MemoryMod cartridge has 

demonstrated conformance to specification requirements  
Therefore  the Model 9788 MemoryMod is acceptable for its 

intended use with the Model 7217B PCD Devices and the Model 

5355 ETCD Device  

Model 5355 ETCD  Summar of Nonclinical Testin 

Testing of the Model 5355 ETCD and respective accessories has 

shown conformance to specification requirements  Therefore  the 

M 116366 ETCOD i I i p bl f thi 
intended use  

2 M 
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3  Animal Testin 

The information presented in this section is an accumulation of 

several studies  some of which FDA has previously reviewed in 

IDE submissions  G870102   These studies demonstrate the 

safety of the Transvene lead Models 6963  6966 and 6999  

A variety of non thoracotomy leads were evaluated in a series of 

four canine studies  Descriptions of the leads  as well as the 

study number s   1  2  3 or 4  in which they were evaluated  are 

presented below  

Description  Non thoracotomy Leads 

CORONARY SINUS SUPERIOR VENA CAVA LEADS 

Model 6963 evaluated in Study No  4  is a silicone  unipolar  

coronary sinus or superior vena cava lead with a 6 5 mm 

connector and platinum alloy electrode for delivery of 

cardioversion and defibrillation therapies  

Model 6881 evaluated in Study Nos  2  3 and 4 is functionally 

equivalent to the Model 6963 except the 6881 has a 3 2 mm 

connector  

Model 10285  evaluated in Study No  1  is the temporary version 

of the Model 696316881  

RIGHT VENTRICULAR LEADS 

Model 6966  evaluated in Study No  4  is a polyurethane  tripolar  

extendablelretractable  screw in lead with a 6 5 mm connector 

and platinum alloy electrode for delivery of cardioversion and 

defibrillation therapies  Additionally  the 6966 has a 3 2 mm 

connector for pacing and sensing  

Model 6884  evaluated in Study Nos  2 and 3  is functionally 

equivalent to the Model 6966 except the 6884 has a 3 2 mm 

connector in place of the 6 5 mm connector for the cardioversion  

defibrillation electrode  

Model 10284  evaluated in Study No  1  is the temporary version 

of the Model 696616884  
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SUBCUTANEOUS PATCH LEADS 

Model 6999 evaluated in Study No  4  is a silicone  unipolar  

oval  subcutaneous patch with a 6 5 mm connector and platinum 

alloy electrode coils that are partially embedded in the silicone 

patch for delivery of cardioversion and ---------------- ------------ 

Additionally  the patch is embedded with -------------------- ------- 

Model 6895 evaluated in Study Nos  2 and 3  is functionally 

equivalent to the Model 6999 except the 6895 has a 3 2 mm 

connector and is covered with -------------------- ------- 

Model 10317 evaluated in Study No  3  is functionally equivalent 

to the 6895 except it is embedded on the outer edge with 

-------------------- ------- 

Although model numbers differ  all leads in each of the three 

groups are functionally equivalent  The various model numbers 

reflect an evolution of temporary to transvenous lead 

development  as well as minor changes  such as the connector pin 
modification from 3 2 mm to 6 5 mm  

Additional devices were used to evaluate the non thoracotomy 

lead studies in canines  These are described below  

External Devices for Implant Support 

Model 5355 External Tach arrh thmia Control Device ETCD 

The Model 5355 ETCD provides the same detection capabilities as 

the implantable Model 7217B PCD Device  Therapies are identical 

except that the maximum output energy is 40 joules  J  and 

automatic defibrillation and cardioversion are not available in the 

Model 5355  The Model 5355 ETCD provides measurement and 

display of output waveform parameters and ETCD status  an 

isolated electrogram signal  and passthrough connections of 

pacing and sensing electrodes to external instrumentation  

Model 2394 External Cardioverter Defibrillator ECVD 

The Model 2394 ECVD instrument can deliver   1  a single 
stimulation pulse on one output channel  or  2  a pair of pulses  
delivered individually on the two different output channels  
Monophasic and biphasic pulses are provided  output capacitance 
can be varied between 10 and 150 microFarads  mf  depending 
on which external capacitor modules are used  and pulse width 

(b)(4)

(b)(4)

(b)(4)
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can be specified as a fixed duration  0 1 19 9 ms  or  tilt  
 10  

90    Pulse output voltages can range between 50 and 1090 

volts and may be delivered asynchronously  upon manual 

command  or synchronized with an intrinsic sensed event  

Model 2376 External Cardioverter Defibrillator ECVD 

The output stimulation parameters of the Model 2376 are very 

similar to those of the Model 2394 except for the following 

modifications  

All pulses are monophasic  truncated  exponential waveforms  

Output capacitance is fixed at 50 microFarads and pulse width is 

determined by a fixed pulse duration only  

Pulse output voltages can range between 50 and 1090 volts and may 

be delivered asynchronously  upon manual command  or synchronized 

with an intrinsic sensed event  

Stud Methods 

All canine studies were conducted according to the 1966 and 

1970 Animal Welfare Acts  1985 NIH Laboratory Animal Use and 

Care Guidelines and GLP regulations  Adult mongrel canines were 

used for all studies  The dogs weighed 20 kg or more  

Specific details of each study are presented in the following 
 Animal Studies Results  section  

Each study is briefly described below  Both acute and chronic 

studies were performed to assess the toxicity of the non  

thoracotomy lead system as well as its stability over time  

Stud  1  Acute Toxicit Testin of Non thoracotom Leads 

The objective of this study was to quantify the amount and nature 

of shock induced damage to the myocardial tissue resulting from 

multiple  high energy defibrillation shocks delivered through 

transvenous defibrillation leads and a subcutaneous patch  This 

information has previously been submitted to the agency in the 

Non Thoracotomy IDE  reference Document Control Number 

G8701021S23  FDA Approved October 4  1990  Lead models 

evaluated in this study are functionally equivalent to the Models 

6963  6966 and 6999  Results of these studies revealed only 

minimal shock induced necrosis   0 1 0 5 percent by weight   

which did not result in functional impairment of the cardiac tissue  

Therefore  the use of the Model 6963  6966 and 6999 leads did 

not result in significant myocardial damage in canines and could 

be safely implanted in humans  
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Stud  2  Model 6881 6884 and 6895 Chronic Lead Evaluation 

The objective of this study was to evaluate the suitability of the 

lead system for human clinical use  Lead models evaluated in this 

study are functionally equivalent to the Models 6963  6966 and 

6999  Study results demonstrate that the performance of the 

non thoracotomy lead system when used with the PCD and ETCD 

devices is in conformance with system design and expected 

operation  

One canine in this study has presented with two mastocytomas  

a common type of skin tumor in middle aged canines  This 

observation is not related to the PCD system  nor is it relevant to 

the clinical application of the PCD system  The tumors were 

excised and the animal remains in good health  

Stud  3  Model 6881 6884 and 6895 Chronic Lead 

Defibrillation Stud 

This study is an evaluation of the chronic stability of the non  

thoracotomy lead system via the monitoring of defibrillation and 

pacing thresholds  In addition  histopathological examinations 

have been performed to assess the amount and nature of shock  

induced damage to the myocardial tissue resulting from 

defibrillation shocks  Lead models evaluated in this study are 

functionally equivalent to the Models 6963  6966 and 6999  

Results demonstrate stable pacing  sensing and defibrillation 

thresholds over time  Additionally  histopathology analysis shows 

no cardiac tissue damage due to delivery of defibrillation shocks  

Stud 44  Model 6963 6966 and 6999 Chronic Lead 

Defibrillation Stud 

This study is an ongoing evaluation of the non thoracotomy lead 

system to assess chronic defibrillation threshold stability  pacing 
thresholds  intracardiac sensing capabilities and tissue damage  

Results indicate the lead system performs as intended  DFTs and 

pacing thresholds have remained stable throughout the study  60 
weeks  and intracardiac sensing is appropriate  Additionally  

pathology data  to date  indicates minimal localized trauma to the 

cardiac tissue     0 05 percent by weight   

Conclusion 

All of these canine studies have demonstrated that the non  

thoracotomy lead system  which includes the Model 6963 

CSISVC lead  6966 RV lead and 6999 SQ patch lead  functions 

safely and is therefore appropriate for human use  
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4  Summar of Clinical Ex erience 

A  Introduction 

The efficacy and safety of implantable cardioverter defibrillator 

 ICD  therapy for recurrent ventricular tachycardia  VT  and 

ventricular fibrillation  VF  has been well established  The current 

market released device  Medtronic Model 7217B with Epicardial 

Cardioversion Defibrillation Leads  incorporates 

multiprogrammability  multiple detection and therapeutic options 

for the treatment of ventricular tachycardia and fibrillation  The 

current system  while providing lifesaving treatment of ventricular 

arrhythmias  requires a significant surgical procedure 

 thoracotomy  median sternotomy  etc   for the placement of the 

epicardial lead system  The need to reduce the surgical mortality 

and morbidity associated with epicardial cardioversionldefibrillation 

lead systems has lead to the development of the PCS 

Transvene  System  

This report represents a full report of Medtronic s clinical 

experience with the Medtronic PCD  Model 72178 

Multiprogrammable Tachyarrhythmia Control System with 

Transvene Cardioversion and Defibrillation Electrodes  Reference 
IDE G870102   The data included in this analysis is all data that 

was received by Medtronic and entered onto the clinical database 

as of February 1  1993  

The PCD  Model 7217B Multiprogrammable Tachyarrhythmia 

Control System described in this submission is identical to the 

system which was recommended for approval by the FDA 

advisory panel on February 3  1992  with the addition of 

Transvene leads  

The data analysis is organized in functional rather than 

chronological categories in order to present a complete picture of 

each of the PCS Device s various functions  The sections 

included in this summary are  

Indicated Patient Population Therapeutic Options 
PCD Therapy Applications 
Indicated Patient Population 

Study Objectives and Protocol Summary 

Overview of Clinical Experience 
Implant Data 
Spontaneous VTIVF Episode Experience I 
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Overall Success Rate 

Complications and Observations 

Inactive Patients 

Patient Deaths 

Clinical Experience by Primary Indication 

Patients not Meeting Implant Criteria 

Comparison to AICD Clinical Experience 

Comparison to PCS Epicardial Clinical Experience 

PCD  Transvene System Performance 

This summary provides an overview ot the ciinicai experience 

which verifies that the PCS Transvene  System is safe and 

effective in the indicated patient population  

B  Indicated Patient Population 

B 1 Patient Population 

The PCS Transvene  System is intended to treat patients 
at risk of sudden cardiac death due to ventricular 

tachyarrhythmias which have been shown to be reliably 

terminated  and in the case of VF  terminated at an energy 

level below the maximum output of the PCD  Device  

Results provided in this application will support Medtronic s 

request for market release of the PCS System for use in 

the following patient population  

Patients who have survived at least one episode of cardiac 

arrest due to a ventricular arrhythmia not caused by an acute 

myocardial infarction  or 

Patients with recurrent  sustained ventricular tachycardia that 

remain inducible via programmed electrical stimuli or exercise  

or occur spontaneously  despite the most efficacious 

antiarrhythmic drug therapy that can be tolerated by the patient 
chronically  

Malignant ventricular tachyarrhythmias remain a major 

unsolved problem in the management and prevention of 

coronary artery disease  It is estimated that 450 000 

people experience sudden cardiac death annually  and 80  

90  of these events are caused by ventricular fibrillation  

 Gillum RF  Sudden coronary death in the United States  
Circulation 1989  79 756 76S   
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Survivors of out of hospital cardiac arrest not associated 

with acute myocardial infarction are at risk for recurrent 

cardiac arrest as reported by Wilber  et al  Wilber  et al  

Out of Hospital Cardiac Arrest   Use of Electrophysiologic 

Testing in the Prediction of Long Term Outcome  NEJM 

1988  Vol 318 19 24    In this study group of 166 

survivors of out of hospital cardiac arrest  ventricular 

arrhythmias were inducible in 131 patients  79   and were 

suppressed by antiarrhythmic drug therapy or surgery  or 

GOWER ill 9 I paii8pitg   r2Vo   Dtififlg Q  ii  i  
f HQQ  ip nf 

21 months  cardiac arrest recurred in 29 patients  11 in 

whom inducible arrhythmias had been suppressed  12 in 

W4GflT lAdUClbt8 Bfh    infi rial p8fSiSiG4 BA4 6 IPi WtlQPl  

arrhythmias could not be induced at initial 

electrophysiologic study  

C  PCS Transvene System Therapy Applications 

The PCD  System is intended to treat patients at risk of sudden 

cardiac death due to ventricular tachyarrhythmias and or recurrent 

ventricular tachycardia  

For this patient population  the primary benefits from the use of 

the PCS System center on the detection and termination of life  

threatening ventricular arrhythmias  The use of the PCS 

Transvene system allows for the application of identical therapies 

as an epicardial system without requiring an open chest procedure 
for implantation of the lead system  This less invasive surgical 

approach allows the system to be applied in patients who may not 

be able to undergo an open chest procedure  The use of pacing 
therapies for the treatment of ventricular tachycardia reduces 

patient trauma associated with higher energy cardioversion pulses 
and extends the longevity of the PCS pulse generator  

The PCD  System allows the titration of therapies for patients 
with ventricular tachycardia while providing critical defibrillation 

backup  Multiple detection algorithms are designed to allow the 

device to distinguish ventricular tachycardia from sinus 

tachycardia and atrial fibrillation  In addition  independent 

detection algorithms for VT and VF allow the delivery of different 

types of therapy for each of these two arrhythmias  The 

incorporation of antitachycardia pacing algorithms allows the use 
of pacing for the termination of well tolerated ventricular 

tachycardia  These algorithms  which are rate adaptive  can adapt 
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to changes in the ventricular tachycardia and successfully 

terminate the episode  Defibrillation therapy is important in the 

event that an episode of VT accelerates to VF whether 

spontaneously or as a result of a delivered therapy  The 

incorporation of multiple cardioversion and defibrillation pathways 

 SINGLE  SEQUENTIAL and SIMULTANEOUS  allows the physician 
to provide an adequate cardioversionldefibrillation efficacy safety 

margin for all patients  The capacity to provide programmable 
extrastimuli pacing allows noninvasive electrophysiologic studies 

to be performed  The potential benefits from permanent cardiac 

pacing provide support for chronic and transient episodes of 

bradycardia  

Finally  the benefits of programmability of tachyarrhythmia 

detection and therapy parameters  VVI parameters  and stored 

telemetry data on the delivery of therapy may avert the need for 

reoperation in the event of changing patient conditions or 

complications  

D  Study Objectives and Protocol Summary 

The clinical study was designed to evaluate the operation  safety 

and effectiveness of the PCS System components in detecting 

and treating episodes of ventricular tachycardia and ventricular 

fibrillation  

The analysis focuses on data supporting the safety and 

effectiveness of the PCD  system  including the implantable pulse 

generator and associated transvenous lead system and its therapy 
in this patient population  The analysis includes the clinical 
experience with the PCD  system  pace sense  detection and 
therapy functions in both the acute and chronic implant settings  

In addition  data is provided on clinical observations  clinical 
complications and deaths in this patient population  The analysis 
will also provide data demonstrating the safety and effectiveness 
of the Model 5355 ETCD  

This summary presents safety and efficacy evaluation performed 
on 757 patients  657 of which have implant durations equal to or 

greater than six months  
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Clinical data was collected at the following study points to 

support the safety and efficacy of the PCD  System  

Pre implant Patient Assessment 

Lead System Testing at Implant 

Implantable Pulse Generator Testing at Implant 

Pre hospital Discharge Testing 

Follow up Evaluation 1 and 3 months post implant then at 

3 month intervals 

Patients were evaluated prior to hospital discharge and or one  1  

month post implant  three months post implant and then at 

intervals of every three months  In some cases additional testing 

was performed at physician discretion to evaluate spontaneous 

events and or potential clinical complications  

Medtronic collected all clinical data on the PCS System and its 

components under the clinical protocol outlined in the 

Investigational Plan  A common protocol was used on all study 

patients on a worldwide basis  

International centers were subject to the appropriate requirements 

 e g   the Declaration of Helsinki  in order that the data met the 

statutory requirements of the FDA  All clinical data  U S  and 

International  obtained with the PCS System with Transvene  

Leads is included in this report  
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E  Overview of Clinical Experience 

This report covers a total of 762 implants in 757 patients of the 

PCS Device with the Transvene  Defibrillation Lead System  A 

total of 78 investigative centers participated in the clinical trial 

with 35 centers in the U S  and 43 Internationally  The first 

implant occurred internationally on October 20  1989  and the 

first implant in the U S  occurred on October 16  1990  Table E 1 

shows the distribution of Model 7216A and Model 7217B patients 

between U S  and International investigators  

Total U S  Int I 

7216A 18  2 4   3  0 7   15  4 8   

7217B p44  97 6   444  99 3    300  95 2   

Table E 1  PCD  Transvene  System   Implant Distributions   2 1193 

The mean documented implant duration for this patient population 
is 11 7 months and ranged from implant to 37 4 months  The 

cumulative implant duration is 8894 8 months  There are 657 

patients with implant durations equal to or greater than six 

months  Table E 2 provides the distribution of follow up quantity 
of patients by data form type  

PCS Transvene System 

Follow Up Quantity 
by Data Form Type 

------- --- --------- 

------ -- -- -- -- --- --- --- --- --- --- --- --- --- ------- 

----- ----- ----- ----- ----- ----- ----- ----- --- --- --- --- -- -- ----- 

Table E 2  PCD  Transvene  System   Follow Up Quantity   211193 

The patient population enrolled in the clinical trial was 

predominately male  80 6   with a mean age of 59 4 years  In 

half of the patients  49 8    the primary indication for implant 

was recurrent  sustained ventricular tachycardia without an 

episode of sudden cardiac death  Sudden Cardiac Death was the 

primary indication for 37 1  of the patients and SCD in 

combination with recurrent  sustained VT was the primary 
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indication in 13 1   Coronary artery disease was the primary 
heart disease in 74 1  of the patient population with a mean 

reported ejection fraction of 35 6  Table E 3 provides a data 

summary on these patients  Also included is the data summary 

of the patients with 6 months and 12 months of follow up  

All Patients 

 3 Electrode 
Systems  

Patients with 6 

months of 

Follow up 

Patients with 12 

months of 
Follow up 

Number of Patients 757 657 383 

Device Months Follow up 

Mean Follow up Time 

Maximum Follow up Time 

8894 8 

11 7 mo 

37 4 mo 

8602 6 

13 0 mo 

37 4 mo 

6454 6 

16 3 mo 

37 4 mo 

Number    Male 

Number    Female 

61 0 80 6  

147 19 4  
527 80 2  
130 19 8  

310 78 9  

83 21 1  

Mean Age 59 4 yrs 59 1 yrs 58 8 yrs 

Primary Indication  
SCD 
VT 

SCD VT 

Coronary Artery Disease 

281 37 1  

377 49 8  

99 13 1  

561 74 1  

249 37 9  

326 49 6  

82 12 5  

483 73 5  

150 38 2  
1 91 48 6  

52 13 2  

272 69 2  

Mean Ejection Fraction 688 35 6  595 36 6  357 38 0  

Defibrillation Pathway  
Sequential 

Simultaneous 
Single 

574 75 3  

178 23 4  
10 1 3ok 

496 74 9  
1 56 23 6  

10 1 5  o 

296 74 9  
93 23 6  

6 1 5  

lVlean LED 

Mean DFT 

Spontaneous VT  

Number of Patients 

Number of Episodes 
9o Success 

16 0J  N  702  16 0J  N  609  15 6J  N  365  

14 8J  N  316  14 8J  N  277  14 3J  N  184  

Spontaneous VF  

Number of Patients 
Number of Episodes 

  Success 

One Year SCD Survival 

316 
10027 
98 4  

288 
8820 

98 3  

186 
6338 

99 0  

317 
1982 
98 4   

292 
1742 

98 3  

176 
1105 

98 6  

99 5  99 7  100 0  

Table IF 2  PCD  System Data Summary   All Transvene  Patients 
versus Transvene  Patients with 6 mo Follow up   211193 
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E 1 Implant Data 

Implants of the PCS Device may use two or three 

Transvene M leads  The physician has the flexibility to use 

whichever lead system best meets the patient s needs  

Table E 4 illustrates the lowest energy of defibrillation  LED  

and defibrillation threshold  DFT  for the impianted lead 

systems  The implant criteria for the PCS Device was 3 of 

4 episodes of VF successfully terminated at 18 Joules or 

less with a given lead configuration  Some patients did not 

have a LED at implant  The LED is only identified if the 

investigator reported the induced rhythm as VF  

Conversion of VT or V Flutter  as defined by the physician  

to sinus rhythm was not included in the determination of 

the LED  In addition  it is not a protocol requirement to 

obtain a DFT at implant  However  recommendations have 

been provided to those institutions that prefer to obtain 

DFT s during the implant procedure  

PCS Transvene System 

Mean LED and DFT Values 

Lead System Implant 

Frequency 

Mean LED Implant 

Frequency 

Mean DFT 

All Systems 702 1 6 0J 316 14 8J 

RV SVC SQ 455 16 7J 187 15 8J 

RV CS SQ 210 14 6J 110 12 8J 

RV CS SVC 37 15 2J 19 1 6 0 J 

Table E 4  PCS Transvene System   LED and DFT Values   211193 

The mean implant Lowest Energy of Defibrillation  LED  for 

all lead systems was 16 0J and mean implant Defibrillation 

threshold  DFT  for all lead systems was 14 8J  As the 

mean DFT s and LED s indicate  VF was reliably terminated 

at an energy value below the maximum output  34  Joules  

of the PCD  Device  
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E 2 Spontaneous VT and VF Episode Experience 

A total of 458 patients  60 5   have experienced a 

spontaneous ventricular tachyarrhythmia episode that has 

been detected and treated by the PCS Device  A total of 

141 patients experrienced VT only  142 patients  18 8   

experienced VF only and 175 patients  23 1   experienced 
I 

g I  gp gpjggQq 
nf  JT gpss VC 

There have been a total of 12 009 episodes of spontaneous 

VT or VF as detected by the PCS  The overall PCS 

Device success rate in terminating spontaneous VT VF 

episodes as detected by the PCD  is presented in Table E  

5  

PCS Transvene  System 

Success Rate in Terminating Spontaneous VTIVF Episodes 

Number of Episodes 

Successful 

Total Number of 
Episodes 

Efficacy Rate 

VT 9864 10 027 98 4   

VF 1951 1982 98 4  

Total 11 815 1 2 009 98 4  

Table E 5  PCD  Transvene System   Success Rate for Spontaneous 

VTIVF Episodes   211193 

E 2 1 Spontaneous VT 

For the purposes of this clinical trial  spontaneous VT 

was defined as those episodes that satisfied the 

programmed VT detection criteria  Specifically  all 

programmed VT detection criteria must be fulfilled to 

detect a VT episode  Successful termination of the 

episode was defined as satisfying the VT episode 

termination criteria  

To date  10 027 spontaneous episodes of VT have 

been detected by the PCD  Device in 316 patients  
The mean number of episodes per patient with VT 

was 31 7 and ranged from 1   531 episodes  
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Most spontaneous VT episodes  90 7   were 

successfully treated with VT Therapy  1 and 98 4  

were successfully treated with one of the four 

programmable VT therapies  

Of the 9864 successfully terminated spontaneous 

VT episodes  91 4  were treated with one of the 

programmed antitachycardia pacing therapies 

incorporated in the PCS Transvene System  The 

clinical benefit of tiered therapy is the reduction of 

delivery of high energy shocks for the treatment of 

stable recurrent ventricular tachycardia  This greatly 

enhances the patient acceptance of lCD therapy 

since antitachycardia pacing is usually not perceived 
by the patient  

Sixty patients experienced 163  1 6   episodes in 

which the PCD  Device was ineffective in 

terminating a spontaneous episode of VT despite 

delivery of all four programmed VT therapies  Thirty  

nine patients experienced 95 ineffective episodes 

that were due to sinus tachycardia or atrial 

fibrillationlflutter  SVT  with a rapid ventricular 

response that had been detected as VT  These 

episodes were resolved with either modification of 

programmed parameters or of antiarrhythmic drug 

therapy  It should be noted that the PCS Device 

responded appropriateiy based orr the programmed 
detection parameters  

The remaining 68 episodes occurred in 21 patients 
in which the programmed VT therapies were 

ineffective in terminating a spontaneous VT episode  

No patient deaths occurred as a result of ineffective 

VT therapy  Reprogramming and pharmacologic 
intervention resolved these events  

S10 

dA 



QEGTRGNlC CGNFlDENTIAL 

220 
E 2 2 Spontaneous VT Episode Experience By Primary 

Indication 

The primary indications for implant of the PCD 

Transvene System were sudden cardiac death  SCD   

recurrent sustained ventricular tachycardia  VT  and 

sudden cardiac death associated with recurrent 

sustained ventricular tachycardia  SCD VT   

Spontaneous VT episode efficacy by primary 

indication is provided in Table E 6  The overall 

efficacy for spontaneous VT episodes is greater than 

98  for each of the patient groups  There is no 

difference in therapy efficacy among the patient s 

indications  Table E 6 contains the spontaneous VT 

episode therapeutic efficacy  

PCS Transvene System 

Spontaneous VT Episode Therapeutic Efficacy 
By Primary Indication 

Indication 4 Episodes Successful O  Total Episodes 9 o Success 

SCD 1148 1157 99 2  

VT 7450 7591 98 1  

SCDNT 1266 1279 99 0  

Total 9864 10027 98 4  

Table E 6  PCD  Transvene  System   Spontaneous VT Episode 

Efficacy by Primary Indication  2 1193 

S11 
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E 2 3 Spontaneous VT Episode Experience By Therapy 

Tvve 

The PCS Device incorporates three programmable 
VT therapy types  KAMP  BURST and 

CARDIOVERSION  for the treatment of recurrent 
ventricular tachycardia  Spontaneous VT episode 
efficacy by programmed therapy type is provided in 
Table E 7  

Sy Programmed Therspy Type 

VT Therapy Type 4 Success 4 Attempts 4 o Efficacy 

Ramp 4903 5374 91 2  

Burst 4266 4738 90 0  

Cardio version 695 818 85 0  

Table E 7  Spontaneous VT Episode Efficacy by Therapy Type 
211 193 

E 2 4 Spontaneous VF 

For purposes of this 5iniaal trial  VF is defined as 
those episodes that satisfy the programmed VF 
detection criteria  Specifically  all programmed VF 
detection criteria must be fulfilled to detect a VF 
episode  Successful termination of the episode is 
defined as satisfying the VF detection criterion for 
episode termination  

To date  2491 spontaneous episodes of VF have 
been detected by the PCD  Device in 317 patients  
The mean number of episodes per patient was 7 9 
and ranged from 1 262 episodes  A review of the 
chart per investigator for this patient that 
experienced the 77 episodes of VF revealed that 75 
were most likely due to atrial fibrillation  VF 
detection parameters were modified in this patient  
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Most  91 3   spontaneous VF episodes were 
successfully treated with VF Therapy  1 and 99 1  
were successfully treated with one of the four 

programmable VF therapies  

Sixteen patients experienced 31 episodes  1 3   in 
which the PCS Device was ineffective in 
terminating a spontaneous episode of VF despite 
delivery of all four programmed VF therapies  Nine 

patients had 22 reported ineffective VF spontaneous 
episocies ihai were due io sinus tachycardia or atriai  
fibrillation with rapid ventricular response rather than 
VF  Reprogramming and pharmacologic intervention 
resolved these problems  

Four patients experienced 5 ineffective episodes that 
were detected as VF by the PCS System  One of 
these patients --------- required external defibrillation 
to convert the VF episode  This patient s 
antiarrhythmic drug regimen was modified to 
---------- defibrillation efficacy  Another patient 
--------- had an episode recorded as ineffective on 
the event counters but presented in sinus rhythm  
Subsequent evaluation demonstrated ap----------- 
PCS function  Another of these patients --------- 
had two spontaneous episodes of VT that were 
detected as VF by the PCD  while in the hospital for 

progressive CHF  These episodes required external 
cardioversion  The patient requested the PCS be 
turned OFF  Patients was alive at the last -------- 
follow up  The last of these four patients --------- 
experienced cardiac arrest at home and was found 
by the paramedics to be in sinus rhythm  While on 
a monitor the patient developed VF  The PCD  
delivered the programmed therapy which terminated 
the episode but the patients developed EMD  arrived 
at the ER comatose and died  

Four patients  one patient -------- experienced 2 
episodes due to AF but is described below again  
experienced 4 episodes in which the PCS detected 
the episodes as VF but were actually episodes due to 
extraordinary circumstances  One patient --------- 
experienced an episode where all four therapies 
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failed secondary to RV lead fracture  The patient 
had Twiddlers Syndrome  Reoperation was reguired  
It appears that the inappropriate therapy was ---- ----- 
to VTIVF but due to noise  Another patient  --------- 
had a surgical procedure  CABG  where the CS lead 
dislodged post surgery  The episode that was 
detected ----- --- e to the lead dislodgment  The third 
patient --------- had incessent episodes of fast VT 
 cycle length 280 ms  that were ev---------- resolved 
by drugs  The fourth patient --------- was in 
hospital and there was an episode of VF detected  
However  the device was interrogated before 
termination of the episode was detected  There was 
external intervention associated with the terminal 
event  The device was not interrogated again  

E 2 5 Spontaneous VF Episode Experience By Primary 
Indication 

The primary indications for implant of the PCS 
Transvene  System were sudden cardiac death 
 SCD   recurrent sustained ventricular tachycardia 
 VT  and sudden cardiac death associated with 
recurrentsustained ventricular tachycardia  SCDIVT   
Spontaneous VF episode efficacy by primary 
indication is provided in Table E 8  There is no 
difference in therapy efficacy among the patient s 
indications  The overall efficacy for spontaneous VF 
episodes is greater than 98  for each of the patient 
91OUps  

PCS Transvene System 
Spontaneous VF Episode Therapeutic Efficacy 

By Primary Indication 

Indication O  Episodes Successful O  Total Episodes   Success 

SCD 665 686 96 9  

VT 908 916 99 1  

SCDIVT 378 380 99 5  

TOTAL 1951 1982 98 4  

Table E 8  PCD  Transvene System   Spontaneous VF Episode 
Efficacy by Primary Indication  2 1193 
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E 2 6 Spontaneous VF Episode Experience By Therapy 
Tlf p8 

The PCS Device incorporates three programmable 
defibrillation pathways  SEQUENTIAL  SINGLE and 
SIMULTANEOUS  for the treatment of ventricular 
fibrillation  Spontaneous VF episode efficacy by 
programmed defibrillation pathway is provided in 
Table E 9  

Spontaneous VF Episode Efficacy 
By Progrsmmed Therapy Type 

VF Therapy Type 4 Success 4 Attempts 9o Efficacy 

Sequential 1525 1549 98 5   

Simultaneous 426 433 98 4  

Table E 9  PCS Transvene  System   Spontaneous VF Episode 
Efficacy by Therapy Type   211193 

E 3 OvpraH Succe c  Rat   

Of the 757 patients who received a PCS Transvene  
System  597 patients  78 9  5971757  have either 
experienced a spontaneous VT VF episode or had VTIVF 
induced during a post implant electrophysiology study  The 
performance of the PCD  Transvene  System therapies 
have been thoroughly evaluated and been shown to be 
effective in detecting and terminating episodes of 
ventricular tachyarrhythmia  

There have been no reports of a patient death due to the 
PCD  Transvene System not detecting a spontaneous 
episode of VT or VF  

The overall success rate of the PCS Transvene System 
in terminating spontaneous episodes of either VT or VF was 
98 4  with a VT success rate of 98 4  and VF success 
rate of 98 4   The incidence of unsuccessful termination 
of an apparent  true  

episode of ventricular tachycardia 
despite delivery of all four therapies was 0 7   68 10027   
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The incidence of unsuccessful termination of an apparent  true  
episode of ventricular fibrillation despite delivery of 

all four therapies was 0 3   5 1982   

The evaluation of spontaneous episode experience indicates 
that the PCS Transvene System s VT and VF detection 
and therapy functions have performed safely and effectively 
in the indicated patient population  

F  Complications and Observations 

The use of a multiprogrammable implantable cardioverter 
defibrillator  ICD  device allows the physician to resolve most 
relevant medical events by noninvasively changing programmed 
parameters thus  avoiding invasive procedures  However  there 
will continue to be certain relevant medical events which will 
require invasive procedures for resolution  

For purposes of this clinical study  reported relevant medical 
events were divided into complications and observations based on 
the following definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event with 
ngfgnfig  gQvqr  affpgfg  pigh   

tqQT Awe 
ifg8iwd  Gr  

resolved by reprogramming the device and REQUIRES 
invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event with 
potential adverse effects  which either does NOT 
require invasive intervention  or which CAN be 
corrected by reprogramming the device  

As of February 1  1993  there have been a total of 176 
complications identified in 147 patients and 214 observations 
identified in 180 patients in the PCS Transvene  System patient 
population  Thus  19 4   147 757  of the patients have 
experienced a clinical event which was defined as a complication 
and 23 8   180 757  of the patients have experienced a clinical 
event which was defined as an observation  Table F 1 
summarizes how these events were reported with U S versus 
International  
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104 93 

International 72 121 

Total 176 214 

Table IG 1  PCS Transvene  System CompIicationslObservations U S  
versus International   211 193 

Table IG 2 summarizes the reported PCS Transvene System 
complications and observations by category  The reported 
complications and observations are recognized clinical events that 
may occur with any of the current ICD devices  These 
complications and observations are discussed in the PCS device 
and Transvene  manual  None of the reported complications or 
observations have resulted in a patient death  
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Observations 

Num    of Pts  

9  1 2 k  8  1 1   

14  1 8   

59  7 8   

Loss of Capture 6  0 8 io  14  1 8 a  

Oversensing 54  7 1   

Undersensing 

Skin Erosion 5  0 7   1  0 1   

Pocket Infection 24  3 2   10  1 3   

Seroma 6  0 8   14  1 8   

Hematoma 6  0 8   17  2 2   

Pneumothorax 2  0 3   1  p 1 jo  

  Pacemaker Syrrdrome 2  0 3   

Right Ventricle Perforation 6  0 8   

Subclavian Vein Thrombosis 1  p l   3  0 4   

Lead Fracture 9  1 2   

Subcutaneous Patch Crinkling 7  0 9 o  

Early Oevice Explant 4  Q 5   

Total Lead Dislodgement  n  757  91  12 0   12  1 6   

Total 176 214 

Table IG 2  PCD  Transvene  System  Reported Complications and 
Observations   211193 
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Table IG 3 contains a description of the lead dislodgements that 
have occurred in less than 30 days and in greater than 30 days  

Observations 

Num    of Pts  

 30 days  30 days 

RV Lead Dislodgement n 741 

CS Lead Dislodgement n  261 

SVC E ead Dislodgement n   535 

14    9    Q  1 3   Q g   1 g     

1 2  4 6   10  3 8   2  0 8   2  0 8   

16  3 0   29  5 4   1  0 2   6  1 1   

Total Lead Dislodgement n   757 42  5 6   49  6 5   3  0 49o  9  1 2   

Table IG 3  PCD Transvene System  Lead Dislodgements  30 days 
and  30 days   211 93 

There have been a total of 49 lead dislodgements reported in 
patients at greater than 30 days  None of the lead dislodgements 
resulted in an ineffective therapy for a spontaneous VT of VF 
episode or patient death  Lead dislodgements were documented 
by fluoroscopic examination during electrophysiologic evaluation  
chest x ray obtained during routine follow up  or during 
pacinglsensing threshold evaluation during routine follow up  In 
all 48 cases  reoperation was required to reposition the lead and 
reestablish an effective defibrillation lead system  

Lead dislodgements are not specific to the PCD  Transvene 
System and have been reported with dual chamber pacemakers 
and the current market released implantable cardioverter 
defibrillator  ICD  system  The early history of dual chamber 
pacemakers witnessed a high lead dislodgement rate of at least 
20   Smyth  PND  et al  Permanent pervenous atrial sensing and 
pacing with a new J shaped lead  J Thoracic Cardiovascular 
Surgery  1976 72 565 570   Winkle  et al reported that the 
incidence of dislodgement of the superior vena cava spring leads 
with the current market release ICD system to be 6 3    Winkle  
et al  Automatic Implantable Cardioverter Defibrillator  Efficacy  
Complications  and Survival in Patients with Malignant Ventricular 
Arrhythmias  JACC  June 1988  Vol 11  No 6 1278 86   
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G  Inactive Patients 

There are a total of 82 patients who had received a PCS System 
and are no longer active in the study as of 211193  Table G 1 
shows the distribution of inactive patients by reason for no longer 
being active in the PCS Transvene  System clinical study  

Inactive Patients All Patients 

Patient Deaths 51 

Infection  Exp ant  22 

Heart Transplant 9 

Total 82 

Table G 1  PCS Transvene  System   Inactive Patients   211193 

H  Patient Deaths 

The positive impact ot implantable cardioverter defibrillator  ICD  
therapy on sudden cardiac death mortality has been well 
documented in the medlcai iiterature  The use of device therapy 
for the treatment of recurrent ventricular arrhythmias has become 
an accepted and important clinical tool  An analysis of the sudden 
cardiac death survival in the PCD  Transvene  System patient 
paputation was performed  

For purposes of the clinical study  each of the patient deaths was 
gorized using ihe ioitowing cieiinitions  

Non Cardiac  Deaths that occurred where the primary cause 
of death was determined to be non cardiac in 
nature  e g  stroke  cancer  etc  

Cardiac  Deaths that occurred where the primary cause 
of death was determined to be cardiac in 
nature  

Non Sudden  Deaths that occur greater than one hour after 
the onset of symptoms  

Sudden  Deaths that occur within one hour of the onset 
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of symptoms or where the death is 
unwitnessed  Sudden cardiac deaths were also 
categorized as being Witnessed or 
Unwitnessed  

Perioperative  Deaths that occur within thirty days of implant  

System Related  A death which results from a malfunction 
 operation not according to design 
specification  of a PCS System component  or 
as a result of a device induced arrhythmia  or 
an interaction between a PCS System 
component and the patient  

Procedure Related  A death which occurs as a result of a 
procedure required to implant  follow or test a 
PCS System  

All deaths and significant complications have been and will 
continue to be reviewed by a committee comprised of PCS 
Transvene  System investigators and other physicians  Two 
committees  Clinical Event Review Committees  have been 
formed  one to review North American deaths and complications  
and the other to review European clinical events  The primary 
purpose of these reviews was to determine whether the PCS 
System was related to the deaths or significant complications that 
have occurred and  if so  what changes may be required to 
prevent such events in the future  

There have been a total of 51 patient deaths reported in the PCD  
Transvene System patient population  Table H 1 summarizes 
how these patient deaths have been classified  

PCS Transvene  System 
Summary of Death Classifications 

in   757  

Classifications Number of Deaths 

Sudden Cardiac 5 

Non Sudden Cardiac 30 

Noncardiac 16 

Total 51 

Table H 1  PCS Transvene  System   Summary of Death 
Classifications   211193 
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None of the patient deaths were attributed to a malfunction of the 
PCS Transvene  System  

Actuarial survival analysis on the PCS Transvene  System was 
done on all patients who were either evaluated for implantation or 
in whom the device was implanted  Thus  the analysis is done 
from the perspective of intention to treat  Those patients in 
whom the PCS Device was OFF at the time of death or in whom 
no device was implanted are included in the survival analysis  
Those patients that were screened for a PCS Transvene System 
but failed to receive a Transvene  system are not included in this 
analysis  

Projected one year survival calculations for the various death 
classifications are provided in Table H 2  The actuarial projections 
include perioperative deaths only in the calculation of one year 
survival from death due to all causes  shown in the row labelled 
Overall   The perioperative death rate defined as deaths which 
occurred within thirty days of implant was 0 7   5 757  which 
is considerably less than the perioperative mortality for the PCD  
System with Epicardial leads  5 3    391742   Included in this 
table are the projected one year survival calculations for patients 
who ultimately received a PCS Transvene  System  n   757  
and all patients that were screened for a PCS Transvene  
System  n   854  regardless of implant outcome  

PCS Transvene System 

One Year Actuarial Survival 

Received PCS Transvene  
System 

Screened for a PCS 
Transvene System 

Sudden Cardiac Death 99 5  99 4  

Non Sudden Cardiac 96 2  96 6  

All Cardiac 95 8  96 1  

Noncardiac 98 1  98 3  

Perioperative 0 7  1 6  

Overall 93 3  92 9  

Tate R F  PCO  Transvene  System   One Year Actuarial Survival   
2 1 193 
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The positive impact of the PCS Transvene System on patient 
mortality is clearly obvious from this analysis  The sudden cardiac 
death survival rate in this patient group is 99 5  in the patient 
group that received a Transvene  System and 99 4  in those 
who were screened for a Transvene  System  This is marked 
improvement when compared with the reported survival of similar 
patient groups treated with drug therapy alone of between 34  
and 73  at one year  

I  Clinical Experience By Primary Indication 

Medtronic is requesting approval for use of the PCS Transvene  
System in the following patient population  

Patients who have survived at least one episode of cardiac arrest due 
to a ventricular arrhythmia not caused by an acute myocardial 
infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain 
inducible via programmed electrical stimuli or exercise  or occur 
spontaneously  despite the most efficacious antiarrhythmic drug 
therapy that can be tolerated by the patient chronically  

Sudden cardiac death without recurrent VT  SCD  was the 
indication for implant in 37 1  of the patients  recurrent 
ventricular tachycardia without an episode of sudden cardiac 
death  VT  was the indication for implant in 49 8  of the 
patients  and sudden cardiac death and recurrent VT  SCDIVT  
was the indication for implant in 13 1  of the patients  

The performance of the PCD  Transvene System in these three 
groups are summarized in Table l 1  

In all three patient groups  coronary artery disease was the 
predominant heart disease and the patients exhibited moderate left 
ventricular dysfunction as demonstrated by mean ejection 
fractions of less than 40   The mean LED at the time of implant 
was similar among the patient groups as was the mean DFT  

The overall efficacy in terminating spontaneous VTIVF episodes 
in the SCD patient group was 98 4    in the VT patient group 
98 3   and in the SCD VT group 99 1   Thus  independent of 
the indication for implant  the PCS Transvene  System was 
highly effective in terminating spontaneous episodes of VTIVF  
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The one year sudden cardiac deaths surviVBl rat   for all groups 
was greater than 98 6  

This analysis indicates that the PCS Transvene System has 
performed safely and effectively in the indicated patient groups 
and should be approved for use in the indicated patient 
population  

SCD VT SCDNT 

  of Patients 281  37 1   377  49 8   99  13 1   

Number    Male 
Number  9o Female 

Mean Age 

Coronary Artery 
Disease 

21 2 75 4  309 82 0  
69 24 6  68 1 8 0  

89 89 9  
10 10 1  

56 8 yrs 61 2 yrs 60 0 yrs 

All Patients 

757 

610 80 6  
147 19 4  

59 4 yrs 

191 68 0  292 77 5  78 78 8  229 72 2  

Mean Ejection 
Fraction 

39 1  

 N  259  
33 7  

 N  339  
32 5  
 N  90  

35 6  
 N  688  

Defibrillation 
Pathway  

Sequential 
Simultaneous 

Single 

201 71 5  295 77 6  

74 26 3  82 21  6  

6 2 2  3 0 8  

Mean LED 

Mean DFT 

Spontaneous VT  
   of Patients 
  of Episodes 

  Success 

Spontaneous VF  
  of Patients 
  of Episodes 

9o Success 

1 Year SCD Survival 

76 76 8  
22 22 2  

1 1 0  

574 75 3  
178 23 4  

10 1  3  o 

15 3J 

 N  264  
16 2J 

 N  351  
1 7 3 J 

 N  87  
1 6 0J 

 N  702  

14 0J 

 N  117  
1 5 5J 

 N  155  
13 9J 

 N  44  
14 8J 

 N  316  

58 
1157 

99 2  

206 
7591 

98 1  

52 
1279 

99 0  

316 
10027 

98 4  

107 
686 

96 9  

162 
916 

99 1  

48 
380 

BB 5  

317 
1982 

98 4  

100 0  99 4 98 6  98 5  

Table l 1  PCD  Transvene System Data Summary by Primary 
Indication   211193 
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J  Patients Not Meeting Implant Criteria 

J 1 Overview 

The PCS Transvene System offers a simpler and safer 
implantation technique for an implantable cardioverter 
defibrillator system  In addition  the PCS Transvene  
System decreases the potential perioperative and long term 
mortality associated with current epicardial system 
implantation approaches  

There is a class of patients who cannot tolerate the 
thoracotomy required for the utilization of the epicardial 
patch lead defibrillation lead system and who are at high 
risk of sudden cardiac death  Because of the surgical risks 
and postsurgical complications associated with the implant 
of an epicardial lead system  implantation in the following 
patient groups may not be desirable or possible  

 1  patients in whom there is no indication for concomitant 
cardiovascular surgery at the time of  CD implant  

 2  patients with severe pulmonary disease who can not tolerate 
prolonged anesthesia or an open chest procedure  

 3  patients with severe congestive heart failure  ejection fraction 
  40   who are at increased risk for perioperative mortality 
following a thoracotomy procedure  

 4  patients who may eventually require open chest procedures for 
treatment of their coronary artery disease or cardiac transplant  

For these patients  a transvenous ICD System is the only 
therapy available  The PCS Transvene  System simplifies 
and greatly reduces the risk associated with lead 
initroductioni    Fc3kiAg therapy avaiiabie to these patient 
groups  Because there is no need to open the chest of 
these patients  more options for future therapy remain 
available  e g  CABG is associated with increased morbidity 
and mortality if there has been prior open chest surgery  

However  it is expected that nonthoracotomy lead systems 
will have higher mean implant defibrillation thresholds as 
compared to traditional epicardial lead systems  In an 
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epicardial lead system  the lead system has a larger 
PJectrgriq gggfggg  god thgnfg  Q3JPf  QQf  flg 68  bfilfatiQfi 

  BgUIf BfAGAXS  

The smaller electrode surface areas of the PCS 
Transvene System defibrillation leads might reduce the 
proportion of patients in whom the implant criteria could be 
met  Not meeting the implant criteria may reduce the 
chronic effectiveness of the lead system  Recent studies 
indicated that 70  of patients evaluated may be 
candidates for a nonthoracotomy defibrillation lead system 
 Wilber  D  et al  Clinical Advances in Nonepicardial 
Implantable Defibrillator Lead Systems  The Journal of 
Invasive Cardiology  Vol 3  No 6 November December 
1991   

For purposes of the PCD  Transvene  System  the implant 
criteria was defined as successful VF termination at least 3 
times in 4 attempts with the final lead configuration with 
an output energy of 18 Joules or less  The determination 
of a defibrillation threshold was not required  

A defibrillation threshold  DFT  was defined as the energy 
at the lowest successful defibrillation attempt  provided the 
patient had a failure below the lowest success or a success 
at   5J  The lowest energy of defibrillation  LED  was 
defined as the lowest programmed energy that successfully 
defibrillated the patient  In both cases  conversion of 
ventricular tachycardia or ventricular flutter to sinus rhythm 
was not included in the determination of the DFT or LED  

A total of 854 patients had an evaluation of a PCD  Transvene  
System and are divided into the following groups    1  Patients 
who received a PCD  Transvene System  and  2  Patients 
screened for a PCD  Transvene System and received a PCD  
Epicardial System  Figure 1 provides an overview of the outcome 
of these patients  
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As can be seen  88 6   757 854  of the patients who 
were screened for a PCS Transvene  System ultimately 
received the system  Of these 757 patients  71 7   543 

patients  met the recommended defibrillation implant criteria 
yrhjgh r p ppgog feign gggy igith thy rqarJjgtarJ g gr ace r tog 

published in the literature  Wilber et al   However  28 3  

 214 757  of the patients did not meet the recommended 
defibrillation efficacy implant criteria and still received the 
PCD  Transvene System  It should be noted that 97 4  
of the patients  737 7S7  received the PCS Transvene  
System with at least a 10 Joule defibrillation safety margin 
between the lowest energy of success  24J  and the 
maximum output  34J  of the PCS Device  

The investigators utilized this 10 Joule safety margin as a 
benchmark based on the clinical experience discussed in 
the article  Troup P   et al  The Implanted Defibrillator  
Relation of Defibrillating Lead Configuration and Clinical  
Variables to Defibrillation Threshold  Journal of American 
College of Cardiology 1985  6 1315 1321  Finally  and 

perhaps most importantly  the investigators also felt that 
for these patients the risk associated with not meeting the 
recommended implant criteria was outweighed by the risk 
of not implanting an ICD or implanting an epicardial system  

There were twenty patients  2 6    who received a PCD  
Transvene System  whose cardiovascular condition 

precluded further completion of the PCS Transvene  
System and adequate definition of a defibrillation safety 
margin  In all cases  the physician felt that the benefit of 
the PCD  Transvene  System outweighed the risk of 
further inductions or the risk of a thoracotomy and elected 
not to evaluate or implant a PCS Epicardial System  
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J 2 Patients Receiving PCS Transvene System   Did Not 
Meet Implant Criteria 

For purposes of the PCS Transvene  System  the implant 
criteria was defined as successful VF termination at least 3 
times in 4 attempts with the final lead configuration at an 
output energy of 18 Joules or less  Of the 757 patients 
who received a PCD  Transvene  System  214 patients 
 28 3   did not meet the recommended defibrillation 
implant criteria and yet still received the PCS Transvene  
System  The physicians justification for implanting the 
PCS Transvene  System despite not meeting the 
recommended defibrillation implant criteria are presented in 
Table J 1  

PCS Transvene System 

Reasons for Not Meeting ImpIant Criteria 
Physician Justification 

Reason Number of Patients 

Success at   24 Joules 170 

Difficult Unable to Induce VF 24 

Patient Condition 20 

Total 214 

Table J 1  PCD  Transvene System  Physician Justification for Not 
Meeting Implant Criteria   211193 

Further analysis of the patient who did not meet the 
recommended implant criteria indicates however  that 91  
 194 214  had a 10 Joule safety margin between the 
lowest energy of successful defibrillation and the maximum 
output of the PCD Device  34J   Therefore  of the 757 

patients who received a PCD  Transvene  System  97 4  
 737 757  had at least a 10 Joule defibrillation safety with 
the implanted lead configuration  

There were 20 patients 
procedure was terminated 
These patients received 
without at least a 10 Joule 

 2 6   in whom the implant 
due to poor patient condition  
a PCS Transvene  System 
defibrillation safety margin  The 
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implant circumstances of these patients is summarized as 
follows  

  At least one successful defibrillation was obtained at an energy 
level greater than 24 Joules and or equal to 34 Joules  N  11   

  Multiple inductions of VT were performed and successfully 
reverted with an energy level of 18 Joules or less  However  
induced VF was not successfully reverted by an energy level of 
less than or equal to 34 Joules  N  6   and 

  Physician elected to terminate the procedure due to the 
patient s condition before inductions with the final implanted 
lead configuration were performed  N 3   

Table J 2 provides a comparison of patient characteristics 
between patients who met the PCS Transvene System 
implant criteria and those patients who did not meet the 
implant criteria but still received the PCS Transvene  
System  
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Number of Patients 543 214 

Mean Fo low Up 12 3 months 10 1 months 

IVlale 

Female 

422  77 7   

121  22 35  

1 88  87 9   

26  1 2 1    

Mean Age 59 4 yrs 59 6 yrs 

Indication  

SCD 
VT 

SCDIVT 

72  33 6  e  
209  38 5   

278  51 2   

99  46 3    
43  20 1     

56  10 3   

Cardiovascular History 

CAD 

Cardiomyopathy 
396  72 9   
1 73  31  9   

1 65  77 1    

65  30 4   

Mesn EF  6 3  33 7  

NYHA Class 

I 

II 

III 

IV 

164  30 9   

278  52 4    

82  1 5 4   

7  1 3   

53  25 8   

1 1 4  56 6   

34  16 6   

92 0   

Number ON Drugs at Implant 

Number ON Amiodarone 
223  41 1    

78  1 4 4    

97  45 3   

38  17 8   

Statistically Signif cant  p   0 05  

Table J 2  PCS Transvene  System  Patients Meeting Implant Criteria 
vs Not Meeting Implant Criteria Comparison of Pt 
Characteristics   211193 

Statistical analysis indicated three significant differences 
between these two patient groups   patient sex  indication 
for implant and mean ejection fraction  

Patients not meeting implant criteria had a statistically 
higher percentage of patients who were male  p  0 002   
This difference reflects that the majority of patients with 
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coronary disease with concomitant life threatening 
ventricular arrhythmias are males  

Analysis indicated the patients not meeting the implant 
criteria had a statistically higher percentage of patients 
whose primary indication for implant was sudden cardiac 
death associated with recurrent ventricular tachycardia 
 p  0 002   This difference reflects the physicians use of 
the PCS Transvene  System  

Finally  patients who did meet the implant criteria had a 
statistically lower mean ejection fraction  p   0 0342  which 
reflects a higher degree of underlying cardiovascular 
disease in these patients  

It should be noted  that none of these differences should be 
used as predictors for patients who should be screened for 
a PCD  Transvene System  

In order to determine if the patient s not meeting implant 
criteria had higher risk for morbidity and mortality  a 
comparison of their clinical outcome was made with those 
patients who did meet the implant criteria  This 
comparison is provided in Table J 3  
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Not Meeting Criteria 

Number of Patients 543 214 

Spontaneous VT Episode Efficacy 98 7  97 6  

Spontaneous VF Episode Efficacy 98 7  99 0  

Number of Patient Deaths 37 14 

Perioperative Mortality 0 7  Q 5  

One Year Survival 

Sudden Cardiac 
Non Sudden Cardiac 

All Cardiac 
Noncardiac 

Overall 

99 5  
95 8  
95 4  
98 5  
93 2  

99 5  
97 2  
96 7  
97 1   
93 5  

Table J 3  PCD  Transvene System  Patients Not Meeting Implant 
Criteria versus Patients Meeting Implant Criteria 
Comparison of Clinical Outcome   211193 

The two patient groups had similar efficacy in the 
treatment of spontaneous VT VF episodes  Importantly  in 
the patient population who did not meet the implant criteria 
there were no patients who experienced actual 
spontaneous VF episodes where all programmed PCS 
Oevice therapies failed to terminate the episode  

Five patients experienced 7 episodes in which the PCD  
Device was ineffective in terminating a spontaneous 
episode of VF despite delivery of all four programmed VF 
therapies  Three patients had 5 reported ineffective VF 
spontaneous episodes that were due to sinus tachycardia 
or atrial fibrillation with rapid ventricular response rather 
than VF  Reprogramming and pharmacologic intervention 
resolved these problems  
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Two patients experienced 2 episodes in which the PCS 
detected the episodes as VF but were actually epis------ ----- 
to extraordinary circumstances  The first patient --------- 
had incessant episodes of fast VT  cycle length 280 ms  
----- ------ eventually resolved by drugs  The second patient 
--------- was in hospital and there was an episode of VF 
detected  However  the device was interrogated before 
termination of the episode was detected  There was 
external intervention associated with the terminal event  
The device was not interrogated again  

Eighteen patients experienced 68 episodes in which the 
PCS Device was ineffective in terminating a spontaneous 
episode of VT despite delivery of all four programmed VT 
therapies  Nine patients experienced 44 ineffective 
episodes that were due to sinus tachycardia or atrial 
fibrillation flutter  SVT  with a rapid ventricular response 
that had been detected as VT  These episodes were 
resolved with either modification of programmed 
parameters or of antiarrhythmic drug therapy  It should be 
noted that the PCS Device responded appropriately based 
on the programmed detection parameters  

The remaining 24 episodes occurred in 8 patients in which 
the programmed VT therapies were ineffective in 
terminating a spontaneous VT episode  No patient deaths 
occurred as a result of ineffective VT therapy  
Reprogramming and pharmacologic intervention resolved 
these events  

There was no difference in the one year sudden cardiac 
survival or the overall survival in the two groups although 
follow up was shorter for patients not meeting implant 
criteria  10 1 vs 12 3 months   This indicates  that despite 
not meeting the implant criteria these patients were not at 
higher risk of sudden cardiac death  

Finally  the survival of patients receiving a PCS 
Transvene System without meeting implant criteria 
 N  214  was compared to patients receiving a PCD  
Epicardial System without meeting implant criteria  N  92   
This comparison is provided in Table J 4  

S34 

(b)(6)

(b)(6)



MEDTRONIC CONFIDENTIAL 

Number of Patients 2141757  28 5   921742  1 2 4 lo  

Number of Desths 14 17 

Sudden Cardiac 99 5  98 6  

Non Sudden Cardiac 97 2  98 8  

Noncardiac 97 1  97 3  

Overall  93 5  87 6  
Statistically Significant  p   0 05  

Table J 4  PCD  Transvene  System  Patients Not Meeting Implant 
Criteria   PCD Transvene System vs PCS Epicardial 
System   2 1 193 

Though the PCD  Transvene  System had a higher 
incidence of patients not meeting implant criteria  28 5   
compared to the PCS Epicardial System  12 4    there 
was no statistical difference in the sudden cardiac death 
patient survival  However  the overall survival of patients 
not meeting implant criteria with the Transvene  System 
was significantly better  p  0 037  when compared to the 
PCS Epicardial System patients not meeting implant 
criteria  93  5  and 87  6   respectively  

The investigators felt in every case that the testing 
performed at the time of implant  though it did not meet 
the recommended implant criteria  did provide an adequate 
demonstration of device effectiveness and justified the 
implant of the PCD Transvene System  Finally  there have 
been no patients deaths secondary to unsuccessful 
termination of a spontaneous VT or VF episode in this 
patient population  
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J 3 Description of Patients Not Meeting Implant Criteria 

As noted previously  the patients not meeting implant 
criteria  N   214  were divided into three groups  1  
Successful defibrillation at an energy level of equal to or 
less than 24 Joules  79 4  of the patients    2  Difficult 
to induce VF  11 2  of the patients   and  3  Implant 
proc   re sr  dna  ed due to poor  patierr   coriditieri  9  4  
of the patients   These patient groups are reviewed in the 
following discussion  

Lowest Ener of Defibrillation   24 JouIes 

There were 170 patients in whom the PCS Transvene  
System was implanted with a defibrillation safety margin of 
at least 10 Joules  Table J 5 provides an overview of 
these patients clinical experience  

These data indicate that the final implanted PCD  
Transvene  System was evaluated and significant attempts 
were made to meet the recommended implant criteria  In 
most of these patients  79 4    a safety margin of 10 
Joules was obtained between the successful defibrillation 
energy  24 J or less  for ventricular fibrillation and the 
maximum output of the PCD Device  34 J   The 
investigators decided in certain circumstances that this was 
appropriate demonstration of device effectiveness and that 
the PCS Transvene System could be implanted  

Of these patients  159  93 5   have had VT or VF induced 
at a chronic follow up visit and in each case  VT or VF was 
successfully terminated by the PCD Transvene System 
 141 patients or 82 9  had only VF induced   In addition  
65 patients  38 2   have experienced a spontaneous VF 
episode with an overall efficacy of 99 4   

Thus  the clinical outcome in these patients was not 
adversely affected by not meeting implant criteria since 
their spontaneous VF episode efficacy was 99 4   and 
the one year sudden cardiac death actuarial survival was 
also 99 4   The duration of follow up  however  is limited 
to an average of 9 7 months  
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170 

87 
58 
18 

  3 Success with 1M Safety Margin 7 

Oversll Spontaneous VF Episode Efficacy 99 4  

One Year Survival  
Sudden Cardiac 

Overall 
99 4  
93 8  

Table J 5  PCS Transvene  System  Patients Not Meeting Implant 
Criteria with 314 Successes at   24 JouIes Clinical 
Experience   211 193 

Difficult to Induce VF 

7h p egp p p4 ngtigptc  hg rljQ nest moot thy 

recommended PCD  Transvene  System implant criteria 
because at least three episodes of VF were not induced at 
the time of implant  Of these  15 patients had ventricular 
tachycardia induced and successfully reverted  The 
remaining 9 patients had ventricular flutter induced and 
successfully reverted  In all 24 patients  the lowest 
successful energy was equal to or less than 18 Joules  

The indication for implant was sudden cardiac death  SCD  
in 6 patients  25    recurrent ventricular tachycardia  VT  
in 13 patients  54 2   and sudden cardiac death 
associated with recurrent ventricular tachycardia  SCD VT  
in 5  20 8   patients  Thus the majority of the patients  
75   had documented recurrent ventricular tachycardia as 
part of their ventricular tachyarrhythmia history  Eight of 
the these patients  33 0   were on Amiodarone therapy 
which may have contributed to the inability to induce VF  

Of the 24 patients who did not meet the recommended 
PCD  Transvene  System implant criteria because at least 
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three episodes of VF were not induced at the time of 
implant  13 patients i54 2 io j have experienced a 
spontaneous VF episode and 21 patients  87 5   have had 
VT or VF induced during a chronic follow up  In all cases  
VF was successfully reverted by the PCS Transvene 
System  

There has been one reported patient death --------- in the 
patient group with a resultant one year sudden cardiac 
death and overall actuarial survival of 100   

Patient Condition 

There were 20 patients in whom the implant procedure was 
terminated due to poor patient condition  These patients 
received a PCS Transvene  System without at least a 10 
Joule defibrillation safety margin  The implant 
circumstances of these patients is summarized as follows  

At ieasi one successful defibrillation was obtained at an energy 
level greater than 24 Joules but less than 34 Joules  N 11 
patients   

  Multiple inductions of VT were performed and successfully 
reverted with an energy level of 18 Joules or less  However  
induced VF was not successfully reverted by an energy level of 
iess than or equal to 34 Joules  8  6 patients   and 

  Physician elected to terminate the procedure due to the 
patient s condition before inductions with the final implanted 
lead configuration were performed  N 3 patients   

The mean ejection fraction of this group was 26 9   
indicating more severe underlying cardiovascular disease  
and may have contributed to the physicians decision to 
terminate the implant procedure prior to meeting implant 
criteria  This group had a mean of 6 8 VF inductions  2 2 
lead configurations evaluated and a mean duration of VTIVF 
for the implant procedure of 220 total seconds  The 
circumstances of the implant procedures  mainly the 
duration of induced ventricular tachyarrhythmia and 
associated hemodynamic compromise  limited the number 
of inductions that could be performed and whether the 
recommended implant criteria could be met  
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Of these 20 patients  VT or VF has been induced at a 
chronic follow up visit in 16 patients  80   and in all cases 
successful defibrillation with the implanted PCS 
Transvene  System was documented  

The overall spontaneous VF episode efficacy for this patient 
group was 96 0   However  further reviewed indicated 
that one patient experienced atrial fibrillation that was 
detected as VF and in whom all four programmed VF 
therapies were ineffective  This patient s antiarrhythmic 
drug therapy was modified and there were no further 
reports of ineffective therapies  

Thus  there have been no patients who have experienced 
an actual spontaneous VF episode where all four 
programmed VF therapies failed to terminate the episode  

------- -- ve been two reported patient deaths  Patient ID 
--------- which was classified as non sudden --------- 
secondary to end stage heart failure and Patient ID -------- 
which was also classified as non sudden cardiac  The one 
year sudden cardiac death survival in this patient population 
is 100  while the overall one year survival was 85 5   
This lower overall one year survival may due to the lower 
mean ejection fraction of this patient group  

The clinical outcome in these twenty patients was not 
adversely affected by not meeting implant criteria since 
there was no reports of failure to terminate a spontaneous 
VF episode and the overall one year sudden cardiac death 
survival was 100   
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K  Comparison to AICD System Experience 

K 1 Overview 

The current AICD Epicardial System is implanted only with 
a defibriIlation lead system requiring a thoracotomy  The 
PCS Transvene  System allows the implantation of an 
implantable cardioverter defibrillator  ICD  system without 
the potential increased perioperative morbidity and mortality 
associated with a thoracotomy  This allows the application 
of ICD therapy in patients who may not otherwise be 
candidates for this type of therapy  Though the PCS 
Transvene  System will have complications and 
observations that are specific to the lead system  the 
overall performance should be at least equivalent to that 
reported with the current AICD Epicardial System  

This section provides a comparison of the PCD  
Transvene  System clinical experience to that of the 
reported AICD Epicardial System clinical experience  The 
following areas will be discussed  

  Patient characteristics 
  Clinical performance 
  Survival analysis 

For purposes of comparison  the Ventak P Epicardial 
System patient population described in the Summary of 
Safety and Effectiveness Data  PMA Application Number 
P890061  dated May 2  1991 will be used  A copy of this 
summary was obtained through the Freedom of Information 
Act  

K 2 Comparison of Patient Characteristics 

In comparing the clinical experience with the PCS 
Transvene System to the reported Ventak P Epicardial 
System clinical experience  it is important to determine that 
the patients who received the device are comparable  

The characteristics of the patients receiving the PCD  
Transvene System were compared to the characteristics 
of patients discussed in the Ventak P Summary of Safety 
and Effectiveness Data and are presented in Table K 1  II 

 j 
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There were no differences between the two patient groups  

Number of Patients 757 292 

Mean Follow Up Time 11 7 months 6 8 months 

Vo WI8l88 

  Females 
610  81  oj 
147  19   

231  79 i 
61  21   

Mean Age 59 4 years 61 5 years 

Primary Indication  
SCD 
VT 

SCDNT 

281  37   

377  50   
99  13   

49  16   
169  59   
73  25   

Coronary Artery Disease 561  74   228  78   

Mean Ejection Fraction 35 6  34  

Drug Therapy at Implant 42  45 0  

Concomitant Surgery 0  1 8 p 

Table K 1  Comparison of Patient Characteristics  PCS versus Ventak  
P 2 1193 

The two patient groups are comparable in mean age and 
mean ejection fraction  Both groups had moderately 
depressed left ventricular function demonstrated by the 
mean ejection of 35 6  for the PCDo Transvene  System 
patient group and 34  for the Ventak P Epicardial System 
patient group  

Analysis indicated that no statistical differences between 
the PCD  Transvene  System and Ventak P Epicardial 
System patient populations except in the category of 
patient indication  There are more patients that had Sudden 
Cardiac Death as the primary indication in the PCD  
Transvene  population than in the AICD population 
 p  0 001   
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K 3 Comparison of Clinical Performance 

Areas of clinical performance that were compared were 
implant defibrillation thresholds  incidence of spontaneous 
VT VF events  incidence of complications and patient 
survival  These specific areas were selected in order to 
evaluate the system performance in the two patient 
populations  

Im lant Defibrillation Thresholds 

For the purposes of the PCS Transvene  System clinical 
study  determination of defibrillation threshold was not 
mandatory  However  the preferred method of evaluating 
defibrillation efficacy was to determine the defibrillation 
threshold using a testing sequence of 18J  15J  10J  5J 
with a failure at any level causing a return to 18 J for the 
remaining attempts  For the purposes of this report a 
defibrillation threshold was defined as the energy at the 
lowest successful defibrillation attempt  provided a patient 
had a failure below their lowest defibrillation success or a 
success at  5J  The rhythm treated must have been VF to 
be included in the analysis  

It should be noted  that it was expected that the PCD  
Transvene System would have a higher mean defibrillation 
threshold as compared to a traditional epicardial 
defibrillation lead system  In a epicardial system  the 
increased electrode surface area would theoretically 
decrease defibrillation requirements  

A total of 31 6 patients had a defibrillation threshold 
determined at the time of PCD  device implant  The mean 
defibrillation threshold  DFT  for all lead systems was 
14 8J  The recommendation for VF Therapy  1 is to 
program the stored energy to twice the implant DFT or 18 
Joules  whichever is greater  Thus an adequate defibrillation 
safety margin was provided when following the VF therapy 
programming recommendations  

In the Ventak P Epicardial System  the mean defibrillation 
threshold at implant was 13 4J  Thus the two systems had 
similar defibrillation thresholds at implant despite the fact 
that one system utilized an epicardiaI defibrillation lead 
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system while the other utilized a transvenous defibrillation 
lead system  

These data indicate that the PCS Transvene  System had 
comparable implant defibrillation threshold performance 
when compared to the reported Ventak P Epicardial System 
clinical experience  

Incidence of S ontaneous VT VF E isodes 

The incidence of spontaneous VTIVF episodes in the 
Ventak P Epicardial System and PCS Transvene System 

patient population was evaluated by utilizing the stored 
episode information provided by both devices  

In the VentakP device  the total number of shocks 
delivered to the patient is provided via interrogation of the 
device  The PCD  device provides information on the total 
number of VT and VF episodes detected by the PCS 
device and the total number of VT and VF episodes 
successfully treated by the PCS device as well as the 
number of VTIVF episodes where the PCS device was 
ineffective  In addition  the last 20 intervals of the last 
episode satisfying detection criteria along with the first 10 
intervals after the last therapy delivered are recorded by the 
device  These data assist the physician in evaluating the 
frequency of VTIVF episodes  the efficacy of the PCD  
device programmed parameters and the need for 
reprog ramming  

In the Ventak P Epicardial System experience of 292 
patients with a mean follow up of 6 8 months  137 
 46 9   received a device countershock in response to a 
spontaneous ventricular tachyarrhythmia episode as defined 
by the Ventak P Device detection criteria  

In the PCS Transvene  System experience of 757 patients 
with a mean follow up of 11 7 months  458 patients 
 60 5   have received device therapy in response to a 
spontaneous ventricular tachyarrhythmia episode as defined 
by the PCD  Transvene  System detection criteria  

A total of 10 027 spontaneous VT and 1982 spontaneous 
VF episodes have been recorded by the PCD  device 
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episode counters  Of the 9864 successfully treated 
spontaneous VT episodes  91 4  were treated with one of 
the programmed antitachycardia pacing therapies 
incorporated in the PCS device  The clinical benefit of 
tiered therapy is the reduction of delivery of high energy 
shocks for the treatment of stable recurrent ventricular 
tachycardia that may be responsive to antitachycardia 
pacing  

Incidence of Com lications 

Table K 2 provides a comparison of reported complications 
and observations  The AICD clinical experience data is 
from the Winkle  et al Long Term Outcome with Automatic 
Implantable Cardioverter Defibrillator  JACC  May 1989  
13 6   135 161  This article was selected because it 
provides a detailed clinical complication experience on a 
large patient population  270 patients  Note that the 
percentage reported in the PCS Transvene System 
includes both complications and observations  In the 
following table  the complications are reported for the 
categories of Fail to Cardiovert Defibrillate  Pocket 
Infection  and Erosion  Observations are reported in the 
Inappropriate Probiema tie VTI VF Therapy Delivery category  

PCD  Transvene System 

Comparison of Complication Observation Rates 
PCS versus AlCD 

Category PCD   AICD  

Fail to Cardiovert Defibrillate 2 3  4 1  

Inappropriate Problematic 

VTNF Therapy Delivery 9 6  20  

Pocket Infection 2 9  2 2  

Erosion 0 8  Q 7  

Includes Observations only  there were no Complications in this category  

Table K 2  Comparison of ComplicationlObservation Rates  PCS 
Transvene M System vs AICD Epicardial System   211193 
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The incidence of failure to cardiovert and or defibrillate was 
lower in the PCS Transvene  System patient population  
The instances of failure to cardiovert and or defibrillate in 
the PCS Transvene  System patient population were 
associated with increased defibrillation requirements during 
induced episodes  none of which resulted in patient death  

The failures to cardiovertldefibrillate reported in the Winkle  
et al article were associated with patch dislodgement  

patch crinkling  lead conductor fracture and elevated 
defibrillation thresholds  

The incidence of inappropriate problematic VT VF therapy 
delivery was lower in the PCS Transvene  System patient 
population  This is to be anticipated since the device 
incorporates independently programmable detection 
algorithms for VT and VF  The reasons for inappropriate 
VT VF therapy delivery included sinus tachycardia being 
detected as VT or VF and atrial fibrillation with rapid 
ventricular response being detected as VT or VF  

The overdetection circumstances reported in Winkle  et al 
were nonsustained VT  VT  sinus tachycardia  atrial 
fibrillation with rapid ventricular response  sensing lead 
fracture and pacemaker interaction  The patients with VT 
complained of receiving multiple shocks with limited or no 
symptoms  The incorporation of antitachycardia pacing in 
the PCD  device decreases the need for delivery of 
cardioversion shocks for the termination of stable VT and 
increases patient acceptance of ICD therapy  

In the Winkle  et al experience all patients with pocket 
infection had the devices explanted  In the PCD Transvene 
System experience  the incidence of device explant 
secondary to pocket infection was 3 2  which was 
comparable to Winkle s article  

Thus  the incidence of complications and observations was 
similar to that of the AICD Epicardial System in the 
categories of ineffective VT VF therapies  infection 
requiring explant and erosion  The incidence of 
inappropriate delivery of therapy is lower in the PCD 
Transvene System experience than in the AICD Epicardial 
System experience  which is clinically significant  
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This analysis indicates that the PCS Transvene M System 
offers clinical advantages in reducing the need for a 
thoracotomy for implantation and reducing the number of 
shocks due to successful antitachyarrhythmia pacing  

K 4 Comparison of One Year Actuarial Survival 

The Ventak P Epicardial System produced by Cardiac 
Pacemaker  Inc  has obtained market approval from the 
U S  FDA to date  While there are important differences in 
the function of the Ventak P Epicardial System and the 
PCD  Transvene System  there is a natural desire for 
comparison of the clinical outcome  particularly the impact 
of these devices on death rate  

A total of 51 deaths  6 7   were reported in the PCD  
Transvene  System patient population  Of the 35 cardiac 
deaths  30 were non sudden cardiac and 5 were sudden 
cardiac  Sixteen deaths were classified as noncardiac  Five 
of the 51 total deaths occurred within the perioperative 
period  death less than 30 days post implant  with a 
resultant perioperative mortality of 0 7   

In the Ventak P Epicardial System patient population a total 
of 19 deaths  6 5   were reported  Of the 12 cardiac 
deaths  4 were classified as sudden cardiac and 8 were 
classified as non sudden cardiac  Six of the deaths were 
classified as noncardiac and the cause of one was 
unknown  Eight of the deaths occurred within the 
perioperative period with a resultant perioperative mortality 
of 2 7   The PCD  Transvene System population had a 
lower perioperative mortality  0 7  vs 2 7   p  0 006   

For purposes of this comparison  only the overall actuarial 
survival rate includes perioperative deaths  All other 
calculations in both the PCS Transvene  System and 
Ventak P Epicardial System group exclude perioperative 
deaths  

For the Ventak P Epicardial System  patient deaths were 
gp  i  if thy Kgapt g p rlgsgiga hag h  

gth   gQ ii v piy  

deactivated for various reasons prior to the patient s death  
thus preventing the device from attempting to convert the 
arrhythmia or if the pulse generators were known to be 
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nonfunctional and awaiting replacement  For purposes of 
this comparison  7 patient deaths were censored in the 
PCS Transvene M System patient population because the 
devices were deactivated at the time of patient death  

This PCS Transvene  System sudden cardiac death 
survival of 99 7  at one year is comparable to that of the 
Ventak P Epicardial System sudden cardiac death survival 
rate of 98 6   More importantly  the overall one year 
actuarial survival for the PCS Transvene System was 
94 2  as compared to 90 8  for the Ventak P Epicardial 
System  This difference was primarily due to the 
improvement in the reported perioperative mortality in the 
PCD  Transvene  System patient population   Note  
Confidence interval analysis was performed indicating that 
there was a statistical difference in the reported Overall 
mortality   

This comparison of actuarial survival rates indicates that 
the projected sudden cardiac death survival of patients 
receiving a PCD  System patient population is comparable 
to that reported for the Ventak P Epicardial System  Thus  
the incorporation of programmable VTIVF detection and 
therapy algorithms has improved the type of therapy 
available for the treatment of recurrent VTIVF while 
maintaining the positive impact of ICD therapy on survival 
from sudden cardiac death  

I i adchtiarr  the eiimination of a surgical thoracotomy for 
implant in the PCD  Transvene System has improved the 
perioperative mortality and overall one year survival when 
compared to the Ventak P Epicardial System  

L  Comparison to PCS Epicardial System Clinical Results 

The PCD  Epicardial System uses the same tiered therapy device 
that combines features of bradycardia support pacing  
antitachycardia pacing  low energy cardioversion as well as 
defibrillation therapy  This system has incorporated 
programmabiIity and multiple detection and therapeutic options 
that allows the titration of device therapy to a patient s specific 
clinical arrhythmia history  
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The PCS Epicardial System requires a thoracotomy for 
implantation because of the need to insert epicardial patch leads  
This exposes the patient to surgical risk and potentially limits the 
type of patient who may be considered for implant of the system  
The need for a simpler and safer implantation technique is widely 
recognized  The incorporation of a nonthoracotomy lead system  
such as the PCS Transvene System  should decrease the 
potential perioperative and long term mortality and morbidity 
associated with current epicardial system implantation 
approaches  

The PCS Epicardial System and PCS Transvene System are 
identical except for the implanted defibrillation lead system  Thus  
the performance of the PCD  device  associated support 
equipment  is similar in the two systems and therefore a 
comparison of clinical experience should focus on those areas 
where the implanted lead system may impact clinical outcome  

This section provides a comparison of the PCS Transvene  
System clinical experience to the reported PCS Epicardial System 
clinical experience  The following areas will be discussed  

Patient characteristics 
Implant Data 
Spontaneous VTIVF Episode Efficacy 
Complications and Observations 
Survival analysis 

This analysis will show that the incorporation of a 
nonthoracotomy defibrillation lead system has maintained the type 
of therapy available for the treatment of recurrent VT VF and 
decreased the potential mortality and morbidity associated with 
epicardial implant approaches while maintaining the positive 
impact of ICD therapy on VTIVF episode efficacy and patient 
survival  

L 1 Comparison of Patient Characteristics 

  P COKpGf Ag LI l6 C ffl3CGf 6Xp6rieniw with the PCS 
TraPSVBAe  y   iatii 

iu the PCO  Epicafdiat System cjinjcai 
experience  it is important to determine that the patients 
who received the device are comparable  

Table L 1 contains the characteristics of the 757 patients 
receiving the PCD  Transvene  System versus the 
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characteristics of the 742 patients who received the PCS 
Epicardial System as of 115193  

Number of Patients 757 

Mean Follow Up Time 11 7 months 16 3 months 

bio Males  
9 o Females 

610 80 6  
147 19 4  

637 85 8  
105 14 2  

Mean Age 59 4 years 59 6 years 

Primary Indication   
SCD 
VT 

SCDIVT 

281 37 1  
377 49 8  
99 13 2  

214 28 8  
4Q5 54 6  
1 23 1 6 6  

Cardiovascular History  
Coronary Artery Disease 

Cardio myopathy 
561 74 1  
238 13 1  

569 76 7  
222 29 9 le 

Mean Ejection Fraction 35 6   34 0  

Ph  ber  of  Drugs Fainted  2 3 3 V 

-------------- ------------- --- - ------ 

Table L 1  Comparison of Patient Characteristics  PCD  Transvene  
System versus PCD  Epicardial System   211193 

Both groups had moderately depressed left ventricular 
function demonstrated by the mean ejection of 35 6  for 
the PCDo Transvene System patient group and 34 0  for 
the PCS Epicardial patient group  

Analysis indicated that the PCS Transvene  System 
patient population had a higher percentage of patients 
WtiQS6 iTi6iCBtiOf  fD implant was sudden cardiac deattl  p   
0 002  and higher percentage of females --- --------- It is 
not expected that these differences will result in a different 
clinical outcome in the PCS Transvene  System patient 
population as compared to the PCS Epicardial System  
This difference in patient indication is a reflection of the 
physicians use of the PCD  Transvene  System  
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It is interesting to note  that there was a statistical 
difference in the number of antiarrhythmic drugs tested 
between the two patient groups ------------ The PCS 
Transvene System patient group failed a mean of 2 3 
antiarrhythmic drugs prior to implant while the PCS 
Epicardial System patient group failed a mean of 3 0 
antiarrhythmic drugs  This difference is a reflection of the 
differences in the indications for implant between the two 
patient groups  The PCD  Transvene System patient 
group had a higher incidence of patients whose primary 
indication for implant was sudden cardiac death  These 
patients have a higher probability of having experienced a 
sudden cardiac death episode but were non inducible during 
electrophysiologic testing so that drug testing was not 
feasible  

L 2 Spontaneous VTIVF Episodes Efficacy Comparison 

The primary benefits from the use of the PCS System 
center on the detection and termination of life threatening 
ventricular tachyarrhythmias  An additional benefit of the 
PCS Transvene  System is the elimination of the need for 
a thoracotorny for implantation of the defibrillation lead 
system and the resultant decrease in potential patient 
morbidity and mortality associated with a thoracotomy  
This clinical benefit should not be gained at the expense of 
providing effective termination of spontaneous VT and VF 
episodes  Table L 2 provides a comparison of the efficacy 
of the PCD  Transvene and PCD  Epicardial System in 
treating spontaneous episodes of VT and VF  
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11 7 months 16 3 months 

10 027 20 061 

9o Overali Efficacy 98 4  98 3  

9o Unsuccessful Termination 0 7  1 0  

Spontaneous VF Episodes 

PCS Transvene System PCS Epicardiaf System 

Mean Follow Up 11 7 months 1 6 3 months 

Number of Episodes 1092 2636 I 
  Overall Efficacy 98 4  98 7  

  Unsuccessful Termination 0 3  0 50 0 

Table L 2  PCD  Transvene  System  Comparison of Spontaneous 
VT VF Episode Efficacy   211193 

The overall success rate of the PCS Transvene  System 
in terminating spontaneous episodes of VT or VF is 98 5   
In addition  there have been no reported patient deaths due 
to ineffective termination of a spontaneous VTIVF episode  
This success rate compares very favorably with the overall 
success rate of the PCD  Epicardial System which was 
98 4   Therefore  the PCDo Transvene  System offers 
the potential of decreased patient morbidity and mortality 
without decreasing the treatment efficacy of spontaneous 
VT VF episodes  

L 3 Incidence of Complications Observations 

A comparison of the reported complications and 
observations was made between the PCS Transvene  
System and the PCD  Epicardial System  The PCD  
Epicardial System patient population used for comparison 
included clinical experience as of January 5  1992 with 

I 
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742 patients and a mean implant duration of 16 3 months  
These two patient groups are similar in the patient 
demographics and indication for implant of the PCS 
System  In the PCD  Transvene  System patient 
population  19 4  of the patients experienced a clinical 
complication and 23 8  of the patients experienced a 
clinical observation  In the PCS Epicardial System  12 8  
of the patients experienced a clinical complication and 
25 7  of the patients experienced a clinical observation  

Table L 3 provides a comparison of the reported 
complications and the incidence in the two patient 
populations  

PCS Transvene System 
PCS Transvene System versus PCS Epicardial System 

Reported Complications 

Reported Complications PCS Transvene 
System 

 N   757  

PCD  Epicardial 
System 

 N   742  

Increased Defibrillation Requirements 1 2  0 5  

Inappropriate Therapy 2 2  

Pace Sense Related 0 8  3 5  

Infection Related   Explant 2 9  2 3  

Lead Related 15 1  2 8  

Device Related 0 5  Q 9  

Table L 3  Reported Complications  PCS Transvene  System versus 
PCD  Epicardial System   211193 
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L 4 Survival Analysis Comparison 

Despite their excellent clinical performance  epicardial 
defibrillation lead system have important limitations  The 
requirement for direct thoracic access contributes 
significantly to patient morbidity and mortality  patient 
discomfort and prolonged hospitalization  The availability 
of reliable nonthoracotomy lead systems should provide 
positive clinical impact on these issues while not negatively 
impacting patient survival  Therefore  a comparison of the 
one year actuarial survival rates for the PCS Transvene 
and Epicardial System was performed  

Table L 4 provides a summary of the patient deaths 
reported in the two patient populations by classification  As 
a reference  the mean follow up time for the PCD  
Transvene  System patient population was 11 7 months 
while for the PCS Epicardial System it was 16 3 months  

PCS Transvene System 

Death Classifications 
PCS Transvene  System versus PCS Epicardial System 

Death Classification 

Sudden Cardiac 

PCS Transvene System 

 N   757  

5 

PCS Epicardial System 
 N   742  

24 

Non Sudden Cardiac 30 54 

All Cardiac 35 78 

Noncardiac 16 34 

Total 51 112 

Table L 4  Death Classifications  PCD  Transvene  System versus 
PCD  Epicardial System   211193 

Table L 5 provides a comparison of actuarial survival rates 
between the PCD  Transvene  and PCD  Epicardial patient 
populations  The actuarial survival projections include 
perioperative deaths only in the calculation of survival from 
death due to all causes  shown in table row labelled 
Overall   Perioperative mortality includes those deaths 
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which occur in the first thirty days post implant of the 
PCS System  

Number of Patients 757 742 

Sudden Cardiac 99 50  98 9  ---- --- 

Non Sudden 

Cardiac 
96 2  96 7  ------- 

AH  Cardiac 95 8Vo 95 7   ------- 

No near diac 98 1  98 0  ------- 

Overall  93 3  88 6  ------- 
-------------- ------------- -- - ------ 

Table L 5  Comparison of Actuarial Survival  PCD  Transvene  System 
versus PCD Epicardial System   211193 

There was a significant increase in overall survival in the 
patients receiving a PCS Transvene System   As 
previously noted  the Overall one year actuarial survival 
includes death from all causes  The overall one year 
survival for patients receiving the PCS Transvene  System 
was 93 3   This is significantly improved as compared to 
the overall one year actuarial survival for the PCS 
Epicardial System  88 6   --- - --------- This improvement 
in overall survival is primarily due to the marked 
improvement in perioperative mortality  the PCS 
Transvene System having a 0 7   5 757  perioperative 
mortality versus the a perioperative mortality of 5 3  

 39 742  in the PCD  Epicardial System  This improvement 
in perioperative mortality is primarily due to the elimination 
of the need for a thoracotomy and its associated morbidity 
and mortality  

S54 

(b)(4)

(b)(4)

(b)(4)



MEDTRONIC CONFIDENTIAL QQ   

M  PCS System Performance 

M 1 PCS Device 

Devices implanted for the treatment of recurrent ventricular 
tachyarrhythmias should perform safely and reliably in the 
indicated patient population  Device longevity  ventricular 
tachyarrhythmia detection  therapy performance  and 
analysis of explanted devices were evaluated to assess the 
performance of the PCD  Device  

Extended longevity of implantable cardioverter defibrillators 
should decrease the number of device replacements a given 
patient would experience over their lifetime and decrease 
unnecessary patient morbidity  Thus  the PCS Device 
longevity  which is monitored utilizing battery voltage and 
charge time obtained via telemetry  was analyzed  The 
PCD  Device longevity data collected is consistent with the 
longevity projections  

The combined experience of induced and spontaneous 
VTIVF episode experience has shown that the PCD  Device 
VTIVF detection and therapies have performed safely and 
according to design specifications when required to treat 
induced and spontaneous VT VF episodes  

There have been a total of 58 devices explanted  Reasons 
for explant were patient death  23   infection  22   cardiac 
transplant  9   low battery voltage  1  and PCD Device 
performance issues  3   The analysis of the device that 
was explanted due to lower than expected battery voltage 
indicated that the decreased battery voltage measurement 
was due to hermetic leakage at the input to one of the 
integrated circuits and this affected the battery indicator 
circuit only and did not affect the critical functions of the 
device  This leads to a voltage drop across a resistor 
where the voltage measurement is taken  Analysis 
indicated that the battery was performing to specifications 
and the hermetic leakage was a random event  Analysis of 
the other three devices indicated that two were due to 
random component failure and one due to shorting on Pulse 
2 output  Thus  arcing occurred between the conductors 
inside the hermetically enclosed brazed ring of the high 
power hybrid  As a result  high voltage was momentarily 
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applied to the low power circuitry  including the low power 
hybrid  This low power hybrid lost function including the 
capability to pace and transmit telemetry due to excessive 
voltage applied  Since this is the only device that exhibited 
this type of failure in the field and the hybrid manufacturing 

process has demonstrated that it will screen out infant 
mortality  this failure was assumed to be a random 
component failure  

Based on che iNiniaat cfata coHected  the PCD  uevice has 
performed safely and reliably in the indicated patient 
population  

M 2 Transvene Lead Performance 

The Transvene  Lead System consists of a Right 
Ventricular Lead  a Coronary Sinus Superior Vena Cava 
lead  and a Subcutaneous Patch lead  There have been a 
total of 757 Right Ventricular leads  15 with the SP2100 
and 742 with the Model 6884 6966   796 Coronary 
Sinus Superior Vena Cava leads  Model 688116963   and 
718 Subcutaneous Patch leads  Models 689511031716999  
implanted with a cumulative implant duration of 8894 8 
months  The reported incidence of conductor coil fracture 
is 0 5   4 757   

Based on the clinical data collected  the Transvene  leads 
have performed safely and reliably  
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N  Summary 

The overall clinical experience with the PCS Transvene  System 
indicates that the system performed according to design and 
specification  The reported clinical complications and patient 
deaths are appropriately addressed in the required labelling for the 
system and the patient selection criteria for implant of the device 
is appropriate  

The following can be drawn from this analysis of the data 
collected in this clinical study  

Patient Deaths 

  The projected one year survival probabilities for Sudden 
Cardiac Death  Non Sudden Cardiac Death  all Cardiac 
Deaths and Noncardiac Death were found to be 99 5   
96 2   95 8   and 98  1    respectively  

The incorporation of programmable VT VF detection and 
therapies has improved the type of therapy available for the 
treatment of recurrent VT VF while maintaining the positive 
impact of ICD therapy on survival from sudden cardiac 
death  

  The sudden cardiac death survival of 99 5  at one year is 
comparable to that of the AICD patient population 98 0   

  There have been no deaths due to a PCS Device 
malfunction  

Complications 0bservations 

Complications were reported in 19 4  of the patient 
population and observations were reported in 23 8  of the 
patient population  

The incidence of complications was comparable to that of 
the market released AICD system in the categories of 
ineffective VT VF therapy  pocket infection  and pocket 
erosion and was lower than the AICD in the category of 
inappropriate delivery of VTIVF therapy  
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Patient Indications 

All of the patients entered into this clinical evaluation met 
at least one of the primary indications  Sudden cardiac 
death  SCD  was the primary indication in 37 1  of lhe 

patients  recurrent ventricular tachycardia  VT  was the 
primary indication in 49 8   of the patients and SCD VT 
was the primary indication in 13 1  of the patients  

The number of patients  60 5   receiving VT VF therapy 
for spontaneous episodes of ventricular arrhythmias 
supports the conclusion that the patient selection criteria 
are appropriate and that the PCD  Transvene  System was 
implanted in patients who benefit from this therapy  

The one year sudden cardiac death survival rates for the 
SCD patient group was 100 0   for the VT patient group 
99 4  and the SCDIVT patient group 98 6   

VTIVF Detection and Therapy Performance 

The PCS Transvene System properly detects and treats 
VT as demonstrated by the spontaneous episode data  The 
overall success rate for detection and treatment of 
spontaneous VT was 98 4   

The PCS Transvene  System properly detects and treats 
VF as demonstrated by the spontaneous episode data  The 
overall success rate for detection and treatment of 
spontaneous VF was 98 4   

  There were no reported patient deaths due to the 
nondetection of a spontaneous VT or VF episode by the 
PCS Transvene  System  

PCS Transvene System Performance 

  The PCD  Transvene  System components  Model 
7216A17217B and Model 688416966  688116963  
689516999 Transvene leads  have performed according to 
design and specification and are  therefore  considered safe 
and effective in the indicated patient population  
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O  Clinical Experience Summary Conclusions 

The PCD  Transvene System is a tiered therapy device which 
combines features of bradycardia pacing support  antitachycardia 
pacing  low energy cardioversion as well as defibrillation therapy  
The incorporation of these features has allowed the physician to 
titrate the ICD therapy to meet specific patient clinical needs  
allowed fewer shocks to be delivered for recurrent ventricular 
tachycardia because of antitachycardia pacing features  allowed 
fewer cases of inappropriate therapy delivery due to 
programmable detection and allowed a sudden cardiac death 
survival rate identical to the Ventak P Epicardial System  

The PCS Transvene  System  due to the elimination of the need 
for a thoracotomy  has provided a marked improvement in both 
the perioperative and overall patient mortality as compared to the 
PCS Epicardial System  In addition  due to the decreased 
perioperative morbidity and mortality  the post implant hospital 
stay has been decre------ --- -- -- ean of 7 6 days as opposed to a 
mean of 10 6 days --- --------- for the PCS Epicardial System  

Medtronic asserts and the PCD  Transvene investigators 
unanimously agree that the findings of the clinical study support 
the conclusion that the Medtronic Tachyarrhythmia Control 
System and the Transvene  Cardioversion and DefibriJlation 
Electrodes are safe and effective in the indicated patient 
population  
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26  
Summary of Clinical Experience 

A  Introduction 

The efficacy and safety of implantable cardioverter defibrillator 

i K D j th8MgVy fGf f8CUff8fTt V8fTtACU 8f tBCtTyCchtd3a  VT  Bf iG 

ventricular fibrillation  VF  has been well established  The current 
market released device  Medtronic Model 7217B with Epicardial 

CardioversionlDefibrillation Leads  incorporates 
multiprogrammability  multiple detection and therapeutic options 
for the treatment of ventricular tachycardia and fibrillation  The 
current system  while providing lifesaving treatment of ventricular 

arrhythmias  requires a significant surgical procedure 
 thoracotomy  median sternotomy  etc   for the placement of the 
epicardial lead system  The need to reduce the surgical mortality 
andmorbidityassociated with epicardialcardioversionldefibrillation 
lead systems has lead to the development of the PCS 
Transvene  System  

This report represents a full report of Medtronic s clinical 
experience with the Medtronic PCS Model 7217B 
Multiprogrammable Tachyarrhythmia Control System with 
Transvene M Cardioversion and Defibrillation Electrodes  Reference 
IDE G870102   The data included in this analysis is all data that 
was received by Medtronic and entered onto the clinical database 
as of February 1  1993  

The PCD  Model 7217B Multiprogrammable Tachyarrhythmia 
Control System described in this submission is identical to the 
system which was recommended for approval by the FDA 
advisory panel on February 3  1992  with the addition of 
Transvene  leads  

The data analysis is organized in functional rather than 
chronological categories in order to present a complete picture of 
each of the PCS Device s various functions  The sections 
included in this summary are  

Name  Intended Use of System 
Tachyarrhythmia Control System Features 
Indicated Patient Population 
Study Objectives and Protocol Summary 
Overview of Clinical Experience 

Implant Data 
Spontaneous VTIVF Episode Experience 
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Overall Success Rate 
Complications and Observations 
Inactive Patients 
Patient Deaths 
Clinical Experience by Primary Indication 
Patients not Meeting Implant Criteria 
Comparison to AICD Clinical Experience 
Comparison to PCS Epicardial Clinical Experience 
PCD  Transvene System Performance 

This summary provides an overview of the clinical experience 

which verifies that the PCD  Transvene  System is safe and 

effective in the indicated patient population  

B  Name and Intended Use of the System 

The Pacer Cardioverter Defibrillator  PCD   device is an 

implantable  multiprogrammable  automatic tachyarrhythmia 

control device  The PCS Device is used in conjunction with 

appropriate lead systems for the treatment of patients with 

ventricular tachycardia  VT  and or ventricular fibrillation  VF   
The PCD   Device also provides backup pacing in the VVi mode 

and noninvasive electrophysiologic  EP  study capabilities  

The PCD  Device is programmed with the market released 

Medtronic programmer and a unique MemoryMod  Cartridge  The 

PCS Device incorporates a two way telemetry system which 

receives operational instructions from the programmer and 

transmits status  electrogram and event information back to the 

programmer for display and or printout  

The External Tachyarrhythmia Control Device  ETCD  is an 
external  multiprogrammable  tachyarrhythmia control device  Its 

operation is similar to the PCD  Device except that cardioversion 
and defibrillation therapies are delivered manually  In addition  it 
displays measurements of cardioversion and defibrillation therapy 

parameters  The ETCD is used for making defibrillation threshold 
measurements during the PCD  Device implantation procedure  

Components 

Tr is iv1edir uric PCD  Tr ati vetie System  vvtiicti is   epteSeAted iA 

Figures 1A and 1B  for which market release approval is being 
requested  consists of the following components  
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Im lanted Device and Related Pro rammin S stem 

Pacer Cardioverter Defibrillator  PCD   Device 

Model 7217B 

Pro rammer 
Model 9710 programmer and related accessories  currently market released   

plus 
Model 9788 MemoryMod Software Cartridge 

Lead S stem 
Electrode Leads  

Model 6966 
Model 6963 
Model 6999 

1m lant Measurements S stem 
Model 5355 ETCD External Tachyarrhythmia Control Device 

Model 5418 Patient Cable 
Model 5414 Test Load 
Model 541 7 EG M Cable 
Model 5419 Jumper Cable 

The physical characteristics of the Model 7217B are summarized 

in Table IB 1  

PCS Model 7217B 

Physical Characteristics 

Feature Model 7217B 

Volume 

Weight 

113 cc 

198 grams 

Connector Module Four connector ports 

Power Source Wilson Greatbatch 
Model 8830 

Lithium Silver 
Vanadium Oxide 

Sensing Configuration Standard Bipolar 

Pacing Configuration Integrated Bipolar 

I 85   IB I  FBd LUfBS  141QCI6f    2 I I 8   2  I  M 

The Model 7217B PCS Device uses the pace sense leads for 
sensing  thus providing standard bipolar sensing  Pacing is 

delivered in the integrated bipolar configuration  
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C  Tachyarrhythmia Control System Features 

C  1 PCD  Device 

The PCS Device is an implantable device designed to 

detect episodes of ventricular tachycardia  VT  and 

ventricular fibrillation  VF   and upon detection  

automatically deliver the appropriate therapy or progression 
of therapies programmed by the physician for each patient  
The available therapy types that can be programmed are 

overdrive pacing  cardioversion  and defibrillation  

The main features of the PCS Device include the detection 

and treatment of recurrent ventricular tachycardia  VT  
and or ventricular fibrillation  VF   The device has two 

independently programmable detection and therapy 

algorithms  one for VT and a second for VF  A series of up 

to four tiered therapies can be delivered after detection of 

VT and a separately programmed series of up to four 

therapies after the detection of VF  If a therapy does not 

convert the arrhythmia  the next programmed therapy is 

delivered  

Other features of the device include VVI back up pacing  
flexible programming  noninvasive electrophysiology study 

capabilities  and information reports  

VT Detection and Thera 

The VT detection algorithm includes up to three separately 

programmable criteria to identify the presence of a 
tachycardia  

The PCS Device employs a feature that automatically 
adjusts signal detection sensitivity to assure proper 
detection while minimizing sensing of T waves following 
intrinsic cardiac events  This function  Auto Adjusting 
Sensitivity  is active during any sensing period  including 
VT and VF detection  It allows use of sensitive settings 
required for VF detection without oversensing during 
normal sinus rhythm  

The device utilizes interval length as the primary VT 
detection criterion  it also provides two additional detection 
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criteria to add specificity in detecting pathological VT  

The two programmable parameters of the Interval Criterion 

are  

  Tachycardia Detection Interval  TDI   Intervals 

shorter than this value  and longer than FDI 

are classified as VT intervals  

  Number of Intervals to Detect  VT MID   This 

parameter determines how many consecutive 
VT intervals must be sensed for therapy to be 

delivered  

The two additional criteria are  

  Onset Criterion  Used to determine when the 

rate of change in cycle length is sufficiently 
abrupt to qualify as the onset of paroxysmal 
VT and not sinus tachycardia  

  Stability Criterion  Used to determine when 

the intervals vary sufficiently on a beat to beat 
basis to differentiate VT from a rapid 
ventricular response due to atrial fibrillation  

After a VT episode has fulfilled the programmed detection 
criteria  the system treats the arrhythmia by delivering one 
nf thy thgoo tyngc nf SJT thgggpjgc  Rgggt  Rpplp  Qf 

Cardioversion Therapy  Therapy delivery is highly 

programmable and is  tiered  to allow progression through 
different therapies selected by the physician to match a 

patient s particular clinical needs  Up to four separate 
therapies may be programmed in any combination of the 
three types to treat each arrhythmia episode  The three 
therapies are detailed below  

Burst Therapy treats the VT episode by pacing the heart 
with a  burst  of pulses at a rate greater than that of the 
VT episode but adapted to the VT rate  The rate adaptive 

pulse intervals are a programmed percentage of actual 
tachycardia cycle length  If a pacing sequence is 
ineffective and the episode is redetected  the pulse interval 
of the next sequence can be decremented further resulting 
in a higher pacing rate  
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Ramp Therapy decrements each pulse interval within a 

single sequence of multiple pulses with the first pulse to 

pulse interval adapted to the VT cycle length  Each 

subsequent pulse interval in the Ramp sequence is 

shortened from the preceding interval by a programmed 
value  If the pacing sequence is ineffective and the VT is 

redected  Ramp Therapy adds an additional stimulus in each 

subsequent sequence  

Cardioversion Therapy  delivers synchronized  high energy 

pulses in one of the following configurations  

  A single pulse delivered over one pathway  

  A simultaneous pulse delivered over two 

pathways  

  Two sequential pulses separated by a very 

short interval delivered over two different 

pathways  

VF Detection and Thera 

In order to ensure appropriate sensing and detection of VF  

the device uses a probabilistic detection algorithm that 

allows for missed detections due to variations in ventricular 

depolarization amplitudes and intervals during VF  

Similar to the VT detection algorithm  the PCD  Device 

detects VF by monitoring the cardiac cycle length and 
comparing it to the programmed VF detection criteria  
which is called the VF interval Criterion  

The two programmable parameters of this criterion are  

  Fibrillation Detection Interval  FDI   Intervals 
equal to or shorter than this value are 
classified as VF intervals  

  Number of Intervals to Detect  VF NID   This 

parameter determines how many VF intervals 
must be sensed for therapy to be delivered  

After a VF episode has fulfilled the programmed detection 
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to four defibrillation therapies  

Defibrillation Therapy delivers high energy pulses in one of 

the following configurations  

  A single pulse delivered over one pathway  

A simultaneous pulse delivered over two 

pathways  

Two sequential pulses separated by a very 

short interval delivered over two different 

pathways  

Brad cardia Thera 

The PCS Device delivers bradycardia pacing in the VVI 

mode  

Other Ca abilities 

The PCS Device can be used to conduct noninvasive 

electrophysiologic studies  EPS  via the programmer with 

the Model 9788 MemoryMod software cartridge  The 

physician can also manually deliver various therapies via the 

programmer to manage an induced or spontaneous 

tachyarrhythmia episode  

The PCD  Device will provide the physician with 

information  via the Programmer about its present 

programmed status and data on its operation  This 

information may be printed and retained in the patient s file  

A programmer generated set of symbols  termed Marker 

Channel  allows real time visualization of sensing  pacing  
detection  and therapy events occurring within the device  

Figure 2 provides an ECG example of an induced episode of 
VT detected and terminated by antitachycardia pacing and 
Figure 3 shows an induced episode of VF detected and 
terminated by a defibrillation therapy delivered by the PCD  
Qgigigo 
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C 2 Transvene  Lead Systems 

The PCS Transvene M System uses leads which do not 

require open chest surgery to implant  Multiple 

configurations involving either two or three leads may be 

used to deliver cardioversion and defibrillation pulses  
These configurations are based on a tri polar  Right 

Ventricular  RV  lead  Model 6966   and either a Coronary 

Sinus  CS ISuperior Vena Cava  SVC  lead  Model 6963  or 

a Subcutaneous  SO  lead  Model 6999  or all three of 

these leads  e g  RV CS SQ  RV SVC SQ or RVISQ  

RV SVC   The Model 6963 lead can be placed in either the 

Coronary Sinus Great Cardiac vein or the Superior Vena 

Cava  SVC   

A system using two leads delivers cardioversion and 

defibrillation pulses between two electrodes  A system 

using three leads delivers cardioversion and defibrillation 

pulses either simultaneously or sequentially from the anode 

electrodes  PULSE1 and PULSE2  to the COMMON 

defibrillation electrode  

In these systems  the retractable  helical tip and ring of the 

RV lead are used for sensing  thus providing standard  

bipolar sensing  The tip electrode is termed PACE SENSE 

and the ring electrode is termed SENSE2  Bradycardia 

pacing takes place between the tip  PACE SENSE  and the 
COMMON defibrillation electrode  

To detect VTIVF  the PCD  device monitors the cardiac 

cycle length for fulfillment of the programmed VTIVF 

detection criteria  When the programmed criteria are 

fulfilled  the PCS device detects the VT or VF episode and 
delivers the first programmed therapy  If this therapy is 
ineffective and the VTiVF is again detected  the next 

programmed therapy is delivered  This progression 
continues until the PCD  confirms termination or delivers all 

programmed therapies  

The performance of the Models 6966  6963  and 6999 are 
evaluated at the following times  

1  At implant by evaluating the pacing and sensing 
thresholds and the defibrillation efficacy in treating 
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induced  VF  

2  Chronically by evaluating  1  the defibrillation 

efficacy in terminating induced episodes of VT or VF  

 2  the efficacy of VT and VF therapies in treating 

spontaneous episodes   3  the evaluation of 

pace sense characteristics of the implanted lead 

system and  4  the incidence of lead complications 

or observations such as dislodgement or fracture  

C 3 Model 9788 MemoryMod  Software Cartridge and 9710 

Programmer 

Programming and interrogation of the PCS Device is 

performed using the Model 9788 MemoryMod software 

cartridge in conjunction with the Model 9710 programmer  
The use of the programmer agow  th  mocHficatjan of VT 

and VF detection  therapy  and bradycardia support therapy 

parameters  It allows the physician the ability to review 

and record programmed device settings  perform 
noninvasive EP procedures and deliver emergency therapy 

and review other non programmable information including 

charge time  battery voltage and event recording  In 

admit on  i aHavvs t e user to evaiuate the battery status of 

the PCS Device as well as determine if the device has 

delivered therapy for spontaneous episodes of VT and VF  

C 4 Model 5355 External Tachyarrhythmia Control Device 

 ETCD  

The Model 5355 ETCD is intended for use in conjunction 
with an antitachycardialdefibrillation lead system to 

evaluate VT and VF sensing and therapy efficacy for 

terminating ventricular tachycardia and ventricular 
fibrillation prior to the implantation of the PCS system  

Testina the lead system for permanent implantation  
including VF sensing and defibrillation efficacy  is done 
using the Model 535S ETCD  or Model 2394 ECVD  The 
5355 is an external  multiprogrammable  tachyarrhythmia 
control device  which can automatically deliver bradycardia 
and tachycardia pacing therapies and can deliver manually 
initiated cardioversion or defibrillation therapies  Its 
operation is similar to the PCS Device except that 
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cardioversion and defibrillation therapies are delivered 

manually  In addition  it measures and displays parameters  
e g   pathway impedance of cardioversion and defibrillation 

therapies  The Model 2394 ECVD is also an external 

cardioverter defibrillator  However  its functions are limited 

to only manual cardioversion and defibrillation  The output 

pulses are equivalent to the Model 5355 and Model 7217B 

PCS  Additionally  the Model 2394 ECVD does not have 

the capability to deliver either bradycardia or tachycardia 

pacing therapies  

The Model 5355 ETCD is controlled via the Model 9710 

programmer and the MemoryMod  software cartridge  
Model 9788  The Model 2394 ECVD is controlled 
manually  

D  Indicated Patient Population 

The PCD  System is intended to treat patients at risk of sudden 

cardiac death due to ventricular tachyarrhythmias which have 

been shown to be reliably terminated  and in the case of VF  

terminated at an energy level below the maximum output of the 
PCS Device  

Results provided in this application will support Medtronic s 
request for market release of the PCS System for use in the 
following patient population  

Patients who have survived at least one episode of cardiac arrest due 

to a ventricular arrhythmia not caused by an acute myocardial 
infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain 
inducible via programmed electrical stimuli or exercise  or occur 
spontaneously  despite the most efficacious antiarrhythmic drug 
therapy that can be tolerated by the patient chronically  

For this patient population the primary benefits from the use of 
the PCD  System center on the detection and termination of life  
threatening ventricular arrhythmias  The use of pacing therapies 
for the treatment of ventricular tachycardia reduces patient trauma 
associated with higher energy cardioversion pulses and extends 
the longevity of the PCD  pulse generator  

The PCD  System allows the titration of therapies for patients 

S14 



MEDTRONIC CONFIDENTIAL 

988 
with ventricular tachycardia while providing the critical 

defibrillation backup  Defibrillation backup is important in the 

event that an episode of VT accelerates to VF whether 

spontaneously or as a result of a delivered therapy  The capacity 

to provide programmable extrastimuli pacing allows noninvasive 

electrophysiologic studies to be performed  The potential benefits 

from permanent cardiac pacing provide support for chronic and 

transient episodes of bradycardia  Finally  the benefits of 

programmability of tachyarrhythmia detection and therapy 

parameters  VVI parameters and stored telemetry data on the 

delivery of therapy may avert the need for reoperation in the event 

of changing patient conditions or complications  

E  Study Objectives and Protocol Summary 

The clinical study was designed to evaluate the operation  safety 

and effectiveness of the PCS System components in detecting 

and treating episodes of ventricular tachycardia and ventricular 

fibrillation  

The analysis focuses on data supporting the safety and 

effectiveness of the PCD  system  including the implantable pulse 

generator and associated transvenous lead system and its therapy 
in this patient population  The analysis includes the clinical 

experience with the PCS system  pace sense  detection and 

therapy functions in both the acute and chronic implant settings  
In addition  data is provided on clinical observations  clinical 
complicatians and deaths in this pa5ent population  The analysis 
will also provide data demonstrating the safety and effectiveness 
of the Model 5355 ETCD  

The objectives of the clinical study were  

to evaluate the sensitivity and specificity of the PCS Device with 
Transvene lead systems to detect episodes of VT and VF  and to 
evaluate the ability of the system to appropriately discriminate between 
VTIVF and other potentially nonmalignant rhythms  

to monitor the efficacy of the PCS Device with Transvene  lead 
systems in treating VT and VF episodes  VTIVF therapy efficacy is 
determined as the ratio of successful termination of episodes detected 
to the total number of episodes detected in which one or more 
therapies were delivered  Successful Termination Number of Detected 
Episodes with Therapy Delivered   Investigators were free to choose 
from any of the available leads and VTIVF therapies that the efficacy 
was first evaluated acutely  
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to evaluate the performance of the Model 6966  6963 and 6999 

Transvene leads  

to monitor the patient selection criteria and patient management 

methods required by the PCS Device and Transvene  leads  

to evaluate the safety and effectiveness of the Model 5355 ETCD 

when used during the implant procedure  Specifically  tachyarrhythmia 

episode  nduct er    detect on  termination and ease of use were 

analyzed  

to evaluate the safety and performance of the Model 9710 Programmer 

and the 9788 MemoryMod Software Cartridges in programming 
sensing and therapy parameters and the appropriate delivery of 

noninvasive electrophysiologic stimulation  

Clinical data was collected at the following study points to 

support the safety and efficacy of the PCD  System  

Pre implant Patient Assessment 

Lead System Testing at Implant 

Implantable Pulse Generator Testing at Implant 

Pre hospital Discharge Testing 

Follow up Evaluation 1 and 3 months post implant then at 

3 month intervals 

Specific data was collected at each of these points to meet the 

objectives of the clinical study  This included  

Pre im lant Patient Assessment   extensive pre implant testing was performed 
to ensure that the general patient selection criteria were met  This testing 

included at least an electrophysiologic evaluation  measurement of ejection 

fraction  and assessment of the patient s New York Heart Association  NYHA  

classification of their cardiovascular status  Depending on the patient history  

cardiac catheterization and exercise testing were also conducted  

Lead S stem Testin   implant evaluation was performed to verify that one of 

the specified lead systems was capable of properly detecting and treating 

episodes of ventricular fibrillation and  when appropriate  ventricular 

tachycardia  The Model 5355 ETCD or the 2394 External Cardioverter 

Defibrillator  ECVD  was used for testing  

This testing included pacing and sensing thresholds during sinus rhythm  

evaluation of VF electrogram amplitudes and defibrillation efficacy evaluation  
The PCS Device implant criteria were  

1  successful VF termination at least 3 times in 4 attempts with 
an output energy of 18 Joules or less and 

2  a 2 1 VF sensing safety margin  
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Im lanted Pulse Generator Testin   this implant evaluation was performed to 

demonstrate proper detection and termination of ventricular fibrillation by the 

implanted PCS System with VF Therapy  1 programmed to 34 Joules in 

addition to pacing and sensing thresholds  

Pre has ital Dischar e Testin   testing performed at the pre hospital discharge 

included proper detection and termination of induced ventricular tachycardia  

Final sensing and therapy parameters are programmed at the PHD  

Follow u Evaluation   regular testing was performed to evaluate the chronic 

stability of detection and therapy parameters of the PCS System  This testing 

included an assessment of the relative stability of the energy required to 

defibrillate a patient and efficacy and acceleration rate assessment of the VT 

therapies  The number of spontaneous VTIVF episodes treated by the PCS 

Device were evaluated  Complication rates and patient mortality data were 

also evaluated  

Patients were evaluated prior to hospital discharge and or one  1  

month post implant  three months post implant and then at 

intervals of every three months  In some cases additional testing 

was performed at physician discretion to evaluate spontaneous 

events and or potential clinical complications  

Medtronic collected all clinical data on the PCD  System and its 

components under the clinical protocol outlined in the 

Investigational Plan  A common protocol was used on all study 

patients on a worldwide basis  

Clinical data presented in this summary includes experience with 

the Model 7216A and 7217B PCS Devices with the Model 6966  

6963 and 6999 Transvene Leads  This report presents the 

clinical evaluation of the safety and efficacy of the PCD  Device 

with Transvene  Leads implanted in 757 patients of which 657 

have implant durations equal to or greater than six months  

International centers were subject to the appropriate requirements 

 e g   the Declaration of Helsinki  in order that the data met the 

statutory requirements of the FDA  All clinical data  U S  and 
International  obtained with the PCS System with Transvene  
Leads is included in this report  
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F  Overview of Clinical Experience 

This report covers a total of 762 implants in 757 patients of the 

PCS Device with the Transvene  Defibrillation Lead System  A 

total of 78 investigative centers participated in the clinical trial 

with 35 centers in the U S  and 43 Internationally  The first 

implant occurred internationally on October 20  1989  and the 

first implant in the U S  occurred on October 16  1990  Table IF  

1 shows the distribution of Model 7216A and Model 7217B 

patients between U S  and International investigators  

PGD  Transvene System 

Total U S  Int I 

7216A 18  2 4   3  0 7   15  4 8   

7217B 744  97 6   444  99 3   300  95 2   

Table IF 1  PCS Transvene  System   Implant Distributions   211193 

The mean documented implant duration for this patient population 
is 11 7 months and ranged from implant to 37 4 months  The 

cumulative implant duration is 8894 8 months  There are 657 

patients with implant durations equal to or greater than 6 months 

and 393 patients with implant durations equal to or greater than 

1 year  

The patient population enrolled in the clinical trial was 

predominately male  80 6   with a mean age of 59 4 years  In 

half of the patients  49 8    the primary indication for implant 

was recurrent  sustained ventricular tachycardia without an 
episode of sudden cardiac death  Sudden Cardiac Death was the 

primary indication for 37 1  of the patients and SCD in 
combination with recurrent  sustained VT was the primary 
indication in 13 1   Coronary artery disease was the primary 
heart disease in 74 1  of the patient population with a mean 
reported ejection fraction of 35 6  Table IF 2 provides a data 
summary on these patients  Also included is the data summary 
of the patients with 6 months and 12 months of follow up  
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All Patients 

 3 Electrode 

Systems  

Numbei of Pstients 757 

Device Wlonths Follow up 8894 8 

Mean Follow up Time 11 7 mo 

Maximum Follow up Time 37 4 me 

Number    Male 

Number  to Female 

610 80 6  

147 19 4  

Mean Age 59 4 yrs 

Primary Indication  

SCD 

VT 

SCDNT 

281 37 1  

377 49 8  

99 13 1  

Coronary Artery Disease 561 74 1  

Mean Ejection Fraction 688 35 6  

Defibrillation Pathway  

Sequential 

Simultaneous 

Single 

574 75 3  

178 23 4  

10 1 3  

Mean LED 16 0J  N  702  

Mean DFT 1 4 8J  N   31 6  

Spontaneous VT  

Number of Patients 

Number of Episodes 

  Success 

316 

10027 

98 4  

Spontaneous VF  

Number of Patients 

Number of Episodes 

  Success 

317 

1982 

98 4  

One Year SCD Survival 99 5  

Patients with 6 

months of 
Follow up 

Patients with 

12 months of 

Follow up 

657 393 

8602 6 6454 6 

13 0 mo 16 3 mo 

37 4 mo 37 4 mo 

527 80 2  
130 19 8  

310 78 9  

83 21 1  a 

59 1 yrs 58 8 yrs 

249 37 9 io 

326 49 6  

82 12 5  

150 38 2  

191 48 6  

52 1 3 2  

483 73 5  o 272 69 2  

595 36 6  357 38 Qua 

496 74 9  

1 56 23 6  

10 1 5  

296 74 9  
93 23 6  

6 1 5  

16 0J  N 609  15 6J  N  365  

14 8J  N  277  14 3J  N 184  

288 
8820 

98 3  

186 
6338 

99 0  

292 
1742 

98 3  

176 

1105 

98 6  

99 7  100 0  

Table IF 2  PCDo System Data Summary All Transvene  Patients versus 
Transvene  Patients with 6 mo Follow up   2 1 93 
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F 1 Implant Data 

Implants of the PCS Device may use two or three 

Transverse ieads   The physii an  has     he flexibility   o  se 

whichever lead system best meets the patient s needs  

Two terms were developed to accurately report 

defibrillation efficacy  Lowest Energy of Defibrillation  LED  

and Defibrillation Threshold  DFT   They are defined as 

follows  

Lowest Energy of Defibrillation  LED   The lowest 

programmed energy that successfully defibrillated 

the patient with the implanted lead system  

Defibrillation Threshold  DFT   The lowest 

programmed energy which successfully defibrillated 

the heart provided there is a failure at an energy 

below the lowest success or a success at less than 

or equal to 5J  

Table IF 3 illustrates the lowest energy of defibrillation 

 LED  and defibrillation threshold  DFT  for the implanted 

lead systems  The implant criteria for the PCS Device was 

3 of 4 episodes of VF successfully terminated at 18 Joules 

or less with a given lead configuration  Some patients did 

not have a LED at implant  The LED is only identified if the 

investigator reported the induced rhythm as VF  

Conversion of VT or V Flutter  as defined by the physician  
to sinus rhythm was not included in the determination of 

the LED  In addition  it is not a protocol requirement to 
obtain a DFT at implant  However  recommendations have 

been provided to those institutions that prefer to obtain 
DFT s during the implant procedure  
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16 0J 316 14 8J 

RV SVC 80 455 1 6 7 J 187 15 8J 

RV CS SQ 210 14 6J 110 12 8J 

RV CS SV C 37 1 5 2 J 19 1 6 0J 

Table IF 3  PCD  Transvene  System   LED and DFT Values   211193 

The mean implant Lowest Energy of Defibrillation  LED  for 

all lead systems was 16 0J and mean implant Defibrillation 

threshold  DFT  for all lead systems was 14 8J  As the 

mean DFT s and LED s indicate  VF was reliably terminated 

at an energy value below the maximum output  34 Joules  

of the PCS Device  

F 2 Spontaneous VT and VF Episode Experience 

A total of 458 patients  60 5   have experienced a 

spontaneous ventricular tachyarrhythmia episode that has 

been detected and treated by the PCS Device  A total of 

141  18 6   experienced VT only  142 patients  18 8   
experienced VF only and 175 patients  23 1   experienced 
both an episode of VT and VF  

There have been a total of 12 009 episodes of spontaneous 
VT or VF as detected by the PCD   The overall PCD  
Device success rate in terminating spontaneous VT VF 

episodes as detected by the PCS is presented in Table IF  
4 
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9864 10 027 98 4  

1951 1982 98 4  

11 815 12 009 98 4  

Table IF 4  PCD  Transvene  System   Success Rate for Spontaneous 

VT VF Episodes   211193 

F 2 1 Spontaneous VT 

For the purposes of this clinical trial  spontaneous VT was 

defined as those episodes that satisfied the programmed 
VT detection criteria  Specifically  all programmed VT 

detection criteria must be fulfilled to detect a VT episode  

Successful termination of the episode was defined as 

satisfying the VT episode termination criteria  

To date  10 027 spontaneous episodes of VT have been 

detected by the PCD  Device in 316 patients  The mean 

number of episodes per patient with VT was 31 7 and 

ranged from 1   531 episodes  

Most spontaneous VT episodes  90 7   were successfully 

treated with VT Therapy  1 and 98 4  were successfully 

treated with one of the four programmable VT therapies  

Of the 9864 successfully terminated spontaneous VT 

episodes  91 4  were treated with one of the programmed 
antitachycardia pacing therapies incorporated in the PCS 

Transvene System  The clinical benefit of tiered therapy 

is the reduction of delivery of high energy shocks for the 

treatment of stable recurrent ventricular tachycardia  This 

greatly enhances the patient acceptance of ICD therapy 

since antitachycardia pacing is usually not perceived by the 

patient  

Sixty patients experienced 163  1 6   episodes in which 
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the PCS Device was ineffective in terminating a 

spontaneous episode of VT despite delivery of all four 

programmed VT therapies  Thirty nine patients experienced 
95 ineffective episodes that were due to sinus tachycardia 

or atrial fibrillationlflutter  SVT  with a rapid ventricular 

response that had been detected as VT  These episodes 
were resolved with either modification of programmed 

parameters or of antiarrhythmic drug therapy  It should be 

noted that the PCS Device responded appropriately based 

on the programmed detection parameters  

The remaining 68 episodes occurred in 21 patients in which 

the programmed VT therapies were ineffective in 

terminating a spontaneous VT episode  No patient deaths 
occurred as a result of ineffective VT therapy  
Reprogramming and pharmacologic intervention resolved 

these events  

F 2 2 Spontaneous VF 

For purposes of this clinical trial  VF is defined as those 
episodes that satisfy the programmed VF detection criteria  
Specifically  all programmed VF detection criteria must be 
fulfilled to detect a VF episode  Successful termination of 
the episode is defined as satisfying the VF detection 
criterion for episode termination  

To date  1982 spontaneous episodes of VF have been 
detected by the PCS Device in 317 patients  The mean 
number of episodes per patient was 4 3 and ranged from 1 
  77 episodes  A review of the chart per investigator for 
this patient that experienced the 77 episodes of VF 
revealed that 75 were most likely due to atrial fibrillation  
VF detection parameters were modified in this patient  

Most  89 1   spontaneous VF episodes were successfully 
treated with VF Therapy  1 and 98 4  were successfully 
treated with one of the four programmable VF therapies  

Sixteen patients experienced 31 episodes  1 3   in which 
the PCD  Device was ineffective in terminating a 
spontaneous episode of VF despite delivery of all four 

programmed VF therapies  Nine patients had 22 reported 
ineffective VF spontaneous episodes that were due to sinus 
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tachycardia or atrial fibrillation with rapid ventricular 

response rather than VF  Reprogramming and 

pharmacologic intervention resolved these problems  

Four patients experienced 5 ineffective episodes that were 

detected --- ---- by the PCS System  One of these 

patients --------- required external defibrillation to convert 

the VF episode  This patient s antiarrhythmic drug regimen 

was modified to improve defibrillation efficacy  Another 

patient --------- had an episode recorded as ineffective on 

the event counters but presented in sinus rhythm  

Subsequent evaluation demonstrated appropriate PCS 

function  Another of these patients --------- had two 
spontaneous episodes of VT that were detected as VF by 
the PCD  while in the hospital for progressive CHF  These 
episodes required external cardioversion  The patient 
requested the PCS be turned OFF  Patients was alive at 
---- ---- known follow up  The last of these four patients 
--------- experienced cardiac arrest at home and was found 
by the paramedics to be in sinus rhythm  While on a 
monitor the patient developed VF  The PCS delivered the 

programmed therapy which terminated the episode but the 

patients developed EMD  arrived at the ER comatose and 
I I BCI  

Four patients  one patient -------- experienced 2 episodes 
due to AF but is described below again  experienced 4 
episodes in which the PCD  detected the episodes as VF 
but were actually episodes due to extraordinary 
circumstances  One patient --------- experienced an 
episode where all four therapies failed secondary to RV lead 
fracture  The patient had Twiddlers Syndrome  
Reoperation was required  It appears that the inappropriate 
therapy was not due to VTIVF but due to noise  Another 

patient --------- had a surgical procedure  CABG  where the 
CS lead dislodged post surgery  The episode that was 
detected ----- - ue to the lead dislodgement  The third 

patient --------- had incessant episodes of fast VT  cycle 
length ----- ----- th-- ------ eventually resolved by drugs  
The fourth patient --------- was in hospital and there was 
an episode of VF ----------- However  the device was 
interrogated before termination of the episode was 
detected  There was external intervention associated with 
the terminal event  The device was not interrogated again  
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F 3 Overall Success Rate 

Of the 757 patients who received a PCS Transvene  

System  597 patients  78 9    5971757  have either 

experienced a spontaneous VT VF episode or had VT VF 

induced during a post implant electrophysiology study  The 

performance of the PCS Transvene System therapies 
have been thoroughly evaluated and been shown to be 

effective in detecting and terminating episodes of 
ventricular tachyarrhythmia  

There have been no reports of a patient death due to the 
PCD  Transvene System not detecting a spontaneous 
episode of VT or VF  

The overall success rate of the PCS Transvene  System 
in terminating spontaneous episodes of either VT or VF was 
98 4  with a VT success rate of 98 4  and VF success 
rate of 98 4   The incidence of unsuccessful termination 
of an apparent  true  episode of ventricular tachycardia 
despite delivery of all four therapies was 0 7   68 10027   
The incidence of unsuccessful termination of an apparent 
 true  episode of ventricular fibrillation despite delivery of 
all four therapies was 0 3   5 1982   

The evaluation of spontaneous episode experience indicates 
that the PCD  Transvene  System s VT and VF detection 
and therapy functions have performed safely and effectively 
in the indicated patient population  
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G  Complications and Observations 

The use of a multiprogrammable implantable cardioverter 

defibrillator  ICD  device allows the physician to resolve most 

relevant medical events by noninvasively changing programmed 

parameters thus  avoiding invasive procedures  However  there 
will continue to be certain relevant medical events which will 

require invasive procedures for resolution  

For purposes of this clinical study  reported relevant medical 

events were divided into complications and observations based on 
the following definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which can NOT be treated or 
resolved by reprogramming the device and REQUIRES 

invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which either does NOT 

require invasive intervention  or which CAN be 

corrected by reprogramming the device  

As of February 1  1993  there have been a total of 176 
complications reported in 147 patients and 214 observations 
reported in 180 patients in the PCD  Transvene  System patient 
population  Thus  19 4   147 757  of the patients had reported 
a clinical event which was categorized as a complication and 
23 8   180 757  of the patients had reported a clinical event 
which was categorized as an observation  Table IG 1 summarizes 
how these events were reported with U S versus International  

PCS Transvene System 

Reported Complications Observations 
U S versus International 

4 of Complications 4  of Observations 

U S  104 93 

International 72 121 

Total 176 214 

Table IG 1  PCD Transvene  System Complications Observations U S  versus 
Ip  

ge   igp   
  I 1 lpga 
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Table IG 2 summarizes the reported PCS Transvene System 

complications and observations by category  The reported 

complications and observations are recognized clinical events that 

may occur with any of the current ICD devices  These 

complications and observations are discussed in the PCS device 

and Transvene  manual  None of the reported complications or 

observations have resulted in a patient death  

Category Complicstions Observations 

Increased Defibrillation Requirements 9  1 2   8  1 1   

Inappi opriate VF Therapy Delivery 14  1 8   

Inappiopriate VT Therapy Delivery 59  7 8   

Loss of Capture 6  0 8   14  1 8   

Oversensing 54  7 1   

Undersensing 

Skin Erosion 5  0 7 io  1  0 1   

Pocket Infection 24  3 2   10  1 3   

Seroma 6  0 8   14  1 8   

Hematoma 6  0 8   17  2 2   

Pneumothorax 2  0 3   1  0 1   

Pacemaker Syndrome 2  0 3   

Perforation 6  0 8   

Subclavian Vein Thrombosis 1  I0 1   3  0 4   

Lead Fracture 9  1 2   

Subcutaneous Patch Crinkling 7  0 9   5  0 7   

Early Device Explant 4  0 5   

Total Lead Dislodgement 91  12 0   12  1 6   

Total 176 214 

Table IG 2  PCD Transvene System  Reported Complications and Observations 
  211193 
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Table IG 3 contains a description of the lead dislodgements that 

have occurred in less than 30 days and in greater than 30 days  

Num  la of Pts  

 30 days  30 days 

RV Lead Dislodgement n  741 14  1 9   10  1 3   0  0  1  0 1   

CS Lead Dislodgement n  261 12  4 6   10  3 8   2  0 8   2  0 8   

SVC Lead Dislodgement n  535 16  3 0 10  29  5 4 10  1  0 2   6  1 1 le  

Total Dislodgement n   757 42  5 6   49  6 5   3  0 4   9  1 2   

Table IG 3  PCD Transvene System  Lead Dislodgements  301 30 days   

211 193 

There have been a total of 49 lead dislodgements reported in 

patients at greater than 30 days  None of the lead dislodgements 

resulted in an ineffective therapy for a spontaneous VT of VF 

episode or patient death  Lead dislodgements were documented 

by fluoroscopic examination during electrophysiologic evaluation  

chest x ray obtained during routine follow up  or during 

pacinglsensing threshold evaluation during routine follow up  In 

all 49 cases  reoperation was required to reposition the lead and 

reestablish an effective defibrillation lead system  

Lead dislodgements are not specific to the PCD  Transvene  

System and have been reported with dual chamber pacemakers 
and the current market released implantable cardioverter 

defibrillator  ICD  system  The early history of dual chamber 

pgggrnggc rc mitngc gag z hjgh le rjjgJ rJgp gnt rgte of gt Ipast 

20   Smyth  PND  et al  Permanent perivenous atrial sensing and 

pacing with a new J shaped lead  J Thoracic Cardiovascular 

Surgery  1976 72 565 570   Winkle  et al reported that the 

incidence of dislodgement of the superior vena cava spring leads 

with the current market release ICD system to be 6 3    Winkle  
et al  Automatic Implantable Cardioverter Defibrillator  Efficacy  

Complications  and Survival in Patients with Malignant Ventricular 

Arrhythmias  JACC  June 1988  Vol 11  No 6 1278 86   

S28 



MEDTRONIC CONFIDENTIAL  97 

H  Inactive Patients 

There are a total of 82 patients who had received a PCS System 

and are no longer active in the study as of 2 1 93  Table IH 1 

shows the distribution of inactive patients by reason for no longer 

being active in the PCS Transvene System clinical study  

Reason for Inactivity t of Patients 

Patient Deaths 51 

Infection  Explant  22 

Heart Transplant 9 

Total 82 

Table IH 1  Inactive Patients   211193 

I  Patient Deaths 

The positive impact of implantable cardioverter defibrillator  ICD  

therapy on sudden cardiac death mortality has been well 

documented in the medical literature  The use of device therapy 

for the treatment of recurrent ventricular arrhythmias has become 

an accepted and important clinical tool  An analysis of the sudden 

cardiac death survival in the PCD  Transvene  System patient 

population was performed  

For purposes of the clinical study  each of the patient deaths was 

categorized using the following definitions  

Non Cardiac  Deaths that occurred where the primary cause 

of death was determined to be non cardiac in 

nature  e g  stroke  cancer  etc  

Cardiac  Deaths that occurred where the primary cause 

of death was determined to be cardiac in 

nature  

Non Sudden  Deaths that occur greater than one hour after 

the onset of symptoms  

Sudden  Deaths that occur within one hour of the onset 
of symptoms or where the death is 
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unwitnessed  Sudden cardiac deaths were also 

categorized as being Witnessed or 

Unwitnessed  

Perioperative  Deaths that occur within thirty days of implant  

System Related  A death which results from a malfunction 

 operation not according to design 

specification  of a PCS System component  or 

as a result of a device induced arrhythmia  or 

an interaction between a PCS System 

component and the patient  

Procedure Related  A death which occurs as a result of a 

procedure required to implant  follow or test a 

PCS System  

All deaths and significant complications have been and will 

continue to be reviewed by a committee comprised of PCS 

Transvene System investigators and other physicians  Two 

committees  Clinical Event Review Committees  have been 

formed  one to review North American deaths and complications  

and the other to review European clinical events  The primary 

purpose of these reviews was to determine whether the PCD  

System was related to the deaths or significant complications that 

have occurred and  if so  what changes may be required to 

prevent such events in the future  

There have been a total of 51 patient deaths reported in the PCS 

Transvene  System patient population  Table II 1 summarizes how 

these patient deaths have been classified  

PCS Transvene System 

Summary of Death Classifications 
 n   757  

Classifications Number of Deaths 

Sudden Cardiac 5 

Non Sudden Cardiac 30 

Noncardiac 16 

Total 51 

Table II 1  PCD  Transvene  System   Summary of Death 
Classifications   211193 
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None of the patient deaths were attributed to a malfunction of the 

PCS Transvene  System  

Actuarial survival analysis on the PCS Transvene  System was 

done on all patients who were either evaluated for implantation or 

in whom the device was implanted  Thus  the analysis is done 

from the perspective of intention to treat  Those patients in 

whom the PCS Device was OFF at the time of death or in whom 

no device was implanted are included in the survival analysis  

Those patients that were screened for a PCS Transvene M System 

but failed to receive a Transvene  system are not included in this 

analysis  

Projected one year survival calculations for the various death 

classifications are provided in Table ll 2  The actuarial projections 
include perioperative deaths only in the calculation of one year 
survival from death due to all causes  shown in the row labelled 

Overall   The perioperative death rate defined as deaths which 

occurred within thirty days of implant was 0 7   5 757  which 

is considerably less than the perioperative mortality for the PCS 

System with Epicardial leads  5 3    39 742   Included in this 

table are the projected one year survival calculations for patients 
who ultimately received a PCS Transvene System  n   757  

and all patients that were screened for a PCS Transvene  

System  n   854  regardless of implant outcome  

PCS Transvene  System 

One Year Actuarial Survival 

Received PCS Screened for a PCD  

Transvene System Transvene  System 

Sudden Cardiac Death 99 5  99 4  

Non Sudden Cardiac 96  2  96 6  

All Cardiac 95 8  96 1  

Noncardiac 98 1  98 3  

Perioperative 0 7  1 6  

Overall 93 3  92 9  

Table ll 2  PCD  Transvene System One Year Actuarial Survival   

2 1 93 
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The positive impact of the PCDo Transvene  System on patient 

mortality is clearly obvious from this analysis  The sudden cardiac 

death survival rate in this patient group is 99 5  for those in the 

patient group that received a Transvene  System and 99 4  for 

those who were screened for a Transvene System  This is 

marked improvement when compared with the reported survival 

of similar patient groups treated with drug therapy alone of 

between 34  and 73  at one year  

J  Clinical Experience By Primary Indication 

Medtronic is requesting approval for use of the PCD  Transvene 

System in the following patient population  

Patients who have survived at least one episode of cardiac arrest due 

to a ventricular arrhythmia not caused by an acute myocardial 

infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain 

inducible via programmed electrical stimuli or exercise  or occur 

spontaneously  despite the most efficacious antiarrhythmic drug 

therapy that can be tolerated by the patient chronically  

Sudden cardiac death without recurrent VT  SCD  was the 

indication for implant in 37 1  of the patients  recurrent 

ventricular tachycardia without an episode of sudden cardiac 

death  VT  was the indication for implant in 49 8  of the 

patients  and sudden cardiac death and recurrent VT  SCDIVT  
was the indication for implant in 13 1  of the patients  

The performance of the PCS Transvene  System in these three 

groups are summarized in Table IJ 1  

In all three patient groups  coronary artery disease was the 

predominant heart disease and the patients exhibited moderate left 

ventricular dysfunction as demonstrated by mean ejection 

fractions of less than 40   The mean LED at the time of implant 

was similar among the patient groups as was the mean DFT  

The overall efficacy in terminating spontaneous VTIVF episodes 

in the SCD patient group was 98 4   in the VT patient group 
98 3   and in the SCDIVT group 99 1   Thus  independent of 

the indication for implant  the PCS Transvene  System was 

highly effective in terminating spontaneous episodes of VTIVF  
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The one year sudden cardiac death survival rates for all groups 

was greater than 98 6  

This analysis indicates that the PCS Transvene  System has 

performed safely and effectively in the indicated patient groups 

and should be approved for use in the indicated patient 

population  

SCDNT 

4  of Patients 281  37 1   377  49 8   99  13 1   

Number  Vo Male 

Number   Female 

Mean Age 

All Patients 

757 

212 75 4  

69 24 6  

309 82 0  
68 18 Q  

89 89 9  

10 10 1  

610 80 6  

147 19 4  

56 8 yrs 61 2 yrs 60 0 yrs 59 4 yrs 

Coronary Artery 

Disease 

191 68 0  292 77 5  78 78 8  229 72 2  

Mean Ejection 

Fraction 

39 1  le 

 N  259  

33 7  

 N  339  

32 Soya 

 N   90  
35 6  

 N  688  

Defibrillation 

Pathway  

Sequential 

Simultaneous 

Single 

201 71 5  

74 26 3  

6 2 2  

295 77 6  
82 21 6  

3 0 8  

76 76 8  
22 22 2  

  p 

574 75 3  

178 23 4  

10 1 3  

Mean LED 15 3J 

 N   264  

16 2J 

 N  351  

17 3J 

 N  87  

16 0J 

 N  702  

Mean DFT 14 0J 

 N  117  

15 5J 

 N  155  

13 9J 

 N  44  

1 4  8J 

 N  316  

Spontaneous VT  

4 of Patients 

4 of Episodes 

  Success 

58 
1157 

99 2  

206 
7591 

98 1  

52 
1279 

99 0  

316 

10027 

98 4  

Spontaneous VF  

   of Patients 

  of Episodes 

  Success 

107 
686 

96 9  

162 

916 

99 1o  

48 
380 

99 5  

317 

1982 

98 4  

1 Year SCD Survival 100 0  99 4  98 6  99 5  

Table I J 1  PCD  Transvene  System Data Summary by Primary 
Indication   211193 
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K  Patients Not Meeting Implant Criteria 

K  1 Overview 

The PCS Transvene  System offers a simpler and safer 

implantation technique for an implantable cardioverter 

defibrillator system  In addition  the PCS Transvene  

System decreases the potential perioperative and long term 

mortality associated with current epicardial system 

implantation approaches  

There is a class of patients who cannot tolerate the 

thoracotomy required for the utilization of the epicardial 

patch lead defibrillation lead system and who are at high 

risk of sudden cardiac death  Because of the surgical risks 

and postsurgical complications associated with the implant 

of an epicardial lead system  implantation in the following 

patient groups may not be desirable or possible  

 1  patients in whom there is no indication for concomitant 

cardiovascular surgery at the time of ICD implant  

 2  patients with severe pulmonary disease who can not tolerate 

prolonged anesthesia or an open chest procedure  

 3  patients with severe congestive heart failure  ejection fraction 

  40   who are at increased risk for perioperative mortality 

following a thoracotomy procedure  

 4  patients who may eventually require open chest procedures for 

treatment of their coronary artery disease or cardiac transplant  

For these patients  a transvenous ICD System is the only 

therapy available  The PCD  Transvene  System simplifies 

and greatly reduces the risk associated with lead 

introduction  making therapy available to these patient 

groups  Because there is no need to open the chest of 

these patients  more options for future therapy remain 

available  e g  CABG is associated with increased morbidity 

and mortality if there has been prior open chest surgery  

However  it is expected that nonthoracotomy lead systems 

will have higher mean implant defibrillation thresholds as 

compared to traditional epicardial lead systems  In an 

epicardial lead system  the lead system has a larger 
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electrode surface area theoretically decreasing defibrillation 

requirements  

The smaller electrode surface areas of the PCS 

Transvene  System defibrillation leads might reduce the 

proportion of patients in whom the implant criteria could be 

met  Not meeting the implant criteria may reduce the 

chronic effectiveness of the lead system  Recent studies 

indicated that 70  of patients evaluated may be 

candidates for a nonthoracotomy defibrillation lead system 

 Wilber  D  et al  Clinical Advances in Nonepicardial 

Implantable Defibrillator Lead Systems  The Journal of 

Invasive Cardiology  Vol 3  No 6 November December 

1991   

For purposes of the PCS Transvene  System  the implant 

criteria was defined as successful VF termination at least 3 

times in 4 attempts with the final lead configuration with 

an output energy of 18 Joules or less  The determination 

of a defibrillation threshold was not required  

A defibrillation threshold  DFT  was defined as the energy 

at the lowest successful defibrillation attempt  provided the 

patient had a failure below the lowest success or a success 

at   5J  The lowest energy of defibrillation  LED  was 

defined as the lowest programmed energy that successfully 

defibrillated the patient  In both cases  conversion of 

ventricular tachycardia or ventricular flutter to sinus rhythm 

was not included in the determination of the DFT or LED  

A total of 854 patients had an evaluation of a PCS 

Transvene  System and are divided into the following 

groups    1  Patients who received a PCD  Transvene 

System  and  2  Patients screened for a PCS Transvene  

System and received a PCS Epicardial System  Figure 1 

provides an overview oi the outcome of ihese patients  
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As can be seen  88 6   757 854  of the patients who 

were screened for a PCS Transvene  System ultimately 

fQQQj gQ5  he sycporp Qf ihp e 757 patjent  71   7 o    543 

patients  met the recommended defibrillation implant criteria 

which compares favorably with the predicted success rates 

published in the literature  Wilber et al   However  28 3  

 21417S7  of the patients did not meet the recommended 

defibrillation efficacy implant criteria and still received the 

PCD  Transvene  System  It should be noted that 97 4  

of the patients  737 757  received the PCS Transvene  

System with at least a 10 Joule defibrillation safety margin 

between the lowest energy of success  24J  and the 

maximum output  34J  of the PCD  Device  

The investigators utilized this 10 Joule safety margin as a 

benchmark based on the clinical experience discussed in 

the article  Troup P   et al  The Implanted Defibrillator  
Rglgt imp nf Q fiQgiggti g I agQ t   figgy tJ   g Qj j g 

Variables to Defibrillation Threshold  Journal of American 

College of Cardiology 1985  6 1315 1321  Finally  and 

perhaps most importantly  the investigators also felt that 

for these patients the risk associated with not meeting the 

recommended implant criteria was outweighed by the risk 

of not implanting an ICD or implanting an epicardial system  

There were twenty patients  2 6    who received a PCD  

Transvene  System  whose cardiovascular condition 

precluded further completion of the PCD  Transvene  

System and adequate definition of a defibrillation safety 

margin  In all cases  the physician felt that the benefit of 

the PCS Transvene  System outweighed the risk of 

further inductions or the risk of a thoracotomy and elected 

not to evaluate or implant a PCD  Epicardial System  

S37 



MEDTRONIC CONFIDENTIAL 
806 

K 2 Patients Receiving PCS Transvene System 8  Did Not 

Meet Implant Criteria 

For purposes of the PCS Transvene System  the implant 

criteria was defined as successful VF termination at least 3 

times in 4 attempts with the final lead configuration at an 

output energy of 18 Joules or less  Of the 757 patients 
who received a PCD  Transvene System  214 patients 

 28 3   did not meet the recommended defibrillation 

implant criteria and yet still received the PCD  Transvene  

System  The physicians justification for implanting the 

PCD  Transvene System despite not meeting the 

recommended defibrillation implant criteria are presented in 

Table I K 1  

PCS Transvene System 

Reasons for Not Meeting Implant Criteria 
Physician Justification 

Resson Number of Patients 

Success at   24 Joules 170 

Difficult Unable to Induce VF 24 

Patient Condition 20 

Total 214 

Table IK 1  PCD  Transvene  System  Physician Justification for Not Meeting 

Implant Criteria   211193 

Further analysis of the patient who did not meet the 
recommended implant criteria indicates however  that 91  

 194 214  had a 10 Joule safety margin between the 
lowest energy of successful defibrillation and the maximum 

output of the PCD Device  34J   Therefore  of the 757 

patients who received a PCD  Transvene System  97 4  

 737 757  had at least a 10 Joule defibrillation safety with 
the implanted lead configuration  

There were 20 patients  2 6   in whom the implant 

procedure was terminated due to poor patient condition  
These patients received a PCD  Transvene  System 
without at least a 10 Joule defibrillation safety margin  The 
implant circumstances of these patients is summarized as 
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follows  

  At least one successful defibrillation was obtained at an energy 
level greater than 24 Joules and or equal to 34 Joules  N  11   

  Multiple inductions of VT were performed and successfully 
reverted with an energy level of 18 Joules or less  However  
induced VF was not successfully reverted by an energy level of 
less than or equal to 34 Joules  N  6   and 

  Physician elected to terminate the procedure due to the 

patient s condition before inductions with the final implanted 
iead carrfiguratiarr were performed  At  3   

Table IK 2 provides a comparison of patient characteristics 
between patients who met the PCS Transvene System 
implant criteria and those patients who did not meet the 
implant criteria but still received the PCS Transvene 
System  
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Data Not Meeting Criteria 

Number of Patients 543 214 

Mean Follow Up 12 3 months 10 1 months 

IVlale  
Female 

422  77 7   
1 21  22 35  

1 88  87 9   

26  1 2 1    

Mean Age 59 4 yrs 59 6 yrs 

Indication  
SCD 
VT 

SCDNT 

209  38 5   
278  51 2   

56  10 3   

72  33 6   
99  46 3   
43  20 1    

Cardiovascular History 
CAD 

Cardiomyopathy 
396  72 9   

1 73  31  9   

165  77 1   
65  30 4   

Mean EF  36 3  33 7  

NYHA Class 
is   3o sr   

II 
III 
IV 

278  52 4   
82  1 5 4   

7  1 3   

53  25 8   
1 14  56 6   

34  1 6 6   

4  2 0   

Number ON Drugs at Implant 
Number ON Amiodarone 

223  41  1    

78  14 4   

97  45 3   
38  17 8   

Statistically Signif cant  p   0 05  

Table IK 2  PCD  Transvene  System  Patients Meeting Implant Criteria vs 
Not Meeting Implant Criteria   Comparison of Pt Characteristics   
211 193 

Statistical analysis indicated three significant differences 
between these two patient groups   patient sex  indication 
for implant and mean ejection fraction  

Patients not meeting implant criteria had a statistically 
higher percentage of patients who were male  p  0 002   
This difference reflects that the majority of patients with 
coronary disease with concomitant life threatening 
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ventricular arrhythmias are males  

Analysis indicated the patients not meeting the implant 
criteria had a statistically higher percentage of patients 
whose primary indication for implant was sudden cardiac 
death associated with recurrent ventricular tachycardia 

 p  0 002   This difference reflects the physicians use of 
the PCS Transvene  System  

Finally  patients who did meet the implant criteria had a 
statistically lower mean ejection fraction  p   0 0342  which 
reflects a higher degree of underlying cardiovascular 
disease in these patients  

It should be noted  that none of these differences should be 
used as predictors for patients who should be screened for 
a PCS Transvene  System  

Implant data obtained in these two patient groups is 

presented in Table IK 3  As would be expected the 

patients not meeting the implant criteria had higher mean 
DFT and LED values when compared to the patients who 
did meet the implant criteria  However  the mean DFT 

 18 8J  and LED  19 5J  values obtained in patients not 
meeting implant criteria provided at least a 10 Joule 
defibrillation safety margin between the successful energy 
and the maximum output of the PCS Device  34J  in 
nearly all  97 4   of the patients  
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p 

  
g 

543 214 

7 0 8 2 

Number of Configurations 2 0 2 7 

Mean DFT 13 4J 1 8 8J 

Mean LED 14 8J 19 5J 

Implanted Lead System 

RV SVC SQ 
RV CS SQ 

RV CS SVC 

351  64 6   

1 59  29 3   
33  6 1   

1 45  67 8   

63  29 4   
6  2 8   

Efficacy of 1st Lead System 396  72 9   137  64 0   

Defibrillation Pathway 

Sequential 
Simultaneous 

Single 

414  75 7     
1 27  23 2   

6  1 1   

16p  74 4  0  
51  23 7   

4  1 9   

Table IK 3  PCS Transvene System  Patients Not Meeting Implant Criteria versus 
Patients Meeting Implant Criteria   Comparison of Implant Data   211193 
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In order to determine if the patient s not meeting implant 
criteria had higher risk for morbidity and mortality  a 
comparison of their clinical outcome was made with those 

patients who did meet the implant criteria  This 
comparison is provided in Table IK 4  

Data Meeting Criteria Not Meeting Criteria 

Number of Patients 543 214 

Spontaneous VT Episode Efficacy 98 7  97 6  

Spontaneous VF Episode Efficacy 98 2  99 0  

Number of Patient Deaths 37 14 

Perioperative Mortality 0 7  0 5  

One Year Survival 

Sudden Cardiac 
Non Sudden Cardiac 

All Cardiac 
No ncardiac 

Overall 

99 5  
95 8  
95 4  
98 5  
93 2  

BB 5  
97 2  
96 7  
97 1  
93 5  

Table K 4  PCD  Transvene Sy te     Patients  Not Meeting  implant 
Criteria versus Patients Meeting Implant Criteria 
Comparison of Clinical Outcome   2 1193 

The two patient groups had similar efficacy in the 
treatment of spontaneous VT VF episodes  Importantly  in 
the patient population who did not meet the implant criteria 
there were no patients who experienced actual 
spontaneous VF episodes where all programmed PCD  
QaVice therapies failed to term nat  Pe epis  de 

Five patients experienced 7 episodes in which the PCS 
Device was ineffective in terminating a spontaneous 
episode of VF despite delivery of all four programmed VF 
therapies  Three patients had 5 reported ineffective VF 
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spontaneous episodes that were due to sinus tachycardia 
or atrial fibrillation with rapid ventricular response rather 
than VF  Reprogramming and pharmacologic intervention 
resolved these problems  

Two patients experienced 2 episodes in which the PCS 
detected the episodes as VF but were actually episo---- ----- 
to extraordinary circumstances  The first patient --------- 
had incessant episodes of fast VT  cycle length 280 ms  
----- -----  eventually resolved by drugs  The second patient 
--------- was in hospital and there was an episode of VF 
detected  However  the device was interrogated before 
t8f Pn PiGt Qfl Gf iP 8 Bp3SOG8 WaS u8 LQC i 65  Ti i8f 6 

 vVaS 

external intervention associated with the terminal event  
The device was not interrogated again  

Eighteen patients experienced 68 episodes in which the 
PCS Device was ineffective in terminating a spontaneous 
episode of VT despite delivery of all four programmed VT 
therapies  Nine patients experienced 44 ineffective 
episodes that were due to sinus tachycardia or atrial 
fibrillationlflutter  SVT  with a rapid ventricular response 
that had been detected as VT  These episodes were 
resolved with either modification of programmed 
parameters or of antiarrhythmic drug therapy  It should be 
noted that the PCS Device responded appropriately based 
on the programmed detection parameters  

The remaining 24 episodes occurred in 8 patients in which 
the programmed VT therapies were ineffective in 
terminating a spontaneous VT episode  No patient deaths 
occurred as a result of ineffective VT therapy  
Reprogramming and pharmacologic intervention resolved 
these events  

There was no difference in the one year sudden cardiac 
survival or the overall survival in the two groups although 
follow up was shorter for patients not meeting implant 
criteria  10 1 vs 12 3 months   This indicates  that despite 
not meeting the implant criteria these patients were not at 
higher risk of sudden cardiac death  

Finally  the survival of patients receiving a PCD  
Trans vene System w  thous meeting lrnp ant Cf ItBf ia 
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 N   214  was compared to patients receiving a PCS 
Epicardial System without meeting implant criteria  N   92   
This comparison is provided in Table IK 5  

Dlumber of Patients 214i757 i28 5 aj Bii742 i12 4  oi 

C  

Number of Desths 14 17 

Sudden Cardiac 99 5  98 6  

Non Sudden Cardiac 97 2  98 8  

Noncardiac 97 1  

Overall  93 5  

Statistically Significant  p   0 05  

97 3  

87 6  

Table IK 5  PCD  Transvene  System  Patients Not Meeting Implant 
Criteria   PCD Transvene System vs PCS Epicardial 
System   2 1 193 

Though the PCS Transvene System had a higher 
incidence of patients not meeting implant criteria  28 5   
compared to the PCD  Epicardial System  12 4    there 
was no statistical difference in the sudden cardiac death 

patient survival  However  the overall survival of patients 
not meeting implant criteria with the Transvene  System 
was significantly better  p  0 037  when compared to the 
PCD  Epicardial System patients not meeting implant 
criteria  93 5  and 87 6   respectively  

The investigators felt in every case that the testing 

performed at the time of implant  though it did not meet 
the recommended implant criteria  did provide an adequate 
demonstration of device effectiveness and justified the 
implant of the PCD Transvene System  Finally  there have 
been no patients deaths secondary to unsuccessful 
termination of a spontaneous VT or VF episode in this 
patient population  
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K 3 Description of Patients Not Meeting Implant Criteria 

As noted previously  the patients not meeting implant 

criteria  N   214  were divided into three groups  1  
Successful defibrillation at an energy level of equal to or 

less than 24 Joules  79 4  of the patients    2  Difficult 

to induce VF  11 2  of the patients   and  3  Implant 

procedure terminated due to poor patient condition  9 4  
of the patients   These patient groups are reviewed in the 
following discussion  

Lowest Ener of Defibrillation   24 Joules 

There were 170 patients in whom the PCS Transvene  
System was implanted with a defibrillation safety margin of 
at least 10 Joules  Table IK 6 provides an overview of 
these patients clinical experience  

These data indicate that the final implanted PCS 
Transvene  System was evaluated and significant attempts 
were made to meet the recommended implant criteria  In 
most of these patients  79 4    a safety margin of 10 
Joules was obtained between the successful defibrillation 
energy  24 J or less  for ventricular fibrillation and the 
maximum output of the PCD Device  34 J   The 
investigators decided in certain circumstances that this was 
appropriate demonstration of device effectiveness and that 
the PCS Transvene  System could be implanted  

Of these patients  159  93 5   have had VT or VF induced 
at a chronic follow up visit and in each case  VT or VF was 
successfully terminated by the PCD Transvene System  In 
addition  65 patients  38 2   have experienced a 
spontaneous VF episode with an overall efficacy of 99 4   

Thus  the clinical outcome in these patients was not 
adversely affected by not meeting implant criteria since 
their spontaneous VF episode efficacy was 99 4  and the 
one year sudden cardiac death actuarial survival was also 
99 4   The duration of follow up  however  is limited to 
an average of 9 7 months  
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170 

87 
58 
18 

Overall Spontaneous VF Episode Efficacy 99 4  

One Year Survival  
Sudden Cardiac 

Overall 

99 4  
S3 8  

Table IK 6  PCS Transvene  System  Patients Not Meeting Implant 
Criteria with 3 4 Successes at   24 Joules Clinical 
Experience   211 193 

Difficult to Induce VF 

There were 24 patients who did not meet the 
recommended PCS Transvene  System implant criteria 
because at least three episodes of VF were not induced at 
the time of implant  Of these  15 patients had ventricular 
tachycardia induced and successfully reverted  The 
remaining 9 patients had ventricular flutter induced and 
successfully reverted  In all 24 patients  the lowest 
successful energy was equal to or less than 18 Joules  

The indication for implant was sudden cardiac death  SCD  
in 6 patients  25    recurrent ventricular tachycardia  VT  
in 13 patients  54 2   and sudden cardiac death 
associated with recurrent ventricular tachycardia  SCDIVT  
in 5  20 8   patients  Thus the majority of the patients  
75   had documented recurrent ventricular tachycardia as 

part of their ventricular tachyarrhythrnia history  Eight of 
the these patients  33 0   were on Amiodarone therapy 
which may have contributed to the inability to induce VF  

Of the 24 patients who did not meet the recommended 
PCG  Transvene System impiani criteria because at least 
three episodes of VF were not induced at the time of 
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implant  13 patients  54 2   have experienced a 

spontaneous VF episode and 21 patients  87  5   have had 

VT or VF induced during a chronic follow up  In all cases  
VF was successfuIly reverted by the PCS Transvene 
System  

There has been one reported patient death --------- in this 

patient group  Since this patient died after one year  the 

one year sudden cardiac death and overall actuarial survival 
remains 100   

Patient Condition 

Tll876 VV8f  2Q p3ti8fltS iTi WftiQfi rb  8 if np afit pf GCGGtif8 WaS 

terminated due to poor patient condition  These patients 
received a PCD  Transvene System without at least a 10 
Joule defibrillation safety margin  The implant 
circumstances of these patients is summarized as follows  

At least one successful defibrillation was obtained at an energy 

level greater than 24 Joules but less than 34 Joules  N 11 

patients   

Multiple inductions of VT were performed and successfully 
reverted with an energy level of 18 Joules or less  However  
induced VF was not successfully reverted by an energy level of 
less than or equal to 34 Joules  M  6 patients   and 

Physician elected to terminate the procedure due to the 

patient s condition before inductions with the final implanted 
lead configuration were performed  N 3 patients   

The mean ejection fraction of this group was 26 9   
indicating more severe underlying cardiovascular disease  
and may have contributed to the physicians decision to 
terminate the implant procedure prior to meeting implant 
criteria  This group had a mean of 6 8 VF inductions  2 2 
lead configurations evaluated and a mean duration of VTIVF 
for the implant procedure of 220 total seconds  The 
circumstances of the implant procedures  mainly the 
duration of induced ventricular tachyarrhythmia and 
associated hemodynamic compromise  limited the number 
of inductions that could be performed and whether the 
recommended implant criteria could be met  

Of these 20 patients  VT or VF has been induced at a 
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chronic follow up visit in 16 patients  80   and in all cases 
successful defibrillation with the implanted PCS 
Transvene System was documented  

The overall spontaneous VF episode efficacy for this patient 
group was 96 0   However  examination of events 
indicated that one patient experienced atrial fibrillation that 
was detected as VF and in whom all four programmed VF 
therapies were ineffective  This patient s antiarrhythmic 
drug therapy was modified and there were no further 
reports of ineffective therapies  

Thus there have been no patients who have experienced an 
actual spontaneous VF episode where all four programmed 
VF therapies failed to terminate the episode  

------- -- ve been two reported patient deaths  Patient ID 
--------- which was classified as non sudden --------- 
secondary to end stage heart failure and Patient ID -------- 
which was also classified as non sudden cardiac  The one 

year sudden cardiac death survival in this patient population 
is 100  while the overall one year survival was 85 5   
This lower overall one year survival may due to the lower 
mean ejection fraction of this patient group  

The clinical outcome in these twenty patients was not 
adversely affected by not meeting implant criteria since 
there was no reports of failure to terminate a spontaneous 
VF episode and the overall one year sudden cardiac death 
survival was 100   

Conclusion 

In conclusion  214 patients received the PCS Transvene  
System despite not meeting the recommended implant 
criteria  These 214 patients are divided into the following 
gl O Up S  

successful defibrillation of VF at 24 Joules or less  170 214   

difficult to induce at least three episodes of VF at implant 
 24 21 4   a n d 

  worsening patient condition which prevented further inductions 

 20 21 4   
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It should be noted that 91    194 214  of the patients not 
meeting the recommended implant criteria had at least one 
successful termination of induced ventricular 
tachyarrhythmia  VT  VFlutter or VF  at 24 Joules or less  

L  Comparison to AICD System Experience 

L 1 Overview 

The current AICD Epicardial System is implanted only with 
a defibrillation lead system requiring a thoracotomy  The 
PCS Transvene  System allows the implantation of an 
implantable cardioverter defibrillator  ICD  system without 
the potential increased perioperative morbidity and mortality 
associated with a thoracotomy  This allows the application 
of ICD therapy in patients who may not otherwise be 
candidates for this type of therapy  Though the PCS 
Transverre  System wii1 have compiicatians and 
observations that are specific to the lead system  the 
overall performance should be at least equivalent to that 
reported with the current AICD Epicardial System  

This section provides a comparison of the PCD  
Transvene  System clinical experience to that of the 
reported AICD Epicardial System clinical experience  The 
following areas will be discussed  

  Patient characteristics 
  Clinical performance 
  Survival analysis 

For purposes of comparison  the Ventak P Epicardial 
System patient population described in the Summary of 
Safety and Effectiveness Data  PMA Application Number 
P890061  dated May 2  1991 will be used  A copy of this 
summary was obtained through the Freedom of Information 
Act  

L 2 Comparison of Patient Characteristics 

In comparing the clinical experience with the PCS 
Transvene System to the reported Ventak P Epicardial 
System clinical experience  it is important to determine that 
the patients who received the device are comparable  
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The characteristics of the patients receiving the PCS 
Transvene System were compared to the characteristics 
of patients discussed in the Ventak P Summary of Safety 
and Effectiveness Data and are presented in Table IL 1  
There were no differences between the two patient groups  

Number of Patients 757 292 

Mean Follow LJp Time 11 7 months 6 8 months 

9o Males 
Females 

610  81   
147  19   

231  79   
61  21   

IVlean Age 59 4 years 61 5 years 

Primary Indication  
SCD 
VT 

SCDNT 

281  37   

377  50   
99  13   

49  16   
169  59   
73  25   

Coronary Artery Disease 561  74   228  78   

lVlean Ejection Fraction 35 6  34  

Drug Therapy at Implant 42  45 p  

Concomitant Surgery 0  1 8 0  e 

Table IL 1  Comparison of Patient Characteristics  PCS versus Ventak P 211193 

The two patient groups are comparable in mean age and 
mean ejection fraction  Both groups had moderately 
depressed left ventricular function demonstrated by the 
mean ejection of 35 6  for the PCD  Transvene  System 

patient group and 34  for the Ventak P Epicardial System 

patient group  

Analysis indicated that no statistical differences between 
the PCD  Transvene System and Ventak P Epicardial 
System patient populations except in the category of 
patient indication  There are more patients that had Sudden 
Cardiac Death as the primary indication in the PCD  
Transvene population than in the AICD population 
 p   0 001   
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L 3 Comparison of Clinical Performance 

Areas of clinical performance that were compared were 

implant defibrillation thresholds  incidence of spontaneous 
XjTIVC avgpt   ipcjdePcp of r p  tgogs Bod p81ieot 

survival  These specific areas were selected in order to 

evaluate the system performance in the two patient 

populations  

1m lant Defibrillation Thresholds 

For the purposes of the PCS Transvene System clinical 

study  determination of defibrillation threshold was not 

mandatory  However  the preferred method of evaluating 
defibrillation efficacy was to determine the defibrillation 

threshold using a testing sequence of 18J  15J  10J  5J 

with a failure at any level causing a return to 18 J for the 
remaining attempts  For the purposes of this report a 
defibrillation threshold was defined as the energy at the 
lowest successful defibrillation attempt  provided a patient 
had a failure below their lowest defibrillation success or a 
success at  5J  The rhythm treated must have been VF to 
be included in the analysis  

It should be noted  that it was expected that the PCD  
Transvene System would have a higher mean defibrillation 
threshold as compared to a traditional epicardial 
defibrillation lead system  In a epicardial system  the 
increased electrode surface area would theoretically 
decrease defibrillation requirements  

A total of 316 patients had a defibrillation threshold 
determined at the time of PCS device implant  The mean 
defibrillation threshold  DFT  for all lead systems was 
14 8J  The recommendation for VF Therapy  1 is to 

program the stored energy to twice the implant DFT or 18 
Joules  whichever is areater  Thus an adeauate defibrillation 
safety margin was provided when following the VF therapy 

programming recommendations  

In the Ventak P Epicardial System  the mean defibrillation 
threshold at implant was 13 4J  Thus the two systems had 
similar defibrillation thresholds at implant despite the fact 
that one system utilized an epicardial defibrillation lead 
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system while the other utilized a transvenous defibrillation 
lead system  

These data indicate that the PCS Transvene System had 

comparable implant defibrillation threshold performance 
when compared to the reported Ventak P Epicardial System 
clinical experience  

Incidence of S ontaneous VT VF E isodes 

The incidence of spontaneous VT VF episodes in the 
Ventak P Epicardial System and PCS Transvene System 

patient population was evaluated by utilizing the stored 
episode information provided by both devices  

In the Ventak P device  the total number of shocks 
delivered to the patient is provided via interrogation of the 
device  The PCS device provides information on the total 
number of VT and VF episodes detected by the PCD  
device and the total number of VT and VF episodes 
successfully treated by the PCS device as well as the 
number of VT VF episodes where the PCS device was 
ineffective  In addition  the last 20 intervals of the last 
episode satisfying detection criteria along with the first 10 
intervals after the last therapy delivered are recorded by the 
device  These data assist the physician in evaluating the 
frequency of VT VF episodes  the efficacy of the PCS 
device programmed parameters and the need for 
reprogramming  

In the Ventak P Epicardial System experience of 292 

patients with a mean follow up of 6 8 months  137 
 46 9   received a device countershock in response to a 
spontaneous ventricular tachyarrhythmia episode as defined 
by the Ventak P Device detection criteria  

in the PCDo Transvene  System experience of 757 patients 
with a mean follow up of 11 7 months  458 patients 
 60 5   have received device therapy in response to a 
spontaneous ventricular tachyarrhythmia episode as defined 
by the PCD  Transvene System detection criteria  

A total of 10027 spontaneous VT and 1982 spontaneous 
VF episodes have been recorded by the PCD  device 
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episode counters  Of the 9864 successfully treated 
spontaneous VT episodes  91 4  were treated with one of 
the programmed antitachycardia pacing therapies 
incorporated in the PCS device  The clinical benefit of 
tiered therapy is the reduction of delivery of high energy 
shocks for the treatment of stable recurrent ventricular 
tachycardia that may be responsive to antitachycardia 

pacing  

Incidence of Com lications 

Table IL 2 provides a comparison of reported complications 
and observations  The AICD clinical experience data is 
from the Winkle  et al Long Term Outcome with Automatic 
Implantable Cardioverter Defibrillator  JACC  May 1989  
13 6   135 161  This article was selected because it 

provides a detailed clinical complication experience on a 
large patient population  270 patients  Note that the 

percentage reported in the PCS Transvene  System 
includes both complications and observations  In the 
following table  the complications are reported for the 
categories of Fail to CardiovertlDefibrillate  Pocket 
Infection  and Erosion  Observations are reported in the 
Inappropriate Problematic VT VF Therapy Delivery category  

PCS Transverre  System 

Comparison of Complication Observation Rates 
PCS versus AICD 

Category PCS   AICD9o 

Fail to CardiovertlDefibrillate 2 3  4 1  

Inappropriate Problematic 
VTNF Therapy Delivery 9 6  20  

Pocket Infection  explant  2 9  2 2  

Erosion Q 8   0 7  

Includes Observations only  there were no Complications in this category  

Table IL 2  Comparison of Complication Observation Rates  PCS Transvene 
System vs AICD Epicardial System   211193 

The incidence of failure to cardiovert and or defibrillate was 
lower in the PCD  Transvene  System patient population  
The instances of failure to cardiovert and or defibrillate in 
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the PCS Transvene System patient population were 
associated with increased defibrillation requirements during 
induced episodes  none of which resulted in patient death  

The failures to cardiovert defibrillate reported in the Winkle  
et al article were associated with patch dislodgement  

patch crinkling  lead conductor fracture and elevated 
defibrillation thresholds  

The incidence of inappropriate problematic VT VF therapy 
deIivery was lower in the PCD  Transvene  System patient 
population  This is to be anticipated since the device 
incorporates independently programmable detection 
algorithms for VT and VF  The reasons for inappropriate 
VTIVF therapy delivery included sinus tachycardia being 
deiected as VT or VF and atriai iibrii1ation with rapid 
ventricular response being detected as VT or VF  

The overdetection circumstances reported in Winkle  et al 
were nonsustained VT  VT  sinus tachycardia  atrial 
fibrillation with rapid ventricular response  sensing lead 
fracture and pacemaker interaction  The patients with VT 
complained of receiving multiple shocks with limited or no 
symptoms  The incorporation of antitachycardia pacing in 
the PCD  device decreases the need for delivery of 
cardioversion shocks for the termination of stable VT and 
increases patient acceptance of ICD therapy  

In the Winkle  et al experience all patients with pocket 
infection had the devices explanted  In the PCD Transvene 
System experience  the incidence of device explant 
secondary to pocket infection was 3 2  which was 
comparable to Winkle s article  

Thus  the incidence of complications and observations was 
similar to that of the AICD Epicardial System in the 
categoric of ineffective VTiVF therapies  iniection 
requiring explant and erosion  The incidence of 
inappropriate delivery of therapy is lower in the PCD 
Transvene System experience than in the AICD Epicardial 
System experience  which is clinically significant  

This analysis indicates that the PCD  Transvene  System 
offers clinical advantages in reducing the need for a 
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thoracotomy for implantation and reducing the number of 
shocks due to successful antitachyarrhythmia pacing  

I 4 Comparison of One Year Actuartat Survival 

The Ventak P Epicardial System produced by Cardiac 
Pacemaker  Inc  has obtained market approval from the 
U S  FDA to date  While there are important differences in 

the function of the Ventak P Epicardial System and the 
PCS Transvene System  there is a natural desire for 
comparison of the clinical outcome  particularly the impact 
of these devices on death rate  

A total of 51 deaths  6 7   were reported in the PCD  
Transvene  System patient population  Of the 35 cardiac 
deaths  30 were non sudden cardiac and 5 were sudden 
cardiac  Sixteen deaths were classified as noncardiac  Five 
of the 51 total deaths occurred within the perioperative 
period  death less than 30 days post implantj with a 
resultant perioperative mortality of 0 7   

In the Ventak P Epicardial System patient population a total 
of 19 deaths  6 5   were reported  Of the 12 cardiac 
deaths  4 were classified as sudden cardiac and 8 were 
classified as non sudden cardiac  Six of the deaths were 
classified as noncardiac and the cause of one was 
unknown  Eight of the deaths occurred within the 

perioperative period with a resultant perioperative mortality 
of 2 7   The PCDo Transvene  System population had a 
lower perioperative mortality  0 7  vs 2 7   p  0 006   

For purposes of this comparison  only the overall actuarial 
survival rate includes perioperative deaths  All other 
calculations in both the PCS Transvene  System and 
Ventak P Epicardial System group exclude perioperative 
deaths  

For the Ventak P Epicardial System  patient deaths were 
censored if the Ventak P device had been either electively 
deactivated for various reasons prior to the patient s death  
thus preventing the device from attempting to convert the 
arrhythmia or if the pulse generators were known to be 
nonfunctional and awaiting replacement  For purposes of 
this comparison  seven patient deaths were censored in the 
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PCS Transvene  System patient population because the 

devices were deactivated at the time of patient death  

This PCS Transvene  System sudden cardiac death 

survival of 99 7  at one year is comparable to that of the 
Ventak P Epicardial System sudden cardiac death survival 
rate of 98 6   More importantly  the overall one year 
actuarial survival for the PCS Transvene  System was 

94 2  as compared to 90 8  for the Ventak P Epicardial 

System  This difference was primarily due to the 
improvement in the reported perioperative mortality in the 
PCD  Transvene System patient population   Note  
Confidence interval analysis was performed indicating that 
there was a statistical difference in the reported Overall 
mortality   

This comparison of actuarial survival rates indicates that 
the projected sudden cardiac death survival of patients 
receiving a PCS System patient population is comparable 
to that reported for the Ventak P Epicardial System  Thus  
the incorporation of programmable VTIVF detection and 
therapy algorithms has improved the type of therapy 
available for the treatment of recurrent VTIVF while 
maintaining the positive impact of ICD therapy on survival 
from sudden cardiac death  

In addition  the elimination of a surgical thoracotomy for 
implant in the PCS Transvene System has improved the 

perioperative mortality and overall one year survival when 
compared to the Ventak P Epicardial System  

M  Comparison to PCS Epicardial System Clinical Results 

The pPl3o  icardjal 5yst  usem t e same tie eM therapy rJevice 
that combines features of bradycardia support pacing  
antitachycardia pacing  low energy cardioversion as well as 
defibrillation therapy  This system has incorporated 

programmability and multiple detection and therapeutic options 
that allows the titration of device therapy to a patient s specific 
clinical arrhythmia history  

The PCD  Epicardial System requires a thoracotomy for 
implantation because of the need to insert epicardial patch leads  
This exposes the patient to surgical risk and potentially limits the 
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type of patient who may be considered for implant of the system  

The need for a simpler and safer implantation technique is widely 

recognized  The incorporation of a nonthoracotomy lead system  

such as the PCS Transvene System  should decrease the 

potential perioperative and long term mortality and morbidity 

associated with current epicardial system implantation 

approaches  

The PCS Epicardial System and PCS Transvene System are 

identical except for the implanted defibrillation lead system  Thus  

the performance of the PCD  device  associated support 
equipment  is similar in the two systems and therefore a 
comparison of clinical experience should focus on those areas 
where the implanted lead system may impact clinical outcome  

This section provides a comparison of the PCS Transvene 

System clinical experience to the reported PCS Epicardial System 
clinical experience  The following areas will be discussed  

Patient characteristics 
Implant Data 
Spontaneous VTIVF Episode Efficacy 

Complications and Observations 
Survival analysis 

This analysis will show that the incorporation of a 
nonthoracotomy defibrillation lead system has maintained the type 
of therapy available for the treatment of recurrent VT VF and 
decreased the potential mortality and morbidity associated with 
epicardial implant approaches while maintaining the positive 
impact of ICD therapy on VTIVF episode efficacy and patient 
survival  

M 1 Comparison of Patient Characteristics 

In comparing the clinical experience with the PCS 
Transvene  System to the PCS Epicardial System clinical 
experience  it is important to determine that the patients 
who received the device are comparable  

Table IM 1 contains the characteristics of the 7S7 patients 
receiving the PCS Transvene  System versus the 
characteristics of the 742 patients who received the PCD  
Epicardial System as of 115193  
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Number of Patients 75T 

11 7 months 16 3 months 

9o Males  
 le Females 

61 0 80 6  

147 19 4  

637 8S 8  

105 14 2  o 

Mean Age 59 4 years 59 6 years 

Primary Indication  

SCD 
VT 

SCDNT 

281 37 1  
377 49 8  

99 13 2  

21 4 28 8  

4Q5 54 6  
123 16 6  

Cardiovascular History 

Coronary Artery Disease 

Car diomyopathy 

561 74 1  

238 13 1  

569 76 7  
222 29 9  

Mean Ejection Fraction 35 6  34 0  

Number of Drugs Failed  2 3 3 V 

Statistically Significant 

Table IM 1  Comparison of Patient Characteristics  PCS Transvene System 

versus PCS Epicardial System   211193 

Both groups had moderately depressed left ventricular 

function demonstrated by the mean ejection of 35 6  for 

the PCD  Transvene  System patient group and 34 0  for 

the PCD  Epicardial patient group  

Analysis indicated that the PCS Transvene M System 

patient population had a higher percentage of patients 
whose indication for implant was sudden cardiac death  p   

0 002  and higher percentage of females  p  0 007   It is 

not expected that these differences will result in a different 

clinical outcome in the PCD  Transvene System patient 

population as compared to the PCD  Epicardial System  

This difference in patient indication is a reflection of the 

physicians use of the PCS Transvene  System  

It is interesting to note  that there was a statistical 

difference in the number of antiarrhythmic drugs tested 

S59 

 al 



MEDTRONIC CONFIDENTIAL 3A  S 

between the two patient groups  p  0 001   The PCS 
Transvene System patient group failed a mean of 2 3 
antiarrhythmic drugs prior to implant while the PCS 
Epicardial System patient group failed a mean of 3 0 
antiarrhythmic drugs  This difference is a reflection of the 
differences in the indications for implant between the two 

patient groups  The PCS Transvene  System patient 
group had a higher incidence of patients whose primary 
indication for implant was sudden cardiac death  These 

patients have a higher probability of having experienced a 
sudden cardiac death episode but were non inducible during 
electrophysiologic testing so that drug testing was not 
feasible  

M 2 Implant Data Comparison 

In both systems  lead system testing was performed to 
verify that one of the specified lead systems was capable 
nf ngnpggly rlgtortipg gpss trogtipg enjggQgg nf idion   trigi iJgg 

fibrillation and  when appropriate ventricular tachycardia  
This testing included pacing and sensing thresholds during 
sinus rhythm  evaluation of VF electrogram amplitudes and 
defibrillation efficacy evaluation  The implant criteria for 
both systems was identical and were  

Successful VF termination at least 3 times in 4 attempts with 
an output energy of 18 Joules or less and 

2  At least a 2 1 VF sensing safety margin 

Pace Sense Performance 

In both the PCD  Transvene  and PCD  Epicardial Systems  
sensing is performed in a standard bipolar configuration and 
pacing is performed in the integrated bipolar configuration  
The pace sense implant criteria for both systems was  

Pacing Threshold  
R Wave Amplitude  
Slew Rate  
Resistance  

  1 5V 5 0 5 ms 
  5mV 
  0 75 volt sec 
200   880 ohms 

Table IM 2 provides a comparison of the mean pace sense 
values obtained at the time of implant for the PCS 
Transvene  and Epicardial Systems  It should be noted 
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that the pace sense values presented for the PCS 
Epicardial System are for the Model 7217B PCS Device  

Pacing Threshold  0 87 V 

 0  1  3  6V  
0 98 V 

 0 2 5 3 V  

R Wave Amplitude  14 2 mV 

 1 3 32 mV  
13 5 mV 

 2 2 37 2 mV  

Slew Rate  1 66 vlS 

 0 25 9 8 vlS  
1 38 vlS 

 0 1 5 7 2 vlS  

Resistance  575 ohms 
 264 1381 ohms  

Siatisticaily Significant 

438 ohms 

 1 57 1 206  

Table IM 2  PCS Transvene System  Comparison of Implant Pace Sense 
Parameters   211193 

The implant pace sense parameters obtained for the PCD  
Transvene  System indicates that the lead system provided 
adequate pacing and safety margins  There was a 
statistically significant difference in all of the implant 
pace sense parameters  p  0 001   This is anticipated 
because endocardial pace sense parameters are better than 
epicardial values for bradycardia pacing electrode systems  
This difference has no clinical impact on the pacing and 
sensing performance of the PCS Transvene  System  

Electrogram amplitudes were evaluated at follow up 
evaluations of both systems to evaluate the performance of 
the pace sense lead system and assure adequate safety 
margin for detection of both baseline rhythms and 
ventricular tachyarrhythmias  In addition  pacing thresholds 
were also evaluated at follow up evaluations to assure an 
adequate safety margin for capture during both bradycardia 
and antitachycardia pacing therapies  A comparison of the 
chronic pace sense performance for the two systems is 
presented in Table IM 3  It should be noted that there was 
no statistical difference in the chronic pace sense 
performance of the two systems  
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10 0 mV 
 0 5  25 mV  

9 5 mV 

 0 5   40 mV  

0 24 ms 

 0 03 1 59 ms  
0 24 ms 

 0 03 1 59 ms  

Table IM 3  PCS Transvene  System  Comparison of Chronic Pace Sense 

Parameters   211193 

The incidence of loss of capture requiring lead system 
modification in the PCD  Transvene System was 0 8  
while the incidence in the PCS Epicardial System was 
2 0   There were no reports of undersensing requiring 
lead modification in the PCS Transvene  System while the 
incidence in the PCD  Epicardial System was 0 8   

This comparison of implant and chronic pace sense data 

performance indicates that the performance of the PCD  
Transvene System is similar to that reported with the 
PCD  Epicardial System  The PCDo Transvene System 

provides appropriate acute and chronic safety margins for 
sensing of sinus rhythm and ventricular tachyarrhythmia as 
well as appropriate safety margins for pacing therapy  

Im lant Defibrillation Thresholds 

For the purposes of both systems  determination of 
defibrillation threshold was not mandatory  However  the 

preferred method of evaluating defibrillation efficacy was to 
determine the defibrillation threshold using a testing 
sequence of 18J  1SJ  10J  5J with a failure at any level 
causing a return to 18 J for the remaining attempts  

A defibrillation threshold was defined as the energy at the 
lowest successful defibrillation attempt  provided a patient 
had a failure below their lowest defibrillation success or a 
success at   5J  The rhythm treated must have been VF 
to be included in the analysis  
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Table IM 4 provides a comparison of defibrillation 

thresholds determined at implant for the PCS Transvene 

and PCS Epicardial Systems  

14 8J 

9 8J 

Statistically Significant  p   0 05  

Table IM 4  PCS Transvene System  Comparison of Implant DFT   211193 

The PCDo Transvene System did have a significantly 

higher mean implant defibrillation threshold  p 0 0001   
It should be noted  that it was expected that the PCS 

Transvene System would have a higher mean defibrillation 

threshold as compared to a traditional epicardial 

defibrillation lead system  In a traditional epicardial system  

the increased electrode surface area would theoretically 

decrease defibrillation requirements  

The programmed defibrillation pathways for the two patient 

populations is presented in Table IM 5  The implanted PCD  

Transvene  Systems are almost exclusively three lead 

systems and this explains the decreased use of SINGLE 

pathway  The use of SIMULTANEOUS pathway is higher 

in the PCD   Transvene  System and indicates that in a 

group of patients the incorporation of multiple defibrillation 

pathways allowed an increase in the ability to meet the 
PCD  Transvene System implant criteria  Most of the 
PCD  Epicardial System implants used a two patch system 
resulting in the increased use of the SINGLE pathway  
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574  75 3   251  33 0   

Simultaneous 1 78  23 4   14  1 8   

Single 10  1 3   496  65 2   

Table IM 5  PCS Transvene  System  Comparison of Programmed Defibrillation 

Pathway   211193 

The differences in the programmed status of the PCS 

device in the PCS Transvene System are a reflection of 

the type of patients who received the device and tne 

defibrillation energy requirements for each lead system  It 

is important to note that the PCD  device performed safely 

and effectively in both patient populations  

M 3 Spontaneous VTIVF Episodes Efficacy Comparison 

The primary benefits from the use of the PCD  System 

center on the detection and termination of life threatening 

ventricular tachyarrhythmias  An additional benefit of the 

PCD  Transvene System is the elimination of the need for 

a thoracotomy for implantation of the defibrillation lead 

system and the resultant decrease in potential patient 
morbidity and mortality associated with a thoracotomy  

This clinical benefit should not be gained at the expense of 

providing effective termination of spontaneous VT and VF 

episodes  Table IM 6 provides a comparison of the efficacy 

of the PCD  Transvene  and PCD  Epicardial System in 

treating spontaneous episodes of VT and VF  
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11 7 months 16 3 months 

Number of Episodes 10 027 20 061 

  o Overall Efficacy 98 4  98 3  

9o Unsuccessful Termination 0 7  1 Oa  

Spontaneous VF Episodes 

PCS Transvene System PCS Epicardial System 

Mean Follow Up 11 7 months 16 3 months 

Number of Episodes 1982 2636 

  Overall Efficacy 98 4  98 7  

  Unsuccessful Termination 0 3  0 5  

Table IM 6  PCS Transvene System  Comparison of Spontaneous VTIVF Episode 

Efficacy   211193 

The overall success rate of the PCD  Transvene  System 

in terminating spontaneous episodes of VT or VF is 98 5   

In addition  there have been no reported patient deaths due 

to ineffective termination of a spontaneous VTIVF episode  

This success rate compares very favorably with the overall 

success rate of the PCS Epicardial System which was 

98 4   Therefore  the PCDo Transvene  System offers 

the potential of decreased patient morbidity and mortality 

without decreasing the treatment efficacy of spontaneous 
VT VF episodes  

pl 
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M 4 Incidence of Complications Observations 

A comparison of the reported complications and 

observations was made between the PCS Transvene  

System and the PCS Epicardial System  The PCS 

Epicardial System patient population used for comparison 

included clinical experience as of January 5  1992 with 

742 patients and a mean implant duration of 16 3 months  

These two patient groups are similar in the patient 
demographics and indication for implant of the PCS 

System  In the PCS Transvene  System patient 

population  19 4  of the patients experienced a clinical 

complication and 23 8  of the patients experienced a 

clinical observation  In the PCD  Epicardial System  14 2  

of the patients experienced a clinical complication and 

32 9  of the patients experienced a clinical observation  

Table IM 7 and IM 8 provide a comparison of the reported 

complicationslobservations and their incidence in the two 

patient populations  

PCS Transvene System 

PCS Transvene System versus PCD  Epicardial System 
Reported Complications 

PCS Transvene System PCS Epicardial System 

Reported Complications  N   757   N   742  

Increased Defibrillation 
Requirements 

1 2  0 5  

Inappropriate Therapy 2 2  

Pace Sense Related 0 8  3 5  

Infection Related   Explant 2 9  2 3  

Lead Related 15 1  2 8  

Device Related 0 5  pg 

Table IIVI 7  Reported Complications  PCD  Transvene System versus PCD  
Epicardial System   211193 
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1neffective Therapy 1 1    1 1  

Inappropriate Therapy 9 6  13 6  

Pace Sense Related 9 0  14 p  a 

Infection Related 5 3  2 5  

Lead Related 2 3  1 2  

Device Related 

Table IM 8  Reported Observations  PCD  Transvene System versus PCD  

Epicardial System   211193 

M 5 Survival Analysis Comparison 

Despite their excellent clinical performance  epicardial 

defibrillation lead system have important limitations  The 

requirement for direct thoracic access contributes 

significantly to patient morbidity and mortality  patient 
discomfort and prolonged hospitalization  The availability 

of reliable nonthoracotomy lead systems should provide 

positive clinical impact on these issues while not negatively 

impacting patient survival  Therefore  a comparison of the 

one year actuarial survival rates for the PCD  Transvene  
and Epicardial System was performed  

Table IM 9 provides a summary of the patient deaths 
reported in the two patient populations by classification  As 
a reference  the mean follow up time for the PCD  
Transvene  System patient population was 11 7 months 
while for the PCD  Epicardial System it was 16 3 months  
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5 24 

Non Sudden Cardiac 30 54 

35 78 

Noncardiac 16 34 

TOTAL 51 112 

Table IM 9  Death Classifications  PCS Transvene  System versus PCS Epicardial 

System   211193 

Table IM 10 provides a comparison of actuarial survival 

rates between the PCS Transvene and PCS Epicardial 

patient populations  The actuarial survival projections 
include perioperative deaths only in the calculation of 

survival from death due to all causes  shown in table row 

labelled Overall   Perioperative mortality includes those 

deaths which occur in the first thirty days post implant of 

the PCD  System  

PCS Transvene System 

Comparison of Actuarial Survival 
PCD  Transvene System versus PCS Epicardial System 

One Year Survival PCS Transvene  System PCS Epicardial System --- 
------- 

Number of Patients 757 742 

Sudden Cardiac 99 5  98 9  --- ----- 

Non Sudden Cardiac 96 2  96 7  ------- 

All Cardiac 95 8  95 7  ------- 

Noncardiac 98 1  

Overall  93 3  

-------------- ------------- -- - ------ 

98 0  

88 6  

------- 

------- 

Table IM 10  Comparison of Actuarial Survival  PCD  Transvene System versus 

PCD Epicardial System   211193 
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There was a significant increase in overall survival in the 

patients receiving a PCS Transvene System   As 

previously noted  the Overall one year actuarial survival 

includes death from all causes  The overall one year 

survival for patients receiving the PCS Transvene  System 

was 93 3   This is significantly improved as compared to 

the overall one year act------- -------- l for the PCD  

Epicardial System  88 6   --- --------- This improvement 

in overall survival is primarily due to the marked 

improvement in perioperative mortality  the PCS 

Transvene  System having a 0 7   5 757  perioperative 
mortality versus the a perioperative mortality of 5 3  

 39 742  in the PCS Epicardial System  This improvement 

in perioperative mortality is primarily due to the elimination 

of the need for a thoracotomy and its associated morbidity 

and mortality  

N  PCS System Performance 

N  1 PCS Device 

Devices implanted for the treatment of recurrent ventricular 

tachyarrhythmias should perform safely and reliably in the 

indicated patient population  Device longevity  ventricular 

tachyarrhythmia detection  therapy performance  and 

analysis of implanted devices were evaluated to assess the 

performance of the PCD  Device  

Extended longevity of implantable cardioverter defibrillators 

should decrease the number of device replacements a given 

patient would experience over their lifetime and decrease 

unnecessary patient morbidity  Thus  the PCS Device 

longevity  which is monitored utilizing battery voltage and 

charge time obtained via telemetry  was analyzed  The 
PCD  Device longevity data collected is consistent with the 
longevity projections  

The combined experience of induced and spontaneous 
VT VF episode experience has shown that the PCS Device 
VTIVF detection and therapies have performed safely and 
according to design specifications when required to treat 
induced and spontaneous VT VF episodes  

There have been a total of 58 devices explanted  Reasons 
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for explant were patient death  23   infection  22   cardiac 

transplant  9   low battery voltage  1  and PCD Device 

performance issues  3   The analysis of the device that 

was explanted due to lower than expected battery voltage 

indicated that the decreased battery voltage measurement 

was due to hermetic leakage at the input to one of the 

integrated circuits and this affected the battery indicator 

circuit only and did not affect the critical functions of the 

device  This leads to a voltage drop across a resistor 

where the voltage measurement is taken  Analysis 

indicated that the battery was performing to specifications 

and the hermetic leakage was a random event  Analysis of 

the other three devices indicated that two were due to 

random component failure and one due to shorting on Pulse 

2 output  Thus  arcing occurred between the conductors 

inside the hermetically enclosed brazed ring of the high 

power hybrid  As a result  high voltage was momentarily 

applied to the low power circuitry  including the low power 
hybrid  This low power hybrid lost function including the 

capability to pace and transmit telemetry due to excessive 

voltage applied  Since this is the only device that exhibited 

this type of failure in the field and the hybrid manufacturing 

process has demonstrated that it will screen out infant 

mortality  this failure was assumed to be a random 

component failure  

Based on the clinical data collected  the PCD  Device has 

performed safely and reliably in the indicated patient 

population  

N 2 Transvene M Lead Performance 

The Transvene  Lead System consists of a Right 

Ventricular Lead  a Coronary Sinus Superior Vena Cava 
lead  and a Subcutaneous Patch lead  There have been a 

total of 757 Right Ventricular leads  1S with the SP2100 
and 742 with the Model 6884 6966   796 Coronary 
Sinus Superior Vena Cava leads  Model 688116963   and 
718 Subcutaneous Patch leads  Models 689511031716999  
implanted with a cumulative implant duration of 8894 8 
months  The reported incidence of conductor coil fracture 
is 0 5   4 757   

Based on the clinical data collected  the Transvene  leads 
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have performed safely and reliably  

O  Summary 

The overall clinical experience with the PCS Transvene System 

indicates that the system performed according to design and 

specification  The reported clinical complications and patient 

deaths are appropriately addressed in the required labelling for the 

system and the patient selection criteria for implant of the device 

is appropriate  

The following can be drawn from this analysis of the data 

collected in this clinical study  

Patient Deaths 

  The projected one year survival probabilities for Sudden 

Cardiac Death  Non Sudden Cardiac Death  all Cardiac 

Deaths and Noncardiac Death were found to be 99 5   

96 2   95 8   and 98  1    respectively  

The incorporation of programmable VTIVF detection and 

therapies has improved the type of therapy available for the 

treatment of recurrent VTIVF while maintaining the positive 
impact of ICD therapy on survival from sudden cardiac 

death  

  The sudden cardiac death survival of 99 5  at one year is 

comparable to that of the AICD patient population 98 0   

  There have been no deaths due to a PCD  Device 

malfunction  

Complications Observations 

  Complications were reported in 19 4  of the patient 

population and observations were reported in 23 8  of the 

patient population  

  The incidence of complications was comparable to that of 

the market released AICD system in the categories of 
ineffective VT VF therapy  pocket infection  and pocket 
erosion and was lower than the AICD in the category of 
inappropriate delivery of VTIVF therapy  
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Patient Indications 

AII of the patients entered into this clinical evaluation met 

at least one of the primary indications  Sudden cardiac 

death  SCD  was the primary indication in 37 1  of the 

patients  recurrent ventricular tachycardia  VT  was the 

primary indication in 49 8   of the patients and SCDIVT 

was the primary indication in 13 1  of the patients  

The number of patients  60 5   receiving VTIVF therapy 

for spontaneous episodes of ventricular arrhythmias 

supports the conclusion that the patient selection criteria 

are appropriate and that tne PCS Transvene System was 

implanted in patients who benefit from this therapy  

The one year sudden cardiac death survival rates for the 

SCD patient group was 100 0   for the VT patient group 
99 4  and the SCDIVT patient group 98 6   

VTIVF Detection and Therapy Performance 

  The PCD  Transvene System properly detects and treats 

VT as demonstrated by the spontaneous episode data  The 

overall success rate for detection and treatment of 

spontaneous VT was 98 4   

  The PCS Transvene System properly detects and treats 

VF as demonstrated by the spontaneous episode data  The 

overall success rate for detection and treatment of 

spontaneous VF was 98 4   

  There were no reported patient deaths due to the 

nondetection of a spontaneous VT or VF episode by the 
PCD  Transvene System  

PCD  Transvene  System Performance 

  The PCDo Transvene  System components  Model 
721 6A17217B and Model 688416966  688116963  
689516999 Transvene leads  have performed according to 
design and specification and are  therefore  considered safe 
and effective in the indicated patient population  
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P  Clinical Experience Summary Conclusions 

The PCD  Transvene  System is a tiered therapy device which 
combines features of bradycardia pacing support  antitachycardia 
pacing  low energy cardioversion as well as defibrillation therapy  
The incorporation of these features has allowed the physician to 
titrate the ICD therapy to meet specific patient clinical needs  
allowed fewer shocks to be delivered for recurrent ventricular 
tachycardia because of antitachycardia pacing features  allowed 
fewer cases of inappropriate therapy delivery due to 
programmable detection and allowed a sudden cardiac death 
survival rate identical to the Ventak P Epicardial System  

The PCS Transvene  System  due to the elimination of the need 
for a thoracotomy  has provided a marked improvement in both 
the perioperative and overall patient mortality as compared to the 
PCD  Epicardial System  In addition  due to the decreased 
perioperative morbidity and mortality  the post implant hospital 
stay has been decreased to a mean of 7 6 days as opposed to a 
mean of 10 6 days  p  0 001  for the PCD  Epicardial System  

Medtronic asserts and the PCD  Transvene  investigators 
unanimously agree that the findings of the clinical study support 
the conclusion that the Medtronic Tachyarrhythmia Control 
System and the Transvene  Cardioversion and Defibrillation 
Electrodes are safe and effective in the indicated patient 
population  
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l  Summary of Clinical Experience 

A  Introduction 

The efficacy and safety of implantable cardioverter defibrillator 

  CD  therapy for recurrent ventricular tachycarcga  VT  and 

ventricular fibrillation  VF  has been well established  The current 

market released device provides defibrillation therapy for VF or 

hemodynamically unstable VT  however  this type of therapy may 

not be optimal for patients with stable  well tolerated VT that is 

amenable to antitachycardia pacing  It is necessary to perform a 

significantly more invasive procedure  a thoracotomy  in order to 

implant the epicardial leads  Thus  the need to incorporate 

programmability  multipie detection and therapeutic options  and 

a less invasive lead system has lead to the development of a 

tiered therapy device  the PCD   Transvene System  

This report represents a full report of Medtronic s clinical 

experience with the Medtronic PCD Model 7217B 

Multiprogrammable Tachyarrhythmia Control System with 

Transvene  Cardioversion and Defibrillation Electrodes  Reference 

IDE G870102   The data included in this analysis is all data that 

was received by Medtronic and entered onto the clinical database 

as of June 24  1992  

The PCD  Model 72178 Multiprogrammable Tachyarrhythmia 

Control System described in this submission is identical to the 

system which was recommended for approval by the FDA 

advisory pane1 on February 3  1992  with the addition of 

Transvene   leads  

The data analysis is organized in functional rather than 

chronological categories in order to present a complete picture of 

each of the PCD Device s various functions  The sections 

included in this summary are  

Name  Intended Use of System 

Tachyarrhythmia Control System Features 

Indicated Patient Population 

Study Objectives and Protocol Summary 

Overview of Clinical Experience 

Implant Data 
Spontaneous VTIVF Episode Experience 

Overall Success Rate 

Complications and Observations 

Inactive Patients 

S1 
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Patient Deaths 

Clinical Experience by Primary Indication 

Patients not Meeting implant Criteria 

Comparison to AICD Clinical Experience 

Comparison to PCD Epicardial Clinical Experience 

PCD  Transvene System Performance 

This summary provides an overview of the clinical experience 

which verifies that the PCO Transvene System is safe and 

effective in the indicated patient population  

B  Name and Intended Use of the System 

The Pacer Cardioverter Oefibrillator 
 PCD   device is an 

implantable  multiprogrammable  automatic tachy arrhythmia 

control device  The PCD  Device is used in conjunction with 

appropriate lead systems for the treatment of patients with 

ventricular tachycardia  VT  and or ventricular fibrillation  VF   

The PCD Device also provides backup pacing in the VVI mode 

and noninvasive electrophysiologic  EP  study capabilities  

The PCD   Device is programmed with the market released 

Medtronic programmer and a unique Memory Mod Cartridge  The 

PCD   Device incorporates a two way telemetry system which 

receives operational instructions from the programmer and 

transmits status  electrogram and event information back to the 

programmer for display and or printout  

The External Tachyarrhythmia Control Device  ETCD  is an 

external  multiprogrammable  tachyarrhythmia control device  Its 

operation is similar to the PCD  Device except that cardioversion 

and defibrillation therapies are delivered manually  ln addition  it 

displays measurements of cardioversion and defibrillation therapy 

parameters  The ETCD is used for making defibrillation threshold 

measurements during the PCD  Device implantation procedure  

Components 

The Medtronic PCD   Transvene System  which is represented in 

Figures 1A and 1B  for which market release approval is being 

requested  consists of the following components  

anted Device and Related Pro 

Pacer Cardioverter Defibrillator  PCD   Device 

Model 7217B 

S2 
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Pr ramm r 

Model 9710 programmer and related accessories  currently market released   
plus 
Model 9788 MemoryMod  Software Cartridge 
Lead S stern 
Electrode Leads  

Model 6966 
Model 6963 
Model 6999 

Im lant Measurements S stem 
Model 5355 ETCD External Tachyarrhythrnia Control Device 
Model 5418 Patient Cable 
Model 5414 Test Load 
Model 5417 EGM Cable 
Model 5419 Jumper Cable 

The physical characteristics of the Model 7217B are summarized 
in Table IB 1  

113 GG 

198 grams 

Four connector ports 

Wilson Greatbatch 
Model 8830 

Lithium Silver 
Vanadium Oxide 

Standard Bipolar 

Integrated Sipolar 

Table IB 1  Features  Model 7217B   6124192 

The Model 7217B PCD Device uses the pace sense leads for 
sensing  thus providing standard bipolar sensing  Pacing is 
delivered in the integrated bipolar configuration  
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G  Tachyarrhythmia Control System Features 

C 1 PCD Device 

The PCD  Device is an implantable device designed to 
detect episodes of ventricular tachycardia  VT  and 
ventricular fibrillation  VF   and upon detection  
automatically deliver the appropriate therapy or progression 
of therapies programmed by the physician for each patient  
The available therapy types that can be programmed are 
overdrive pacing  cardioversion  and defibrillation  

The main features of the PCD  Device include the detection 
and treatment of recurrent ventricular tachycardia  VT  
and or ventricular fibrillation  VF   The device has two 
independently programmable detection and therapy 
algorithms  one for VT and a second for VF  A series of up 
to four tiered therapies can be delivered after detection of 
VT and a separately programmed series of up to four 
therapies after the detection of VF  If a therapy does not 
convert the arrhythmia  the next programmed therapy is 
delivered  

Other features of the device include VVI back up pacing  
flexible programming  noninvasive electrophysiology study 
capabilities  and information reports  

VT Detection and Thera 

The VT detection algorithm includes up to three separately 
programmable criteria to identify the presence of a 
tachycardia  

The PCD  Device employs a feature that automatically 
adjusts signal detection sensitivity to assure proper 
detection while minimizing sensing of T waves following 
intrinsic cardiac events  This function  Auto Adjusting 
Sensitivity  is active during any sensing period  including 
VT and VF detection  It allows use of sensitive settings 
required for VF detection without oversensing during 
normal sinus rhythm  

The device utilizes interval length as the primary VT 
detection criterion  it also provides two additional detection 
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criteria to add specificity in detecting pathological VT  
The two programmable parameters of the Interval Criterion 
are  

  Tachycardia Detection Interval  TDI   Intervals 
shorter than this value  and longer than FDI 
are classified as VT intervals  

  Number of Intervals to Detect  VT NID   This 
parameter determines how many consecutive 
VT intervals must be sensed for therapy to be 
delivered  

The two additional criteria are  

Onset Criterion  Used to determine when the 
rate of change in cycle length is sufficiently 
abrupt to qualify as the onset of paroxysmal 
VT and not sinus tachycardia  

Stability Criterion  Used to determine when 
the intervals vary sufficiently on a beat to beat 
basis to differentiate VT from a rapid 
ventricular response due to atrial fibrillation  

After a VT episode has fulfilled the programmed detection 
criteria  the system treats the arrhythmia by delivering one 
of the three types of VT therapies  Burst  Ramp  or 
Cardioversion Therapy  Therapy delivery is highly 
programmable and is  tiered  to allow progression through 
different therapies selected by the physician to match a 
patient s particular clinical needs  Up to four separate 
therapies may be programmed in any combination of the 
three types to treat each arrhythmia episode  The three 
therapies are detailed below  

Burst Therapy treats the VT episode by pacing the heart 
with a  burst  of pulses at a rate greater than that of the 
VT episode but adapted to the VT rate  The rate adaptive 
pulse intervals are a programmed percentage of actual 
tachycardia cycle length  If a pacing sequence is 
ineffective and the episode is redetected  the pulse interval 
of the next sequence can be decremented further resulting 
in a higher pacing rate  
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Ramp Therapy decrements each pulse interval within a 
single sequence of multiple pulses with the first pulse to 
pulse interval adapted to the VT cycle length  Each 
subsequent pulse interval in the Ramp sequence is 
shortened from the preceding interval by a programmed 
value  If the pacing sequence is ineffective and the VT is 
redected  Ramp Therapy adds an additional stimulus in each 
subsequent sequence  

Cardioversion Therapy  delivers synchronized  high energy 

pulses in one of the following configurations  

  A single pulse delivered over one pathway  

  A simultaneous pulse delivered over two 
pathways  

  Two sequential pulses separated by a very 
short interval delivered over two different 
pathways  

VF Detection and Thera 

In order to ensure appropriate sensing and detection of VF  
the device uses a probabilistic detection algorithm that 
allows for missed detections due to variations in ventricular 
depolarization amplitudes and intervals during VF  

Similar to the VT detection algorithm  the PCD Device 
detects VF by monitoring the cardiac cycle length and 
comparing it to the programmed VF detection criteria  
which is called the VF Interval Criterion  

The two programmable parameters of this criterion are  

  Fibrillation Detection Interval  FDI   Intervals 
equal to or shorter than this value are 
classified as VF intervals  

o Number of Intervals to Detect  VF MID   This 

parameter determines how many VF intervals 
must be sensed for therapy to be delivered  

After a VF episode has fulfilled the programmed detection 
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criteria  the system treats the arrhythmia by delivering up 
to four defibrillation therapies  

Defibrillation Therapy delivers high energy pulses in one of 
the following configurations  

  A single pulse delivered over one pathway  

  A simultaneous pulse delivered over two 
pathways  

  Two sequential pulses separated by a very 
short interval delivered over two different 
pathways  

Brad cardia Thera 

The PCD  Device delivers bradycardia pacing in the VVI 
mode  

Other Ca abilities 

The PCD Device can be used to conduct noninvasive 
electrophysiologic studies  EPS  via the programmer with 
the Model 9788 MemoryMod  software cartridge  The 

physician can also manually deliver various therapies via the 
programmer to manage an induced or spontaneous 
tachyarrhythmia episode  

The PCD Device will provide the physician with 
information  via the Programmer about its present 
programmed status and data on its operation  This 
information may be printed and retained in the patient s file  

A programmer generated set of symbols  termed Marker 
Channel  allows real time visualization of sensing  pacing  
detection  and therapy events occurring within the device  

Figure 2 provides an EGG example of an induced episode of 
VT detected and terminated by antitachycardia pacing and 
Figure 3 shows an induced episode of VF detected and 
terminated by a defibrillation therapy delivered by the PCD  
Device  
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C 2 Transvene  Lead Systems 

lg 191 

The PCD  Transvene System uses leads which do not 
require open chest surgery to implant  Multiple 
configurations involving either two or three leads may be 
used to deliver cardioversion and defibrillation pulses  
These configurations are based on a tri polar  Right 
Ventricular  RV  lead  Model 6966   and either a Coronary 
Sinus  CS   Superior Vena Cava  SVC  lead  Model 6963  or 
a Subcutaneous  SO  lead  ModeI 6999  or all three of 
these leads  e g  RVICSISQ  RVISVCISQ or RV SQ  
RV SVC   The Model 6963 lead can be placed in either the 
Coronary Sinus Great Cardiac vein or the Superior Vena 
Cava  SVC   

A system using two leads delivers cardioversion and 
defibrillation pulses between two electrodes  A system 
using three leads delivers cardioversion and defibrillation 
pulses either simultaneously or sequentially from the anode 
electrodes  PULSE1 and PULSE2  to the COMMON 
defibrillation electrode  

In these systems  the retractable  helical tip and ring of the 
RV lead are used for sensing  thus providing standard  
bipolar sensing  The tip electrode is termed PACE SENSE 
and the ring electrode is termed SENSE2  Bradycardia 
pacing takes place between the tip  PACE SENSE  and the 
COMIVION defibrillation electrode  

To detect VTIVF  the PCD  device monitors the cardiac 
cycle length for fulfillment of the programmed VT VF 
detection criteria  When the programmed criteria are 
fulfilled  the PCD device detects the VT or VF episode and 
delivers the first programmed therapy  If this therapy is 
ineffective and the VT VF is again detected  the next 
programmed therapy is delivered  This progression 
continues until the PCD confirms termination or delivers all 
programmed therapies  

The performance of the Models 6966  6963  and 6999 are 
evaluated at the follnwino time   
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efficacy in terminating induced episodes of VT or VF  
 2  the efficacy of VT and VF therapies in treating 
spontaneous episodes   3  the evaluation of 
pace sense characteristics of the implanted lead 
system and  4  the incidence of lead complications 
or observations such as dislodgement or fracture  

C 3 Model 9788 MemoryMod  Software Cartridge and 9710 
Programmer 

Programming and interrogation of the PCD Device is 
performed using the Model 9788 MemoryMod  software 
cartridge in conjunction with the Model 9710 programmer  
The use of the programmer allows the modification of VT 
and VF detection  therapy  and bradycardia support therapy 
parameters  It allows the physician the ability to review 
and record programmed device settings  perform 
noninvasive EP procedures and deliver emergency therapy 
and review other non programmable information including 
charge time  battery voltage and event recording  In 
addition  it allows the user to evaluate the battery status of 
the PCD Device as well as determine if the device has 
delivered therapy for spontaneous episodes of VT and VF  

C 4 Model 53S5 External Tachyarrhythmia Control Device 
 ETC D  

The Model 535S ETCD is intended for use in conjunction 
with an antitachycardia defibrillation lead system to 
evaluate VT and VF sensing and therapy efficacy for 
terminating ventricular tachycardia and ventricular 
fibrillation prior to the implantation of the PCD  system  

Testing the lead system for permanent implantation  
including VF sensing and defibrillation efficacy  is done 
using the Model 5355 ETCD or Model 2394 ECVD  The 
5355 is an external  multiprogrammable  tachyarrhythmia 
control device  which can automatically deliver bradycardia 
and tachycardia pacing therapies and can deliver manually 
initiated cardioversion or defibrillation therapies  Its 
operation is similar to the PCD Device except that 
cardioversion and defibrillation therapies are delivered 
manually  In addition  it measures and displays parameters  
e g   pathway impedance of cardioversion and defibrillation 
therapies  The Model 2394 ECVD is also an external 
cardioverter defibrillator  However  its functions are limited 
to only manual cardioversion and defibrillation  The output 
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pulses are equivalent to the Model 5355 and Model 7217B 
PCD   Additionally  the Model 2394 ECVD does not have 
the capability to deliver either bradycardia or tachycardia 
pacing therapies  

The Model 5355 ETCD is controlled via the Dlodel 9710 
programmer and the MemoryMod software cartridge  
Model 9788  The Model 2394 ECVD is controlled 
manually  

D  Indicated Patient Population 

The PCD  System is intended to treat patients at risk of sudden 
cardiac death due to ventricular tachyarrhythmias which have 
been shown to be reIiably terminated  and in the case of VF  
terminated at an energy level below the maximum output of the 
PCD Device  

Results provided in this application will support Medtronic s 
request for market release of the PCD   System for use in the 
following patient population  

Patients who have survived at least one episode of cardiac arrest due 
to a ventricular arrhythmia not caused by an acute myocardial 
infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain 
inducible via programmed electrical stimuli or exercise  or occur 
spontaneously  despite the most efficacious antiarrhythmic drug 
therapy that can be tolerated by the patient chronically  

For this patient population the primary benefits from the use of 
the PCD System center on the detection and termination of life  
threatening ventricular arrhythmias  The use of pacing therapies 
for the treatment of ventricular tachycardia reduces patient trauma 
associated with higher energy cardioversion pulses and extends 
the longevity of the PCD pulse generator  

The PCD System allows the titration of therapies for patients 
with ventricular tachycardia while providing the critical 
defibrillation backup  Defibrillation backup is important in the 
event that an episode of VT accelerates to VF whether 
spontaneously or as a result of a delivered therapy  The capacity 
to provide programmable extrastimuli pacing allows noninvasive 
electrophysiologic studies to be performed  The potential benefits 
from permanent cardiac pacing provide support for chronic and 
transient episodes of bradycardia  Finally  the benefits of 
programmability of tachyarrhythmia detection and therapy 
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parameters  VVI parameters and stored telemetry data on the 
delivery of therapy may avert the need for reoperation in the event 
of changing patient conditions or complications  

E  Study Objectives and Protocol Summary 

The clinical study was designed to evaluate the operation  safety 
and effectiveness of the PCD System components in detecting 
and treating episodes of ventricular tachycardia and ventricular 
fibrillation  

The analysis focuses on data supporting the safety and 
effectiveness of the PCD  system  including the implantable pulse 
generator and associated transvenous lead system and its therapy 
in this patient population  The analysis includes the clinical 
experience with the PCD  system  pace sense  detection and 
therapy functions in both the acute and chronic implant settings  
In addition  data is provided on clinical observations  clinical 
complications and deaths in this patient population  The analysis 
will also provide data demonstrating the safety and effectiveness 
of the Model 5355 ETCD  

The objectives of the clinical study were  

to evaluate the sensitivity and specificity of the PCD Device with 
Transvene lead systems to detect episodes of VT and VF  and to 
evaluate the ability of the system to appropriately discriminate between 
VTIVF and other potentially nonmalignant rhythms  

to monitor the efficacy of the PCD Device with Transvene lead 
systems in treating VT and VF episodes  VTIVF therapy efficacy is 
determined as the ratio of successful termination of episodes detected 
to the total number of episodes detected in which one or more 
therapies were delivered  Successful Termination Number of Detected 
Episodes with Therapy Delivered   Investigators were free to choose 
from any of the available leads and VTIVF therapies that the efficacy 
was first evaluated acutely  

to evaluate the performance of the Model 6966  6963 and 6999 
Transvene leads  

to monitor the patient selection criteria and patient management 
methods required by the PCD Device and Transvene leads  

to evaluate the safety and effectiveness of the Model 5355 ETCD  
when used during the implant procedure  Specifically  tachyarrhythmia 
episode induction  detection  termination and ease of use were 
analyzed  
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to evaluate the safety and performance of the Model 9710 Programmer 
and the 9788 MemoryMod Software Cartridges in programming 
sensing and therapy parameters and the appropriate delivery of 
noninvasive electrophysiologic stimulation  

Clinical data was collected at the following study points to 
support the safety and efficacy of the PCD System  

Pre implant Patient Assessment 
Lead System Testing at Implant 
Implantable Pulse Generator Testing at Implant 
Pre hospital Discharge Testing 
Follow up Evaluation 1 and 3 months post implant then at 

3 month intervals 

Specific data was collected at each of these points to meet the 
objectives of the clinical study  This included  

Pre im lant Patient Assessment   extensive pre implant testing was performed 
to ensure that the general patient selection criteria were met  This testing 
included at least an electrophysiologic evaluation  measurement of ejection 
fraction  and assessment of the patient s New York Heart Association  NYHA  
classification of their cardiovascular status  Depending on the patient history  
cardiac catheterization and exercise testing were also conducted  

Lead S stem Testin   implant evaluation was performed to verify that one of 
the specified lead systems was capable of properly detecting and treating 
episodes of ventricular fibrillation and  when appropriate  ventricular 
tachycardia  The Model 5355 ETCO or the 2394 External Cardioverter 
Defibrillator  ECVD  was used for testing  

This testing included pacing and sensing thresholds during sinus rhythm  
evaluation of VF electrogram amplitudes and defibrillation efficacy evaluation  
The PCD Device implant criteria were  

1  successful VF termination at least 3 times in 4 attempts with 
an output energy of 18 Joules or less and 

2  a 2 1 VF sensing safety margin  

Im lanted Pulse Generator Testin   this implant evaluation was performed to 
demonstrate proper detection and termination of ventricular fibrillation by the 
implanted PCD System with VF Therapy f1 programmed to 34 Joules in 
addition to pacing and sensing thresholds  

Pre hos ital Dischar e Testin   testing performed at the pre hospital discharge 
included proper detection and termination of induced ventricular tachycardia  
Final sensing and therapy parameters are programmed at the PHD  

Follow u Evaluation   regular testing was performed to evaluate the chronic 
stability of detection and therapy parameters of the PCD System  This testing 
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included an assessment of the relative stability of the energy required to 
defibrillate a patient and efficacy and acceleration rate assessment of the VT 
therapies  The number of spontaneous VTNF episodes treated by the PCD 
Device were evaluated  Complication rates and patient mortality data were 
also evaluated  

Patients were evaluated prior to hospital discharge and or one  1  
month post implant  three months post implant and then at 
intervals of every three months  In some cases additional testing 
was performed at physician discretion to evaluate spontaneous 
events and or potential clinical complications  

Medtronic collected all clinical data on the PCD  System and its 
components under the clinical protocol outlined in the 
Investigational Plan  A common protocol was used on all study 
patients on a worldwide basis  

Clinical data presented in this summary includes experience with 
the Model 7216A and 7217B PCD  Devices with the Model 
6966  6963 and 6999 Transvene Leads  This report presents 
the clinical evaluation of the safety and efficacy of the PCD  
Device with Transvene Leads implanted in 757 patients of which 
329 have implant durations equal to or greater than six months  

International centers were subject to the appropriate requirements 
 e g   the Declaration of Helsinki  in order that the data met the 
statutory requirements of the FDA  All clinical data  U S  and 
International  obtained with the PCD  System with Transvene 
Leads is included in this report  
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F  Overview of Clinical Experience 

This report covers a total of 762 implants in 757 patients of the 
PCD Device with the Transvene  Defibrillation Lead System  A 
total of 78 investigative centers participated in the clinical trial 
with 35 centers in the U S  and 43 Internationally  The first 
implant occurred internationally on October 20  1889  and the 
first implant in the U S  occurred on October 16  1990  Table IF  
1 shows the distribution of Model 7216A and Model 7217B 
patients between U S  and InternationaI investigators  

18  2 4   3  0 7   15  4 8   

7217B 744  97 6ok  444  99 3   300  95 2   

Table IF 1  PCD  Transvene  System   Implant Distributions   6 24 92 

The mean documented implant duration for this patient population 
is 5 6 months and ranged from implant to 28 6 months  The 
cumulative implant duration is 4246 4 months  There are 329 
patients with implant durations equal to or greater than six 
months  

The patient population enrolled in the clinical trial was 
predominately male  80 6   with a mean age of 59 4 years  In 
half of the patients  49 8    the primary indication for implant 
was recurrent  sustained ventricular tachycardia without an 
episode of sudden cardiac death  Sudden Cardiac Death was the 
primary indication for 37 1  of the patients and SCD in 
combination with recurrent  sustained VT was the primary 
indication in 13 1   Coronary artery disease was the primary 
heart disease in 74 1  of the patient population with a mean 
reported ejection fraction of 35 6  Table IF 2 provides a data 
summary on these patients  Also included is the data summary 
of the patients with 6 months of follow up  
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All Patients 

 3 Electrode Systems  

757 

4246 4 

5 6 me 

28 6 mo 

610 80 6  
147 19 4  

59 4 yrs 

SCb 281 37 1  

Patients with 6 
months of Follow up 

329 

3367 8 

10 2 ma 

28 6 mo 

264 80 2  
65 19 8  

58 0 yrs 

377 49 8  
99 13 1  

130 39 5  
152 46 2  
47 14 3 o 

561 74 1  228 69 3  

688 35 6  301 38 0  

574 75 3  
178 23 4  

10 1 3  

247 74 6  
77 23 3  

7 2 14k 

16 0J  N  702  15 4J  N  306  

14 8J  N 316  13 9J  N 155  

226 
5430 

98 7  

130 
3752 

99  O ER 

198 
973 

99 1  

120 
667 

98 7  

99 8010 100 0  

Table IF 2  PCD System Data Summary   All Transvene  Patients versus 
Transvene  Patients with 6 mo Follow up   6 24 92 
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F 1 Implant Data 

Implants of the PCD Device may use two or three 
Transvene leads  The physician has the flexibility to use 
whichever lead system best meets the patient s needs  

Table IF 3 illustrates the lowest energy of defibrillation 
 LED  and defibrillation threshold  DFT  for the implanted 
lead systems  The implant criteria for the PCD  Device was 
3 of 4 episodes of VF successfully terminated at 18 Joules 
or less with a given lead configuration  Some patients did 
not have a LED at implant  The LED is only identified if the 
investigator reported the induced rhythm as VF  
Conversion of VT or V Flutter  as defined by the physician  
to sinus rhythm was not included in the determination of 
the LED  In addition  it is not a protocol requirement to 
obtain a DFT at implant  However  recommendations have 
been provided to those institutions that prefer to obtain 
DFT s during the implant procedure  

702 1 6 0J 316 14 8J 

16 7J 187 15 8J 

14 6J 110 12 8J 

37 1 5 2 J 19 16 0J 

Table IF 3  PCD Transvene System   LED and DFT Values   6124192 

The mean implant Lowest Energy of Defibrillation  LED  for 
all lead systems was 16 0J and mean implant Defibrillation 
threshold  DFT  for all lead systems was 14 8J  As the 
mean DFT s and LED s indicate  VF was reliably terminated 
at an energy value below the maximum output  34 Joules  
of the PCD Device  

F 2 Spontaneous VT and VF Episode Experience 

A total of 311 patients  41 1   have experienced a 
spontaneous ventricular tachyarrhythmia episode that has 
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been detected and treated by the PCD  Device  One 
hundred and thirteen patients  14 9   experienced VT 
only  85 patients  11 2   experienced VF only and 113 

patients  14 9   experienced both an episode of VT and 

There have been a total of 6403 episodes of spontaneous 
VT or VF as detected by the PCD   The overall PCD 
Device success rate in terminating spontaneous VT VF 
episodes as detected by the PCD  is presented in Table IF  
4  

Eflcscy  see  

VT 5362 5430 98 74k 

VF 964 973 99 1 4lo 

6326 6403 98 8  

Table IF 4  PCD Transvene  System   Success Rate for Spontaneous 
VT VF Episodes   6 24 92 

F 2 1 Spontaneous VT 

For the purposes of this clinical trial  spontaneous VT was 
defined as those episodes that satisfied the programmed 
VT detection criteria  Specifically  all programmed VT 
detection criteria must be fulfilled to detect a VT episode  
Successful termination of the episode was defined as 
satisfying the VT episode termination criteria  

To date  5430 spontaneous episodes of VT have been 
detected by the PCD  Device in 226 patients  The mean 
number of episodes per patient with VT was 24 and ranged 
from 1   413 episodes  

Most spontaneous VT episodes  S1 0 lo  were successfully 
treated with VT Therapy  1 and 98 7  were successfully 
treated with one of the four programmable VT therapies  
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Of the 5362 successfully terminated spontaneous VT 

episodes  92 4  were treated with one of the programmed 
antitachycardia pacing therapies incorporated in the PCD 
Transvene  System  The clinical benefit of tiered therapy 
is the reduction of delivery of high energy shocks for the 
treatment of stable recurrent ventricular tachycardia  This 

greatly enhances the patient acceptance of ICD therapy 
since antitachycardia pacing is usually not perceived by the 

patient  

Thirty patients experienced 68  1 3   episodes in which 
the PCD  Device was ineffective in terminating a 
spontaneous episode of VT despite delivery of all four 

programmed VT therapies  Twenty five patients 
experienced 45  0 8   episodes that were due to sinus 
tachycardia or atrial fibrillation flutter  SVT  with a rapid 
ventricular response that had been detected as VT  These 
episodes were resolved with either modification of 

programmed parameters or of antiarrhythmic drug therapy  
It should be noted that the PCD Device responded 
appropriately based on the programmed detection 

parameters  

The remaining 23 episodes occurred in five patients in 
which the programmed VT therapies were ineffective in 
terminating a spontaneous VT episode  No patient deaths 
occurred as a result of ineffective VT therapy  The patient s 
antiarrhythmic drug regimen was modified to improve 
efficacy  

F 2 2 Spontaneous VF 

For purposes of this clinical trial  VF is defined as those 
episodes that satisfy the programmed VF detection criteria  
Specifically  all programmed VF detection criteria must be 
fulfilled to detect a VF episode  Successful termination of 
the episode is defined as satisfying the VF detection 
criterion for episode termination  

To date  973 spontaneous episodes of VF have been 
detected by the PCD  Device in 198 patients  The mean 
number of episodes per patient was 4 9 and ranged from 1 
  77 episodes  A review of the chart per investigator for 
this patient that experienced the 77 episodes of VF 
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revealed that 75 were most likely due to atrial fibrillation  
VF detection parameters were modified in this patient  

Most  87 3   spontaneous VF episodes were successfully 
treated with VF Therapy  1 and 99 1  were successfully 
treated with one of the four programmable VF therapies  

Five patients experienced 9 episodes  0 9   in which the 
PCD Device was ineffective in terminating a spontaneous 
episode of VF despite delivery of all four programmed VF 
therapies  Four patients had eight reported ineffective VF 
spontaneous episodes that were due to sinus tachycardia 
or atrial fibrillation with rapid ventricular response rather 
than VF  Reprogramming and pharmacologic inte---------- 
resolved these problems  The other patient --------- 
required external defibrillation to convert the VF episode  
This patient s antiarrhythmic drug regimen was modified to 
improve defibrillation efficacy  All of these patients have 
subsequently done well with no more reported ineffective 
VF therapies  

F 3 Overall Success Rate 

Of the 757 patients who received a PCD Transvene  
System  443 patients  58 5    443 757  have either 
experienced a spontaneous VTIVF episode or had VTIVF 
induced during a post implant electrophysiofogy study  The 
performance of the PCD Transvene System therapies 
have been thoroughly evaluated and been shown to be 
effective in detecting and terminating episodes of 
ventricular tachyarrhythmia  

There have been no reports of a patient death due to the 
PCD Transvene System not detecting a spontaneous 
episode of VT or VF  

The overall success rate of the PCD Transvene System 
in terminating spontaneous episodes of either VT or VF was 
98 8  with a VT success rate of 98 7  and VF success 
rate of 99 1   The incidence of unsuccessful termination 
of an apparent  true  episode of ventricular tachycardia 
despite delivery of all four therapies was 0 4   23 5430   
The incidence of unsuccessful termination of an apparent 
 true  episode of ventricular fibrillation despite delivery of 
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all four therapies was 0 1   1 973   

The evaluation of spontaneous episode experience indicates 
that the PCD Transvene System s VT and VF detection 
and therapy functions have performed safely and effectively 
in the indicated patient population  

G  Complications and Observations 

The use of a multiprogrammable implantable cardioverter 
defibrillator  ICD  device allows the physician to resolve most 
relevant medical events by noninvasively changing programmed 
parameters thus  avoiding invasive procedures  However  there 
will continue to be certain relevant medical events which will 
require invasive procedures for resolution  

For purposes of this clinical study  reported relevant medical 
events were divided into complications and observations based on 
the following definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which can NOT be treated or 
resolved by reprogramming the device and REQUIRES 
invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event with 

potential adverse effects  which either does NOT 
require invasive intervention  or which CAN be 
corrected by reprogramming the device  

As of June 24  1992  there have been a total of 138 
complications identified in 138 patients and 157 observations 
identified in 157 patients in the PCD  Transvene  System patient 
population  Thus  18 2   138 757  of the patients have 
experienced a clinical event which was defined as a complication 
and 20 7   157 757  of the patients have experienced a clinical 
event which was defined as an observation  Table IG 1 
summarizes how these events were reported with U S versus 
International  
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U S  77 68 

61 89 

Yotaf 138 157 

Table IG 1  PCD Transvene System Complications Observations U S  
versus International   6 24 92 

Table IG 2 summarizes the reported PCD Transvene System 
complications and observations by category  The category 
 Ineffective Therapies  included patients in whom increased 
defibrillation requirements were documented   Inappropriate 

Therapies  includes patients in whom VTIVF therapies were 
delivered for nonpathological rhythms   Pacing or Pace Sense 
Related  includes patients in whom undersensing  oversensing or 
loss of capture was documented   Infection Related  includes 
reports of pocket infection  seroma  and hematoma was 
documented  and  Device Related  includes patients in whom the 
device was explanted for reasons other than patient death  
infection  or transplant  

The reported complications and observations are recognized 
clinical events that may occur with any of the current ICD 
devices  These complications and observations are discussed in 
the PCD device and Transvene manual  None of the reported 
complications or observations have resulted in a patient death  
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Ciitegory 

0 8  0 5  

8 2  

0 8  

2 0  

1 5 

Device Aifited 0 5  

Table IG 2  PCD Transvene System   Complications Observations   

6124192 

The  Lead Related  complicationslobservations include 

perforation  lead fracture  subcutaneous patch crinkling  and lead 
dislodgement  Table IG 3 contains a summary of the reported 
 Lead Related  complicationslobservations  

Cetigory 

4  0 5   

Table IG 3   PCD Transvene  System   Lead Related Complications   

6 24 92 

There have been a total of 33 lead dislodgements reported in 33 
patients at greater than 30 days  None of the lead dislodgements 
resulted in an ineffective therapy for a spontaneous VT of VF 
episode or patient death  Lead dislodgements were documented 
by fluoroscopic examination during electrophysiologic evaluation  
chest x ray obtained during routine follow up  or during 
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pacinglsensing threshold evaluation during routine follow up  In 
all 33 cases  reoperation was required to reposition the lead and 
reestablish an effective defibrillation lead system  

Lead dislodgements are not specific to the PCD Transvene 
System and have been reported with dual chamber pacemakers 
and the current market released implantable cardioverter 
defibrillator  ICD  system  The early history of dual chamber 

pacemakers witnessed a high lead dislodgement rate of at least 
20   Smyth  PND  et al  Permanent pervenous atrial sensing and 

pacing with a new J shaped lead  J Thoracic Cardiovascular 
Surgery  1976 72 565 570   Winkle  et al reported that the 
incidence of dislodgement of the superior vena cava spring leads 
with the current market release ICD system to be 6 3    Winkle  
et al  Automatic Implantable Cardioverter Defibrillator  Efficacy  
Complications  and Survival in Patients with Malignant Ventricular 
Arrhythmias  JACC  June 1988  Vol 11  No 6 1278 86   

H  Inactive Patients 

There are a total of 34 patients who had received a PCD System 
and are no longer active in the study as of 6 24 92  Table IH 1 
shows the distribution of inactive patients by reason for no longer 
being active in the PCD Transvene  System clinical study  

22 

11 

5 

38 

TabIe IH 1  Inactive Patients   6124192 

I  Patient Deaths 

The positive impact of implantable cardioverter defibrillator  ICD  
therapy on sudden cardiac death mortality has been well 
documented in the medical literature  The use of device therapy 
for the treatment of recurrent ventricular arrhythmias has become 
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an accepted and important clinical tool  An analysis of the sudden 
cardiac death survival in the PCD  Transvene  System patient 
population was performed  

For purposes of the clinical study  each of the patient deaths was 
categorized using the following definitions  

Non Cardiac  Deaths that occurred where the primary cause 
of death was determined to be non cardiac in 
nature  e g  stroke  cancer  etc  

Cardiac  Deaths that occurred where the primary cause 
of death was determined to be cardiac in 
nature  

Non Sudden  Deaths that occur greater than one hour after 
the onset of symptoms  

Sudden  Deaths that occur within one hour of the onset 
of symptoms or where the death is 
unwitnessed  Sudden cardiac deaths were also 
categorized as being Witnessed or 
Unwitnessed  

Perioperative  Deaths that occur within thirty days of implant  

System Related  A death which results from a malfunction 
 operation not according to design 
specification  of a PCD System component  or 
as a result of a device induced arrhythmia  or 
an interaction between a PCD  System 
component and the patient  

Procedure Related  A death which occurs as a result of a 

procedure required to implant  follow or test a 
PCD System  

All deaths and significant complications have been and will 
continue to be reviewed by a committee comprised of PCD  
Transvene System investigators and other physicians  Two 
committees  Clinical Event Review Committees  have been 
formed  one to review North American deaths and complications  
and the other to review European clinical events  The primary 
purpose of these reviews was to determine whether the PCD 
System was related to the deaths or significant complications that 
have occurred and  if so  what changes may be required to 

prevent such events in the future  
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There have been a total of 22 patient deaths reported in the PCD 
Transvene System patient population  Table II 1 summarizes how 
these patient deaths have been classified  

 n   757  

Classifications 

Siidden CarcEac 3 

15 

4 

TOTAL 22 

Table II 1  PCD Transvene  System   Summary of Death 
Classifications   6 24192 

None of the patient deaths were attributed to a malfunction of the 
PCD  Transvene  System  

Actuarial survival analysis on the PCD  Transvene System was 
done on all patients who were either evaluated for implantation or 
in whom the device was implanted  Thus  the analysis is done 
from the perspective of intention to treat  Those patients in 
whom the PCD Device was OFF at the time of death or in whom 
no device was implanted are included in the survival analysis  
Those patients that were screened for a PCD Transvene  System 
but failed to receive a Transvene  system are not included in this 
analysis  

Projected one year survival calculations for the various death 
classifications are provided in Table II 2  The actuariaI projections 
include perioperative deaths only in the calculation of one year 
survival from death due to all causes  shown in the row labelled 
Overall   The perioperative death rate defined as deaths which 
occurred within thirty days of implant was 0 7   5 757  which 
is considerably less than the perioperative mortality for the PCD 
System with Epicardial leads  4 7    351742   Included in this 
table are the projected one year survival calculations for patients 
who ultimately received a PCD Transvene System  n   757  
and all patients that were screened for a PCD Transvene  
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System  n   854  regardless of implant outcome  

Received PCD Screened for a PCD 
Transvene System Transvene  System 

99 8  99 8  

96 8  97 1  

All Csrdisc 96 6 lo 97 0  

Noncsrdiac 99 4  99 4  

Psiippeiitive 0 7 o 1 5  

95 3  94 8 ok 

Table II 2  PCD Transvene System   One Year 
Actuarial Survival   6 24192 

The positive impact of the PCD  Transvene System on patient 
mortaIity is clearly obvious from this analysis  The sudden cardiac 
death survival rate in this patient group is 99 8   both in the 

patient group that received a Transvene System and those who 
were screened for a Transvene  System  This is marked 
improvement when compared with the reported survival of similar 

patient groups treated with drug therapy alone of between 34  

and 73  at one year  

J  Clinical Experience By Primary Indication 

Medtronic is requesting approval for use of the PCD Transvene  
System in the following patient population  

Patients who have survived at least one episode of cardiac arrest due 
to a ventricular arrhythmia not caused by an acute myocardial 
infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain 
inducible via programmed electrical stimuli or exercise  or occur 
spontaneously  despite the most efficacious antiarrhythmic drug 
therapy that can be tolerated by the patient chronically  

Sudden cardiac death without recurrent VT  SCD  was the 
indication for implant in 37 1  of the patients  recurrent 
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ventricular tachycardia without an episode of sudden cardiac 
death  VT  was the indication for implant in 49 8  of the 
patients  and sudden cardiac death and recurrent VT  SCDIVT  
was the indication for implant in 13 1  of the patients  

The performance of the PCD  Transvene  System in these three 
groups are summarized in Table IJ 1  

In all three patient groups  coronary artery disease was the 
predominant heart disease and the patients exhibited moderate left 
ventricular dysfunction as demonstrated by mean ejection 
fractions of less than 40   The mean LED at the time of implant 
was similar among the patient groups as was the mean DFT  

The overall efficacy in terminating spontaneous VTIVF episodes 
in the SCD patient group was 99 1   in the VT patient group 
98 7   and in the SCD VT group 99 0   Thus  independent of 
the indication for implant  the PCD  Transvene System was 
highly effective in terminating spontaneous episodes of VTIVF  

The one year sudden cardiac death survival rates for all groups 
was greater than 99 7  

This analysis indicates that the PCD  Transvene  System has 

performed safely and effectively in the indicated patient groups 
and should be approved for use in the indicated patient 
population  
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4  of Patients 757 

610 80 6  o 
147 19 4  

hhB8A AQ8 59 4 yrs 

229 72 244 

Piiieeee 

Mean Ejection 
fraction 

35 6010 
 N  688  

Delbrillstion 

574 75 3  
178 23 4  

Single 10 1 3  

Mean LED 1 6 0J 

 N  702  

 lean DFT 14 8J 

 N  316  

226 
5430 

98 pok 

198 
973 

99 1 ok 

99 8  

TabIe IJ 1  PCD Transvene  System Data Summary by Primary 
Indication   6124192 
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K  Patients Not Meeting Implant Criteria 

K  1 Overview 

The PCD Transvene  System offers a simpler and safer 
implantation technique for an implantable cardioverter 
defibrillator system  In addition  the PCD Transvene  
System decreases the potential perioperative and long term 
mortality associated with current epicardial system 
implantation approaches  

There is a class of patients who cannot tolerate the 
thoracotomy required for the utilization of the epicardial 
patch lead defibrillation lead system and who are at high 
risk of sudden cardiac death  Because of the surgical risks 
and postsurgical complications associated with the implant 
of an epicardial lead system  implantation in the following 
patient groups may not be desirable or possible  

 1  patients in whom there is no indication for concomitant 
cardiovascular surgery at the time of ICD implant  

 2  patients with severe pulmonary disease who can not tolerate 
prolonged anesthesia or an open chest procedure  

 3  patients with severe congestive heart failure  ejection fraction 
  40   who are at increased risk for perioperative mortality 
following a thoracotomy procedure  

 4  patients who may eventually require open chest procedures for 
treatment of their coronary artery disease or cardiac transplant  

For these patients  a transvenous ICD System is the only 
therapy available  The PCD  Transvene System simplifies 
and greatly reduces the risk associated with lead 
introduction  making therapy available to these patient 
groups  Because there is no need to open the chest of 
these patients  more options for future therapy remain 
available  e g  CABG is associated with increased morbidity 
and mortality if there has been prior open chest surgery  

However  it is expected that nonthoracotomy lead systems 
will have higher mean implant defibrillation thresholds as 
compared to traditional epicardial lead systems  In an 
epicardial lead system  the lead system has a larger 
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electrode surface area theoretically decreasing defibrillation 

requirements  

The smaller electrode surface areas of the PCD  

Transvene System defibrillation leads might reduce the 

proportion of patients in whom the implant criteria could be 

met  Not meeting the implant criteria may reduce the 

chronic effectiveness of the lead system  Recent studies 

indicated that 70  of patients evaluated may be 

candidates for a nonthoracotomy defibrillation lead system 

 Wilber  D  et al  Clinical Advances in Nonepicardial 

Implantable Defibrillator Lead Systems  The Journal of 

Invasive Cardiology  Vol 3  No 6 November December 
1991   

For purposes of the PCD  Transvene System  the implant 

criteria was defined as successful VF termination at least 3 

times in 4 attempts with the final lead configuration with 

an output energy of 18 Joules or less  The determination 

of a defibrillation threshold was not required  

A defibrillation threshold  DFT  was defined as the energy 

at the lowest successful defibrillation attempt  provided the 

patient had a failure below the lowest success or a success 

at   5J  The lowest energy of defibrillation  LED  was 

defined as the lowest programmed energy that successfully 

defibrillated the patient  In both cases  conversion of 

ventricular tachycardia or ventricular flutter to sinus rhythm 

was not included in the determination of the DFT or LED  

A total of SS4 patients had an evaluation of a PCD 

Transvene  System and are divided into the following 

groups    1  Patients who received a PCD Transvene M 

System  and  2  Patients screened for a PCD Transvene 

System and received a PCD Epicardial System  Figure 4 

provides an overview of the outcome of these patients  
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As can be seen  88 6   757 854  of the patients who 
were screened for a PCD Transvene System ultimately 
received the system  Of these 757 patients  71 7   543 

patients  met the recommended defibrillation implant criteria 
which compares favorably with the predicted success rates 

published in the literature  Wilber et al   However  28 3  

 214 757  of the patients did not meet the recommended 
defibrillation efficacy implant criteria and still received the 
PCD  Transvene System  It should be noted that 97 4  
of the patients  737 757  received the PCD  Transvene 
System with at least a 10 Joule defibrillation safety margin 
between the lowest energy of success  24J  and the 
maximum output  34J  of the PCD  Device  

The investigators utilized this 10 Joule safety margin as a 
benchmark based on the clinical experience discussed in 
the article  Troup P   et al  The Implanted Defibrillator  
Relation of Defibrillating Lead Configuration and Ctinical 
Variables to Defibrillation Threshold  Journal of American 
College of Cardiology 1985  6 1315 1321  Finally  and 

perhaps most importantly  the investigators also felt that 
for these patients the risk associated with not meeting the 
recommended implant criteria was outweighed by the risk 
of not implanting an ICD or implanting an epicardial system  

There were twenty patients  2 6    who received a PCD  
Transvene  System  whose cardiovascular condition 

precluded further completion of the PCD  Transvene  
System and adequate definition of a defibrillation safety 
margin  In all cases  the physician felt that the benefit of 
the PCD Transvene System outweighed the risk of 
further inductions or the risk of a thoracotomy and elected 
not to evaluate or implant a PCD Epicardial System  
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K 2 Patients Receiving PCD  Transvene System   Did Not 

Meet Implant Criteria 

For purposes of the PCD Transvene System  the implant 

criteria was defined as successful VF termination at least 3 

times in 4 attempts with the final lead configuration at an 

output energy of 18 Joules or less  Of the 757 patients 
who received a PCD   Transvene System  214 patients 
 28 3   did not meet the recommended defibrillation 
implant criteria and yet still received the PCD  Transvene  

System  The physicians justification for implanting the 

PCD  Transvene M System despite not meeting the 

recommended defibrillation implant criteria are presented in 

Table IK 1  

Reason 

170 

24 

20 

214 

Table IK 1  PCD Transvene System  Physician Justification for Not Meeting 

Implant Criteria   6 24192 

Further analysis of the patient who did not meet the 

recommended implant criteria indicates however  that 91  

 194 214  had a 10 Joule safety margin between the 

lowest energy of successful defibrillation and the maximum 

output of the PCD Device  34J   Therefore  of the 757 

patients who receiveda PCD Transvene System  97 4  

 737 757  had at least a 10 Joule defibrillation safety with 

the implanted lead configuration  

There were 20 patients  2 6   in whom the implant 

procedure was terminated due to poor patient condition  
These patients received a PCD  Transvene System 
without at least a 10 Joule defibrillation safety margin  The 

implant circumstances of these patients is summarized as 

follows  

S37 



RililXiE 4 liEliElti lKz4v 
At least one successful defibrillation was obtained at an energy 

level greater than 24 Joules and or equal to 34 Joules  N  11   

Multiple inductions of VT were performed and successfully 

reverted with an energy level of 18 Joules or less  However  

induced VF was not successfully reverted by an energy level of 

less than or equal to 34 Joules  N  6   and 

Physician elected to terminate the procedure due to the 

patient s condition before inductions with the final implanted 

lead configuration were performed  N 3   

Table IK 2 provides a comparison of patient characteristics 

between patients who met the PCD Transvene  System 

implant criteria and those patients who did not meet the 

implant criteria but still received the PCD  Transvene  

System  
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VOfSUS 

98iS 

543 

6 2 months 

Mofe  
F a1e 

422  77 74k  
121  22 35  

Mean Ajie 59 4 yrs 

indication  

SCD 209  38 5   
278  51 2   

SCDIVT 56  10 3   

Cardiovaaeuhr History 

CAD 
Car diamyopa y 

396  72 9   
173  31 9   

36 3  

NYHA Class 

164  30 9   
II 278  52 4   

82  15 4   
LV 7  1 3   

214 

4 0 months 

188  87 9   
26  12 1   

59 6 yrs 

72  33 6   
99  46 3   
43  20 1   

165  77 1   
65  30 4   

33 7  

53  25 810  
114  56 6 k  
34  1 6 6   

4  2 0   

223  41 1   
78  14 4   

97  45 3   
38  17 80 0  

tstistically ignificant  p    5  

Tat fe IK 2  PCD Transvene System  Patients Meeting Implant Criteria vs Not Meeting 

Implant Criteria   Comparison of Pt Characteristics   6124192 

Statistical analysis indicated three significant differences 
between these two patient groups   patient sex  indication 
for implant and mean ejection fraction  

Patients not meeting implant criteria had a statistically 
higher percentage of patients who were male  p  0 002   
This difference reflects that the majority of patients with 
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coronary disease with concomitant life threatening 

ventricular arrhythmias are males  

Analysis indicated the patients not meeting the implant 

criteria had a statistically higher percentage of patients 
whose primary indication for implant was sudden cardiac 

death associated with recurrent ventricular tachycardia 

 p  0 002   This difference reflects the physicians use of 

the PCD Transvene  System  

Finally  patients who did meet the implant criteria had a 

statistically lower mean ejection fraction  p   0 0342  which 

reflects a higher degree of underlying cardiovascular 

disease in these patients  

It should be noted  that none of these differences should be 

used as predictors for patients who should be screened for 

a PCD  Transvene System  

Implant data obtained in these two patient groups is 

presented in Table IK 3  As would be expected the 

patients not meeting the implant criteria had higher mean 

DFT and LED values when compared to the patients who 

did meet the implant criteria  However  the mean DFT 

 18 8J  and LED  19 5J  values obtained in patients not 

meeting implant criteria provided at least a 10 Joule 

defibrillation safety margin between the successful energy 

and the maximum output of the PCD Device  34J  in 

nearly all  97 4   of the patients  
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VOI SttS 

Patients Hot Dlie iig bnp1ant Criteris 

Number of Patients 543 214 

7 0 8 2 

2 0 2 7 

13 4J 1 8 8J 

14 8J 

Implanted l  ad System 

351  64 6   
1 59  29 3 DI   

33  6 1   

145  67 8   
63  29 4   

6  2 8   

396  72 9 k  137  64 p 10  

Sequential 414  75 7 ok  

127  23 2   
6  1 1   

160  74 4   
51  23 702   

4  1 9   

Table IK 3  PCD  Transvene System  Patients Not Meeting Implant Criteria versus 

Patients Meeting Implant Criteria   Comparison of Implant Data   

6124192 
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In order to determine if the patient s not meeting implant 

criteria had higher risk for morbidity and mortality  a 

comparison of their clinical outcome was made with those 

patients who did meet the implant criteria  This 

comparison is provided in Table IK 4  

PCD Trsnerene  System 

Patients MeWriij implant Criteria 

543 214 

98 4 Vo 

99 0  99 2  

18 4 

p 7 o 0 5 k 

Sudden Csrdiae 100  
96 4  
96 4 a 
99 2  
94 9  

99 3  
98 6  
97 9  
100  
97  4  o 

Table IK   PCD Transvene System  Patients Not Meeting Implant Criteria versus 

Patients Meeting implant Criteria   Comparison of Clinical Outcome   

6124192 

The two patient groups had similar efficacy in the 

treatment of spontaneous VTIVF episodes  Importantly  in 

the patient population who did not meet the implant criteria 

there were no patients who experienced actual 

spontaneous VF episodes where all programmed PCD 

Device therapies failed to terminate the episode  

In one patient  Patient ID --------- all four programmed VF 

therapies were unsuccessful in terminating a spontaneous 

episode of VF  However  this was an inappropriate VF 

therapy delivered due to atrial fibrillation with a rapid 

ventricular response rather than VF  Reprogramming and 

modification of the patient s antiarrhythmic drug therapy 
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corrected the problem  Thus  there were no patients who 
experienced an actual spontaneous VF episode where all 
four programmed VF therapies failed to terminate the 
episode  

There were eight patients  30 spontaneous VT episodes  
where all four programmed VT therapies failed to terminate 
the episode  In four patients  the ventricular tachycardia 
was ineffectively terminated and the patient s drug therapy 
was modified in order to improve the efficacy of the 

programmed VT therapies  Four patients  three who 
experienced atrial fibrillation and the other sinus 
tachycardia  had episodes where all four VT therapies failed 
to terminate the   spontaneous VT episode   In all cases  
the delivery of inappropriate VT therapy was resolved by 
modification of the patients  drug therapy  

There was no difference in the one year sudden cardiac 
survival or the overall survival in the two groups although 
follow up was shorter for patients not meeting implant 
ciiteria  4 0 vs 6 2 months   This indicates  that despite 
not meeting the implant criteria these patients were not at 
higher risk of sudden cardiac death  

Finally  the survival of patients receiving a PCD  
Transvene System without meeting implant criteria 
 N 214  was compared to patients receiving a PCD  
Epicardial System without meeting implant criteria  N   92   
This comparison is provided in Table IK 5  
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VIlSVS 

2141757  28 5 lo  

4 

99 3  

98 6  

Noncardiac 100  

Over oil  97 4  

-------------- ------------ --- - --- 

921742  12 4   

13 

97 9  o 

100  

95 2 ok 

83 8 k 

Table IK 5  PCD  Transvene System  Patients Not Meeting Implant Criteria   PCD 
Transvene System vs PCD Epicardial System   6124192 

Though the PCD Transvene System had a higher 
incidence of patients not meeting implant criteria  28 5   
compared to the PCD  Epicardial System  12 4    there 
was no statistical difference in the sudden cardiac death 
patient survival  However  the overall survival of patients 
not meeting implant cri------ ------  he Transvene  System 
was significantly better --- --------- when compared to the 
PCD  Epicardial System patients not meeting implant 
criteria  97 4  and 83 3   respectively  

The investigators felt in every case that the testing 
performed at the time of implant  though it did not meet 
the recommended implant criteria  did provide an adequate 
demonstration of device effectiveness and justified the 
implant of the PCD Transvene System  Finally  there have 
been no patients deaths secondary to unsuccessful 
termination of a spontaneous VT or VF episode in this 
patient population  

K 3 Description of Patients Not Meeting Implant Criteria 

As noted previously  the patients not meeting implant 
criteria  N   214  were divided into three groups  1  
Successful defibrillation at an energy level of equal to or 
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less than 24 Joules  79 4  of the patients    2  Difficult 
to induce VF  11 2  of the patients   and  3  Implant 
procedure terminated due to poor patient condition  9 4  
of the patients   These patient groups are reviewed in the 
following discussion  

Lowe Ener of Defibrilla ion   24 J les 

There were 170 patients in whom the PCD  Transvene 
System was implanted with a defibrillation safety margin of 
at least 10 Joules  Table IK 6 provides an overview of 
these patients clinical experience  

These data indicate that the final implanted PCD  
Transvene  System was evaluated and significant attempts 
were made to meet the recommended implant criteria  In 
most of these patients  79 4k   a safety margin of 10 
Joules was obtained between the successful defibrillation 
energy  24 J or less  for ventricular fibrillation and the 
maximum output of the PCD Device  34 J   The 
investigators decided in certain circumstances that this was 
appropriate demonstration of device effectiveness and that 
the PCD  Transvene System could be implanted  

Of these patients  148  87 1   have had VF induced at a 
chronic follow up visit and in each case  VF was 
successfully terminated by the PCD Transvene System  In 
addition  31 patients  18 2   have experienced a 
spontaneous VF episode with an overall efficacy of 100   

Thus  the clinical outcome in these patients was not 
adversely affected by not meeting implant criteria since 
their spontaneous VF episode efficacy was 100  and the 
one year sudden cardiac death actuarial survival was also 
99 1   The duration of follow up  however  is limited to 
an average of 4 months  
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87 
58 
18 

100  

GAB YO8f  MFViV8l  

Sgdden Cardiac 
0versU 

99 1  
97 6  

Table IK 6  PCD Transvene System  Patients Not Meeting Implant Criteria with 

314 Successes at   24 Joules Clinical Experience   6124192 

Difficult to Induce VF 

There were 24 patients who did not meet the 
recommended PCD Transvene  System implant criteria 
because at least three episodes of VF were not induced at 
the time of implant  Of these  15 patients had ventricular 
tachycardia induced and successfully reverted  The 
remaining 9 patients had ventricular flutter induced and 
successfully reverted  In all 24 patients  the lowest 
successful energy was equal to or less than 18 Joules  

The indication for implant was sudden cardiac death  SCD  
in 6 patients  25    recurrent ventricular tachycardia  VT  
in 13 patients  54 2   and sudden cardiac death 
associated with recurrent ventricular tachycardia  SCDIVT  
in 5  20 8   patients  Thus the majority of the patients  
75   had documented recurrent ventricular tachycardia as 

part of their ventricular tachyarrhythmia history  Eight of 
the these patients  33 0   were on Amiodarone therapy 
which may have contributed to the inability to induce VF  

Of the 24 patients who did not meet the recommended 
PCD Transvene  System implant criteria because at least 
three episodes of VF were not induced at the time of 

S46 



R ii KiE5 I E i lZi E ss II II 

implant  8 patients  33 3   have experienced a 
spontaneous VF episode and 19 patients  79 2   have had 
VF induced during a chronic follow up  In all cases  VF 
was successfully reverted by the PCD Transvene 
System  

There have been no reported patient deaths in the patient 
group with a resultant one year sudden cardiac death and 
overall actuarial survival of 100   

Patient Condition 

There were 20 patients in whom the implant procedure was 
terminated due to poor patient condition  These patients 
received a PCD  Transvene System without at least a 10 
Joule defibrillation safety margin  The implant 
circumstances of these patients is summarized as follows  

At least one successful defibrillation was obtained at an energy 

level greater than 24 Joules but less than 34 Joules  N 11 

patients   

Multiple inductions of VT were performed and successfully 
reverted with an energy level of 18 Joules or less  However  
induced VF was not successfully reverted by an energy level of 
less than or equal to 34 Joules  M 6 patients   and 

Physician elected to terminate the procedure due to the 

patient s condition before inductions with the final implanted 
lead configuration were performed  N 3 patients   

The mean ejection fraction of this group was 26 S   
indicating more severe underlying cardiovascular disease  
and may have contributed to the physicians decision to 
terminate the implant procedure prior to meeting implant 
criteria  This group had a mean of 6 8 VF inductions  2 2 
lead configurations evaluated and a mean duration of VTIVF 
for the implant procedure of 220 total seconds  The 
circumstances of the implant procedures  mainly the 
duration of induced ventricular tachyarrhythmia and 
associated hemodynamic compromise  limited the number 
of inductions that could be performed and whether the 
recommended implant criteria could be met  

Of these twenty patients  ventricular fibrillation has been 
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induced at a chronic follow up visit in 15 patients  75   
and in all cases successful defibrillation with the implanted 
PCD Transvene System was documented  

The overall spontaneous VF episode efficacy for this patient 
group was 92 6  however further reviewed indicated that 
one patient experienced atrial fibrillation that was detected 
as VF and in whom all four programmed VF therapies were 
ineffective  This patient s antiarrhythmic drug therapy was 
modified and there were no further reports of ineffective 
therapies  

Thus there have been no patients who have experienced an 
actual spontaneous VF episode where all four programmed 
VF therapies failed to terminate the episode  

------- ----  been one reported patient death   Patient ID 
--------- which was classified as non sudden cardiac 
secondary to end stage heart failure  The one year sudden 
cardiac death survival in this patient population is 100  
while the overall one year survival was 93 8   This lower 
overall one year survival may due to the lower mean 
ejection fraction of this patient group  

The clinical outcome in these twenty patients was not 
adversely affected by not meeting implant criteria since 
there was no reports of failure to terminate a spontaneous 
VF episode and the overall one year sudden cardiac death 
survival was 100   

Conclusion 

In conclusion  214 patients received the PCD Transvene 
System despite not meeting the recommended implant 
criteria  These 214 patients are divided into the following 
groups  

  successful defibrillation of VF at 24 Joules or less  170 214   

  difficult to induce at least three episodes of VF at implant 
 24 214   and 

  worsening patient condition which prevented further inductions 

 20 21 4    
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It should be noted that 91    194 214  of the patients not 
meeting the recommended implant criteria had at least one 
successful termination of induced ventricular 
tachyarrhythmia  VT  VFlutter or VF  at 24 Joules or less  

L  Comparison to AICD System Experience 

L 1 Overview 

The current AICD Epicardial System is implanted only with 
a defibrillation lead system requiring a thoracotomy  The 
PCD Transvene System allows the implantation of an 
implantable cardioverter defibrillator  ICD  system without 
the potential increased perioperative morbidity and mortality 
associated with a thoracotomy  This allows the application 
of ICD therapy in patients who may not otherwise be 
candidates for this type of therapy  Though the PCD  
Transvene System will have complications and 
observations that are specific to the lead system  the 
overall performance should be at least equivalent to that 
reported with the current AICD Epicardial System  

This section provides a comparison of the PCD 
Transvene System clinical experience to that of the 
reported AICD Epicardial System clinical experience  The 
following areas will be discussed  

  Patient characteristics 
  Clinical performance 
  Survival anaIysis 

For purposes of comparison  the Ventak P Epicardial 
System patient population described in the Summary of 
Safety and Effectiveness Data  PMA Application Number 
P890061  dated May 2  1991 will be used  A copy of this 
summary was obtained through the Freedom of Information 
Act  

L 2 Comparison of Patient Characteristics 

In comparing the clinical experience with the PCD 
Transvene System to the reported Ventak P Epicardial 
System clinical experience  it is important to determine that 
the patients who received the device are comparable  
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The characteristics of the patients receiving the PCD 
Transvene System were compared to the characteristics 
of patients discussed in the Ventak P Summary of Safety 
and Effectiveness Data and are presented in Table IL 1  
There were no differences between the two patient groups  

Table IL 1  Comparison of Patient Characteristics  PCD  versus Ventak P 6124192 

The two patient groups are comparable in mean age and 
mean ejection fraction  Both groups had moderately 
depressed left ventricular function demonstrated by the 
mean ejection of 35 6  for the PCD Transvene System 
patient group and 34  for the Ventak P Epicardial System 
patient group  

Analysis indicated that no statistical differences between 
the PCO Transvene  System and Ventak P Epicardial 
System patient populations except in the category of 
patient indication  There are more patients that had Sudden 
Cardiac Death as the primary indication in the PCD  
Transvene population than in the AICD population 
 p  0 001   

S50 

c  



IR ti Eil3R CiEEiMti E 60 II 

L 3 Comparison of Clinical Performance 

Areas of clinical performance that were compared were 
implant defibrillation thresholds  incidence of spontaneous 
VTIVF events  incidence of complications and patient 
survival  These specific areas were selected in order to 
evaluate the system performance in the two patient 
populations  

Im lant Defibrillation Thresholds 

For the purposes of the PCD Transvene System clinical 
study  determination of defibrillation threshold was not 
mandatory  However  the preferred method of evaluating 
defibrillation efficacy was to determine the defibrillation 
threshold using a testing sequence of 18J  15J  10J  5J 
with a failure at any level causing a return to 18 J for the 
remaining attempts  For the purposes of this report a 
defibrillation threshold was defined as the energy at the 
lowest successful defibrillation attempt  provided a patient 
had a failure below their lowest defibrillation success or a 
success at  5J  The rhythm treated must have been VF to 
be included in the analysis  

It should be noted  that it was expected that the PCD 
Transvene System would have a higher mean defibrillation 
threshold as compared to a traditional epicardial 
defibrillation lead system  In a epicardial system  the 
increased electrode surface area would theoretically 
decrease defibrillation requirements  

A total of 316 patients had a defibrillation threshold 
determined at the time of PCD  device implant  The mean 
defibrillation threshold  DFT  for all lead systems was 
14 8J  The recommendation for VF Therapy  1 is to 

program the stored energy to twice the implant DFT or 18 
Joules  whichever is greater  Thus an adequate defibrillation 
safety margin was provided when following the VF therapy 

programming recommendations  

In the Ventak P Epicardial System  the mean defibrillation 
threshold at implant was 13 4J  Thus the two systems had 
similar defibrillation thresholds at implant despite the fact 
that one system utilized an epicardial defibrillation lead 
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system while the other utilized a transvenous defibrillation 
lead system  

These data indicate that the PCD Transvene  System had 
comparable implant defibrillation threshold performance 
when compared to the reported Ventak P Epicardial System 
clinical experience  

Incidence of S ontaneous VT VF E isodes 

The incidence of spontaneous VTIVF episodes in the 
Ventak P Epicardial System and PCD  Transvene  System 
patient population was evaluated by utilizing the s tored 
episode information provided by both devices  

In the Ventak P device  the total number of shocks 
delivered to the patient is provided via interrogation of the 
device  The PCD device provides information on the total 
number of VT and VF episodes detected by the PCD 
device and the total number of VT and VF episodes 
successfully treated by the PCD device as well as the 
number of VT VF episodes where the PCD device was 
ineffective  In addition  the last 20 intervals of the last 
episode satisfying detection criteria along with the first 10 
intervals after the last therapy delivered are recorded by the 
device  These data assist the physician in evaluating the 
frequency of VT VF episodes  the efficacy of the PCD 
device programmed parameters and the need for 
reprogramming  

In the Ventak P Epicardial System experience of 292 
patients with a mean follow up of 6 8 months  137 
 46 9   received a device countershock in response to a 
spontaneous ventricular tachyarrhythmia episode as defined 
by the Ventak P Device detection criteria  

In the PCD  Transvene System experience of 757 patients 
with a mean follow up of 5 6 months  311 patients  41   
have received device therapy in response to a spontaneous 
ventricular tachyarrhythmia episode as defined by the PCD  
Transvene System detection criteria  

A total of 5430 spontaneous VT and 973 spontaneous VF 
episodes have been recorded by the PCD device episode 
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counters  Of the 5362 successfully treated spontaneous 
VT episodes  92  were treated with one of the 

programmed antitachycardia pacing therapies incorporated 
in the PCD  device  The clinical benefit of tiered therapy is 
the reduction of delivery of high energy shocks for the 
treatment of stable recurrent ventricular tachycardia that 
may be responsive to antitachycardia pacing  

Incidence of Com lications 

Table IL 2 provides a comparison of reported complications 
and observations  The AICD clinical experience data is 
from the Winkle  et al Long Term Outcome with Automatic 
Implantable Cardioverter Defibrillator  JACC  May 1989  
13 6   135 161  This article was selected because it 

provides a detailed clinical complication experience on a 
large patient population  270 patients  Note that the 

percentage reported in the PCD Transvene System 
includes both complications and observations  In the 
following table  the complications are reported for the 
categories of Fail to CardiovertlDefibrillate  Pocket 
Infection  and Erosion  Observations are reported in the 
Inappropriate ProblematicVTIVF Therapy Deliverycategory  

C8tBQOtY PCD   AICD o 

Q 8 lo 4 196 

8 2  20  

2 Ook 2 24 a 

Erosion 0 3  0 7  
Includes bservations only  there were no omplications in this category  

Table IL 2  Comparison of Complication Observation Rates  PCD Transvene 
System vs AICD Epicardial System   6124192 

The incidence of failure to cardiovert and or defibrillate was 
lower in the PCD  Transvene  System patient population  
The instances of failure to cardiovert and or defibrillate in 
the PCD Transvene  System patient population were 
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associated with increased defibrillation requirements during 
induced episodes  none of which resulted in patient death  
In six cases  the implanted system was modified to provide 
adequate defibriltation efficacy  in four cases the patient s 
drug therapy was modified and in the final two cases  
reprogramming provided for adequate defibrillation efficacy  

The failures to cardiovertidefibrillate reported in the Winkle  
et al article were associated with patch dislodgement  

patch crinkling  lead conductor fracture and elevated 
defibrillation thresholds  

The incidence of inappropriate problematic VTIVF therapy 
delivery was lower in the PCD Transvene  System patient 
population  This is to be anticipated since the device 
incorporates independently programmable detection 
algorithms for VT and VF  The reasons for inappropriate 
VT VF therapy delivery included sinus tachycardia being 
detected as VT or VF and atrial fibrillation with rapid 
ventricular response being detected as VT or VF  

The overdetection circumstances reported in Winkle  et al 
were nonsustained VT  VT  sinus tachycardia  atrial 
fibrillation with rapid ventricular response  sensing lead 
fracture and pacemaker interaction  The patients with VT 
complained of receiving multiple shocks with limited or no 
symptoms  The incorporation of antitachycardia pacing in 
the PCD device decreases the need for delivery of 
cardioversion shocks for the termination of stable VT and 
increases patient acceptance of ICD therapy  

In the Winkle  et al experience all patients with pocket 
infection had the devices explanted  In the PCD Transvene 
System experience  the incidence of device explant 
secondary to pocket infection was 2 0  which was 
comparable to Winkle s article  

Thus  the incidence of complications and observations was 
similar to that of the AICD Epicardial System in the 
categories of ineffective VTIVF therapies  infection 
requiring explant and erosion  The incidence of 
inappropriate delivery of therapy is lower in the PCD 
Transvene System experience than in the AICD Epicardial 
System experience  which is clinically significant  
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This analysis indicates that the PCD Transvene System 
offers clinical advantages in reducing the need for a 

thoracotomy for implantation and reducing the number of 
shocks due to successful antitachyarrhythmia pacing  

L 4 Comparison of One Year Actuarial Survival 

The Ventak P Epicardial System produced by Cardiac 
Pacemaker  Inc  has obtained market approval from the 
U S  FDA to date  While there are important differences in 
the function of the Ventak P Epicardial System and the 
PCD  Transvene  System  there is a natural desire for 

comparison of the clinical outcome  particularly the impact 
of these devices on death rate  

A total of 22 deaths  2 9   were reported in the PCD  
Transvene  System patient population  Of the 18 cardiac 
deaths  15 were non sudden cardiac and 3 were sudden 
cardiac  Four deaths were classified as noncardiac  Five of 
the 22 total deaths occurred within the perioperative period 
 death less than 30 days post implant  with a resultant 

perioperative mortality of 0 7   

In the Ventak P Epicardial System patient population a total 
of 19 deaths  6 5   were reported  Of the 12 cardiac 
deaths  4 were classified as sudden cardiac and 8 were 
classified as non sudden cardiac  Six of the deaths were 
classified as noncardiac and the cause of one was 
unknown  Eight of the deaths occurred within the 

perioperative period with a resultant perioperative mortality 
of 2 7   The PCD Transvene  System population had a 
lower perioperative mortality  0 7  vs 2 7   p  0 006   

For purposes of this comparison  only the overall actuarial 
survival rate includes perioperative deaths  All other 
calculations in both the PCD Transvene System and 
Ventak P Epicardial System group exclude perioperative 
deaths  

For the Ventak P Epicardial System  patient deaths were 
censored if the Ventak P device had been either electively 
deactivated for various reasons prior to the patient s death  
thus preventing the device from attempting to convert the 
arrhythmia or if the pulse generators were known to be 
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nonfunctional and awaiting replacement  For purposes of 

this comparison  two patient deaths were censored in the 
PCD Transvene   System patient population because the 
devices were deactivated at the time of patient death  

This PCD  Transvene System sudden cardiac death 
survival of 100  at one year is comparable to that of the 
Ventak P Epicardial System sudden cardiac death survival 
rate of 98 6    More importantly  the overall one year 
actuarial survival for the PCD Transvene System was 
95 6  as compared to 90 8  for the Ventak P Epicardial 
System  This difference was primarily due to the 
improvement in the reported perioperative mortality in the 
PCD Transvene System patient population   Note  
Confidence interva1 analysis was performed indicating that 
there was a statistical difference in the reported Overall 
mortality   

This comparison of actuarial survival rates indicates that 
the projected sudden cardiac death survival of patients 
receiving a PCD System patient population is comparable 
to that reported for the Ventak P Epicardial System  Thus  
the incorporation of programmable VT VF detection and 
therapy algorithms has improved the type of therapy 
available for the treatment of recurrent VTIVF while 
maintaining the positive impact of ICD therapy on survival 
from sudden cardiac death  

In addition  the elimination of a surgical thoracotomy for 
implant in the PCD  Transvene  System has improved the 

perioperative mortality and overall one year survival when 
compared to the Ventak P Epicardial System  

M  Comparison to PCD  Epicardial System Clinical Results 

The PCD Epicardial System uses the same tiered therapy device 
that combines features of bradycardia support pacing  
antitachycardia pacing  low energy cardioversion as well as 
defibrillation therapy  This system has incorporated 

prograrmmability and multiple detection and therapeutic options 
that allows the titration of device therapy to a patient s specific 
clinical arrhythmia history  
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The PCD  Epicardial System requires a thoracotomy for 
implantation because of the need to insert epicardial patch leads  
This exposes the patient to surgical risk and potentially limits the 
type of patient who may be considered for implant of the system  
The need for a simpler and safer implantation technique is widely 
recognized  The incorporation of a nonthoracotomy lead system  
such as the PCD Transvene System  should decrease the 

potential perioperative and long term mortality and morbidity 
associated with current epicardial system implantation 
approaches  

The PCD  Epicardial System and PCD Transvene System are 
identical except for the implanted defibrillation lead system  Thus  
the performance of the PCD  device  associated support 
equipment  is similar in the two systems and therefore a 
comparison of clinical experience should focus on those areas 
where the implanted lead system may impact clinical outcome  

This section provides a comparison of the PCD Transvene 
System clinical experience to the reported PCD Epicardial System 
clinical experience  The following areas will be discussed  

Patient characteristics 
Implant Data 
Spontaneous VTIVF Episode Efficacy 
Complications and Observations 
Surviva1 analysis 

This analysis will show that the incorporation of a 
nonthoracotomy defibrillation lead system has maintained the type 
of therapy available for the treatment of recurrent VT VF and 
decreased the potential mortality and morbidity associated with 
epicardial implant approaches while maintaining the positive 
impact of ICD therapy on VT VF episode efficacy and patient 
survival  

M 1 Comparison of Patient Characteristics 

In comparing the clinical experience with the PCD 
Transvene  System to the PCD Epicardial System clinical 
experience  it is important to determine that the patients 
who received the device are comparable  

Table IM 1 contains the characteristics of the 757 patients 
receiving the PCD Transvene System versus the 
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characteristics of the 742 patients who received the PCD 
Epicardial System as of 5 14 92  

PCEP trsnsvene System 

757 

5 6 months 

610 80 6  
147 19 4  

5S 4 years 

742 

9 7 months 

637 85 8  
105 14 201o 

59 6 years 

f arnary ladieafion  

scn 
VT 

SCDAIT 

281 37 1  
377 49 8  
99 13 2  

214 28 8  o 
405 54 6  
123 16 6  

561 74 1  
238 13 1  

569 76 7  
222 29 9  

35 6  34  0  o 

2 3 3 0 

tetistically ignificant 

Tsble IM 1  Comparison of Patient Characteristics  PCD Transvene System 
versus PCD Epicardial System   6124192 

Both groups had moderately depressed left ventricular 
function demonstrated by the mean ejection of 35 6  for 
the PCD Transvene System patient group and 34 0  for 
the PCD  Epicardial patient group  

Analysis indicated that the PCD  Transvene System 

patient population had a higher percentage of patients 
whose indication for implant was sudden cardiac death  p   

0 002  and higher percentage of females  p  0 007   It is 
not expected that these differences will result in a different 
clinical outcome in the PCD Transvene System patient 
population as compared to the PCD Epicardial System  
This difference in patient indication is a reflection of the 

physicians use of the PCD  Transvene  System  
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It is interesting to note  that there was a statistical 
difference in the number of antiarrhythmic drugs tested 
between the two patient groups  p  0 001   The PCD  
Transvene   System patient group failed a mean of 2 3 
antiarrhythmic drugs prior to implant while the PCD 
Epicardial System patient group failed a mean of 3 0 
antiarrhythmic drugs  This difference is a reflection of the 
differences in the indications for implant between the two 

patient groups  The PCD Transvene System patient 
group had a higher incidence of patients whose primary 
indication for implant was sudden cardiac death  These 

patients have a higher probability of having experienced a 
sudden cardiac death episode but were non inducible during 
electrophysiofogic testing so that drug testing was not 
feasible  

M 2 ImpIant Data Comparison 

In both systems  lead system testing was performed to 
verify that one of the specified lead systems was capable 
of properly detecting and treating episodes of ventricular 
fibrillation and  when appropriate ventricular tachycardia  
This testing included pacing and sensing thresholds during 
sinus rhythm  evaluation of VF electrogram amplitudes and 
defibrillation efficacy evaluation  The implant criteria for 
both systems was identical and were  

1  Successful VF termination at least 3 times in 4 attempts with 

an output energy of 18 Joules or less and 

2  At least a 2 1 VF sensing safety margin 

Pace Sense Performance 

In both the PCD Transvene and PCD Epicardial 
Systems  sensing is performed in a standard bipolar 
configuration and pacing is performed in the integrated 
bipolar configuration  The pace sense implant criteria for 
both systems was  

Pacing Threshold  
R Wave Amplitude  
Slew Rate  
Resistance  

  1 5V 5 0 5 ms 
  5mV 
  0 75 volt sec 
200   880 ohms 
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Table IM 2 provides a comparison of the mean pace sense 
values obtained at the time of implant for the PCD 
Transvene  and Epicardial Systems  It should be noted 
that the pace sense values presented for the PCD  
Epicardial System are for the Model 7217B PCD Device  

0 87 V 
 0 1 3 6V  

0 98 V 
 0 2 5 3 V  

14 2 mV 
 1 3 32 mV  

13 5 mV 
 2 2 37 2 mV  

Slew Rate  1 66 vlS 
 0 25 9 8 vlS  

1 38 vlS 
 0 15 7 2 vlS  

Resistance  575 ohms 
 264 1381 ohms  

tatistically ignificant 

438 ohms 
 1 57 1 206  

Table IM 2  PCD Transvene System  Comparison of Implant Pace Sense 
Parameters   6124192 

The implant pace sense parameters obtained for the PCD 
Transvene System indicates that the lead system provided 
adequate pacing and safety margins  There was a 
statistically significant difference in all of the implant 

pace sense parameters  p 0 001   This is anticipated 
because endocardial pace sense parameters are better than 
epicardial values for bradycardia pacing electrode systems  
This difference has no clinical impact on the pacing and 
sensing performance of the PCD Transvene System  

Electrogram amplitudes were evaluated at follow up 
evaluations of both systems to evaluate the performance of 
the pace sense lead system and assure adequate safety 
margin for detection of both baseline rhythms and 
ventricular tachyarrhythmias  In addition  pacing thresholds 
were also evaluated at follow up evaluations to assure an 
adequate safety margin for capture during both bradycardia 
and antitachycardia pacing therapies  A comparison of the 
chronic pace sense performance for the two systems is 
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presented in Table IM 3  It should be noted that there was 

statistical difference in the chronic pace sense 
performance of the two systems  

  Delimiter 

Electrogram AmplBvde 9 6 mV 
 0 2  25 mV  

9 6 mV 
 0 5 2 5 Alv  

Pulse Width Threshold 0 24 ms 
 0 03 1 59 ms  

0 28 ms 
 0 03 1 59 ms  

Table IM 3  PCD Transvene System  Comparison of Chronic Pace Sense 
Parameters   6124192 

The incidence of loss of capture requiring lead system 
modification in the PCD  Transvene System was 0 8  
while the incidence in the PCD Epicardial System was 
2 0   There were no reports of undersensing requiring 
lead modification in the PCD Transvene System while the 
incidence in the PCD Epicardial System was 0 8   

This comparison of implant and chronic pace sense data 

performance indicates that the performance of the PCD 
Transvene System is similar to that reported with the 
PCD  Epicardial System  The PCD Transvene  System 

provides appropriate acute and chronic safety margins for 
sensing of sinus rhythm and ventricular tachyarrhythmia as 
well as appropriate safety margins for pacing therapy  

Im lant Defibrillation Thresholds 

For the purposes of both systems  determination of 
defibrillation threshold was not mandatory  However  the 

preferred method of evaluating defibrillation efficacy was to 
determine the defibrillation threshold using a testing 
sequence of 18J  15J  10J  5J with a failure at any level 
causing a return to 18 J for the remaining attempts  

A defibrillation threshold was defined as the energy at the 
lowest successful defibrillation attempt  provided a patient 
had a failure below their lowest defibrillation success or a 
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success at   5J  The rhythm treated must have been VF 

to be included in the analysis  

Table IM 4 provides a comparison of defibrillation 
thresholds determined at implant for the PCD  Transvene 
and PCD Epicardial Systems  

14 8J 

9 8J 

tatistically igni cant  p    5  

Table IM 4  PCD Transvene  System  Comparison of Implant DFT   6124192 

The PCD Transvene  System did have a significantly 
higher mean implant defibrillation threshoId  p 0 0001   
It should be noted  that it was expected that the PCD  
Transvene System would have a higher mean defibrillation 
threshold as compared to a traditional epicardial 
defibrillation lead system  In a traditional epicardial system  
the increased electrode surface area would theoretically 
decrease defibrillation requirements  

The programmed defibrillation pathways for the two patient 
populations is presented in Table IM 5  The implanted PCD 
Transvene  Systems are almost exclusively three lead 
systems and this explains the decreased use of SlNGLE 

pathway  The use of SIMULTANEOUS pathway is higher 
in the PCD Transvene System and indicates that in a 

group of patients the incorporation of multiple defibrillation 

pathways allowed an increase in the ability to meet the 
PCD Transvene System implant criteria  Most of the 
PCD  Epicardial System implants used a two patch system 
resulting in the increased use of the SINGLE pathway  
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574  75 3   251  33 0   

178  23 4D10  14  1 8   

10  1 3   496  65 2   

Table IM 5  PCD Transvene System  Comparison of Programmed Defibrillation 
Pathway   6124192 

The differences in the programmed status of the PCD 
device in the PCD Transvene  System are a reflection of 
the type of patients who received the device and the 
defibrillation energy requirements for each lead system  It 
is important to note that the PCD  device performed safely 
and effectively in both patient populations  

M 3 Spontaneous VTIVF Episodes Efficacy Comparison 

The primary benefits from the use of the PCD  System 
center on the detection and termination of life threatening 
ventricular tachyarrhythmias  An additional benefit of the 
PCD Transvene System is the elimination of the need for 
a thoracotomy for implantation of the defibrillation lead 
system and the resultant decrease in potential patient 
morbidity and mortality associated with a thoracotomy  
This clinical benefit should not be gained at the expense of 

providing effective termination of spontaneous VT and VF 
episodes  Table IM 6 provides a comparison of the efficacy 
of the PCD  Transvene and PCD Epicardial System in 
treating spontaneous episodes of VT and VF  
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Table IM 6  PCD Transvene System  Comparison of Spontaneous VTIVF Episode 

Efficacy   6124 92 

The overall success rate of the PCD Transvene  System 
in terminating spontaneous episodes of VT or VF is 98 7   
In addition  there have been no reported patient deaths due 
to ineffective termination of a spontaneous VTIVF episode  
This success rate compares very favorably with the overall 
success rate of the PCD Epicardial System which was 
98 2   Therefore  the PCD Transvene System offers 
the potential of decreased patient morbidity and mortality 
without decreasing the treatment efficacy of spontaneous 
VTIVF episodes  
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M 4 Incidence of Complications Observations 

A comparison of the reported complications and 

observations was made between the PCD  Transvene M 

System and the PCD  Epicardial System  The PCD 

Epicardial System patient population used for comparison 

included clinical experience as of May 14  1992 with 742 

patients and a mean implant duration of 9 7 months  

These two patient groups are similar in the patient 
demographics and indication for implant of the PCD  

System  In the P CD  M Tran svene  System patient 

population  18 2  of the patients experienced a clinical 

complication and 20 8  of the patients experienced a 

clinical observation  In the PCD Epicardial System  12 8  

of the patients experienced a clinical complication and 

25 7  of the patients experienced a clinical observation  

Table IM 7 and IM 8 provide a comparison of the reported 

complicationslobservations and their incidence in the two 

patient populations  

Reports Comjilica8ons 
PCD Tranevene  Syatem 

Q 8 k 0 5  

1 8  

0 9  3 54k 

2 0  1 9  

Lead Rehung 6 6  2  8  

0  5  0 9  

Table IM 7  Reported Complications  PCD  Transvene System versus PCD  

Epicardial System   6 24192 
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Table IM 8  Reported Observations  PCD  Transvene System versus PCD  
Epicardial System   6124192 

M 5 Survival Analysis Comparison 

Despite their excellent clinical performance  epicardial 
defibrillation lead system have important limitations   The 
requirement for direct thoracic access contributes 
significantly to patient morbidity and mortality  patient 
discomfort and prolonged hospitalization  The availability 
of reliabIe nonthoracotomy lead systems should provide 
positive clinical impact on these issues while not negatively 
impacting patient survival  Therefore  a comparison of the 
one year actuarial survival rates for the PCD Transvene  
and Epicardial System was performed  

Table IM 9 provides a summary of the patient deaths 
reported in the two patient populations by classification  As 
a reference  the mean follow up time for the PCD 
Transvene System patient population was 5 6 months 
while for the PCD Epicardial System it was 9 7 months  
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 N   5   to   4 i 

3 20 

15 41 

All Cardiac 18 61 

Hoieaediac  4 27 

22 88 

Table IM 9  Death Classifications  PCD Transvene System versus PCD 

Epicardial System   6124192 

Table IM 10 provides a comparison of actuarial survival 

rates between the PCD Transvene and PCD Epicardial 

patient populations  The actuarial survival projections 
include perioperative deaths only in the calculation of 

survival from death due to all causes  shown in table row 

labelled Overall   Perioperative mortality includes those 

deaths which occur in the first thirty days post implant of 

the PCD  System  
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Nuiabir of 
Psberits 

757 742 

99 8  98 7  ------- 

bloc Suddy 
Cai diic 

96 8  95 7  ------- 

  
All Cer fiac 96 6  94 4  ------- 

Honcsrdiac  99 4  97 3  ------- 

95 3  87 2010 ------- 

--------------- ------------- -- - - -- 

Table IW 10  Comparison of Actuarial Survival  PCD Transvene System versus 

PCD Epicardial System   6124 92 

There was a significant increase in overall survival in the 

patients receiving a PCD Transvene System   As 

previously noted  the Overall one year actuarial survival 

includes death from all causes  The overall one year 
survival for patients receiving the PCD Transvene System 

was 9S 3   This is significantly improved as compared to 

the overall one year act------- ------- al for the PCD 

Epicardial System  87 2   --- --------- This improvement 

in overall survival is primarily due to the marked 

improvement in perioperative mortality  the PCD  

Transvene  System having a 0 7  perioperative mortality 
versus the a perioperative mortality of 4 7  in the PCD  

Epicardial System  This improvement in perioperative 
mortality is primarily due to the elimination of the need for 

a thoracotomy and its associated morbidity and mortality  

N  PCD System Performance 

M 1 PCD  Device 

Devices implanted for the treatment of recurrent ventricular 
tachyarrhythmias should perform safely and reliably in the 
indicated patient population  Device longevity  ventricular 
tachyarrhythmia detection  therapy performance  and 
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analysis of explanted devices were evaluated to assess the 

performance of the PCD Device  

Extended longevity of implantable cardioverter defibrillators 

should decrease the number of device replacements a given 

patient would experience over their lifetime and decrease 

unnecessary patient morbidity  Thus  the PCD Device 

longevity  which is monitored utilizing battery voltage and 

charge time obtained via telemetry  was analyzed  The 

PCD Device longevity data collected is consistent with the 

longevity projections  

The combined experience of induced and spontaneous 
VT VF episode experience has shown that the PCD Device 
VTIVF detection and therapies have performed safely and 

according to design specifications when required to treat 

induced and spontaneous VTIVF episodes  

There have been a total of 41 devices explanted  Reasons 
for explant were patient death  15   infection  17   cardiac 

transplant  5   low battery voltage  1  and PCD Device 

performance issues  3   The analysis of the device that 
was explanted due to lower than expected battery voltage 

indicated that the decreased battery voltage measurement 
was due to hermetic leakage at the input to one of the 
integrated circuits and this affected the battery indicator 
circuit only and did not affect the critical functions of the 
device  This leads to a voltage drop across a resistor 
where the voltage measurement is taken  Analysis 
indicated that the battery was performing to specifications 
and the hermetic leakage was a random event  Analysis of 
the other three devices indicated that two were due to 
random component failure and one due to shorting on Pulse 
2 output  Thus  arcing occurred between the conductors 
inside the hermetically enclosed brazed ring of the high 

power hybrid  As a result  high voltage was momentarily 
applied to the low power circuitry  including the low power 
hybrid  This low power hybrid lost function including the 
capability to pace and transmit teIemetry due to excessive 
voltage applied  Since this is the only device that exhibited 
this type of failure in the field and the hybrid manufacturing 

process has demonstrated that it will screen out infant 
mortality  this failure was assumed to be a random 
component failure  

S69 



EiUEEX XOEIIiEIKllLP  9 
Based on the clinical data collected  the PCD Device has 

performed safely and reliably in the indicated patient 

population  

N 2 Transvene Lead Performance 

The Transvene  Lead System consists of a Right 

Ventricular Lead  a Coronary Sinus Superior Vena Cava 

lead  and a Subcutaneous Patch lead  There have been a 

total of 757 Right Ventricular leads  15 with the SP2100 

and 742 with the Model 6884 6966   796 Coronary 

Sinus Superior Vena Cava leads  Model 688116963   and 

718 Subcutaneous Patchleads  Models 689511031716S99  

implanted with a cumulative implant duration of 4246 

months  The reported incidence of conductor coil fracture 

is 0 5   4 757   

Based on the clinical data collected  the Transvene leads 

have performed safely and reliably  

O  Summary 

TheoverallclinicalexperiencewiththePCD Transvene System 

indicates that the system performed according to design and 

specification  The reported clinical complications and patient 

deaths are appropriately addressed in the required labelling for the 

system and the patient selection criteria for implant of the device 

is appropriate  

The following can be drawn from this analysis of the data 

collected in this clinical study  

Patient Deaths 

  The projected one year survival probabilities for Sudden 

Cardiac Death  Non Sudden Cardiac Death  all Cardiac 

Deaths and Noncardiac Death were found to be 99 8   

96 8   96 6   and 99 4   respectively  

The incorporation of programmable VT VF detection and 

therapies has improved the type of therapy available for the 

treatment of recurrent VTIVF while maintaining the positive 
impact of ICD therapy on survival from sudden cardiac 

death  
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  The sudden cardiac death survival of 99 8  at one year is 

comparable to that of the AICD patient population 98 0   

  There have been no deaths due to a PCD Device 

malfunction  

ComplicationslObservations 

  Complications were reported in 18 2  of the patient 

population and observations were reported in 20 7  of the 

patient population  

  The incidence of complications was comparable to that of 

the market released AICD system in the categories of 

ineffective VTIVF therapy  pocket infection  and pocket 
erosion and was lower than the AICD in the category of 

inappropriate delivery of VT VF therapy  

Patient Indications 

All of the patients entered into this clinical evaluation met 

at least one of the primary indications  Sudden cardiac 

death  SCD  was the primary indication in 37 1  of the 

patients  recurrent ventricular tachycardia  VT  was the 

primary indication in 49 8   of the patients and SCDIVT 

was the primary indication in 13 1  of the patients  

The number of patients  41 1   receiving VT VF therapy 

for spontaneous episodes of ventricular arrhythmias 

supports the conclusion that the patient selection criteria 

are appropriate and that the PCD  Transvene System was 

implanted in patients who benefit from this therapy  

0 The one year sudden cardiac death survival rates for the 

SCD patient group was 100 0   for the VT patient group 
99 7  and the SCDIVT patient group 100 0   

VTIVF Detection and Therapy Performance 

  The PCD  Transvene  System properly detects and treats 

VT as demonstrated by the spontaneous episode data  The 

overall success rate for detection and treatment of 

spontaneous VT was 98 7   

S71 



hZ lUEi2IR X   IKUEIIKI E s sx 

  The PCD  Transvene System properly detects and treats 

VF as demonstrated by the spontaneous episode data  The 

overall success rate for detection and treatment of 

spontaneous VF was 99 1   

  There were no reported patient deaths due to the 

nondetection of a spontaneous VT or VF episode by the 

PCD Transvene System  

PCD Transvene System Performance 

  The PCD Transvene System components  Model 

721 6A 72178 and Model 6884 6966  688116963  

6895 6999 Transvene leads  have performed according to 

design and specification and are  therefore  considered safe 

and effective in the indicated patient population  
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P  Clinical Experience Summary Conclusions 

The PCD Transvene  System is a tiered therapy device which 

combines features of bradycardia pacing support  antitachycardia 

pacing  low energy cardioversion as well as defibrillation therapy  

The incorporation of these features has allowed the physician to 

titrate the ICD therapy to meet specific patient clinical needs  

allowed fewer shocks to be delivered for recurrent ventricular 

tachycardia because of antitachycardia pacing features  allowed 

fewer cases of inappropriate therapy delivery due to 

programmable detection and allowed a sudden cardiac death 

survival rate identical to the Ventak P Epicardial System  

The PCD Transvene System  due to the elimination of the need 

for a thoracotomy  has provided a marked improvement in both 

the perioperative and overall patient mortality as compared to the 

PCD Epicardial System  In addition  due to the decreased 

perioperative morbidity and mortality  the post implant hospital 

stay has been decreased to a mean of seven days as opposed to 

a mean of fourteen days for the PCD Epicardial System  

Medtronic asserts and the PCD  Transvene investigators 

unanimously agree that the findings of the clinical study support 

the conclusion that the Medtronic Tachyarrhythmia Control 

System and the Transvene Cardioversion and Defibrillation 

Electrodes are safe and effective in the indicated patient 

population  
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II  Centersllmplant Distribution 

This report involves 800 patients and 805 implant procedures  Five 

patients had two complete systems implanted due to infection of the 
first implanted systems  These five reimplants are included in the 
implant analysis presented in this report since the entire PCD  system 
was removed and replaced  Forty three  43  of these 800 patients 
received  Non Standard  systems and are  therefore  analyzed separately 

 see Section VIIIG   Therefore  762 implant procedures in 757 patients 
are included in the following analysis  The following table shows how 
these 762 implants are distributed between the Models 7216A and 
72178 and between U S  and International investigators  

U S  

7217B 744 97 6  444 99 3  

18 2 4  3 07  

Table II  Implant Distribution   6124192 

i   i 

300 95 2  

15 4 8  

These 757 patients received their PCD  Transvene  Systems in 78 
investigative centers in the U S  and Internationally  35 U S   43 Int I   
There were a mean of 9 8 implants per center  min 1  max 60   A 

complete list of investigative centers  number of implants and date of 
first implant is provided in Appendix A  

III  Compliance 

The study protocol requires that patients be followed at 1 and 3 months 

post implant and then every three months  Overall compliance at the six 
month follow up was 93 7   For further discussion of follow up 
compliance and a definition of follow up intervals see Appendix B  
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IV  Justification for Data Poolin9 

This section will describe the results of the analysis to demonstrate that 

the data from the U S  and International investigative centers and the 

two device model numbers may be pooled  This section will also 

compare the three lead systems which will be presented throughout the 

report  

A  Comparison of U S  and International Patients 

Statistical comparisons were made between the two populations 

age  sex  ejection fraction  primary indication  NYHA  and previous 

cardiovascular history  Table F1 in Appendix F summarizes the 

results of statistical analysis  

All study investigators used the same  

a  patient selection criteria  

b  investigational protocol procedures  and 

c  indications for implant of PCD  Transvene  System  

Of the variables analyzed patient age  ejection fraction  primary 

indication  NYHA classification  coronary artery disease and 

cardiomyopathy showed a statistically significant difference 

between the U S  and the International patient populations at a 

0 05 significance level  The difference in NYHA classification 

becomes insignificant when adjusting for multiple inference using 

the Hochberg procedure  Dunnett and Tamhane  
 A Step Op 

Multiple Test Procedure   Journal of the American Statistical 

Association  March 1992  87 162 170   See Appendix F for 

multiple inference adjustments  Coronary artery disease  ejection 

fraction  cardiomyopathy  primary indication and age remain 

statistically significant after adjusting for multiple inference  The 

U S  patient population has a higher percentage of patients with 

coronary artery disease and cardiomyopathy  lower mean ejection 

fraction  more patients with VT as their primary indication and a 

higher mean age  The difference in age may explain the 

differences in underlying disease and cardiac ejection fraction  

These factors that are statistically significant but are not 

considered to be clinically significant enough to require 

stratification of the U S  and International patient populations  

The differences may have to do with regional attitudes toward 

access to health care for the aged  A breakdown of outcome 

variables for the O S  and International patient populations will be 

provided in section Vill l  
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B  Comparison of Model 7216A and Model 7217B 

Table F2 in Appendix F summarizes the results of statistical 

analysis comparing the Model 7216A to Model 72178  No 

parameters were found to be statistically significant between the 

two PCD  models at a 0 05 significance level  

C  lead Configurations 

Table F3 in Appendix F shows comparisons of patient variables for 

the three lead systems  This was done to document that there 

were no significant differences in patient characteristics between 

the implanted lead configurations  

Of the variables analyzed in Table F3 sex and cardiomyopathy 

showed a statistically significant difference between the three 

lead configurations at a 0 05 significance level  The difference in 

sex and percentage of patients with cardiomyopathy becomes 

insignificant when adjusting for multiple inference using the 

Hochberg procedure  Dunnett and Tamhane  
 A Step Up Multiple 

Test Procedure   Journal of the American Statistical Association  

March 1992  87 162 170   See Appendix F for multiple inference 

adjustments  

D  Statistical Analysis Conclusions 

The statistical comparisons between the U S  and International 

populations indicated no clinically significant differences therefore 

the data may be pooled  Analysis of the patients receiving the 

two PCD  models indicates no statistically significant differences 

therefore the data from the two devices may be pooled  

The results from the comparison of lead systems indicated no 

statistically significant differences in patient demographics  

primary indication  or heart disease  
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V  Patient Data 

A  Primary Indications 

The PCS Transvene  System is intended for use in patients 
who are at risk of sudden death due to ventricular 
tachyarrhythmias  Patients currently identified as appropriate 
candidates for a PCS system include those who have  

1  survived at least one episode of cardiac arrest  manifested 
by a loss of consciousness  due to a ventricular 
tachyarrhythmia that was not caused by an acute 
myocardial infarction  abbreviated below as SCD for 
Sudden Cardiac Death   or 

2  recurrent  sustained ventricular tachycardia that remains 
inducible via programmed electrical stimuli or exercise  or 
occurs spontaneously  despite the most efficacious 
antiarrhythmic drug therapy that can be tolerated 
chronically by the patient  abbreviated below as VT for 
Ventricular Tachycardia   or 

3  Congenital Long QT Syndrome with recurrent syncope 
despite full medical therapy  e g  beta blockers  phenytoin  
and or phenobarbital   abbreviated below as Long QT   
 Request for approval of this indication is being withdrawn 
since no patient was enrolled in the study with this 
indication   

Although no patients in the described - atient population have 
been implanted for Long QT Syndrome -- patients have Long Q T 
Syndrome as their underlying heart disease  They have all either 
had an episode of SCD and or VT  so their primary indication is 
reported as SCD or VT rather than Long Q T  The sponsor 
continues to believe that Long 0 T Syndrome is an appropriate 
indication for the PCD  System and will  therefore  continue to 
allow investigators to implant for this indication if they are 

presented with the appropriate patient  However  this indication 
is not included in the current labeling because it has not yet been 
thoroughly evaluated  

Patients with ventricular tachyarrhythmias associated with 
reversible causes such as ischemia  patients without diseased 
myocardium  positive thallium scan  and severe coronary artery 
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disease   drug intoxication  arrhythmogenic drug response  

electrolyte imbalances  hypoxia  or other causes of transient 

arrhythmias  e g   electrocution  WERE NOT considered as 

potential candidates for the PCD  System  

The table below summarizes the primary indications for receiving 

the PCD l Transvene  System  

Pri 

757 100 0  

Table V 1  Primary 1ndication   6124 92 

Key  SCO   

VT   

Sudden Cardiac Death survivor  without recurrent 

sustained VT 

Ventricular Tachycardia  recurrent  sustained   

without an episode of sudden cardiac death 

SCD   VT  Patients having had both sudden cardiac death and 

recurrent  sustained  ventricu1ar tachycardia 

The distribution of primary indication differs from the patient 

population receiving the commercially available AICD as reported 

in the 1988 PACE article  Thomas  et al  lmplantable Defibrillation  

Eight years Clinical Experience  PACE  1988  11 11   2053 8   

with respect to the percent of the population with sustained 

ventricular tachycardia without having experienced an episode of 

sudden cardiac death  The article cited reported 31 5   N   

3610  of their patients with VT and no episodes of SCD while the 

patient population receiving the PCS had 49 8   N   757   Chi 

square P  0 001   This difference is expected because of the 

antitachycardia pacing feature of the PCO   The use of pacing 

therapies for ventricular tachycardia enhances patient acceptance 

over higher energy cardioversion pulses and extends the longevity 

of the PCD  pulse generator  
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B  Patient Demographics 

El  ass 

----- ---------- --- ---- ---------- -------- ----------- ---- -------- ---- ------ 
-------- -- ------------ ------ ---- ----------- -------- -------------- 
------- ---- --- ---- ------- -------------- --------- -------- ------------- -- 
------ ------- ------- ----- -------- ---- ----------------- --- ---- -------- 
-------------- 

Patient ------ 

------ ----- ------ 

----- ------ 

-------- ------ ---- 

----- ------ ------ 

------------- --- ---- 

----------------- --- ---- 

Table V 2  Patient Demographics   6124 92 

----- ---- --- ---------- ----------- ---- ------- -------------- --------- 
-------- ------ --- ------- --- --- ------- ----- -------------- --- -------- ---- 
-- ------------ --- -------- --- --------- ---------- --- ---- ------- 
-------------- -------- ------------- ------ ----- ----- --- ------- ---- -- ---- 
------ --- ------ ---------- ------- ---------- ---- ------------ -------- --- 
--------- --------- 
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PCD TRANSVENE SYSTEM 

AGE DISTRIBUTION 
  OF IMPLANTS 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

-- 

-- 
---- ------- ------- ------- ------- ------- ------- ------- ------- ------- 

------ 
------------- --------- 
-------------- --------- ---------- --- ------ 

Figure 1  Age Distribution 

C  Primary Cardiovascular Disease 

The primary heart disease of the patients involved in the PCD  
Transvene  clinical study is presented in Table V 3  Primary 
heart disease differs from primary indications for receiving the 
PCD  system  The primary heart disease is generally the 
underlying cause of the patient s arrhythmia  The arrhythmia 
resulting from the underlying heart disease is the reason the 
patients receive the PCD   not the underlying disease itself  

As expected  the majority  561 or 74 1  of the patient population 
had coronary artery disease as their primary heart disease  either 
alone or in combination with other conditions  
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------- ----- ---------- ------- ---------- - ----------- 
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D  Ejection Fraction 

----- --------- ---------- ---------- ----- ----- -------------- --- ------ 
------------ --- ---------- --- ---- ------ -------------- -------- ------------- 
---------- -- --------- --- ---------- ------------ ---------- ---------------- 
--------------- --------------- ----- ----------------------- ----- ------- ---- ---- 
----- -------- ------------- -- ------ -------------- ----- ------------ --- 
----- ------ ------ -- ------- -- ------- ---------- ---------- --- ------ 
----------- ----- -------- ------------- ----- ----------- --------- ------- 
--------------- 

-- - ----- 

-------- ------ 

----- ------ ------ 

------ 

----- 

------- ----- ---------- ---------- - ---------- 
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----- ------- ---------- ------- ----- ---------- ---------- --- ---------------- -- 
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------ -------- -- -------- ----------- --- ---- --------- ------- ---------- 
---------- ------------ ---------- ------------- --------- ---------- ---------- 
--- ---------- ---------- -- -- --------- --------- --- ------------- ------------ 
--------- ------ -- - --------- 
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PCD TRANSVENE SYSTEM 

EJECTION FRACTION 
  OF IMPLANTS 

--- 

--- 

--- 

--- 

--- 

-- 

-- 

------ ------- ------- ------- ------- ------- ---- 

-------------- --------------- 
------------- --------- 

-------------- ---------- ---------- --- ------ 

Figure 2  Ejection Fraction 

E  New York Heart Association  NYHA  Functional Status 

----- --------- ---------------- ----------- -- ------------ ---------- --- ---- 
---------- --- -- ---------- ------ --------- ----- ------------ ----- 

------- - - 

------- -- - 

------- --- - 

------- --- - 

---------- ------ ------ --------- ---- ------ --- ------------ --- 
---------- ---------- 
---------- ----- ---- --------------- -- ----- ----- ------ ------ 
---------- ---- ------------- ------------- ------ ------ 
------------ ---------- 
---------- ----- ---- --------------- -- ----- ---- ------------- 
------------- ------ ------ ---------- 
---------- ----- ---- ---------------- -- ----- ----- ---- -------- 
--- ------ ---- ----- ---------- ---------- 

--------- ----- ----- ----------- -- ---- ------ --- --------- --- ----- ---------- 
----------- ---- ------- -------------- ---------- ------- ----- -------- ----- 
------ ---------- ------- ------------ ------ ---------- --- ------- - --- --- 
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This indicates that most patients are able to perform the activities 

of daily living without symptoms of congestive heart failure  

----- -- ----- --- ----- 

------ -- ----- ------ 

----- ------ 

------- -- ----- 

Table V 5  NYHA Classification   6124192 

Preimplant Antiarrhythmic Drug Testing 

------ ------ --- ------- ---------- ----------- ---- ------- -------------- 

--------- ------ ------------- ------------ --- ------------ -- ------------------ 

------- -------- ----------- ------ ------------- ---------------------- 

------------- --- -- -------- -------- --- ----------- ------------- 

--------------------- ----- -------------- ---------- ---------------------- 

------------- ------------- ------------ --- ---- ---------- --------- 

-------------------- ---------- ---------------- ----------- -------------- ------- 

--- ---- ---------------------- ----- -------------- -------------- -------------- 

----- --------- -------- ------------ ---- --------- ----------- ----- --------- 

--- ------------------ ------- ------- --- ------ -------- -------- ------ -- --- -- 

------ -- ------- --- ---- -------- ------- ----- -------- ---- -------- ---------- 

----------- ----- ------- --- ---- --------- --- ------- ------------ --- ---------- 

------ --- ----------- ---- ------- -------------- ---------- 

----- --- --- 

---- 

----- ----- 
------------- 

---- 
-- 
-- 

Table V 6  Antiarrhythmic Drug Testing Prior to Implant   6 24 92 
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G  Pre Implant Electrophysiologic Evaluation 

-------- --------------- --- ---- ------- -------------- --------- ---------- ---- 

-------------- ------------ --- -------- -------- -------- ----------- ----- 

-------- ----------------- ----- --- ---- -------------- ------------- --- ------- 

--- ---- ---------- -- ------------ --- ---- --- ---- ---------------------- ----- 

------------- ------- ---------- ----------- ----------- ----- ---------- 

-------------- --------- ----- ----- --- ----- --------- -------------- ----- 

-------------- -------- ---------- ----- ------------- -- ------ --- --------- 

------- -------- --- ---- ----- --- ---------- ----------- --- ---- ------ --------- 

-------- --------- ------ ------- ----- ------------- --- ---- ---------- --- -- 

------------ ------------------ ------ ----------- ------------- --- ---- -------- --- 

-------- ----------- --- ------------ ---- --------- ------------- --- ----------- 

---- -------------- ------------------- ---------- ------------ -- ----------- 

------------------- --- -- ---------- ---- ---- ---- --- --------------- ---- 

-------------- -------------- ----------- -------------- ------------- --- 

-------------------- --------------- ----- ----- ----------- ---------------- ---- 

----------- -------------- ----- ------------- --- ---------- -------- ------------ 

------- ----- -------- ---- --------- --- ---------- ---------- ----- ---- -------- 

-------------- -------------- --------------------------- ------ ---------- --- 

------ --- ---- -------- ------------- ----------- --- ----- --------- ------------- 

------ ---------- ----- ------------- -------------- -------- -------------- 

-------- -------------- --------------------------- ------ --- ------ ---------- 

----- ------ ---------- ---- --------- ------------- --- -------- ------------ ----- 

--- ---------- ---- ---------- ----- ---- ------ --- ----------- ---- ------- 

--------- ------ -- -- ---- --------- ------------ -------------- ---- -- -- -- 

---------- ---------------- 

----- 
--- 

------ 
--------- 

----- 
----- 

------ --- 

------ 

--- 
--- 

--------- 
------ 

----- ------ 

----- ------ 

Tab e    re Implant Electrophysiologic Evaluation of Sustained VT  6 24192 I V7 P 
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---- ------------ -- --------- ------------- -------- --- ---------- ------ -- 
---------- ------------ --- --------- --------- ------- ------ ---------- ----- 
------- ------ -- --------- --- ------------- --------------- 

H  Antiarrhythmic Drugs at Implant 

------- ----- -------- ---- ------- --- ------------------ ------- ---------- ------ 
-------- -- ---- ------ --- --------------- --- ---- ------- ---------- ----- 
-------- --------- -- ---------- --------- --- ---------------- 
------------------ -------- -- ------------- --- ----- ---------------- --------- 
-- ------------ --- ---- -------- ----------- ------------------- -------- ------- 
--------- --- ----------------------- ------ --- ----- --- ------- ---------- ---- 
------------ --- --------- --- ---- ------ -------- -------------- ----- ---- ----- 
--- ---- ------ ------------- ------ ------- -------- ---- --------- --- ---------- 
--- ----- ----- --- ------------------ -------- ------- ------- ---------- ---- --- 
------ ----- ----- ----- --- ------------------ ------ ---- ---------- ------ ------ 
----- ---- ------ ------- -------- 

--------- ----- --- ---- ---------- ----- --- ----------- ---- ------- 
-------------- --------- ------ -------- ------------------ --------------- -- ---- 
------ --- ---------- ----- ------ -------- ------ ------ ----- ----- ------ --- 
------ -- --- -------- --------------- ----- ---- ------ --------- ------ ------ 
---------- --- ------ --- ---- -------- --------------- 

Drvg ------- 

--- ----- 

------ --- --- ----- 

------ --- --- ----- 

------- -- ---- ----- 

------ --- ----- ------ 

--- ----- 

----- --------- 

Table V 8  Antiarrhythmic Drugs at Implant   6124192 
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I  Patients with Bradycardia in Past Medical History 

------------------------- ------ ---------- --- ------ ------------ --- ---- 
---------- ----------- --- ----- ------- ----- -------------- ------- --- ------ ----- 
---------- --------- ------------------------------ ------ --- ------ --- ---- 
----- ---------- ---------- ----- -- -------------------- -------- ------------ 
-------------- ---------- -------------- -------- --------- ------ ---- ------- 
-------------- --------- ------ -------------- --- ---- ---------- ----- 
------------ ------ ------------ ---- --------- ----- ------------- --- ---------- 
----- ---------- -------------- -------- --------- ------ ---- ---------- --- -- 
---- -------- ---- --------- ---- --- ---------- --------- ------- -- --------- --- 
-------- -- ------------ -------------- 

---------- ------ ----- ---------- -------------- -------- --------- ------ 
--------- ---- --------------- ----------- --- ---- --- ----- ----- ------ -- 
----------- --- --------- -- -------- ------- ---------- ------ -- ----------------- 
--- ---------------- --------- -- --- ------------- --------- -- --------- ------ 
----- -------- --- ---- ----- --------- ------- ---------- ----- --------- -- 
-------- --- ---- --------- --- ------- -------- ----- ---------- ------ ---------- 
------- ------- --------- ---- ------ ----------- ---- ---- ------ -------- --------- 
---------- --- ----- ----- ----- ------- --- -- ------------- ------- ----------- --- 
-------- ----- ---------- ---- ----------- -- -- -------- --------------- --- 
----------- ------ ---- ---- ------------ ------ -------- ------ --- ----- 
----------- --- ---- ---- ---------- ----------- --- ----- --------- -------- --- 
----- -------- ------------- --------- ----- ---------- ------ -- ---------- ------- 
-------- --- ---- ----- ------- -------- ----- --------- ---- -- --------------- ---- 
---------- 

----- ----- ------ ---- ---------- ----------- ---------------- ---- ------ ---- 
-------------- -------- --------- --- ---- ----------- -------- -------------- 
----------------- --- ------ -------------- -------- --- ---- ------ -- -- --------- --- 
---- -------- ------ -- ---------- ---- ------ ---- --------------- --- ----- 
---------- 

------ -- -- -- -- ---- ------- 

----- 

----- 

------ 

Table V 9  Post Therapy Pacing   6124 92 
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Summary  Patient Data 

5    51 

Table V 10  Patient Data Summary   6 24 92 

K  Conclusions  Patient Data 

The patient population receiving the PCD  Transvene  System 
is the patient population described in the study protocol  
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Vl  Implant Data 

------ --------- ----- ---------- ---- --------- ------------ ----- --------- ----- --------- 

---- ----- ----------- -------- ---------- 

-- ------ --- ----- ---------- ------ ------------ ---- -- ------- -------------- --------- 

------------------------------ ------ ---------- --- ---- --- ----- ---- --------- --------- 

------ ----- --- ---- 
------------ -- ----- ---------- ----- ---------- ---- -------------- 

--------- --------------------------- ------ ---------- ---- ---- ------ ---- --------- 

--------- ------ ----- --- ---- ------------ -- ----- ---------- ---- ---- --------- -- 

------------ -- ----- --------- ------- ----- -------- -------- ------- --- ---- ----- 

---------- ------------ --- ----- ------- ------------------ ----- ------------ 

--------------- ----- ---------- ---------- --- ------------ ----- --------- ----- ----- 

------------ ------------ --- --------------- ------------ --------- ------------- --------- 

---- ------------ --- ---------- ---------- -- ----------------- ----- --------- -------- 

--------- ----------- --- ----------- --- -------------- ------ ----- ------------ ------- 

------- ---------- ---- ------------ --- --------- ----- --- 

------ --- ---- ----- ---------- ----------- -- ------- -------------- --------- ----- ------ 

--------- -------------- ------------ ----- --- ----------- ----- -- ----- --------- ------ 

------------- ------------- ---- ---- ---- --------- ----- -- ------ 

A  Implant Procedure Summary 

----- ------------ --------------- ---- --------- ---------- ------ --- ---------- 

---------- ----------- ---- ------- ---------- ------ ---------- ----- ------ -- 

------ ---------- ------ ------ ----- ---------------- 

------- ---- ----- ------- --------- --- ---- ---------- ----------- -- ---- ------ 

--- --------------- --- -- ------- --------- 

1  ------------- --- ---- ----- --------- ---- -------------- -------- ----- 
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--------------- ----- -------------- ------------ ------------ --- ---- 

------- --------- 

----- ----- ----------- --- ---- ---------- ----- --- -------- ----- ---- ------ 
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------------ ------ ------ ------------ 
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1  -------------- ------- ----------------- --- --------- 

------------------------ -------------- ----- -------------- ------ 

-------- ----- ------- ----- --- ------ --- ------ ------ ------ ------ ---- 
---- ---------------- --------- -------- ----- --------- ------------- 
------ ------------ ------- -- -------- ---------- ---------- --------- 
------ --- -------------- --- ------------ -- ---- -------- ----------- 
------ -------- ---- ----------------- ------- --------- ----------- - 
--------------- --------- ------------ - ------- ------------ ------ 
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- ---- ------- ---- 

------------ ---------- ------- 

- ------ 

------ ------ - ------ ---- 

Table Vl --- ------------------ ---------- -------------- -------------- - ---------- 

2  ------- ---- ------ ------ ------------ --- --- ---------- ---------------- 
-------- ---------- ------ --- ------- ----------- --- ---------- ---- 
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----- ---------- ----- ---------------- ----- ------------ ------ --- 
-------- -------- --- --- --------- 

-- -- ---------------- ----- ------------- ---- ---- ------------ ----- 
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--- -- ---------------- ---- ---------------- --------- ----- 
----------- ----------- -------- --------- --- ------- ---- 
--------- ---------- -------- ---------------- ----------- ----- 
-------- ----- ----------- 

-- --------- ----- ---------- ------ -- ------ -- --- -- ----------- 
--- ---- ------ --------------- ------------- -- --- -------- --- 
----- ------ -- ------- ----- ----------------- 

3  --------- ---------------- --------- ---- --------- ----- ----- ------------ 
--- ------------ ---- ---- --------------- ----- ------------- ---- 
--------------- ------------- ---- ---------------- ----- --- --- 
----------- --------- ----- --------- --- ------------ --- --- -------------- 

17 

(b)(4)

(b)(4)

(b)(4)



IXiti Eil l CiEli3IKllEsoo 
------ ------- --- ---- ----- ------------- -- ----- ------- ---- ---------- 
-------- --- ---- ------- -------- ----------- 

------- ---------------- ---------- ----- ----------- ---- --------- ----- 
-------------- ------------- --- ---- ------- -------- --- -------- ---- 
---------- --- --------------- ----- -------------- ------------ 
------------ --- ---- -------- ----- -------------- ------------- --- -- --- 
-- ------- --------- ----- ------------ ----------- ----- --------- 
---------- ----------- ------ ---- ----- --------- ----- ------------ --- 
---- ------- ------- ------------ --------- ----------- --- ---------- 

-- ----- ------- ----- ---------------- --- ------------ ------------- 
----- ------ ----- ------------ -------- -------- ----- --- ------ 
----- --- -------- ---- ----------- --- -- ----- -- 
---------------------- ---------- ----- --------- --------- 
------------ --------- ----- -------- ------------- ------ 
------------- ---- ------------- --- -- --- -- ------- ---------- -- 
-- --- -- ------- --------- ------------ ---- -------------- ----- 
------------ --- -------- ------------- --- ---------- ---- ----- 
------ ------------ -------- ------ --- ------ --------------- ----- 
------------ 

--- ------------- ----------- ----- --------- ---------- ---- ---- ----- 
----- ------------- ---- ----------- ----- ---------------- ----- 
----- ---- ----------- ------ ---------------- --- --- --------- 
----- ------- --------- ------ --------------- ------- ----- 
------------ ----- ---- ---------- 

-- ------------- --------------- ----- ----- ------------ --- 
------------ ---- --------- --------- ------------- ----------- 
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B  Venous Entry Site 

----- --------- ------ ---- ------ ---- ------------- --- ---- -------------- 
------ -- -------------- --- ---- ------------- ------------- ------- ------ 

-------- ---- ----- -------------- ----- -- ---- ------ --------- --------- ------ 

---- ------------ --- ----- --- ----- --- ----------- ----- ----------- ----- ------ 
--------- --- ---- ----- ------ ------ -- --------- ----- ---- ------ --------- --- 

---------- ----------- --- ----- ------- ---------- --- ---------- ------ ---------- 
----- ------------- ----------- 

PCS Tranevene System 

All 
Transvene  

Lbads 

----- ----- ------ 

--- --- --- 

----- ----- ----- 

-- --- 

-- -- --- 

--- -- --- 

-- -- 

----- ----- 

Table Vl 2  Venous Entry Site   6 24192 

-- 

------ 

------- ------ ------ ----- --------- --- ----------- --- ---- -------- ------ ------ 
------------- ----- ------------- ------ ----------- --- ---- ----- ------ 
---------- ---- ---------- ----- ----- ---- ------ --- ------ ------ ------ 

-------- ---- -- ------ ------------- ------------ ------- ---------- ---- 
------------ --- ------- --- ---- ----------------- ---------- ------- ------ --- 
--------- --- ------------- --------- ---- -- --------------- --------- --------- 
----- --- -- ------ ------------- ----- ---------- ----- ------- -------------- 
--------- ---------- ---------- ---------- ---------------------- ------- ---- --- 
---- ------------- ------ 
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C  Pace Sense Data 

----- -------- -------- ----- -- ---------- --------- --------- ---------- ----- 
--------- -------- ------------- ------------- ----- -------- -------- ----- 
------ -- ---------- --- --- ------------ --------- ---------- --------- --------- 
-- -------- ---------- ---- ------------- ----------- ----- ---- ----------- 
---------------- ------------ ------ --------- ------ ---------- ---- 

------------- ----------- ----- ---- ----------- ---------------- ------------ 

1  Implant Pace Sense Parameters 

------- ------------- --- ---- -------------- ------- ---- ----------- 

-------- ----- --------- ------------ --- ------ ---------- ------ 
------------ --- ------------ -- ---- -------- ----------- ------ -------- 
---- ----------------- -------- ----- -------- ----- --------- -------- 
----------- -- ---- ------ --- --------- ----------- --------- ------------ 
------------- ---------- ------------ ----- ------ ------ --- ---------- 
------ ------------- ------ ----------- ------ -- -------- ----- -- -------- 
--------- ------------ ------- ----------------- ---- ------------- --- 
---------- ---- ------------ --- --------- ----- -------- ----------- -- 
---- ------ --- ---------- --------- ----------- - ------ --------- --- 
------- ------------ - ------- ------------ ---------- -------- ------ 
----- - ------ ----------- 

------- -------- ----- -------- ------- ---- -------------- -------- 
----------- -- ---------- ----- ------- --------- ----------- ----- ---- 
-------- ---- ------- ------------ ----- ------- -------- ---- ------- --- 
------- ------------ ----- ------ ----- ----- ---- ------- ------ ----- ----- 
--- ----- ---- --- ------ -------- ---- ----- -------- ---- 
----------------- --------- ---------- 
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Implant 8 Wave 
Amplitude 

lmplont Slew 
state 

----- 

----- ----- 

------- 

----- ----- ------- 

---- ----- ---- ---- 

---- ------ --- ---- 

Table VIC 3  Implant Pacing Parameters   6124 92 

------- ------ ---- -------- -------- ----- -------- ------ ---------- ---- 

------------- ----------- ----- ---- ----------- ---------------- 
------------ -------- ------------- ------ ----------- --- ----------- 
------- -------- -------- --- --------- ------------ -------- ---- ------ 

------------ 

----- --- ----- --- 

---- ---- ---- ---- 

---- ---- ---- ---- 

------------ ---- ---- ---- ---- 

------------ ---- ---- ---- ---- 

----- --- ----- --- 

------- ------- ------- ------- 

------- ------- ------- ------- 

----- ----- ----- ----- 

------ ------ ------ ----- 

Table VIC 4  Implant Pacing Parameters by Pathway   6 24 92 
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------------ ------ ----- -- -------- ----------- ------ ---- 
----------------- ------ - -------- ------- --- ------ ---------- 
---------- -------------- --- --------- --- ------------ ---- ------ ---- --- 
------ ---------- ----------- ----------- -------- ---------- 

----------------- ---- ------- --- --- -------- ------- ------ -------- 
------------ 

---------- ---------- ------ ----- --------- --------- ------------- 
----- ----- --------- ------- --- ------ ---------- --------------- 
---------------- --- ------- ------ --------- --- -- --------------------- 

2  P and T wave Sensing Testing 

----- ------- -------------- --------- ----- ------------ -- 
--------- --- ------------ ---------- ---- ------------ --------- 
---------- --------- ------ ----- ---- ------------- 
--------------- -- -- ----------- --- -------- ------ 
-------------- --------- ----------- ------ ---------------- ----- 
-- --------- -- --------- -------------- --------------- --------- 
----- ----- ------ --------- ----- ------- ------- ------ ----- 
------------- ---- ------- ----- ----------- ------ ------ 
------- ---- ------ --------- ----- ---------------- --- --- ------ 
----------- ----- ------ ----- ------------ -------- -------- ----- 
--- ------ ----- -------- ------ -------------- ---- --------- 
----------- ------------ ------- ----- -------- ------------- 
------ ------------- ---- ------------- --- -- ----- -- ------- 
---------- ----- ----------- --------- -------- --- ----- --------- 
-- ---- ------------- --- ------ ----------- --- -- 
-------------------- --- ------------ --- -------- ------------ 

------ ------------ --- ---- ------------ ------- -------------- 
---------- ----- --------------- --- -------------- -- ------- --------- -- 
---------- ------- ---- ------ ---------- ---------------- --------- ----- 
----- ------------- ---- -- -------- ------------- ------ ---- ------- 
--------- ------- -------- -------- ---- -------------- --- ----- ------- 
--------- -------- ---- ----- ------- ---------- 
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Model VR16A 
N  F8 

----- ------ ----- ------ -- ------ --- 

------- ---------- ----- -- ----- -- -------- 

----- ------ ----- ------ -- ------ ---- 

------ -- ----- -- ---- 

------- ---------- ----- -- ---- -- ----- 

-- ----- -- ----- 

Table VIC 5  P T Wave Sensing   6124192 

----- --------- -------- --------------- ---------- ---- ------ 
-------- --------- ----------- -- ------- ----- ---------------- 
---------- ---------- -- ----- -- ------- --------- ----- 
--------------- -- ---- ------ --- --------- ------ ------ --- 
--------- --- ---------------- ---------- --- --------- --------- --- 
------------ --- -------- ----------- ------------ --- --------- --- 
-- --- -- --------- 

D  Defibrillation Testing 

1  Lead System Testing 

----- ------- -------------- --------- ----- ------------ ---------- 
------------- ------------- ----- ------------ --- ------------- 
--------------------- ------------ --- ---- ------- ----------- ----- 
---------- ------- ---- -- ------------ --- -- ------------- --- ---- --- ------- 
--- --------------- ---------------- ---------- -- ----- -- ---- ----- 
----- --------- ------------ --------------- --------------- ---- -------- 
-- -------------- ------- -- ---- --- ------ ---- --------- --------- 
-------- ------ ------ ---------- ----- ---- --------- ------- --- 
-------------- ------------- ------------- ------ ---------- -- ---- ----- 
----- --------- ----- ---- ------------- -- ----- -------------- 
------------ ------------- --- -------- -- ---------------- ----------- ----- 
---- -- ---------- --------------- ---- ----- ------ ------ --- -------- 
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------------ -------------- --- -- ------------ ----- --------- ----- --- 

--------- ---- -------- ------ ---- ------ ------------- --------- 
------------ 

------- -------- --------------- ---- ---------- --------- --- ------------- 
------ ---- ----- ------------ ----- -------- ----------- ---- -------- 
---------- ---- -------------- ----- --------- -------- --------- 
-------------- ------ ----------- --- ----- ------ -- ---- ---------- ------ 
-------- ----------- ---------- ---- -------------- ----- --------- 
-------- ---- ----- ------------- ------------ ---------------- -------- 
-------- - ----- -- ---- -------- ------ ---------------- --- ---- 
---------------- 

---- 
------------- --- 

----- ------ ---- 

---- 
------------- 
------------ 

--- 

------- 

------------- 

------------ 

--------- 
------ 

------- 

Table VID 1  Lead System Evaluation Summary   6 24 92 
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2  Implanted Lead Systems 

----- -------- --- ----- --------- -- -------------- --- ---- -------------- 
----- -- --------- --- -------------- ------ ------- -------- --------- 

----------- --------- -------------- ------------- ----- ----- --- --------- 
------ ----- ---- ----------- ------- ----- ---------- -------- 
------------- ------------------ ----- ---------------- ----- --------- -- 
---- ------ -------- ------ -------------- ----- --------- -------- --- 
------ ---- ------ -------- ----- ---------------- -------- -------- 
--------------- ------ ------------- -- ------- ----- --- ----- --- 
---------- --------- -- ----- --- ---- ----------- ------- ------ -- 
--------------- ------- ----- --------- -- --- ---- ------------ -------- 
------- -------- -------- ---- --------- ------------ ---- ---- ------ ----- 
----------- 

----- ------ --- 

--- ------ --- 

-- ----- --- ------- 

----- ------ ----- -------- ----- ------ 

Table VID 2  Implanted Lead System   6124192 
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----- ---------- --- ---- ---------------- ------- -- ------------ --- 
------- --------- ----------- -- --------- --- ------ ------------- ----- 
----- ------------- -------- ----- ------- ---------- ------ ---- --------- 
---------------- --- ---------------- ------- ------------- 
---------------- ---- ----- --- ------- -- --- ---- ------ -------------- 
---------- ---- ------ ------------ --------- 

----- ------ ----------- ---------------- ------- ---------- ---------- -- 
---- ----- --------- ----- --------- ---- ----- ------ ----------- 
---------- -- ---- ---------- --------- ----- --------- ----- ---------- 
--- ---------------- --------- ---- -------- ---------- ---- ------ ----- 
------ ------------- --------- 

----- ---------- --- ---- ---------------- -------- -------- ---- ------- 
----------- -------------------- ----------- ----- --- ----- -- 
---------------- -------- ---- ------- ----------- --- -- --------------- 
----------- 

---- --- -- -- -- -- --- 

----- 

---- --- ----- ----- -- ----- 
------ 

------ --- --- -- -- --- 
----- 

----- 

------------ 

--- 

------- --- 

----- ----- -- --- ----- 
------ 

---- --- 
----- 

------ 
----- 

------ 
-- 

----- 

--- 

----- 

----- 
-------- 

Table VID 3  Location of the Subcutaneous Patch Electrode   6124 92 
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------- -------- -------- ---- --------- --- ----- ---------- ------- ------ 
--- --------- ------ --------- ----- --- ------------ ----- --------- 

--------- ---- ----- ---------- ------ ------------ -------------- 

--------- ------------- -------- ---------- ----------- ---- ---------- 

------ --------- ----- ---- -------- --------- --- ----- ---------- 

------------ ------ ---------- ----------- ---- ---------------- ----- -- 

------- --- ---- ---------- ------------- ---------- ----------- ---- ----- 

--------- ----- ---- ---------- --------- --- ---------- ------------ ------ 

------- -------------- ---- ------- --- --- -------------- -------------- 

------- ----- -------------- --- ---- ---------- --- -- ------------ ----- 

--------- -- ---- --------- ----- ---------------- --------- --- ------- 
---- ---- ----- -------- --- ----- ------- ------------ --- ------------ ---- 

-------- ---------- ------- -- -- ---- ------------ ----- ----- -------- 

---------- -- --------- --------- --- ----- ---------- ----- ---- 

-------------- -------------- ---- --------- ------------ ------ --- 

----------- ------- --------- ---- ------ ----------------- 

----- 
------ 

----- ------ 
------------- 
------------- 

---- 
---- 
--- 
-- 

----- 
------- 

----- ------ 
------------- 
------------ 

---- 
---- 
--- 
-- 

------------- 
------- 

----- ------ 
------------- 
------------- 

----- 
---- 
---- 
--- 
-- 

--- 

------- 
----- ------ 
------------- 

---- 
---- 

-- 

Table VID 4  Number of Configurations Tested Prior to Implant 
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------- -------- -------- ----- ---------- ----- -------- --- ---------- 
----------- ---- ------- -------------- --------- ------ ------------ 
------ ------ ----- ----- --------- ------- -------- --- ------- ----- 
--------- ----- ------- -- ---- ------------ --- ---- -------------- ----- 
------ --------- --- ------- ------------ ----------- ----- ---- ----- 
---------- ---- ----------- ----- --- ---------------- ------ ---- --------- 
--------- ------------ --- --------- --- ----------------- ------- 

---------- ---------- ------------- --- --------- ----- ---------- --- ------- 
--- ----- --- ------------- ---------------- ------------ ----- ------- 
------ ---- ------ --- ---- -------- ------------ --- ------- -------- 
--------- ------ --------- ------ -- --- -- ---------- ------- ------- --- 
------- ------ -- ------- ---------- --- ---- ------ ----- ---------- 
------- ------- --------- 

----- --------- ----- ------ ------- ------- 

-- ----- --- --- ----- ------ ------- ------- 

-- ----- ------ --- --------- ------- ------- 

-- --- ----- --- ------ -- ---- - ------- 

------ --- ----- --- ------ ------- ------- 

Table VID 5  Number of Lead System Configurations Tested   6124192 
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------- -------- -------- ---- ---------- --- ---- ----- ----- --------- 
------- --- ------- --- ---- ------------ --- ---- ----- ----- --------- 
------- ------- ---- ----- ----- -- ------------- --- ------ --- 

---------- ----- ---- ----- ----- --------- ------------ ----- ---- 
--------- ------------- ------- ---- ---------------- --------- -- ---- 
----- --------- ------------ -- -- ------------ ------ ------------ --- 
---- ------ ------------------------------ ------ --- ------ --- 
------ ----- ---- --------- ---------- ----- --------- -------- ---- 
------------ -------------- --- --- ---- ---------- ---- ---------- 
--------- ---------- 

----- --- ---- 

----- ------ 

----- --- --- 

----- --- ------ 

------------- 
-- ------ 

----- ------ --- ------ 

--------------- --- ------ --- ---- ----- 

------- -------- ---------- --- -------- ---- ------ ------ --------- ------------ 
----- ---- ------ --------- ------------ - ----------- 
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------------- ---------- ---------------- -- ---- ------ -------- ------ 

-------- ---------------- ---------- --- ---- ------- -------------- 

-------- -------------- ----- ---------- ------ ------------ ------ ------ 

------ ---- ------ ---------------- --- ------- ---------- -- ---- ----- 

--- ---- --------- ------------- ---------------- ---------- --- ---- -- 

------- ---------- --------- ------ -- ------ ----- --------- --- --- ------ 

------ --------------- ----- ---- ----- ----- --------- ----------- ------ 

--- ----------- ---------------- ------- ---------- --- ------ -------- 

------- -- ------ ----- --------- ----- ------------ ---- ---- ---- 

------------- --- ----- --- ---- ----- ----- --------- -------- ----- 

------------ ---- ------ ----- ---- -------------- ---------- --- ------- -- 

--- ------- --- ----- ---- ---------- ------------ ---------- --------------- 

-------- ---------- --- ----- 

----- ------ 

----- ------ 

------- --------- ------------ ------ --------- - ----------- 
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3  Lowest Energy of Defibrillation  LED  

----- ------ -- --------- --- ---- -------- ---------------- -------- ----- 

--------------- --------------- ---- --------- ----- ------ -- ------ 

------------ -- ---- -------------- ---------- ---- ---------- --------- --- 

------------- -------------- -------------- --- ---- --- ----------- --- 

------ --------- ----- ---- ----------- --- ---- ----------------- --- ---- 

------- 

------- -------- -------- ---- ------ ---- ---- ----- ------------------ 
------- -- ---------- ---------- ------ -------- --------- ----- ---- 

---- ---- ------ ---- --------- --------- ----- ---- ------------ --- 

--------- --------- 

----- 
-------- 

----- ------ 
------------- 

---- -- 
---- 
--- 
---- 

----- 
------ 

---- 
--- 
-- 

--- 
------ 
---- 
--- 
---- 
--- 

------ 
---- 
--- 
--- 

------- --------- ------- -------------- --------- - --------- --------- --- 
----------------- - ----------- 
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4  Defibrillation Threshold  DFT  

-- -- ---- -- ---------- --------------- --- -------- -- ---------------- 

----------- -------- ----------- -- -- ---------- --- -------- ---- ------ 

------- -------------- ---- --------- ----------- ----- ------ -- --------- 

--- ---- -------- ---------------- -------- -------- --------------- 

--------------- ---- ------ ----------- ------ -- -- -------- -- --- 

-------- -------- ---- -------- --------- --- -- --------- -- - ---- 

------- ----- --- --------------- --- ----- ---- -------- ------ ---------- 
--- -- ------------ --------- ------ ---- ----- ------- ----------- --- --- 

---- --------- -- ------ ---- ----- ------------------ ---------- -- 

--------- --- ---- ----- --------- --------- ---- ------- ----- ----------- 

--- ----- 

-------- ------ ----------- -------- ----- --- ---- ----- --------- 

------------- ------------ --- ----- -------- ----- ------ ------ 

----------- --------- ---- ---- ------------ -- ------ -------- ---- --------- 

------------ ------- --- ----------- ---- ------------- ------ ------ --- 
------------- --- ---- ------- ----- --- -------- -- ----- ---- ------- ----- 

--- ------------------ -------- ----- --- -------------- -------- -------- 

------ ------------ ---------- --- ---------------- -------- ------------ 

------- -------- ---------- ---- -------- ----------- -------- --------- 

--------- ---------- ------ -------- --------- ----- ---- ---- ---- ------ 

---- --------- --------- ----- ---- ------------ --- --------- --------- 
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------- 
------ ------ 

------------ 

----------------- --- 
------- 

---- ------ 

----- 
------ 
---- 
--- -------------- 
-- 

----- 
------ ------- 

----- ------ 
------------- 

---- 
--- 
---- 

------------- --- -- 
------ 

----- ------ 
------------- 

--- 
-- ---- 
---- 
--- 
--- 

------- --------- ------- -------------- --------- - ----------------- ------------ - --------- 

------- -- -- -------------- ------------- ------------ ---------- ---- 

------- ------ ----------- ------ ---- ------------- --------- ----- ---- 

------- ------ ----------- ------ ------- ---- ---------------- --------- --- 

---- --------------- ----- ---------- ------------ -- --------- 

5  Patients not Meeting Implant Criteria 

--------------------------- ------ ---------- -------- --- ---- ----- 

---------- --- ----- ---------- ------------- ------- --- ------ ---- 

--------- --------- --- -- ---- --- -- ------------- ----------------- -- 
---- --- ----- ---- ---------- ---- ------ ---------- --- ------ ----- 

---------- ----- ----- --- ------ - ----- ---------- ---------- --- ---- 

---------- ---- ---------- ---- --------- --------- ---- ----------- ---- 

------- --------- -- ------------ --- --------- --------- 
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E  ------ ------------   Implant Data 

--- -- ------ --- ----- ---------- ------ ------------ ---- -- ------- 

-------------- --------- ------------------------------ ------ 

---------- --- ------ ----- ---- --------- --------- ------ ----- --- ---- 
------------ -- ----- ---------- ----- ---------- ---- -------------- 

--------- --------------------------- ------ ---------- ---- ---- ------ 

---- --------- --------- ------ ----- --- ---- ------------ -- ----- 

---------- ---- ---- --------- -- ------------ -- ----- --------- ------- 

----- -------- -------- ------- --- ---- ----- ---------- ------------ --- 

----- ------- ------------------ ----- ------------ --------------- 

----- ---------- ---------- --- ------------ ----- --------- ----- ----- 

------------ ------------ --- --------------- ------------- --------- 

------------- --------- 

--- ----- ---- ------------- ----- -- ---- ------ ------------- ------ 

-------- ----- ---- ------------- --- -------------- ------- ----- ---- 

---------- ----- -- ---- --------- -------- ------ ------------- ------ 

------ 

--- ----- ------- -------- ----------- ----- ------- ---- ------- --------- 

------------ ----- ---- ------- 

--- ----- ------- --------- --- --------------------- ---------- -------- ----- 

------------- ----- ---- ----------- 

--- ----- ---------- --- ---------- -------- ---------- ---- ---------------- 

---------------- ----- --------- 

--- ----- ------- --------- --- ----- ---------- ------- ------ --- --------- 

----- ---- ----------- 

--- --------- ----- -------- --- ---- --------- ------------- ----------- 

-------- --- ------ ----- ----- --------- 

--- ----- ----- ----- ------- ----- ---- --------- ------------ --- ----- 

---------- ------- --- -------------- 

--- ----- ------------ ---------- ----- ---- ------ ------------- ------ 

---------------- --------- --------- 

---- ----- ------- ---------------- ----------- ----- ------- --- ------- 

------- ----- -- -------------- ------------- ------- ------- ------ ---- ---- 

--- 
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---------- ----------- ---- ------------- ----- --------- ------------ --- 

---- ------ ----- -- ----- ---------- ------------ -- --------- 

F  Conclusions   Implant Data 

Five hundred forty three  543  of the 854 patients evaluated for 

a Transvene  system met the implant criteria  Seven huridred  

fifty seven  757  received a Transvene  system or 88 6  of the 

patients evaluated  Seven hundred thirteen  713  patients or 

94 2  of the 757 patients receiving the Transvene system had 

an LED   24 Joules  
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VII  Follow up Data 

A  ---------------------------- ---------- ------------ 

--- ------ --- ---- ------------ -------------- ---- ------------ ----- -- 
------------ 

--- ------------- ---- ------- - ------ -------- ------------------ --- ----- 
--------------- --------------------- ------ ---- ---- -------------- 

--- ----------- ---- ------------- -------------- 

--- -------- ---- -- ---- ---------- ---- -- ----- ----------- ------ --- --- 
------------ ------ -------- ------------ ----- ----- ------ ---- ----- ----- 
---------------- ------ ---------------- ----- ------ ---- ---- --------- 
--- ------------- ---------- --- --------- ------- 

--- ---------- ------ ------ ---- ------------ -- -------- ------------ 
--------------- 

--- ------- ------------------ --- -------- ----- ---------- ------ --- 
---------- ------------ ----- -- ---- ----- --- -------- ------------ 
-------------- 

--- ------ -------------- ------ -------------- -- ---- ----- --- ----- ---- --- 
-------- ------------ --------------- 

--- ------------- --- ---------------- --------- -- ---- ------ --- -------- 
------------ -------------- 

--- ------------------ --- --------- ---------- ---------- -- ---- ---- --- 
-------- ------------ -------------- 

--- ------------ ----- ------------ --- -------- ----------- ----- ------- ---- 
--- ---------- 

--- ---------- -------- -------------- - ------------ ----- ------------ --- ---- 
-- --- --------- ---- -- -------- ------------- 

---------- ---- ------------ ------ --- ------------ ------ ---- ----------- -- ----- 
---- ------ --- ----- ---- --- --------- ----- --------- ----- ------- ------ --- 
--------- ------------- 
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B  Follow up Data   Quantity 

----- ------------ ------------- ------ ---- -------- -------- ----- ---- -------- 

-------- ------ -------------- ----- ---------- ------------ --- ----- ---------- 

-- ----- ----------- --- ----- ---------- ----------- ---- -- ------- --- ---- 

---------- ------------- ------------ -- ------ --------- ------ --------- ------ 

-------- --------- --- -------------- --------------------------------- ------ 

---------- ------ ------ ----------- ---- -- ------ -- --------- ----- ----- 

---------- ------ -- ------------ --- ----- ----- --- ------------- 

------- ------- -------- ---- ------------ ------ --- --------- ---- ---- ------- 

-------------- --------- -------- -------------- 

---- --------- 

---- 

------ --------- 

-- --------- 

Table VII 1  Follow up Time   Months   6 24 92 

Table VII 2 shows the follow up time by type of data form  

----- ----- ----- ----- ----- ----- --- --- --- -- -- ----- 

Table Vll 2  Follow up Quantity   Data Form Type   6124192 
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C  Induced and Spontaneous VT Episode Experience 

The primary benefits from the use of the PCD  System are the 

detection and termination of life threatening ventricular 

arrhythmias  The use of pacing therapies for the treatment of 

ventricular tachycardia reduces patient trauma associated with 

higher energy cardioversion pulses and extends the longevity of 

the PCD  pulse generator  The PCD  System allows the titration 

of therapies for patients with ventricular tachycardia while 

providing critical defibrillation backup  

The purpose of this section is to describe VT detection and 

therapy  Information and experience obtained from both induced 

and spontaneous episodes of VT will demonstrate the safe and 

effective operation of the PCD  for detection and treatment of 

ventricular tachycardias  

The criteria for detecting episodes of ventricular tachycardia are 

independent of the detection criteria for ventricular fibrillation  Up 

to four independently programmable ventricular tachycardia  VT  

therapies may be chosen and automatically delivered from among 

two overdrive pacing modes  burst and ramp  and synchronous 

cardioversion  

Cardioversion pulses can be delivered by three methods  

Single Pulse   a single pulse is delivered between two 

electrodes with a single current pathway  

Simultaneous Pulse 
simultaneously via two 
electrodes  Two of the 

 positive  while the third 
cathode for both pulses  

two pulses are delivered 

current pathways of three 

electrodes act as the anodes 

acts as a common  negative  

Sequential Pulse   two pulses are delivered in a sequential 

fashion  one pulse is delivered  followed by a short delay  

and then the second pulse is delivered  over two different 

pathways  between three electrodes  Again  two of the 

electrodes act as the anodes while the third acts as the 

common electrode for both pulses  

The clinical study was designed to evaluate the operation  safety  

and effectiveness of the PCD  System components in detecting 
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and treating episodes of ventricular tachycardia and ventricular 

fibrillation  

The objectives of the clinical study that are addressed in this 

section are  

to evaluate the ability of the PCD  Device to properly 
detect episodes of VT and to evaluate the ability of the 

system to appropriately discriminate between VT VF  

to determine the efficacy of the PCD  Device with 

Transvene  lead systems in treating VT  

Ventricular tachycardia is detected by the PCD  using two 

primary detection parameters  tachycardia detection interval  TDI  

and number of intervals to detect  VT NID   In addition  two 

optional parameters  the  Onset Criteria  and the  Interval 

Stability Criteria   may be utilized in special situations  The 
 Onset Criteria  is designed to differentiate between sinus 

tachycardia and ventricular tachycardia  The  Stability Criteria  

is designed to differentiate between ventricular tachycardia and 

atrial arrhythmias with a rapid ventricular response  

1  Tachycardia Detection Interval  TDI  

The programmable tachycardia detection interval  TDI  

allows the physician to choose the range of intervals 

between the programmed TDI and the fibrillation detection 

interval  FDI  that are detected as VT  If the VT detection 

criteria are all fulfilled  the rhythm will be treated by one of 

the three  3  programmable VT therapy types  Ramp  Burst 

or Cardioversion  Intervals longer than or equal to the 

programmed TDI but shorter than the minimum 

programmed pacing rate are considered as normal sensed 

events  Sensed intervals shorter than the FDI are applied 

towards the VF detection criteria  

Table VIIC 1 shows the distribution of the last known 

programmed tachycardia detection interval  TDI  for those 

patients with VT detection programmed ON at last known 

follow up  Note that this excludes patients that died  22   

those patients that had their device explanted  14   and 

patients with VT detection programmed OFF  219   

Patients with VF only as their primary indication often have 
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VT detection programmed OFF if they do not have a VT to 

------ ----- ------ ----------- ----- - ---------------- ---- ---------- 

---------- ---- ----------- - ------- ----- ---------- ---- ------ 

----- - -------- 

--- ----- 

----- ------ 

----- ------ 

--- --------- 

-- -- ------- 

-- ---- 

-- ----- 

----- -------- 

Table VIIC 1  Tachycardia Detection Interval  TDI  at Last Known 

Follow up   6 24 92 

----- -------- --- ---- ----- -- ------- --- ---- ------- -------- --- ---- 

---------- --------- ------------- ----- -- --------- ---------------- -- 

------ --- ---- --------- ----- ---- --------- ---- ------- --------- ------ 

------- --------- -------- ---- ---- ------- -------- --- ------ ------------ 

----- ----- --- ---------------- ----------- 

2  Number of Intervals to Detect  VT NID  

----- ---------- --- ----------- --- -------- ------- ------------ ---- 

--------- --- -------------- ----------- -------- ------ --- --------- 

----- ---- ---------------- ----- --- ------- --- --- ---------- --- -- 

--------------------- ----- ---- ------ -- ------------------ ------ -- --- 

--- ----------- ------- ---- -------- ------- ------ ----------- --- ---- 

-------- -- ----------- --------- -- ---- ---- -- -------- ----------- --- 

---- --------- ---- ---------------------- ----------- -- ---- -------- 
---- ----- ----------- ----- -- -------- ---- ------ ----- --- ----------- 

------------ -- ------ -- -- --------- --- ---------------- ----- ------- - 

--------- -------- ----- ---- ------- ---------- ------ ---------------- 
-- ---- -------- ------------ ---- ------- ---------- ------ ---- 
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----------- ---------------- ----- ------------- -------- ----- ------------ 

----- -------- ---------------- --- ----- -------- ------------- -------- 

------ -- --- --- ------ ------ ---------------- --- ---- 

----- ----- ----- 

Table VIIC 2  Number of Intervals to Detect VT  NID  at Last 

Known Follow up   6124192 
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3. VT Therapy Programming 

(b)(4) 

POD TRANSVENE SYSTEM 

CURRENT SETTINGS FOR VT THERAPIES 

% OF ACTIVe PATIENTS 
(b) (4) 

(b)(4) 

Figure 3: Current Settings for VT Therapies by Therapy Number - NTL 
System 
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4  Stability and Onset Criterion 

An implantable cardioverter defibrillator such as the PCD  

Device attempts to distinguish clinical ventricular 

tachyarrhythmias from both sinus and other non ventricular 

tachyarrhythmias such as rapid atrial fibrillation or flutter  

The Stability algorithm is intended to prevent inappropriate 

VT detection when rapid ventricular contractions with 

irregular intervals caused by atrial fibrillation would 

otherwise fulfill the Interval Criterion  The Onset algorithm 

is intended to avoid inappropriate VT detection during an 

episode of sinus tachycardia with gradually increasing 

rates  

Prior to implant of the PCD  system  the patient undergoes 

a complete evaluation of his arrhythmia status  This 

usually includes a cardiovascular history  electrophysiology 

study  holter monitoring  and exercise testing  Through this 

testing the investigator can determine if the patient is likely 

to have a non ventricular arrhythmia that could be 

inappropriately detected as ventricular tachycardia and 

result in the delivery of a anti tachycardia pacing therapy or 

cardioversion  

The physician has several clinical options when dealing with 

such patients prior to the use of the Onset or Stability 

algorithms  In the case of patients whose maximum sinus 

rate overlaps with the VT rate the physician can program 

the Tachycardia Detection Interval  TDI  to ensure that only 

VT is detected and treated by the PCD  Device  In 

addition  the physician may elect to place the patient on 

beta blocker therapy to lower the patient s maximum sinus 

rate during exercise  If the patients maximum sinus rate 

continues to overlap the VT rate  the use of the Onset 

algorithm may be the best method of avoiding inappropriate 

VT detection  In patients with rapid ventricular responses 

to atrial fibrillation the physician can elect to treat the atrial 

fibrillation with antiarrhythmic therapy  If there is still a 

problem with inappropriate detection and therapy delivery  

the use of the Stability algorithm may be warranted  

--------- ---- --------------- ---------- ----------- ------------- 

------------ ----- ---- ---------------- ---- ----------- ---- ------ 

------------- ---------- ---- ---- ------ --- ------- ---------- ----------- 
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------ ---------------- ------------ --------- ----- --------- -------- ---- 

---------- ----- ------- ------------- ------ ------ ------ --- --------- 

---------------- ----------- ----- --------- ---- --------------- 

---------------------- 

------------- ---- ----------- ---- ------------ ----------------- 
---------------------- ---- ------ -------------- 

---------- ---------- ----------- -- ----------- -- ------ 

------------- --- ------ -------- ---- -------- ---------------- 

----------- ----- ---------- --- ---------- ---------- --- ------- 

---- -- ----------------- ---------- 

------- ----------- -- ----------- ------ -- ---------------- 

----------- --- ------ -------------- ---- ------------ 

------------ --------- ------------ -- ---- -------- -- 

----------------- --- ---------- ---- -------------- ---------- --- 

----- ------------- 

------------- ---- ---------- ------------ ---- ------ ------ --- --- 

---------- ----- ---- ------- ------------ --- --- ---------- ------- 

--------- ----------- --- ---------- --- ---- ---- -- ----- ------------ --- 

-------- -------- 

---- --- 

------ -- 

----------- 

Table VIIC 3  Stability Uses by Patient Indication   6124192 

----- ------------------ ---------- ------- ------------- ----- ------- ---- 

----------- ---- ------ --- ---------- ----- ------ ------ ------ ----- ----- 

--- ------------- ---- ----------- --- ---- -------- ----- 

----------------- ------- ------- -- ------- ---------------- ------- 

--------- ----- ---- ---------------- ---------- -------- ----- ------ ------ 

------- 
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-- ----- 

--- ------- 

-------- 

--- ----- 

-- ----- 

-- ----- 

Table VIIC 4  Interval Stability Criterion   6 24 92 

The indications for use of the Stability algorithmincluded previous 

history of atrial fibrillation or if atrial fibrillationlflutter has caused 

inaappropriate detection nd delivery of therapy  

---- ----- --- ---------- ------ ---- ------- ------------ ---------- ------- 

--------- ----------- --- ---------- --- ----- ------- --- -------- ------------- 

--- 

-- 

------ ---- -- 

Table VIIC 5  Onset Uses by Patient Indication   6 24 92 

----- ------------------ ------- ------- ------------- ----- ----- -- ---- ------ 

------------ --- --------------- -- ------ ------ --------------- ---- ------------- 
------- ---- ----------------- ------- -- ----- ------- --------- ----- ---- 

---------------- ------- -------- ----- ------ ------ ------- 
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-- ----- 

-- ---- ---- 

-- -- ----- 

-- ----- 

--- ----- 

Table VIIC 6  Onset Criterion Programmed Values   6 24192 

The indications for use of the Onset algorithm in the patient 

population include overlap of maximum sinus rate and VT 

rate and delivery of inappropriate therapy secondary to 

sinus tachycardia  

----- ------- ------------- ---------------- ----- ---- ------- ----- 

---------- ------------- ---- --- -------- --- -- -------- --- ---- -------- 

-------------- ------------- ------ ------------- -------- --------- 

------------ 

5  Induced Episodes of Ventricular Tachycardia 

-------------- --------------- ------ ----- ---------- -- ------------ 

-------------- --- ------- --- ------------ --- ----------- ---------- 

------ -------------------------- -------------- ---- ------- -------- 

----- ---------- --- --- ----- ----------------- ------------------ 

------------ ---- ----- --------- ------- --------- ----- --- ------ --- 

-------- -- -------------- ---- --------------- ---- ---------- --- ---- 

---------- ---------------- ------------ ---- ---- ------- --------- 

------------------ ----------- -- ---- -------- ---- --------------- -- 

--------------- --------- --- ---- ----- ---- ------ --------------- 

---------- --- ---- ---------------- ---- ----------- ------ ---- ---- 

------------ ------ ---- -------------- ------- ------ ---- --- ------ ---- 

-------- ---------- ------------- --- ---- -- ---- ------------ ------ 

------------ -- -- --------------- ---- ------- ---- ---- -------- ---- 

-------------- ----- ------------ --- ---- ---- ---------- -------------- 

------------- ----------- --- ---- -------- --- ------- --- ---------- --- 

-------------- --------- ---- -- ------------ --------- ----------- 

----------- ---- --- --------- --- ----- --- --------- -------- ---- 

------------ --------- ------ ------------ ------ ---- ---- -------- -- 

46 

(b)(4)

(b)(4)

(b)(4)



EitiKiltlC CiIPIEE E 28 
---------- --- ---- ------- -------- ---- ------- ----- -- ------------ --- 

---- -------- ----- ----- --- ---------- 

------- ------ ------ -- ------ --- ------ ----------- --- ---- ---------- --- 

----- ---------- -------- ---- ------------ ------------ -------------- 

---------- --- ---- ----------- --- ------ ------ ----------- ------ 

-------- ------ --------------- ------------- --- ----- --- ---- 

---------------- ------- -------- ----------- ----- ---- --- 

------------- ------------- ------------------ ------- ----- -- 

------------- ----- ---- ---------- ---- --------- -------- ---- --- 

------------- --- ---- ------------- ---------------- ---- ---------- ------ 

---- ---- -------- -- ---------- --- ---- ------- -------- ---- ------- 

----- -- ------------ --- ---- -------- ----- ----- --- ---------- ---- --- 

---- ---------- ----------- ------ --------------- ------------- --- 

------- ---- ------- --------- ---------- ---------------- ----------------- 

--- ------------- ------------------ 

------- --------- ---------- ---- ---------- --------- -------------- --- 

------------ ---------- ---- ---- ------- ---------- ----------- --- ----- 

------ ---- ---- --------- --- ---------- ----- ----- ---- ---------- -- ---- 

--------- ------------ ---------- ---- ------ --------- --- ----------- --- 

---- ----------- ----- ---- ------- --------- --- ----------- ---- -------- 

------ ----- ------- --------- --- ----------- ---- -------- ----- -- 

------------ ---------- -- -------- ----- ------ ----- --- ------------ 

------------ ----- --- ---- ------ --------- --- ------- --- ------- ---- ---- 

---------- 

------ ------------ --- ----- ------ -- ---- --------- --- ----------- ----- 

------ ------------ --- ------- ------- ----------------- ----------------- 

----- ------------ ----------- --- ---------- --- ------- ----------- ----- 

------------- ----------------- - ------ ----- -- --------- --- ---- 

----------- -- ------ --------- ------ ------------ ------ -- 

---------------- ---------- ------ ----- ----- --- ------- ---------- 

---------- ----- ----- ---- ---- ----------- --------- --- ----- --- ---- 

--------------- --- ---- ----- ----- ---- ---- ----------- --------- ----- 

---- ------------ ---------- ------------ 

47 

(b)(4)



E UEilR X ElEIKllEaao 

----- --- --- --- --- -- 

------ ----- ----- --- --- -- 

---- ---- ---- ---- ---- ---- 
---- --------- ------ 

----- --- --- --- --- -- 

----- --- --- --- -- 

----- --- --- -- -- 

----- --- --- --- --- 

-- 
- ------------ ------ ------ 

-- 

----- --- 

--------------- 

--- -- -- 

----- 

------ 

---- 

----- 

-- ----- 

-- ----- 

-- ----- 

-- --- 

----- 

Table VIIC 7  Induced Episodes of VT at Follow up   6124192 

---- ------------ --- ------- --------- ------ ---- ------------- ------- -- 

---- ------ ----- -- -------- ------------ ---------- ----- --------- 

--------- ------- -- ---- ------ ------ ----- -- --------- ---- ----- ------ 

----- ---- ------------- -------- ---- ----- ---------- ---- ---- --------- 

----------- ----- -- -------- ------------ -- --------- ---- ----- ------ 

---- -------------- ---- ---------- ---- ---------- --- ---- ------- 

----------------- --- ---- --- ---------- --------------- --------- ----- 

---------------- ---- ---- -------------- ------ ---- ----------------- 

----------- --- -------- ---- --------- ----------- 

a  Accelerations 

-- --------- --- ---- ---------- ---- ----------- ------ 

------------ ------ -- ---------------- ---------- ------ ----- ----- 

--- ------- ---------- ---------- ----- ----- ---- ---- ----------- 

48 

(b)(4)

(b)(4)

(b)(4)



RIEEil I P IEiMti l5 si 
--------- --- ----- --- ---- --------------- --- 

---------------- --- ---- ------------- -- --- ---- -------------- 

-------------- ---- ---------- ---- --- ---- ------- --------- 

---- ---------- ------- -------- ---------- ---- ---------- --- 

----------- ----- -------------- ------ ---- --- -- ------- ---- --- 

------------ --- ---- --------------- ------ -------------- -- 

----- ------------ --- ------------ ---------- 

------- ----- -- 

---------- 
------- ---------- 

--- ---------- 

----------- 

--- -- -- -- 

------ ----- ----- --- 

-- -- -- --- 

-- --- -- ------ 

---------- ----- --- --- --- 

---------- -- 

------------- 

-- --- -- ----- 

Table VIIC 8  Accelerations from VT to Faster VT   6124 92 

49 

(b)(4)

(b)(4)



IXfEEiIRII X IIIIDMU E2sa 

------- ----------- -- -- -- -- -- 

---------- 
--- ------------- ------ ----- ----- --- -- 

---------- ----------- 

-- -- --- 

--- -- ------ 

---------- ---------- ----- -- -- --- --- 

-- ------------- 

--- -- ----- 

Table VIIC 8a  Accelerations from VT to V Flutter   6124 92 

------- --------- ---------- ---- --------- --- ----------- ----- 

-------------- ------ ---- --- ---- --- ---- -------------- 

-------------- ---- ----------- ----- ----- -- ------------ --- 

--------- ------ ------- ------- ----------------- --- 

----------------- 

50 

(b)(4)

(b)(4)



KP  i ti EilX4 4   IPIEIK E    

------- -------- - --- --- -- -- -- -- 

---------- 

-- -- ----- 

--- -- ------ 

----------- ----------- 

-- ---------- 

Table VIIC 9  Accelerations from VT to VF   6124192 

---- -- ----------- ------ ---------------- --- ------------ ----------- 

------- -- ---- ------ ----- ------ ----- -- ------- ------ ------------- 

-------- ------ ------ ------------------ -- - ---- --- ---------- 

----------- ------------- ----------- --- ---- ----- ------------ --- -- 

----- ---- --- ---- -------- ---- -------- --- ------------ ----- ------- 

-- ----------- --- ---------- --- ----- --- ---------- --- ---- -------------- 

--------- ------ ---- ---- --------- ---- ---- --- ---- --------- ---- 

---------- ----- ------ ---- ---------------- ---- ----------- ---------- 

51 

(b)(4)

(b)(4)



RE UEilRD IC   EOREIKM6IDsa 
6  Spontaneous VT Episode Experience 

----- -------- --- ---- ------- --- ----------------- ------- ----------- --- 

------------- -------------- ------ ----- ------ ------------ --------- ---- 

-------------- ---------------- -------- --- ----------------- ----------- 

----------- ----- ---- -------- -- -------------- --- ------------ 

---------------- ---- ----- --------- --- ------- ----------- ----- 

---------- ---- ---------------- ---- ----------- --------- --- ---- ------- 

---------- ------------- -------------- --- ---- --------- ----- --------- 

--- ------------ ---- ---- ----------- --- --------- -------------- 

---------- ---- ------ ------ --------------- ----------- --- ---- ------ 

------ ---------- --- ---- ------- ---------------- ------------- --- 

----- ---------- ----------- - -------- ----- ------- --------- --- 

----------- ---- -------- -- --- ----- -------- ------ -- --- ----- 

----------- -- ------ --- ------ ----------- ------ --------------- 

---------- --- ---- ---------------- ---- ------------ ------- ---- 

--------- --------- ----- --- ---- ------- --- -------------- 

--------------- ----------- --- ---- ----- ------- ------- ------ --- 

----------- ------ --- --- ---------- -------- ---- ---------------- ---- 

----------- ------ ------------- --- -------------- ---- ----------- ------- 

--- ------ ----------- ---------- --- -- -------- -------- ------ ---- 

------------ --- ------- --- --------- --------- - ------------- ------------- 

------- ---------- -------- ---- --------- --- ----------- --- ---- 

---------- --- ---- ------- -------- ------ --- ---- ------------ 

----------- ------ ----------- --- ----- ------ -- ---- ---------- --- 

----------- ---- --------- ---- ------ -------- ---- ------------ -------- 

----- ---- --------- --- ----------- ------------ --- -------- -------- ----- 

------------------ --------- ----- --------- ----------- ---- ---- 

----------- --- ---- ------------ ------- 

52 

(b)(4)



IXiti EilHI3 lilEiEItJ Ka   

---------- --- ---------- 
----- 

-------------- 

-------------- 

--------------- 

--- 

--- 

-- 

----- 

--- 

--- 

--- 

--- 
--- 
--- 

-- 

--- 
--- 
--- 
-- 

--- 

--- 

--- 

-- 

--- 
--- 
-- 
-- 

----- 
----- 
--- 
--- 

---------- --- ----------- 

------- 

---- ----- ------- 

------ 
----- 

------ ------ ----- ----- ----- ------ 

----- ----- ----- ----- ----- ------ 

----- 
--- 

----- ----- --- --- ----- ------ 

----- --- --- -- --- ----- 

------- 

------------ 

-- 
--- 

-- 
----- 

-- --- 

--- --- 

-- -- 

----- ----- 

-- 
-- 
-- 

--- 

--- --- 

--- --- 

-- -- 

----- ----- 

--- 
--- 
-- 

----- 

---------- --- ------------ ------------- ---- 

--------- 

------- 

--------- --- 

--------- 
----------- 

----- 

----- 

----- 

--- 

----- ----- ----- ----- ----- ------ 

----- ----- ----- ----- --- ------ 

----- ----- --- --- --- ----- 

----- --- --- --- --- ----- 

---------- 

------- 

---------------- 

------- 
---------------- 

----- 
----- 
----- 

-- 

----- ----- ----- 

----- ----- --- 

----- ----- --- 

--- -- -- 

--- 

--- 

--- 

-- 

----- ------ 
----- ------ 

--- ----- 
-- --- 

-------------- ----------- 

------- 

--------- 
-------------- 

---------------- 

----- 
--- 
--- 

-- 

----- 

--- 

--- 

-- 

--- 
--- 
--- 
-- 

--- 

--- 

--- 

-- 

--- 
--- 
--- 
-- 

--- 
--- 

-- 
-- 

----- 
----- 

----- 

--- 

Table VIIC 10  Spontaneous VT Episode and Therapy Experience by 

Follow up Interval   6 24192 

------ ----------- ------- -------- ------ -------- --- ---- ------ 

-------- --- ----- -------------- -------- -------- ----------- ---- ------ 

---- ----------------- ------- --- ------ --- ---- --------------- ---- 

----------- -- ------- ----- ---- ---------- --- ------------- ---- ----- 

-------- -- ------------ ---- --------- --- --------------- ---- ----------- 

----- ------ ---------- --- ---- ------- -------- ------ --- ---- --------- 

--- ---------- ------ ---------- ----- --------------- ---- ----- 

53 

(b)(4)

(b)(4)



-------------- --------- K - 8se 
---------- -- ----- --- ----------- --- -- ------------ --------- ----------- 

------- ---------- ------ --------------- ------ ----- ----- --- -- -------- 

--- ---------- ------ ------- ----- -------- ----- ------------------ --- 

--- ---- --- ---- ---------- --- ----- ------- ------------ -------- 

------------- -- ---- ---------- 

PCD TRANSVENE SYSTEM 

SPONTANEOUS VT EPISODES 
- ---- -------------- 

--- 

--- 

--- 

-- 

--------- ----- 
-- ---- -------------- ------ --- 

---- ----- 
--- ------ 

--- ------ 

---- ----- ---- ----- ------ ----- 
--------- --- ------ --------- 

------- --- ----- --- ---- 
-------- -------------- - 

------------- --------- -- 

---- ----- 
--- ------ 

--------- 

Figure 4  Spontaneous Episodes of VT by Follow up Interval 

54 

(b)(4)

(b)(4)



---- ---------- --- --------  E Psv 
-------- -- ------------ ---- -------------- --------- --- ---------- ----- 

------ --------------- -- --------------- --------- --- ---- --- --------- 

--- ---------- ------ ---------- ------- 
- ----------- ----- ------ 

--------------- -- --------------- --------- --- ---- ------ --------------- 

----- ------- -- --------- ----- --------- ------- - ---------- -- -- 

----------- 

PCD TRANSVENE SYSTEM 

PATIENTS WITH SPONTANEOUS VT EPISODES 
CUMULATIVE NUMBER OF PATIENTS OVER TIME 

----- 

----- 

----- 

----- 

----- 

--- 

-- 
---------- --- ------ 

------------- --------- 

-------------- --------- 

Figure 5  Cumulative Number of Patients with Spontaneous VT 

Episodes by Follow Up Interval 

55 

(b)(4)

(b)(4)



--------------- -------- IEIK --  A 
-------- -- ------------ ---- -------------- --------- --- ---------- ------ 

-- ------ -- --------- ---------- ----- ------ --------------- -- 

--------------- --------- --- ----- ------ -- ------------ --- ------------ 

---------- ------ ---------- ------- - --------- ----- ------ 

--------------- -- --------------- --------- --- ---- ------ --------------- 

----- ------- -- --------- ----- ---------- ------- ------ ----- ---------- 

----- ------ ------ ----------- ---- --------- ----- --- ------- --- -- 

---------- 

PCD TRANSVENE SYSTEM 

PATIENTS WITH SPONTANEOUS VT EPISODES 
-------------------- NUMBER OF PATIENTS OVER TIME WITH 6  MO FOLLOW UPS 

----- 

----- 

----- 

--- 

--- 

--- 

--- 

-- 
---------- --- - ------ 

------------- --------- 

-------------- --------- 

Figure 6  Cumulative Number of Patients with   6 Months of Follow Up 

with Spontaneous VT Episodes 

56 

(b)(4)

(b)(4)



--- ----------- - ----------  -- IIB39 
-------- -- ------------ ---- -------------- ------------- --- ---------- 
------ --------- ----- -- --------- --- ------------ ----- ------ 
------------- -- --------------- --------- --- ----- ------- ----- 
----------- -- ----- --- ---- ----- ---------- ----- ------ ------ 
----------- ---- --------- ----- --- ------- --- -- ---------- ------ 
------ ----- -- --------------- --------- -- --------- ----- ---------- 

PCD TRANSVENE SYSTEM 

DISTRIBUTION OF SPONTANEOUS VT EPISODES 
CUMULATIVE   OF PATIENTS WITH 6  MO FOLLOW UPS 

--- 

--- 

--- 

--- 

--- 

--- 

-- 
---------- --- ------ 

------------- --------- 
-------------- --------- 

Figure 7  Cumulative   of Patients with  6 Months Follow Up with a 
Spontaneous Episode of VT 

57 

(b)(4)

(b)(4)



---------- --- -- ---------   -  s  o 
------------- ------------ --- -------- --- ----- ---------- ---- --- ----- 

---------- ------ --------- ----- --- ------- --- -- --------- ------------ 

------ --------------- -- --------------- --------- --- ----- -------- -- 

------------ -- -------- ------------ --------- ------ --------------- 

----------- ------------ --- ------- ----- ---------- ----- ----- -- 

--------------- ---------- ------ ----- --------------- ---- ------- -- 

--------- ----- --------- ----- ------ --- -- --------- ----- ---------- 

PCD TRANSVENE SYSTEM 

DlSTRlBUTION OF SPONTANEOVS VT EPISODES 
--------------------- OF PATIENTS WITH 6  MO FOLLOW UPS AND SPONTANEOUS VT EPISODES 

----- 

----- 

--- 

--- 

--- 

--- 

-- 
---------- --- ------ 

------------- --------- 

-------------- ---------- 

Figure 8  Distribution of Spontaneous VT Episodes in a Cumulative   

of Patients with   6 Months Follow Up and Spontaneous VT 

Episodes 

58 

(b)(4)

(b)(4)



-- - ---------- --------- ------ - 60g 4 f 
--- ----- --------- ------ --------------- ---- ----- --------- --- ------- 

----------- ----- ---------- ---- ---------------- ---- ----------- 

--------- --- ---- ------- ---------- ------------- -------------- --- ---- 

--------- ----- --------- --- ------------ ---- ---- ----------- --- 

--------- -------------- ---------- 

-- ------- --- --- --- ----- ------- ---- ----------- ---- --- ----------- 

------ ----------- --- ----- -- -- --------- ------ ---- --------- ---- 

-------------- ---- ----- ---------------- --------- -- ------------ 
------- ---- --- --------- --- ----- ---------- ----------- ---- --- 

----------- ----- ------------- --- -------- ----------------- -- ---------- 

----- --- --------- ----- -------- ------- --- ------------------ ----- --- 

----------- ---------- ------- --- --- --------- --- ------------ ---- 

---------- 

----- ----- ------------ --- ------- ---------- ---------- ---- ------ 

--------- --- ----------- ----- ------ -------- ------ -- ---------- 

--------- ----- --------- -------- --- ------------------ ----- ----- 

----------- ----- --------- ----- ----- --- -------------- ---- ---------- 

------ ----------- --- ----- ------ -- ---- --------- --- ----------- -- 
----------- --------------- -------- --- ---- ----- ---- ----------- ----- 

---- --------------- -- ----------- ----- --------------- - ----------- 

-------- ----------- ---- -------------- --------- --- ---- ------------ -- 

---------- --- 

59 

(b)(4)



EiUEiIRR X RlEilK E 4z 

------ 
------ 

------------- 
--------------- 

----- 
----- 

------ 
------ 

------------- 
---------- 

----------------- 

----- 
--- 

------ 
------ 
----- 
----- 

------ 
------ 
------ 
------ 

------ 
------ 
----- 

--- 

-------- 
------ 
------ 
------ --- 

----- 
----- 
----- 
--- 

----- 
----- 
----- 

--- 

------ 
--- --- 
------ 
---- ----- 

-------------- - 

------ 
------ 
------ 
----- 

------ 
------ 
------ 
----- 

------ ------- --------- 

--- ------ --------------- 
-------- --------------- 

--- --- ------------ 

----- 
----- 
----- 

-- 

------ 
------ 
------ 
----- 

------ --------------- 
---- ------- --------------- 
------ --------------- 

------ ------------ 

----- 
---------------- 
-------------- 

------------- -- 

---- ---------- --- 

--- 
--- 

-- 

--- 

------ 
------ 
------ 
----- 

--- -- --- --------------- 

------ -- --------------- 
------ --------------- 

------ ------------ 

---------------- 
------------- 

--------------- 

--- 
--- 
-- 

------ 
------ 
------ 
----- 

------ --------------- 
--------- --------------- 
------ --------------- 

------ ------------ 

Table VIIC 11  Spontaneous VT Episode Therapeutic Efficacy 

by Lead System   6124192 

-- -------- --- ------- ----- ------ ------ ------ ----------- -------- --- 

----- ----------- ------ ------ ---------------- --- -------------- -- ---- 

---------- ------------ ----- ---- ----------- --- ------ --- --- ---- 

------ ------ --------------- ---- ----------- ---------- --- ----- --- 

-- ---------- ----- ------ ------ ------------- ------ -- -------- -------- 

------ -- ------------ --- ------ ------- --- --------- ---------- 

60 

(b)(4)

(b)(4)



----------- - -----------  E a4s 
--- ------------ ------ --------------- --- ---- --------------- ---- 

----------- ------ --------------- -------- ------ ---- ---------- 

---------- ----- ----- ------ --------------- --- ---- --------------- 

---- ----------- ------ --------------- -------- ------ ----- --- ---- ----- 

------------------ ---- ------------ 

7  Spontaneous Episodes of VT   by Primary Indication 

----- ---------- --- ----- --------- -- --- ---------- ---- --------- --- 

----------- ----- ---------- --- ---- ----------- --- ------ --- ---- -------- 

-------- ------------ --- ---------- ------------- 

----- ---------- ------------- ---- -- ------- --------- --------- ------ 

--------- --------- ------- -------- ------------ ----------- 

------------- -------------- ------- ----- --------- --------- ------- 

------------- ------ ----------- ----------- ------------- -------------- 

------------- - 

----- ---------- ------------ ---- --------- --- ---- ------- --------- 

----- --------- --------- ------- --- ----- ---------- ------ ------- 

------------ ---- ----- --- ---- ------ --------------- ---- ----------- 

----- ---- --------- ---- --------- ---------- ----- ------- 

----- ---------- ------------ ---- --------- ----- ----------- ----------- 

------------- -------------- --- ----- ---------- ------ ------- 
------------ ---- ------ --- ---- ------ --------------- ---- ----------- 

----- ---- --------- ---- --------- ---------- ----- ------- 

----- ---------- ------------ ---- --------- ----- ------------- 

-------------- ------------- ------ --------- --------- ------- --- --- 

---------- ------ ------- ------------ ---- ----- --- ---- ------ 

----------- ----- ---- --------- ---- --------- ---------- ----- ------- 

------- ---------- ------------ ---- ------- ---------- ----- --- --------- 

--------------- ----------- --- ------------ ---- ---------- 

61 

(b)(4)

(b)(4)



IREEiE0   IilZtEIK E s4   

------- ----- 
----- 
--- 

------ 
------ 
----- 

------ 
-- ----- 

----- 

------ 
------ 
--------- 

------ 
--- --- 
---- ---- 

----- ----- 
--- ----- 

------ 
---------- 
------ 

----- 
--- 
--- 
-- 

----- 
----- 
----- 
----- 

--------- ------------ 
------ ------------ 
------ -- ------------ 
------ ------------ 

------ 
----- 
--- 
--- 

------ 
------ 
------ 
------ 

------ --------------- 
---------- --------------- 
---------- --------------- 
------ ------- --------- 

----- 
--- 
--- 
-- 

----- 
----- 
----- 
----- 

--- --- ------------ 
------ ------------ 
------ ------------ 
-------- ---- --------- 

Table VIIC 12  Spontaneous VT Episode Therapeutic Efficacy 

by Primary Indication   6124 92 

62 

    

(b)(4)



EED UEiEID IIQ PEli ElU Ea 4m 
8  Spontaneous Episodes of VT   Ineffective Therapies 

------- ------ ------ --- ----------- --- --- ---------- --- -------- ---- 

------- --------- ----- ------------- --- -------------- -- --------------- 

--------- --------- ---------- --- --- ----- ---------------- ---- 

------------ ------ ------------ ----- --- ---- ------ --------- --- 

--------------- ---- ----------- ------------ 

------- ----------- ---- -------- ---------------- --- ------- ----------- 

--- --- 

--- --- 

--- -- 

--- --- 

----- -------- ----- --- ------------- --------- ----- --- ------ ---- ----- ------------- ---- --------- 

Table VIIC 13  Ineffective VT Therapies   11 27191 

--------- ------- --- ------ ----------- ----------- --- ---- ----- 

---------- --- -- -------- ------------ ---------- ------ ----------- 

----------- --- ---- -- -- -------- ------------ ---------- ---------- 

----------- ----------- --- ---- -- - -- -------- ------------ ---------- 

----- ----------- ----------- --- ---- -- - -- -------- ------------ 

---------- ----- ---- ----------- ----------- --- ---- -- --- -------- 

------------ --------- 

63 

(b)(4)

(b)(4)

(b)(4)



----------- ---------- I3E -- 246 
----------- --- ---- ------------- ----------- ------ ----- --- ------ 

--------------- ----- ---------- --- ---- --------- ---- ---- --------- --- 

--------- --- ---- --- ---- --- ----- --- ------ ----------- ----- ---------- 

--- ---- --------- ---- ------ -------------- ---- ------- -- ---- 

---------- ------------ ------ ----- ----- ---------------- ----- ---------- 

----- ------- --------------- ----- -------------- ------- --- 

---------------- ----------- ------------- ----- ------ ---- ---------- 

---------------- --------------- --- ---- ------- ---------- 

------- ----------- --- ---------------- ---------- --- ---- --------- 

------ ---------- ------- --- ---------------- --- ---- ---------- 

------------------ ------ --------- --- ---------------- --- ---- 

---------------- ------- --------- ---- ----------- -------------- 

------- ------ -------- ------ ----------- --- ---- ---------- -------- ---- 

---------------- ---- --------- ----- ------------- --- -------------- -- 

--------------- --------- --- ----- ------ ------------ ----- --- ---- 

------ --------- --- --------------- ---- ----------- ------------ ----- 

------- --------- ----- ------------------ --- ---------- ---- ---------- 

--- ---- ---------------- ---- ------------ 

---- ------------- ---- --------- ------ ---- ---------- ----- ---- -------- 

----- --------------------- ----- ---------- --- ---- ------------- 

----------- ------ ----- --- ---------------- ----------- ----- ----------- 

--- ---- --------- -------- ------------ ---------- ------ -- --------- ---- 

----- ------ ---- -------------- ---- ---- -------------- --- -------- ---- 

---------------- ----- ------------------- --- ----------- ----- --------- 

--- --------- ------ --------------- ----------- ----- --------- ---------- 

-------------------- --- ----------- ----- --------- -- ----------- --- 

------- ---------- 

9  Patients with  100 spontaneous VT Episodes 

--------- ---------- ----- --------- ----- ----- --------------- ----------- 

--- ---- --- ---------- --- ---- -------- ----- --------- --- ----------- 

-------- ------ ----- --- ------ -- -------- --- ------ --- ------ 

---------- --------- ----------- ----- ------ -------- ------ ----- --- 

--- -------- ---------- ------ ------ --------- ----- ----------- --- --- 

--------- --- -------- ---- ------------ --- ---- ---- ----------- 

10  Predictors of Having a Spontaneous Episode of VT 

----- ----------- ------------ --- ------- ---------- ------ ----------- 

-------------- --- ------------ -- ----- --- ------ ------ ------------- 

------ ---------- -------- --------------- ----- ------ ---------- 

--------- ----- ------ ---------- ------------ ----- ------------- ------ 

--------------- ----- ------ --- ---------- ------ -- --------- --- 

--------------- ---- ------ ------ ------- --- ------ --------------- ---- 

64 

(b)(4)

(b)(4)

(b)(4)



-------------- --------- lDEIK -   4  
-------- ---- ------------ --------- ------ ------------- ----- ------------- 

--- ---------- -- ----- ------------- ---------- ---------- ------------ 

----------- ---------- ---------- --- ------ ----------- ------- --- ---- 

------ ----------- ------- ------ ------------ --- -- -------- -------- -- 

--------------- --------- --- ----- 

Table VIIC 14  Predictors of having Spontaneous VT 

11  Induced and Spontaneous VT Episode Experience 

Summary 

a   ----- ------ ----------- ------- ---------------- ---- ---------- 

---------- ---- ----------- - ------- ----- ---------- ---- 

----------- - -------- 

b  ----- -------- ---- ---- ------ ---------------- --- ----- -------- 

------------- -------- ------ -- --- --- ------ ------ 

---------------- --- ---- 

C  ------ --- ---- ---------- ------ ---- --------- --------- -- 

---------------- --- -------- ---------- ------ --- ------- 

---------- -- -------- -- ----------- --- ---- ----------------- --- 

-------- ----------- ----- --- ---------- --- ----------------- --- 

----------------- ------------ -- ----- -- ----- --- --- 

65 

(b)(4)

(b)(4)

(b)(4)



------------ -------- EIJK 4  
----------------- ------------------ ------ --- ---- ---------- 
------ ---- ----------- ---------------- ------- 

d  ----- ---------- ------------ ---- ------ ------ --- --- ---------- 
----- ---- ------- ------------ --- --- ---------- 

e  ------- ------ ------ -- ------ --- ------ ----------- --- ---- 

---------- --- ----- ---------- -------- ---- ------------ --------- 

--- -------------- ---------- --- ---- ----------- --- ------ 

------ ----------- ------ -------- ------ --------------- 

------------- --- ----- --- ---- ---------------- ------- -------- 

----------- ----- ---- --- --- ------ ------ ------------- 

------------------ 

f  ------ ------ ------------------ -- - ---- --- ---------- 

----------- ------------- 

g  ------ --------------- ----------- --- ---- ------ ------ 

---------- --- ---- ------- ---------------- ------------- --- 

----- ---------- ----------- - -------- ----- ------- --------- 

--- ----------- ---- -------- ---- ----- -- --- ----- -------- 

------ -- --- ----- ----------- -- ------ --- ------ ----------- 

------ --------------- ---------- --- ---- ---------------- ---- 

------------ ------- ---- --------- --------- ----- --- ---- 

------- --- -------------- --------------- ----------- --- ---- 

----- ------- 

h  ------ ----------- ------- -------- ------ -------- ------ 

-------- --- ----- -------------- -------- -------- ----------- 

---- ------ ---- ----------------- ------- --- ------ --- ---- 

--------------- ---- ----------- -- ------- ----- ---- ---------- 

--- ------------- ---- ----- 

g  ---------- ------ -- --------- --- --------------- ---- ------ 

------ ------- --- ------ --------------- ---- -------- ---- 

------------ --------- 

12  Induced and Spontaneous VT Episode Experience 

Conclusions 

The evaluation of induced and spontaneous VT episode 

experience indicates that the PCD  Transvene  System s 

VT detection and therapy functions have performed safely 

and effectively in the indicated patient population  

66 

(b)(4)



IX iti Eillll C IRlllEE K24o 
l3  Induced and Spontaneous VF Episode Experience 

----- ---------- ---------- ------ ---- ---- --- ---- ------- --------- ---- ---- 

----------- ----- -------------- --- ------------------- ------------- 

--------------- ---- ---------- ----- ---- ---- ------------------ ---- 

------------ ---- ------- ----------- --------- ---------------- ---------- 

----- --------- ---- ----------- ----------- --- ------------- ------------- ---- 

--------------- --- ---- ----------- --------- ---- ------------- --------------- 

---- --- ----- ----------------- ------------------ ------------- ------------- ------ 

----------- ----- --- --------- ----- ----------------- ------------ 

----------------- -------- ---- --- ----------- --- ------ ----------- 

-------- ------- - -- ------- ------- -- ----------- ---------- ----- 

------------ ------ -- ------- --------- ----------- 

----------------- ------- 
------------------ ---- ----- 
------------- ------ --- ---- 
----------- ------- ---- ------ 
---------- ---- ------ --------- 

----- -------- ---- ----------- 
--------- ------------ --- ------ 

------------ ---- --- ---- --------- 
----- --- -- ----------- ------------ 

------------- ------- - ----- -------- ---- ----------- --- -- ------------ 

--------- ----- ------- -- ------------ ----------- --- -- ------ -------- 

----- ----- ---- --------- ------- -- ------------ ------ ----- --------- 

------------ ---------- ------ ------------- -------- ----- --- ---- 

------------ ---- --- ---- --------- ------- ---- ------ ----- --- ---- 

----------- ----------- ---- ------ --------- 

-------------- ------------- -- ---------- --- ---- ------- ------- ----- ---------- 
----------- -------------- ------------- ----------- --------- ------- ----- 

--------- --- ----------- --- ------- ----- ------- 

1  Fibrillation Detection Interval  FDI  

----- ------------------ ------------- ----------- --------- ------- -------- 

---- ------------ --- --------- ---- --------- ---- ----- ------- ---- 

----------- --- ----- -- ---- ---- ----------- --------- ---- ----------- ---- 

--------- ----- --- -------- --- ---------------- --------- ----------- 

-------- ----- ---- ---------------- ----- ---- --------- ----- ---- 

-------------- ----------- --------- ------- ---- ---------- --- ----- 

------- --------- -------- ---- -------------- --- ---- ---- -------- 

---------------- ------------- ----------- --------- ------- ---- ------- 

---------- ------ ---- ----------- ---------------- ----- -- ---- -------- 

------------- ------ ----- ----- ----------- ---------- ----- ----- ------ 
------- ---------- ----- ----- ------ -------- ------------ ------ ----- 

-- - -------- -- -- -- -------------- -- 

67 

(b)(4)

(b)(4)



------------ ---------  -  s o 
----- ------ ---- ----------- ---------------- ------ --------------- ----- 

---------- ----- ------ ----------- ------- ---------------- 

---------- ---------- ---- ----------- - ------- ----- ---------- ---- 

----------- - -------- 

-- -------- 

----- -------- 

----- 

--- ----- 

-- ------- 

----- ----- --- 

Table VIID 1  Fibrillation Detection Interval  FDI  at Last Known 

Follow up   6 24192 

2  Number of Intervals to Detect VF  VF NID  

----- ---------- --- ----------- --- -------- ------- ------------ ---- 

--------- --- ----------- -------- ------ --- --------- ----- ---- 

---------------- ----- --- ------- --- --- ---------- --- -- ----- ------- - 

--------- -------- ----- ---- ------- ---------- ------ ---------------- 
-- ---- -------- ------------ ---- ------- ---------- ------ ---- 

----------- ---------------- ----- ------------- -------- ----- ----------- 

----- ------ ----------- ------ ------- ----- ---- 

-- -- ----- 

--- ----- ------ 

--- ----- --- ----- 

--- -- ----- 

--- -- ------- 

-------- --- -- -- ------ 

Table VIID 2  VF NID at Last Known Follow Up   6124 92 

68 

(b)(4)

(b)(4)

(b)(4)

(b)(4)



RiUEER X IKUEIKM   
3  Programmed Sensitivity 

-------- -- ------------ ---- ---------------- ------------- -- ---- 

-------- ------------- -- ---- --- ----------- ------ ----- ------- ----- 

------ --- ---- ---------- ------ -- ------------- -------- --- ---- ------ 

------------- -------- --- ---------------- --- ---- ----- --- ------------ 

---- ------------- ----- ---- ----- --- ----------- --------- --- ---- --- 

---- ----- -------- --- ------ ------ -- --------- --- --- ----- --- -------- 

-------- ------- ---------------- -------- --- -------- -------- 
------------ 

PCD TRANSVENE SYSTEM 

SENSITIVITY SETTING 
  OF PATIENTS 

----- 

---- 

--- 

--- 

--- 

-- 
---- ---- ---- ---- 

------------------- ------------- 
------------- --------- 
-------------- --------- ---------- --- ------ 

Figure 9  Programmed Sensitivity at Last Known Follow up 

69 

(b)(4)

(b)(4)



Riti Eil l CilPIEE E    
4  Defibrillation Energy Settings 

Figure 10 contains the current settings for the defibrillation 

energy  mean joules  for each programmable therapy  Most 

of the patients in this study have 34 joules as the most 

frequently programmed value for defibrillation therapy  

PCD TRANSVENE SYSTEM 

CURRENT SETTINGS FOR DEFIBRILLATlON ENERGY 

MEAN JOULES 
--- 

--- 

--- 

--- 

--- 

--- 

--- 

-- 

-- 
---- ---- --- ---- ------- ---- ------- ---- ------- 

---- -------------- ------------- 
------------- --------- 

-------------- --------- 
---------- --------- 

Figure 10  Programmed VF Energy at Last Known Follow up 

70 

(b)(4)



--- - -------- --- -------   K s  
-------- --- ---------- ---- -------------- --- ---- ---------------- 
---------------- -------- ------- ---- ---- --------- --------- -- -- ---- 
---- -------- ------------- -- ---- --- ----------- ------ ----- ------- 
----- ---- ------ ------------- ---------------- ------- -- --- -------- 
------------ ---- ------- --- ---------------- -------- --------- ------ -- 
------- --- --- -------- ----- -------- --- ---------- ---- ------- --- 
-------- -------- ----- ----- --- ------- -- --------------- ------------ 
--- ---- -------- -------- -- --- ------- ----- ------ ---------- ------ 
------ ----- --------- 

PCD TRANSVENE SYSTEM 

CURRENT PROGRAMMED DEFI BRILLATION ENERGY 
FOR VF THERAPY P1 

  OF IMPLANTS 

--- ------ 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- ---- 

---- ---- ---- ---- 
- 

---- - ---- ---- ---- 
-- 

---- ---- -- -- -- -- -- -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

---------------------- ------------ ------------- 
------------- --------- 

-------------- --------- ---------- --- ------ 

Figure 11  Programmed Energy for VF Therapy  1 at Last Known Follow  
up   NTL System 

71 

(b)(4)

(b)(4)



Eili Eil 4 4iEEIK s t 
-------- --- ------------ ---- -------------- --- ---- ---------------- 
---------------- -------- -------- ---- ---- ---------- --- ---- ---------- 
-- ----- ---- ---------- -- ------ --- ---------------- --- --- -------- 

PCD TRANSVENE SYSTEM 

CURRENT PROGRAMMED DEFlBRILLATION ENERGY 
FOR VF THERAPY  2 

  OF IMPLANTS 

----- 

------ ----- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

---- ---- 
-- 

---- ---- -- -- -- -- -- -- -- --- --- --- --- --- --- --- --- --- --- --- --- 

---------------------- ------------ ------------- 
------------- ---------- 

-------------- --------- ---------- --- ------ 

Figure 12  Programmed Energy for VT Therapy  2 - NTL System 

72 

(b)(4)

(b)(4)



IX liEillI tilRIIEK EP   Il 
5  Induced VF Episode Experience 

----- ---------- ---------- --- -------------- ------------- ---- -------- 
---------- --- ------------- -- -------- ----- -- ----------- --- 
-------------- ------- --------- -- --- ------------ ---------- ---- 
--------- ---------- --- -- ---- --- -- ------------- ----------------- -- 
--- -------- ------- --- ----------- ------- --------- --- ---------------- 
-------- ------ ------ 

---------- ------ ------ ------ ------ ----------- --- ---- ---------- --- 
----- ---------- ---------- --- ----- -------- ------- --------- ---------- 
---- ---------- ---- --------- ------------- ---- ---- ------- ------------- 
---------- ------- --------- ------- --- ------------ ---------- ---- 
---------- ----------- --- ---- ------ ------------- ------- --- ---- 
------- --------- --- --- ---------------- ---------------- ---------- 
----------------- ----------- --- ---- -------------- ----------- --------- 
--- ---- ------- ------------- --------- ---- ------- ------ -- ------------ 
--- ---- -------- -------------- ------- ---- -------------- ----- 
---------- ----------- --- ----- -- ------ ----- ----- ---- ---------------- 
----------- --- ------ ---- ------ ------ --- ---- --- -- ------------- ------ 
--- ---- ---- ------------- ------- -- ---- ------- ---------------- 
-------- ---- -- ----- ------ --- -------- -------------- --------------- --- 
---- ----------- ----- --------- ------ --- ------------- 

----------- --- ---------- ----- ----- --- --- --- --- ----- 
---------- --- ---- ----------- ---------- ----- ----- ----- --- --- --- ------ 

------- ---------- --- 
----------- ---- --------- ------ 

---- ---- ---- ---- ---- ---- ---- 

---------- --- ------- ------------ 

------------ 

---------- --- ----------- -------------- 
--- ------------ ------------ 

------ ----- ----- ----- ----- --- ------ 

--- -- --- -- --- 

Table VIID 3  Induced Episodes of VF at Follow up   6124192 

a  Lowest Energy of Defibrillation  LED  

---- ---- ------- --------- ------------------ ----------- -- -- 
-------- ---- ---- --------------- -- --------------- --------- 
--- ---- ----- ---- ------ --------------- ------------ --- ---- 
---------------- ---- ------------ ---- -------------- -------- 

73 

(b)(4)

(b)(4)

(b)(4)



---------- ---------- KlM a    
------ ---- -------- ---------- --- ------------ --- ---- -- ---- 
------ --- -------- -------- ----------- ----- ------------ --- ---- 
---------- -------------- -- ----- ------------ ------ -- -- 
------------- ---- --------- -------- --- ------------- -- ----- 
---------- ------------ --- ---- ---------- ---------- ------------- 
----- ----- ----- ---- -- -------- --- ------ ------------- --------- 
-- ------------ -------------- ---- ------------ ----- ---- -------- 
--- ----------------- ---- ---------- --- --- ---- -------- --------- 
----------- ------ ------ --- -------- ---- ----------- ---- ------ 
----- ------ -- --------- --- ---- -------- ---------------- 
-------- ----- --------------- --------------- ---- --------- -- 
---- --------- ------------ ---------- ------- --------- ---- 
----------------- ---- ---------- - -- ------- 

--- 
--- 

--- 
--- 
--- 
--- 

-- ---- ------ -------------- -- --------- 
-- -- ------- --------- ----- ---- ------ -------------- -- --------- 
---- ----- ----- ---- ------ 
-- --------- ---- ---- ------ -------------- -- --------- 
-- ---- 
-- ---- 
-- -- ------- ---- ------- --- ---- --- ---- ----- ---- -------- --- 
---- ------ --- ------------ --- -- ---------- -- 

----------------- ----- -------- ------------- --- ---- ------- --- 
---- ------------ ---------- --- ------- ------- ---- ------- --- 
---- --------- ----- ------------- --- ---- ----------- ----- ---- 
----- ------------------ ----------- ------------- ---- ------- 
---------- ------- ----- ---- ---------- --- --- ---------------- 
--- ------- ---- ------ --- ----- ------------- -- ------ -------- 
------------- --- ---- ----------- --- ----- ---- ------------ 
------- ---------------- ----------- --------- --- ------- ---- 
---------- --- -- ----- ------- ---- ------ ---- ----- ------------ 
------------ -------- ----- --- ----- ------- ---------------- 
------ ------------ --- ------ ------------------ ------------- --- 
---- ------ -------- --- ---------------- -------- 
----------------- ------- ---------------- ---------------- ---- 
---------- --- --- -- ------- -------- ------- -- ---- --------- 
------ --- ------- ---------- --- ---- --------- ------- ---- ------ 
--------- ---- ----------------- --- ---- ---------- --- -------- 
-------- -------- ------------ --------------- ------------- --- 
---------- --- ------ -- -- ------------ ------------- ----- ---- 
---------- -- ----- --- ---------------- -------- ----------------- 

------- --------- ---------- ---- --------- --- ------ -------- 
----------- ------ ---------- ----- ----- ---- ---------- -- ----- 
------------ -------------- ----- ------ -------------- -- --------- 
-- ----------- ---- --------------- ------------ ----- -------- 

------- ------------ ---- ------- -------- ----- ---- ---- ---- --- 
---- ----- ---- --------- ----- ---- ------- 

74 

gg 

(b)(4)



IZililZillD CiEE  IKE   

----- ----- ----- --- --- --- --- -- 
----- ----- --- --- --- -- -- -- 
----- ----- --- --- --- -- --- -- 

--- --- -- -- -- -- -- -- 

--- 
--- 
--- 
-- 

-- 

-- 

-- 

-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

----- 

-------------- 

------------ 

---------------- 

----- 

--- 

--- 

--- 
--- 
--- 
-- 

--- 

--- 

--- 

-- 

--- 
-- 
--- 
-- 

-- 
-- 
-- 
-- 

--- 

-- 

-- 

-- 

-- 
-- 
-- 
-- 

--- 

-- 

-- 
---------------- -- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

---- 

------ 

---------------- 

------ ----- 

--------------- 

--- 
--- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 

-- 
-- 

-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

----- 

----- 

---------------- 

----------- 
----------- 

--- 

--- 

--- 

-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

------- 

----- 
--------- 

--- --- --- -- -- -- -- 
--- --- -- -- -- -- -- 
--- --- --- -- -- -- -- 

-------------- 

Table VIID 4  
-- -- -- -- -- -- -- 

Number of LED Values Obtained at Follow up Studies 
  6 24192 

75 

(b)(4)



------------- --------- i K A 
------- -------- ---------- ---- --------- --------- --- 
----------------- -------- -------- ----------- -- ---- --------- 
------------ ----------- ------ ----- -- ----- ------------ --- 
----- --------- ----- ---------- ----------------- ------- -- -- 
----------- ---- ---- ------ -------- --- ---------- ------ 
---------- ------ ---- ------- ---------- --- ----------- --- ---- 
------------ --------------- -- --- ---------- ----- ---- ------- 
----- ------------ ----------- --- ---- -- ---- ---------------- ---- 
--------- --------- ------ ---------------- -------- ----- --- -- 
--- -------------- -------- ------ ----- ----- --------- --- 
----------- ------- --------- --- -------- ---- --------------- 

----- 
-------- 

----------------- 

------------- 

------------- 
-------- 

----------------- 

------------- 

---------------- 
-------- 

----------------- 

------------- 

--------------- 
-------- 

----------------- 

------------- 

------ ------ ------ ------ ------ ------ 
------ --- 

------ ------ 
------ ------ 

------ --- ------ --- 
------ ----- ------ ----- 

------ ------ ------ ----- 

------ ----- ------ ----- 
-- ---- --- - --- 

------ ----- ------ ----- 
------ ----- ------ ----- 

------ ------ ------ ------ ------ ----- ------ ----- ------ ----- 
------ --- ------ --- ------ --- ------ --- 
------ ----- ------ ----- ------ ----- ------ --- ------ --- 

------ ------ ------ ------ ------ ----- ------ ----- ------ --- 

------ ------ ------ ------ ------ ----- ------ ----- ------ ----- 
------ --- ------ --- ------ --- ------ --- 

------ ------ ------ ----- ------ ----- ------ --- ------ --- 
------ ------ ------ ------ ------ ----- ------ ----- ------ ----- 

------ ----- ------ ----- 
--- ------ --- 

--- ------ --- 
------ ----- ------ ----- 

------ --- ------ ----- 
------ --- 
------ --- 

------ --- ------ --- 

------ --- ------ --- 

------ --- 
------ --- ------ --- 

------ ----- ------ ----- ------ --- ------ --- ------ --- ------ --- ------ --- 

------ --- ------ --- ------ --- ------ --- 
------ ----- ------ ----- ------ --- ------ --- ------ --- ------ --- ------ --- 

Table VIID 5  Lowest Energy of Defibrillation  LED  Obtained at 
Follow up   6 24 92 

76 

(b)(4)

(b)(4)



E IlJKIE I CIHEIEIK IK 259 
b  Chronic Oefibrillation Thresholds  DFT  

--- ------- --- -------- ---- -------- ---------- --- ------------- 
---------- ------- -- ------- ------------- --------- 
---------------- ------------- ------- ------ -------------- --- -- 
-------- --- ---------- -- ---- --------- ------------ ----------- 
---- --- ----------- --- -- ----------------- --- -- ------------- 
---------------- ------------ -- -------- ------ ------ ----- -- 
------ ----- ------------- --- ---- --- -------- ---- ----- ------- --- 
----- --------- ------- ----- ---- ----- ------- ---- --------- 
-------- ----- ---- ------- -------- --- -- --------- ---- --------- 
------------- --- ---- ----- ------- --- ----- --------- 
------------- ----- ---- ----- ------- ---- ----- -------- ----- 
---- ------------- -------- --- -- --------- ---- --------- -------- 
----- ------------ ---------- ---- -------- ----- ---- --------- 
---- --- --- ------ ----- -- --------- ------- --------- -------- 
---- --------- --- ------ -------- ----------- -- ---- ------------ 
--------------- 

------- - --- ----- ----- 
------------------ 

----- --- --- --- -- --- -- 

------- ------ ------- ------- ------- ------- ------- ------- ------- ------- 

Table VIID 6  Defibrillation Threshold  DFT  Obtained at Follow up   
6124 92 

77 

(b)(4)

(b)(4)



EiFKiIKC CiHliElti E     
-------- ---------- ----- ------ ------------------ -- --------- 
----- ---- -- -------- ------------- -------- -- --------- ----- ---- 
--- -------- ------------- -------- --- -------- ---- ------- 
-------- ----------- ------ ------ ---------- ---------- ------ 
------------------ ------- ------ --------- ------ --------- 
-------- ----- --------------- --- ----------- --------- ------- 
---------- 

PCD TRANSVENE SYSTEM 

DFT MEASUREMENTS 
PATIENTS WITH 6 MONTH OR 12 MONTH FOLLOW UPS 

--------- ------ 
--- 

--- 

------ ------ 
-- 

--- 
------ 

--- 
------ --- ------------- ------- -------- 

-- 
-- ------------- ------- ------ 

-- 
-------------- -- ----------- 

-------- ---- ----------------------- 
------------- --------- 

-------------- --------- 

--- ----------- 
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Figure 17  Cumulative Number of Patients with   6 Months of Follow Up 
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Figure 18  Cumulative   of Patients with   6 Months Follow Up with a 
Spontaneous Episode of VF 
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Figure 19  Distribution of Spontaneous VF Episodes as a Cumulative   
of Patients with   6 Months of Follow up and Spontaneous 
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Table VIID 11  Predictors of Having Spontaneous VF   6 24192 
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1 2  Induced and Spontaneous VF Episode Experience 
Conclusions 

The evaluation of induced and spontaneous VT episode 
experience indicates that the PCD  Transvene  System s 
VF detection and therapy functions have performed safely 
and effectively in the indicated patient population  
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Figure 21  Cumulative Number of Patients with Spontaneous VT or VF 
Episodes by Follow Up Interval 
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Figure 22  Cumulative Number of Patients with   6 Months of Follow up 
with Spontaneous VT or VF Episodes 

98 

(b)(4)

(b)(4)



Eiti EillI C EEiMl lyso i 
-------- --- ------------ ---- -------------- ------------- --- ---------- 
------ -- ------ -- --------- --- ------------ ----- ------ --------------- 
-- --------------- --------- --- ---- --- ----- ------- ----- ----------- -- 

----- --- ---- ----- ---------- ----- ------ ------ ----------- ---- -- 
------ -- ---------- ------ ------ ----- -- --------------- --------- --- 
---- --- ---- --- -- --------- ----- ---------- 

PGD TRANSVENE SYSTEM 

DISTRIBUTION OF SPONTANEOUS VT OR VF EPISODES 
-------------------- - ---- -------------- -------- --- ----- ------------------- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

-- 
---------- --------- 

------------- --------- 
-------------- --------- 

Figure 23  Cumulative   of Patients with  6 Months Follow Up with a 
Spontaneous Episode of VT or VF 
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Figure 24 Cumulative Number of Patients with   6 Months of Follow Up 
with Spontaneous VT or VF 
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3  Holter Monitored Patients 
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------------- 

-- 

-- 

-- 

Table VIIE 1  Number of Patients with Spontaneous VT Episodes 
Recorded on Holter by Patient Indication   6124192 

Table VIIE 2 contains the number of VT episodes by follow  
up interval captured for this one patient  Also included in 
the table is the efficacy of the VT therapies  

---------- --- ----------- -- -- ----- -- -- -- ---- 

---------- --- ------------ -- -- ----- -- -- -- ----- 

---------- ------ ------ ------ 

---------- --- ---------- -- -- -- -- -- -- -- 

Table VIIE 2  Spontaneous VT Episodes Recorded on Holter by Follow Up 
Interval   6124192 
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---------- ----- ----------- --- --------------- ---- --- ------ ---------- 
------ ----------- --- -------- ------- ------ --- --------- --- -------- 
--------------- ----- ---- ---------- --- ---- ---- --------- ----- ------ 
Table VIIE 3 contains the number of patients that 
experienced a spontaneous VF episode while they were 
Holter monitored  This information is presented by patient 
indication  

-- 

-- 

-- 

Table VIIE 3  Number of Patients with Spontaneous VF Episodes 
Recorded on Holter   6124192 

------- --------- ---------- ---- --------- --- ---- ----------- --- --------- 
--- ---------- ------ ----------- --- ---- ------ -- ---- ---------- --- ---- 
---- ----------- ------------ ---------- ----- --------- --- ---------- 
------------ -- ------ --------- ---- -------- --- ----- --------- ------ 
-- -------- ---- --- ---------- ------ ----- ------ -- ----- ------------- 
----------- -- ----------- ------------ ----------- ------------ ---- 
------ --------- --- ---------- ------ ------------ ---------- ------ 

Table VIIE 4  Spontaneous VF Episodes Recorded on Holter by 
Follow Up Interval  6124 92 
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Table VIIE 5 contains the number of VF episodes by patient 
indication and Model number  

-- -- -- -- 

-- -- -- -- 

------ ------ - ------ 

Table VllE 5  Number of VF Episodes by Patient Indication 
Captured on Holter   6124192 

---------- ------ -- ----------- --- ---- --- -- ---------- ------ ----------- 
------- ------ --- --------- --- -------- --------------- ----- ---- 
---------- --- ---- ---- ----------- ----- ------ 
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F  Programmed Parameters 

IKlM  86 

--------------------- -------- ---- ------------ --- ------------------ ------ ---- 

------- --------- ----------- ----- ------------ ---------------- ------ 

------------ ------ ------- ----- ---- --------- ------- --- -------------------- 
--- -------------- --- ------- ---- ------------ ------------ --- --------- ------ 

---------- -------- ------------- ------ --------- ----- ---------- ---- ----- --- 

-------- ------- ---------- ------ ---------------- -- ---- -------- ------------ 

----- ---- ------------------- ----- ---- ------- ------- ------ ---- -------- --- 

-------- ------------ --------------- 

----- ------- --------- ---------- ------------------ ----------- ----- --------- 

---- --------- -------------- ------- --- ---- ------------ -------- --- ---------- 
------ ---- ------ --------- ------------------ ------------- ----- ---- ------ 

-------- ---------------------- ------------- --- ---------- -------- ------------- 

--- ------ ---------- ------------- -------------- ------ ----------- ----- ----- 

---------- ---- ---- ------ ------------ ------------------ ----------- ----------- 

---- ---------- -------- --- ------- ----------- --- ---------------------- ------- 

------------- ------ ------------ --- ------------ --- ----- ---------- ----- 

----------------- -- ------ --- ---- ------------ ----------- --- -- --------- ----- 

---- ---- -------- ----------------- ----- --- ------------- ---- ----- ---- 

----------- ----- ----- --- ------------ --- ------------ ---------- 

----------------- ----- ---- ---- ----- ---- ----------- ---- ------------ ------ ---- 

------- ---------- ------ ----------- ---------------- ----- ------------ -------- 

----- ----------- --- ---- ----- ---------- ------------ --- ----- -------- --- 

---------- ------ ----------- ------ ---- --------- ----------------- ---------- 
---------- --- ------- --- ---------- --------- ----- ---------- ----------- ---- 

----------------- ----------- --------------------------- ------ --- ------ --- 
------ ---------- ----- ---- ----------- ---------------- ------ --------- ----- 

---------- ----------- ---- ---------- --- ---- ----------- -------------- ------ --- 

---- ----- ---------- ----- ---- ----------- ---------------- ------- --------- ----- 

---------- ----------- ---- ---- ----------------- ----------- ------ --- ------ ----- 

----- ---- ----------- ---------------- ------ ----- --------- ----- ------ ---- 

--------- --------- ----- ------ --------- ----- ---- ------- -------------- ----- 

------ -------- ---- ----------- ----- --------- ----- -------- ------------ ----- 

---- ----------- --- ---------------- ------ -- --------- ------ --------- ----- --- 

------ --------- ---------- 

1  Ventricular Tachycardia  VT  Detection and Therapy 
Programmed Parameters 

a  Tachycardia Detection Interval  TDI  
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----- ------------------ -------------- ----------- --------- 

------- -------- ---- ------------ --- --------- ---- --------- 
------ ----- -------- ----------- ----- ----- ---- ---------------- 
----- ----- --------- ----- ---- ------------- ----------- --------- 
------- ---- ---------- --- ----- -- ---- ---- ----------- --------- 
---- --- ---------- ---- --------- ----- --- -------- --- ----- --- 
---- ------ --- ------------------ ---- --------- ------- 
----------- -------- ----------- ------- --- ------------------ 
----------- -------- ----- ---- ---------------- ----- ---- --------- 
----- ---- ------------ ---------------- -------- ----- ---- 
------------- --- --------- -------- --------- --------- 
----------- --------- ----- ---- ----- ---- --------- ---------- ---- 
---- ----------- ---------- 

Table VIIF 1 shows the distribution of the last known 

programmed tachycardia detection interval  TDI  for 
those patients with VT detection programmed ON 
 excluding deaths and explants  

----- ---------- 

Table VIIF 1  Tachycardia Detection Interval  TDI    6 24 92 

----- --------------- ------------ ---------- -- ------------------ 
------ -------- --- --------- ------- -------- ----- -------- --- 
------- ----- -------- ---- ---- ------- ----- ------ ----- ---- 
------ -------- ------ ------- ----- --- ---- ----- --- -------- 
-------- --- --- ----- ----- ------ -- ----------- --- --------- 

105 

(b)(4)

(b)(4)

(b)(4)



Rili EE 4 CilZIIi3IK E lac 
b  Number of Intervals to Detect  NID  VT 

----- ---------- --- ----------- --- -------- ------- ------------ 
---- --------- --- -------------- ----------- -------- ------ --- 
--------- ----- ---- ---------------- ----- --- ------- --- --- 
---------- --- -- --------------------- ------- -------- -------- 
----- ---- ------- -------------- ---------- ------ 
---------------- -- ---- -------- ------------ ---- ------- 
---------- ------ ---- ----------- ----- --------- ---------------- 
----- ------------- -------- ----- ----------- ----- ------ 
----------- ------ ------- ---- --- --------- ----- ---- ----- 
---------- --- ---------- -------- ------ ---------------- --- --- 
--- --- ----------- 

----- -------- 

Table VIIF 2  Number of Intervals to Detect VT  NID    6124192 

----- ---------- --- ----------- --- -------- ---- -- 
------------------ ------ -- --- ---- ------- -------- ----- 
-------- --- ------- ----- -- ------ ------- ----- ------ ----- ---- 
------ -------- ------ ------- ----- ---- ------ ---------- ---- 
---------------- --- -------- --- --- --- --------- ------- ---- 
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C  Programmed Ventricular Tachycardia  VT  
Therapy Type by Therapy Number 

-------- --- -------- ----- ---- ----------- ------ ---------------- ----- 

---- -------- ------------ ------------- -------- ----- ------------ 
------------ --------- ------- - ------------ --- ---------- ------ ---- 
----------- ---------------- ----- ---------- -- ------- --- --- 

---------------- --- -------- ----------- ------- - ----------- ------- 

----------- --- -- ----- -- ----- --- --- ----------------- ----- ---------- 

------ --- ------ --- ---------- ------ ---- ----------- ---------------- 
----- ----------- --- ---------- ------ ---- --------- --------- -- 

---------------- --- -------- ----- ------- - ----------- ---- 

---------------- --- ------- ----- --- ------- --------- ---- 

---------------- --- ------------------ ------ -- ------------ ------ ---- 
------- --- ---- ------------ --- ---- ------- -------- ---- 
-------------------- -------- ----------- ---- ------ -------- 

---------------- ----------------- ------- ----------- ---- ------------- 

PCD TRANSVENE SYSTEM 

CURRENT SETTINGS FOR VT THERAPIES 

- ---- ----------- -------------- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

-- 
---- ---- -- -- ---------- ---------- --------- -- 

---- -------------- ------------- 
------------- --------- 

-------------- --------- ---------- ---- ------ 

Figure 27  Programmed VT Therapies by Therapy Number at Last Known 

Follow up   Transvene  System 
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2  Ventricular Fibrillation Detection and Therapy Programmed 

Parameters 

a  Sensitivity 

------------- -- ------------------ ------ -- ------- --- ---------- 
------------- --------- --- ----- --- ------- ------------- 
--------- ----- --------------- ------- ----- -- -- -- 

---------------- --- -- ------------- ----- ----- ---------- ------ 

------------ -- --------- --- ---- ----------- --- 
--------------------- ----- ------ --- ----------- ------------ --- 
-------- ----- ---- ----- ---- ----- --- -------- --- ---- --------- 
-- -- -------------- ------------ ----- -- ------- --------- --- 
------------ ------ ---- ------------ --- ---- ------- ----------- 
--- ------------- ------------- ----- --- ------- ----- ----- ---- 
------- ----------- -------- ------ --------- ----- ----- 
----------- --- ---- -------------------- ------------ ---- ----- 
-------- ------------- -- ------------ -- --------- -------- ---- 
-- -- ------- --- --------- ------- ---- ---------- --- ---------- 
---- ---------------- --- -------- --- --------- ----- --------- -- 
------------ --- -- ------ ------- --------- -- -------------- 

-------- --- -------- -------------- ----- ------------- ----- 

---------------- -- ------ --- ---- ------------ -------------- --- 
-- --------- ----- ---- ---- -------- ------------- ----- 
----------- ------ --- ---- ------- -- --- --------- ---- ------- 

---------- ------ ------ ------------ ----- --------- ---- ------- 

---------- ------ --------- ------------- ------ -- ------------ 
------ --------------- ----------------- ---------------------- 
------- --- ---- --------- ------- ------------- ----------------- 
--------- ---------- --- ----------- ------- --------------- -- 
--------- ------- --- ---- --------- -------- ------ --------------- 
----- ---- -- ----------- ------------- ---------- --- 
-------------------- --- --------- ----- --- --- ---- ---------- 
------------- ---------------- --- --------- ------ 
------------------ --- --------- ------ ----- ------ ------- ----- 
-- ------ ---------- --------- 

--- ---- ---- -------- ------------ ------ ------------ ------ 

---------------- --- --------- ------------- ----- ------ 
------------ ------ ---------------- --- --------- 
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PCD TRANSVENE SYSTEM 

SENSITIVITY SETTING 
- ---- -------------- 

--- 

--- 

--- 

--- 

-- 

---- ---- ---- ---- 

------------------- ------------- 
------------- --------- 

-------------- --------- 

---- 

Figure 28  Programmed Sensitivity by Follow up Interval   Transvene  
Lead System 
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b  Fibrillation Detection Interval  FDI  

----- -------------- ------------ ---------- ------- -- ---- 
------------------ ------------- ------- -------- ---- ------------ 
--------- ---- ------- --------- --- ------ --- ------------- 
-------------- -- ---- ---- ----------- --------- -- ---------- 
------ ----- ------ ---- ------------- ----- --- -------- ------ 
---------------- ---------- ------- -------- -------- ---- 
-------------- --- ---- ---- -------- ---------------- ------ 

-- ----- 

----- ------ 

----- ------ 

--- ----- 

-- ----- 

----- -------- 

Table VIIF 3  Fibrillation Detection Interval  FDI    6124192 

----- -------------- ------------ ---------- -- ------------------ 
------ -------- --- --------- ------- -------- ----- -------- --- 
------- ----- ---- ---- ------- ----- ------ ----- ---- ------ 
-------- ------ -------- ------ --- ---- ----- --- ----- -------- 
--- --- ----- ----- ------ -- ----------- --- --------- --- 
--------- -- --------- --- --------- ----------- ----- -------- ---- 
------- ------------ ------------- ----- ---- ---------------- 
------- ----------- --- ---- ------- --------- -- --------------- 

-------- --- -------- -------------- ----- ----- ----- 
---------------- ---- ------ --- ---- ------------ -------------- --- 
-- --------- ----- ---- ---- -------- ------------- ------- -- 
------ ------ ------------ --- ---- -------------- --- ----- 
----------------- -------- ---- ------------ ----------- ------ 
----------- ----- ------------ -------- ---------- --- -- ------- 
--- ------ ------------- --------- -------------- ---- ---- 
---------- --------- ---------- --- ----- -------- -------------- 
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PCD TRANSVENE SYSTEM 

FIBRILLATION DETECTION INTERVAL 
  OF PATIENTS AT FOLLOW UP PERIOD 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

-- 
----- ---------- ---------- 

----- ----------- 
--------- ----- 
-------------- --------- 

---------- ----- 

Figure 29  Fibrillation Detection Interval   Transvene  Lead System 
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C  Number of Intervals to Detect VF 

----- ---------- --- ----------- --- -------- ------- ------------ 
---- --------- --- ----------- -------- ------ --- --------- ----- 
---- ---------------- ----- --- ------- --- --- ---------- --- -- 
--------------------- ------- -------- -------- ----- ---- 
------- -------------- ---------- ------ ---------------- -- 
---- -------- ------------ ---- ------- ---------- ------ ---- 
----------- ----- --------- ---------------- ----- ------------- 
-------- ----- ----------- ----- ------ ----------- ---------- 
------- ---- --- --------- ----- ---- ----- ---------- --- 
---------- -------- ------ ---------------- --- --- --- --- 
----------- 

-- ---- --- 

--- ----- --- --- 

----- ------ 

-- ---- - 

-- ----- 

------- ----- ------ ---- 

Table VIIF 4  Number of Intervals to Detect VF  NOD    6124192 
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------- -------- ----- -------- --- ------- ----- ---- ------------ 
------ ----- --- -------- -- ---- ------------ ---------- --- ---- 
-------- ------ ----------------- ------- -- ------ ------ 
------------ --- ---- -------------- --- ---------- ----------------- 
-------- ---- ------------ ----------- ------ ----------- ----- 
------------ -------- ---------- --- -- ------- --- ------ 
------------- --------- -------------- ---- ---- ---------- 
--------- ---------- --- ----- -------- -------------- 

PCD TRANSVENE SYSTEM 

NUMBER OF INTERVALS TO OETECT VF 
- ---- -------------- ---- ----------------- ----------- 
----- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

-- 
-- --- --- 

---- ------ 
------------- --------- 

-------------- --------- 

--- --- --- 

Figure 30  Number of Intervals to Detect VF by Follow up Interval   

Transvene  Lead System 
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d  Programmed Defibrillation Energy 

-------- --- -------- ---- ---------------- ---------- --- ---- -- 
----------- ---------------- ------------ ----- ---------- --- 
---------- ------ --- ----- ---- ----------- ---------------- --- 
---- ------------ -------- --- ---- ------- -------- ------ 
------- --- ---------- ------ ---- ----------- ---------------- 
----- - ------------ 

PCD TRANSVENE SYSTEM 

CURRENT SETTINGS FOR DEFI BRILLATION ENERGY 
--------- ----------- 
--- 

--- 

--- 

--- 

--- 

--- 

--- 

-- 

-- 
---- ------- ---- ------- ---- ------- ---- ------- 

---- -------------- ------------- 
------------- --------- 

-------------- --------- ---------- --------- 

Figure 31  Programmed Defibrillation Energy 
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-------- --- -------- ----- ---- --------- --------- -- ----- 
---------------- --------------------- ------ --- ------ --- 
---- ----- ---------- ------ ---- ----------- ----- --------- 
---------------- ----- ------ ---- --------- --------- -- 
---------------- --- ----- ---- ---------- ------ ------ ------- 
--- -------------- ------- -------- ----- ---- -------- ---- ------ 
------ ------ ---------- --- -------- -------- ---------- -------- 
------ ----------- -- --------- ------- ---------- --------- ---- 
------- --- --------- -------------- ---- ----------- ------- --- 
---------------- -------- ----------- -- -------------- ---- ---- 
----------- -------- -------------- 

PCD TRANSVENE SYSTEM 

CURRENT PROGRAMMED DEFI BRILLATION ENERGY 
FOR VF THERAPY  1 

  OF IMPLANTS 

--- 

--- -- --- ------ --- -- - ------ --- ----- --- --- ----- --- - - - - - - - - - - - - - - -- - --- - - - 

--- 

--- -- - --- -- -- - ----- ------- ------ - --- --- -- --- - ------ - - ---- - - - - - - 

--- 

--- 

--- 

--- 

--- ---- 
---- ---- ---- ---- 

- 
---- ---- --- ---- ---- 

-- 

------ 

---- ---- -- -- -- -- -- -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

---------------------- ------------ ------------- 
------------- ---------- 

-------------- ---------- ---------- --- ------ 

Figure 32  Programmed Energy of VF Therapy  1   Transvene  Lead 
System 
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-------- --- -------- ----- ---- ---------- --- ----- 
---------------- ---------- ------ --- ---- ---------- ------ 
---- ----------- ----- --------- ---------------- ----- ----- ---- 
--------- --- ---------------- --- ----- ------ --------- -- 
------- --------- --- ---------- ------ ---------------- --- -------- 
----- ----- ---- ------------ -------- --- ----- ----- ------- 
---------------- ---- ------ --- ----------- - --- 
-------------------- --- ---- --------- --- 

PCD TRANSVENE SYSTEM 

CURRENT PROGRAMMED DEFIBRILLATION ENERGY 
FOR VF THERAPY 42 

  OF IMPLANTS 

----- 

----- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

---- 
-- 

---- 

------ 

---- ---- - -- -- -- -- -- -- --- --- --- --- --- --- --- --- --- --- --- --- 

---------------------- ------------ ------------- 
------------- --------- 

-------------- --------- ---------- --- ------ 

Figure 33  Programmed Defibrillation Energy of VF Therapy  2 
Transvene  Lead System 

---- ----------- --- ----- --- ------ ---------------- --- ---- 
-------- ---- --------- --- --- ---------- ------------ --- ----- 
-------- 

118 

(b)(4)

(b)(4)

(b)(4)



IRitiEiE 3 C lRIIIEEti Ezz  
3  Reprogrammings 

--------- ------------ ------------- ---- -------------- ----------- ---- 
------------------- --- ---- --------- ----------------- ------ 
------------- ---------- --------------- --- ------- ---------- ----- 
------------- ------ -------- --------- --------------- --- ---------- 
--------- ---------- ---------- ---------- ----- ---------- 
---------------------- --- ----- --- ---------- --- ------ ------------ 
------- -------- -------- -- ----------- --- ---- ------------------- --- ---- 
---- ----- ---- ----------- ----- --------- -------------- -- ------ --- 

---------- ----- ----- --- ------ --- ------ ------------- 
------------------ -------- ------ ------------ -------- ----- --- 
------------ ---- ---------- --------- --- -------------------- ----------- 
------ --- ---- ------------ --------- -- ------------ ------- --------- --- 
---------- ---- ------------------ -- ------------ ----------- --------- 
---- ----- ----- --------- --- ---------- ------ ----------- ----- 
------------ -------- ---------- --- -- ------- --- ------ ------------- 
--------- -------------- ---- ---- ---------- --------- ---------- --- ----- 
-------- -------------- 

------- -------- ----- --------- --- ---------- --- ------- ---- 
------------- --- ---------- ------ -------------------- --- ---------- 
------------- -- ------ --- ---- ------------ --------------- 

------ 

----- ---------- -- --- -- ----- ------ -- --- -- --- ---- ---- ----- 

----------- ---- --- ---- --- ----- ----- ----- ----- ---- -- --- 

---- ------- ------ ---- --- ------ ----- ----- ----- ----- ----- 

------------- -- ----- ---- --- ---- -- -- -- ---- ---- -- --- ----- 

----- ------ -- ----- -- --- ----- ----- ---- -- ----- ----- 

---------- ----- ----- ----- ----- -- -- -- ----- ----- --- 

---- ------- ---- --- -- ---- ----- --- --- --- -- --- --- 

------ ------- 
-------- ------------ 

----- ----- --- --- --- --- --- ----- 

------- ---------- 

-- ------------- 
----- ----- ----- ----- ----- ----- ----- ----- 

Table VIIF 5  Summary of PCD  System Reprogramming     Of 
Patients with Parameter Reprogramming at Follow up Evaluation   
6 24192 
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PCD TRANSVENE SYSTEM 

TDI REPROGPAMMINGS 
  OF PATIENTS REPROGRAMMED 

--- 

--- 

-- 

-- 
------ -- ----- ------- -- ----- 

------------- ---- ----------- 
------------- --------- 

-------------- --------- 

-- ----- ---- ----- 

Figure 34  Reprogrammings of the Tachycardia Detection 
Interval 

PCD TRANSVENE SYSTEM 

VT NID REPROGRAMMINGS 
  OF PATIEMS REPROGRAMMED 
-- 

-- 

-- 

-- 
------ -- ----- ------- ------- 

------------- ---- ----------- 
------------- --------- 

-------------- ---------- 

------- ---- ----- 

Figure 35  Reprogrammings of the Number of Intervals to 
Detect VT 
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PCD TRANSVENE SYSTEM 

VT Rx P1 REPROGRAMMINGS 
  OF PATIENTS REPROGRAMMED 

--- 

--- 

--- 

--- 

-- 
------ -- ----- ------- ------- 

------------- ---- ----------- 
------------- --------- 

-------------- --------- 

-- ----- 

Figure 36  Reprogrammings of VT Therapy  1 

---- ----- 

PCD TRANSVENE SYSTEM 

SENSITIVITY REPROGRAMMINGS 
  OF PATIENTS REPROGRAMMED 

--- 

--- 

-- 

-- 
------ -- ----- ------- ------- 

------------- ---- ----------- 
------------- --------- 

-------------- --------- 

Figure 37  Reprogrammings of Sensitivity 

-- ----- ---- ----- 
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PCD TRANSVENE SYSTEM 

FDI REPROGRAMMINGS 
  OF PATIENTS REPROGRAMMED 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

--- 

-- 

-- 
------ -- ----- ------- ------- 

------------- ---- ----------- 
------------- ---------- 

-------------- --------- 

-- ----- ---- ----- 

Figure 38  Reprogrammings of the Fibrillation Detection 
Interval 

PCD TRANSVENE SYSTEM 

VF NID REP ROG RAMMINGS 
  OF PATIENTS REPROGRAMMED 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 
------ -- ----- ------- ------- 

------------- ---- ----------- 
------------- --------- 

-------------- ----------- 

-- ----- ---- ----- 

Figure 39  Reprogrammings of the Number of Intervals to 
Detect VF 
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PCD TRANSVENE SYSTEM 

VF Rx 41 REPROGRAMMINGS 
  OF PATIENTS REPROGRAMMED 

--- 

--- 

--- 

-- 

-- 
------ -- ----- -- ----- -- ----- 

------------- ---- ----------- 
------------- ---------- 

-------------- ----------- 

-- ----- 

Figure 40  Reprogrammings of VF Therapy  1 

---- ----- 

4  Programming Summary 

a  ----- ---------- --- ---------- ------- - ----------- ------ ---- 
----------- ---------------- ----- 

b  ----- ---------- --- ---------- ------ ---- ----------- 

---------------- ----- ------ ---- ----- ---------------- ------ 
-------- --- -------- ------- - ------------ 

c  ----- ---------- --- ---------- ------- - ------------ ------ 
---------- ---------------- --- ---- 

d  ----- ---------- --- ---------- ---- ---------------- --- -------- 
----------- ---- ---- --------- --------- -- ------- 
----------- - 

e  --------- --- ---------- ---- --- ------------ ---- 

---------------- --- -- ------------- --- ---- --- --------- ------- 
----------- -- ---------- 

f  ----- ---------- --- ---------- ------- - ----------- ------ ----- 

---------------- ------ ----- --- --------- 
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g  ----- ---------- --- ---------- ------- ----------- ------ 

---------- ---------------- --- ------- --- --- --- ------- - 

----------- -- ----- 

h  ----- ---------- ------- - ----------- --- ---------- ------ ---- 
--------- --------- ----- ---------------- --- ---- ------------ 
-------- --- --- --------- 

I  --------------------- ----- --- ------- ------ --- ---- ------------ 
--------- 

5  Programming Conclusions 

Reprogrammings tend to occur early in the follow up period 
indicating that parameter values selected as a result of early 
evaluation remain appropriate for the reported implant 
duration in this patient population  The programming 
ranges available in the PCD  system are appropriate  
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G  Chronic Pace Sense Evaluation 

1  --------------- ------------- 

--------------- ------------ -- ------------ -- ------------ -------------- 
--- ---------- ---- --------------- --- ---- ------------- ----- --------- 
----- -------- --- ----------- ------- --------- ---- --------- --- ------ 
---------- ---------- ----- ------------- --------------- ------- --------- 
-------- ---- --------------- ------------ ----------- -- ---- -------- 
------------- 

----- 

---- ----- 

--- ----- 

---- ----- 

---- 

Table VIIG 1  Electrogram Amplitude at Follow up Evaluation   6 24192 

-------- --- -------- ---- --------------- ------------ ----------- 
---------- ---- ------- -------------- --------- -- ------------ 
-------------- ------- ---- -------- ----- --- ------ ---------- --- ------- 
--- --- ----- --- ------- -------------- --------------- -------- ---- 
------------ ----------- ------ ------- ---------- ------ -------- ---------- 
------ ------ ------------ ------------ ---- ----------- -------- --- 
-------- -- ------- ----- --- ------- --------------- ------------ -- ---- -- 
-------- ------------- ----- ------ --------- ---- --- -- ---------- 
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PCD TRANSVENE SYSTEM 

EGM AMPLITUDES 
FOR PATIENTS WITH VALUES AT ALL 4 TIME PERIODS  -- ------ 

MEANAMPUTUDE 

--- 

--- 

-- 

-- 

--------- ----------- ------------------ -- ----------------- ------------ ----------- ------ --------- 

------ --------------- 
----------------- 

------------- --------- 

-------------- --------- 

-- ----------- 
----------------- 

-- ----------- 
----------------- 

-------- ---- ----------------------- 

Figure 41  Chronic Electrogram Amplitude 

-- ----------- 
----------------- 
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2  Pacing Thresholds 

-------- ------------ -- ------------ -- ------------ -------------- --- 

---------- ---- --------------- --- ---- ------------- ----- --------- 

----- -------- --- ----------- ------- --------- ---- --------- -------- 

------ ------------------- ----- ------------------- -------- ------------ 
------- --------- -------- ---- -------- ------- ------- ----------- 
----------- -- ---- ------ -- ---- -------- ------------- 

----- 

---- ---- 

---- ---- 

------ ---- 

---- 

Table VIIG 2  Pacing Threshold at Last Known Follow up   6 24192 

-------- --- -------- ---- ------- ------- -------- ------------- 
----------- ---------- ---- ------- -------------- --------- -- --------- 
--- --------------- ---- ------ ---- --------------- ------------ ------ 
------- ---------- ------ -------- ---------- ------ ------ ------------ 
------------ ---- ----------- -------- --- -------- ------ --------- --- ---- 
------- ------- ------- ----------- ---- --- -- ---------- 
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PCD TRANSVENE SYSTEM 

PULSE WIDTH THRESHOLDS 
FOR PATIENTS WITH VALUES AT ALL 4 TIME PERIODS  8  214 

MEAN PULSE ---------- 
---- 

---- 

---- 

--- -- - - -- - - - - - - - - - - - - - - - - - - - - -- -- -- - - - - - -- - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

--------- ----------- ------------------ -- ----------------- ------------ ----------- ------ --------- 

-- 
------ --------------- 
----------------- 

------------- --------- 
-------------- --------- 

-- ----------- 
----------------- 

-- ----------- 
----------------- 

-------- ---- ----------------------- 

-------- 42  Chronic Pulse Width Threshold 

3  Chronic Pace Sense Evaluation   Summary 

-- ----------- 
----------------- 

a  ----- ------- --------- --------------- ------------ -- ---- ---- 
-------- ------------ ------------- ----- --------- 

b  ----- ------- --------- ------- ------- -------- ----------- -- 
------ ----- -------- 

c  -------- ------------- ----------- ------- ------ ------ ----- ---- 
-------------- --- ------- ----------- ------ ------ ------------- 
---------- 

4  Chronic Pace Sense Evaluation   Conclusions 

----- ------- -------------- ----- --------- ---- ------------- ------- 
----- ------------- --- ------- --- --------- -------- ----- --------- 
-------------- 
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Vill  Specific Patient Populations 

A  ----------- by Age Groups 

----- ------- ---- --- ---- -------- ------------- ----------- ---- ------- 

-------------- --------- ----- ------ ------- ------ -- ------- ------ --- --- --- 

------- ------- -------- ---------- ----- --- ---- -------- ------- ----- ----- --- 

------- --- --- ------- --- --- --- ------- ----- --------- ----- --- ------- --- --- 

------- 

----- ----------- -------- ------- ----- ----- --- ------- --- --- ------- ---- ----- 

-- ------- ---- --- ------ ------- ---- --- --- -------- ---- ---------- 

------------- --- ---- -------- ------ -- --------- --- --------- ---------- ------- 

-------- ----- ---- ---------- ---------- ---------- --------- ---- ----------- 

--- ---- --------- --------- --- ---- ---------- ----- ------- ---- ---- ------ ----- 

------- --- ----------- ------- ---------- ------ ------------- ------ --------- 

----------- -------------------- ------- -------------- ------------- 

-------------------- ----- ------- ---- ------------- ----- ------- ---------------- 

----------- --- ----- -------- ------- ----- --------- --- ---- ----- --- ---- -------- 

------------- ------- --- ------- ---- ---- ------ -------- --------------- 

---- ------ --- ---- ------ ------ -- ----- --------- ---------- ------- ----------- 

---- ------ -------------- --------- ----------- ------- ----- ------------- --- 

--- ---- ---- --------- 
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B  Previous Pulse Generators 

1  Introduction 

---------- ----- --------- -- ------ ------------- --------- ----- ------ 
----- ----------- ------- ------------ ----------- ------ ------- ------ 
------ ------- -- -------------- --- ------------------- --------- 
------------- --- ---- ---------- --------- --------- ---- -------------- 
-------- ----- --- ----------- ---- ----------- ------------------- 
--------- ------ ------------ -- ---- ------ --- ------ -------- ---------- 

------------ ---- ------ -------- --------------- -- ------ ------- ---- 
-------------- ---------- ------- ---------- ----- --- ------ 
------------------ ------------------ ----- --------- --------------- 
--------- --- ------- -- ------- --- ----- ------------- -------------- 
-------------- ----------- -- ---------- --- -------- -------------- 
------------- ---------- ---- ----- ---------- ------ --------- ----------- 
-- ----------- --- ---- --------- ------------- --- ---------- --- -------- 
-- -------------- -------- ----- ---------- ------ ---- --------- --- ---- 
------ ------------- ---------- 

------ --- --------------- --- ---- ------ ------------- ---------- --- --- 
----- ---------- ----- ------------- -------------- ------- -------------- 
--- ---- --- ---------- --------- ------ ---------- -- ---- ------ --- ------ 
------------- --------- ---------- 

--------- ------------- -- ---- ------ --- ------ ------------- --------- 
--------- ----------- ----- ---- ------------- ------------ ------- 
------------ ----- ---- ------------ ------ ---- ---- ---------- ------ ---- 
-------------- ----------- ----- ------------ --- ------------- 
--------------- ------- ------ ------ --- --------- --- ---------------- 
------------- ---------- ---- ------ -------- ----- ---- -------------- 
-------------- 

------- ------ --- ---------- ----- ----- ------------- ---------- --- 
------------------- -------- --------- ---- ------------ --- ------ 
------------- --------------- -------- ----------- ------------------- 
--------- ------ ------------ --- ------ --- ---- ---------- --- ---- 
------------ ---- ------- ---- ---------- ----- ---------- --- 
-------------- --------------- --------------- ------ --- ------------ 
---------------- ------- ----- --------- 

---------- ---- ---------- --------------- ------------- ---------- 
--------- ------------- ----- --- ----------- --- ------ --------- 
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---------------- 

------ --------- ------------- ---------------- ----- -- -------------- 
------------- ---- --- ------------ ------- --- -------------- ------ -- 
------ ------------- ---------- --- ----------- ---- --------- ----------- 
----------- -------------- ---------------------- ---- ---- --------------- 
--------- --- -------------- -------------- ------ ---- ------ ------------- 
--------- --- ----- --- ---------------------- ---- ---- ----- --- 
------------- ----- -------- --- ------------- --- ------ ------------- 

2  Brad cardia Pulse Generators 

--------- ---------- ----- ----- ------------- ------------ -------------- 
-------------- ---------- ------ --------- ----- --------- --- ---- ------ 
------------- ---------- ------- ----- ----- ----------- -------------- --- 
---- ----- --- ------- ------------- ----- ------ ----------- 

- --------- 

---------- -- 

------- --- 

--- 

Table VIII B I  PCD Transvene System Retained Pulse Generators   6124 92 

----- ------------ ------ ------------- --------- ----- ---------------- --- 
-------- ---------- ----- -------------- --- ---- ------------ ----- 
---------- 

------- -------------- --------------- ------ ---------- ------------ --- 
-- --------- --- ------------- -------------- --- ------ ---------- ----- 
----- --------------------- -------------- --- ---- ------------ ------ 
---------- 

----- ------ -------- ----------- --------- ---------------- ----- -- ---- 
-------- ------- ---- ------ -------- --------- --------- ---- ------------ 
-------- --------- -- ------------- ------------ ------------- ----- 
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------ --- ---- ---------- ------ --------------- --------------- ----------- 

--- --------- ----- --------- --- ---- ------ --------- --- --- --- ---- 

----------- -------------- ----------- ----- -------------- --- ---- 

--------- ---- ------ ----------- ------ --- ---------- ------------- --- 

--- ---- ---------- ------------- ---------------------- -------- -------- 

---- --- ---- ----- ----------- --- --- ------- -------------- ----------- 

----- -------------- --- ---- --------- --- ---- ------ -------- ----- 

---------------- ------- ----- ----- --- ------------- ------- --- ---- 

-------------- -------------- 

-------- --- ----- --------- -------------- -- --------- -------------- 
-------- ---- --- ------- ------------ --- -------------- ------ -- ------ 
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------ --------- ---------- 

-- 

Table Vill B 2  PCD Transvene System  Multiple Implant Procedures   

6124192 
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6  Conclusion 

ClinicaI experience indicates that the current labelling 
provides appropriate recommendations for the implant of 
bradycardia pacemakers  including dual chamber devices  
with the PCD Transvene System  In addition  implant and 
follow up data on these patients indicates that a bipolar 
bradycardia pacemaker can be safely implanted in 
conjunction with the PCD Transvene System  
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C  Patients Not Meeting Implant Criteria 

1  Section Overview 

The PCD Transvene System offers a simpler and safer 
implantation technique for an implantable cardioverter defibrillator 
system  In addition  the PCD Transvene System decreases the 
potential perioperative and long term mortality associated with 
current epicardial system implantation approaches  

There is a class of patients who cannot tolerate the thoracotomy 
required for the utilization of the epicardial patch lead defibrillation 
lead system and who are at high risk of sudden cardiac death  
Because of the surgical risks and postsurgical complications 
associated with the impIant of an epicardial lead system  
implantation in the following patient groups may not be desirable 
or possible  

 1  patients in whom there is no indication for concomitant cardiovascular 
surgery at the time of ICD implant  

 2  patients with severe pulmonary disease who can not tolerate prolonged 
anesthesia or an open chest procedure  

 3  patients with severe congestive heart failure  ejection fraction   40   
who are at increased risk for perioperative mortality post a 
thoracotomy procedure  

 4  patients who may eventually require open chest procedures for 
treatment of their coronary artery disease or cardiac transplant  

For these patients  the PCD Transvene System is the only therapy 
available  The PCD Transvene System simplifies and greatly 
reduces the risk associated with lead introduction  making therapy 
available to these patient groups  Because there is no need to 
open the chest of these patients  options for future therapy 
remain available  e g  CABG is associated with decreased 
morbidity and mortality if there has been no prior open chest 
surgery  

However  it is expected that nonthoracotomy lead systems will 
have higher mean implant defibrillation thresholds as compared to 
traditional epicardiat lead systems  In an epicardial lead system  
the lead system has a larger electrode surface area which would 
theoretically decrease defibrillation requirements  
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The smaller electrode surface areas of the PCD Transvene System 
defibrillation leads might reduce the proportion of patients in 
whom the implant criteria could be met  Not meeting the implant 
criteria may reduce the chronic effectiveness of the lead system  
Recent studies indicated that only 70  of patients evaluated may 
be candidates for a nonthoracotomy defibrillation lead system 

 Wilber  D  et al  Clinical Advances in Nonepicardial Implantable 
Defibrillator Lead Systems  The Journal of Invasive Cardiology  
Vol  3  No  6  November December 1991   

For purposes of the PCD Transvene System  the implant criteria 
was defined as successful VF termination at least 3 times in 4 

attempts with the final lead configuration with an output energy 
of 18 Joules or less  The determination of a defibrillation 
threshold was not necessary  

A defibrillation threshold  DFT  was defined as the energy at the 
lowest successful defibrillation attempt  provided the patient had 

a failure below the lowest success or a success at   5J  The 

lowest energy of defibrillation  LED  was defined as the lowest 

programmed energy that successfully defibrillated the patient  In 

both cases  conversion of ventricular tachycardia or ventricular 
flutter to sinus rhythm was not included in the determination of 

the DFT or LED  

-- ------ --- ----- ---------- ------ ------------ ---- -- ------ ------------- 
--------- ----- ---- --------- ----- ---- ------------ -------- - --- ---------- 
----- ---------- -- ------ ------------- ---------- ----- --- ---------- ----------- 
---- -- ------ ------------- --------- ---- ---------- -- ------ ------------- 
---------- -------- -------- ----------- --- ----------- --- ---- --------- ----------- 
--- ------ ---------- 
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  Patient Group Overview 

  Patients Scrøened for PCD 
Transvene System 

  Patients Not Meeting Implant 
Criteria 

  One Yesr Actusrisl Survival 

2  Patient Group Overview 

Description of patients 
screened for a PCD Transvene 
System 

Clinical characteristics and 
clinical outcome of patients 
screened for PCD Transvene 
System 

Description of reasons for not 
meeting implant criteria  clinical 
characteristics and outcome of 
patient group 

Survival analysis for patients 
screened for a PCD Transvene 
System and received a PCD 
Transvene System  

Patients Screened for a PCD Transvene System 
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Screened for PCD Tranevene System 

Oata 

SS4 

4771 months 

5 6 months 

28 6 months 

698  81 7   
1 56  1 8 3   o  

59 3 yrs 

645 

6638 months 

10 3 months 

33 3 months 

548  8S 1   
96  14 9   

SCQ 
VT 

8CDAfT 

314  36 8   
429  50 2ok  
111  13 0   

181  28 1   
353  54 7   
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31 1OA   N  266  
76 7   N   495  

30 1   N  194  

35 2  o  N   781   34 2   N   606  

Class I 

Class ll 

245  29 5ok  
444  53 44lo  
129  15 5   

13  1 6   

199  31 4   
310  48 9   
123  19 4 k  

2  0 3ok  

tatistically igniTicsnt 

Table VIII C 1  PCD Transvene System Screened versus PCD Epicardial Screened  

Patient Characteristics   6124192 
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Table VIII C 2  PCD Transvene System Screened versus PCD Epicardial Screened  
Implant Data   6124192 
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V81 LIS 

Qata 

543 

6 2 months 

inst  
Finale 

422  77 7   
121  22 3   o  

59 4 yrs 

Indiction  

SCD 209  38 5   
278  51 2   

SCDIVT 56  10 310  

Cardiovascular Hirtory 

CAD 396  72 9 10  
173  31 9   

36 3  

NYHA  ass 

164  30 9   
Il 
Hl 
IV 

278  52 4   
82  15 4   

7  1 3   

214 

4 0 months 

188  87 9   
26  12 1   

72  33 6010  
99  46 3   
43  20 1   

165  77 1   
65  30 4   

53  25 8 10  
1 14  56 6   
34  16 610  

4 92 0   

223  41 1   
78  14 4   

97  45 3   
38  17 8   
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I  U S  vs International 
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IX  System Performance 

A  PCD Device 

1  Overview 

Devices implanted for the treatment of recurrent ventricular 

tachyarrhythmias should perform safely and reliably in the 

indicated patient population  Device longevity and explant 

analysis were evaluated to assess the PCD device 

performance  

There have been a total of 41  5 4   devices explanted 

due to patient death  pocket infection  cardiac transplant or 

low battery voltage measurement and PCD Device 

performance issues  

There have been no patient deaths related to PCD 

malfunction  Based on the data presented in this section  

the PCD device has performed safely and reliably in the 

indicated patient population  

2  Introduction 

The data from a total of 762 implants in 757 patients of 

the PCD Transvene Systems been accumulated as of June 

24  1992  These implants have been followed for a mean 

of 5 6 months with a range of 0  28 6 months  The 

cumulative implant duration for the total patient population 

is 4246 4 months  

Table IX A 1 shows the number of implants  device months 

experience and incidence of early device explant for 

reasons other than patient death  infection or cardiac 

transplant  
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762 

5 6 months 

4246 4 months 

0 5 lo 

Table IX A 1  Overview of PCD Transvene System Performance   

6 24 92 

There were four devices explanted for reasons other than 

death  infection or transplant  These devices are discussed 

in detail in Section 4   Explanted Device Analysis  

As part of both the clinical protocol and required device 

follow up  device battery performance was evaluated via 

telemetered battery voltage and charge time data  

There have been no reported patient deaths secondary to 

a malfunction of the PCD device or implanted Transvene 

lead system  

The clinical performance of the PCD System  as reported in 

the following sections  demonstrates that the Model 7217B 

PCD device when implanted with the Transvene System 

performed safely in the indicated patient population  

3  Ex lanted Unit Anal sis 

In the 762 implants  a total of 41 units  5 4   were 

explanted secondary to patient deaths  infection  heart 

transplant  low battery voltage measurement and PCD 

Device performance issues  Table IX A 2 provides an 

overview of the units explanted  and returned to Medtronic 

for analysis and reason for explant  
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762 

15 

17 

5 

41 

Table IX A 2  Reasons for PCD Device Explant   6124 92 

The investigational plan requests that if the patient expires 

during the course of the clinical study that the PCD device 

be explanted and returned to Medtronic for analysis  There 

were 22 reported patient deaths and 15 devices were 

explanted and returned to Medtronic for analysis  In the 

remaining 7 deaths  the patients expired and were buried 

before the devices could be explanted  

Results of analysis performed on the 41 explanted devices 

is presented in Table IX A 3  

16 

2 

21 

Total 41 

Table IX A 3  Final Analysis on Explanted PCD Devices   

6124 92 
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Of the 41 devices explanted  final analysis on 16 units 

indicated that the devices were functioning within normal 

specifications  Final analysis is not available on 21 units 

which have been explanted  The reason for explant in these 

units includes patient death  6   infection  13  and cardiac 

transplant  2   It should be noted that none of these 

devices were explanted secondary to concern over the 

function of the implanted PCD Transvene System  

Four PCD Devices were explanted for the following device 

performance issues  

  explanted due to a Power On Reset  POR  condition 

that was not related to the delivery of external 

defibrillation or cautery  N  1   

  explanted for lower than expected battery voltage for 

time in service  N 1   

  explanted secondary to failure to appropriately 

synchronize and deliver cardioversion therapy for an 

induced VT episode  N  1   and 

  explanted post inappropriate delivery of VF therapy 

during a manual capacitor charge time  N  1   

These devices are discussed in detail in the discussion that 

follows  
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----------- ----- ----------- ---------- ----- ---------- ------ -------- 

--------------- --- ---- ----- --- ----- --------- ---- ------ ------------ 
----------- -------- ---- -------------- ------------ ------------- ----- 

---- -------- ----- ------- --- ------------ ------ 

------- ---------- ---------------- --- ----------------- ----- ---- ------ 

------ ----- ---- --------- -- ----- ----------------- ----- ---- -------- 
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------------- ------------ -------- --- ----- --------- 

------- ----- ----- ---- ------ -------- ----- ----------- ----- ----- --- 

-------- --- ---- ------ ----- ---- -------- ------------------ --------- ---- 

---------------- ----- -- ----- -------- ---- ------- ------------ ----- 

----- ----------- --- --- -- --------- -------------- --------- 

4  Summar 

a  Data on a total of 762 PCD Transvene System 
implants with a mean implant duration of 5 6 months 

and a cumulative implant duration of 4246 4 months 
is reported  

b  PCD device battery performance has been effectively 
monitored utilizing battery voltage obtained via 

telemetry and charge time and the data obtained 

supports the longevity projections  

c  There have been a total of 41  5 4   units explanted 
during the duration of the study as of June 24  

1992  The majority of these units were explanted 
due to patient death  pocket infection or cardiac 

transplant  One device was explanted secondary to 

lower than expected battery voltage for time in 

service  Three devices were explanted secondary to 

PCD Device performance issues  

d  The identified reason for low battery voltage in the 
PCD Transvene System experience was due to 

hermetic leakage at the input to one the integrated 

circuits which lead to a voltage drop across a resistor 
where the voltage measurement is taken  The actual 

battery voltage was normal in this device  

5  Conclusion 

The PCD device longevity has been appropriately monitored 
via battery voltage and charge time  There have been no 

patient deaths related to PCD malfunction  Based on the 

data presented in this section  the PCD device when 

implanted with the Transvene System has performed safely 

and reliably in the indicated patient population  
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B  Lead Durability and Integrity 
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Table IX B 1  PCD Transvene  Lead Experience and Complications   6124192 

------- ---------- ----------------- --------- -------------- ----- ---------- 

---------------- ------- ------------ ----- ----- ----------------- 

------- ------------- -------------- ----- ---------- --- ----- ---------- ----- 

----------- -- ---- ------ --- --------- --- ----- ---------- ----- -------- ---- ----- 

------- ------ ----- --------- --- ----- --------- 

----- ----- --------- --- ----- ----------- ------ -- ------- --- ----------- ---- 

----- ------ ---------- ---- ----- ---- ----- ---------- ----- ------------- --- 

------------ ---------- ----- --- ----------- -- ------------ --- ------- --- ---- 

----------- ---------- ------- ------ --- --------- --- ------------- --------- ---- 

-- --------------- --------- --- --------- ----- --- ---- ----- ---------- 

----- ---------------- ------- ----------- ---------- --- -- ----------------- 
----------- --- ---- ---------------- -------- ----- ---------- ---------------- --- 
---- ----- --------- --- ------- --- -------- ------------ ---------------- ----------- 

------- ------ ------ -- ------ --- --- ----- ------------------ ---------- -- 
--------- ----------- ------- --- --- --------- ----- --- ------- ------- --- ---- 

193 

(b)(4)

(b)(4)



E UEllR X RIEIK IM 8 6 
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X  Comparison to AICD Epicardial System Clinical Experience 

A  Overview 

The efficacy and safety of implantable cardioverter defibrillator 

 ICD  therapy for recurrent ventricular tachycardia  VT  and 

ventricuiar fibrillation  VF  has been well established  The current 

market released device provides defibrillation therapy for VF or 

hemodynamically unstable VT  However  this type of therapy may 

not be optimal for patients with stable  well tolerated VT that is 

amenable to antitachycardia pacing due to the pain associated 

with cardioversion shock therapy  The need to incorporate 

programmability  multiple detection and therapeutic options and 

a desire to avoid thoracic surgery has lead to the development of 

tiered therapy devices such as the PCD Transvene System  

These tiered therapy devices combine features of bradycardia 

support pacing  antitachycardia pacing  low energy cardioversion 

as well as defibrillation therapy  Tiered therapy devices should 

provide enhanced clinical benefit as measured by complication 

rates and avoidance of cardioversion shocks  The one year 

actuarial survival rates should be comparable between the PCD 

Transvene System and the AICD Epicardial System  

The current AICD Epicardial System is implanted only with a 

defibrillation lead system requiring a thoracotomy  The PCD 

Transvene System allows the implantation of an implantable 

cardioverter defibrillator  ICD  system without the potential 

increased perioperative morbidity and mortality associated with a 

thoracotomy  This allows the application of ICD therapy in 

patients who may not otherwise be candidates for this type of 

therapy  Though the PCD Transvene System will have 

complications and observations that are specific to the lead 

system  the overall performance should be equivalent to that 

reported with the current AICD Epicardial System  

This section provides a comparison of the PCD Transvene System 

clinical experience to that of the reported AICD Epicardial System 

clinical experience  The following areas will be discussed  

  Patient characteristics 
  Clinical performance 
  Survival analysis 
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For purposes of comparison  the Ventak P Epicardial System 

patient population described in the Summary of Safety and 

Effectiveness Data  PMA Application Number P890061  dated 

May 2  1991 will be used  A copy of this summary was obtained 

through the Freedom of Information Act  

B  Comparison of Patient Characteristics 

In comparing the clinical experience with the PCD Transvene 

System to the reported Ventak P Epicardial System clinica1 

experience  it is important to determine that the patients who 

received the device are comparable  

The patient characteristics of the patients receiving the PCD 

Transvene System were compared to the patients discussed in the 

Ventak P Summary of Safety and Effectiveness Data and are 

presented in Table X B 1  There were no differences between the 

two patient groups  

PCD Veritak P 

Tsble X B 1  Comparison of Patient Characteristics  PCD versus Ventak P 

6124192 
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The two patient groups are comparable in mean age and mean 
ejection fraction  Both groups had moderately depressed left 
ventricular function demonstrated by the mean ejection of 35 6  
for the PCD Transvene System patient group and 34  for the 
Ventak P Epicardial System patient group  

Analysis indicated that no statistical differences between the PCD 
Transvene System and Ventak P Epicardial System patient 
populations except in the category of patient indication  There are 
more patients that had Sudden Cardiac Death as their primary 
indication in the PCD Transvene population than in the AICD 
population  p   0 001   

C  Comparison of Clinical Performance 

Areas of clinical performance that were compared were implant 
defibrillation thresholds  incidence of spontaneous VTIVF events  
incidence of complications and patient survivaI  These specific 
areas were selected in order to evaluate the system performance 
in the two patient populations  

Im lant Defibrillation Thresholds 

For the purposes of the PCD Transvene System clinical study  
determination of defibrillation threshold was not mandatory  
However  the preferred method of evaluating defibrillation efficacy 
was to determine the defibrillation threshold using a testing 
sequence of 18J  15J  10J  5J with a failure at any level causing 
a return to 18 J for the remaining attempts  For the purposes of 
this report a defibrillation threshold was defined as the energy at 
the lowest successful defibrillation attempt  provided a patient had 
a failure below their lowest defibrillation success or a success at 
  5J  The rhythm treated must have been VF to be included in 
the analysis  

It should be noted  that it was expected that the PCD Transvene 
System would have a higher mean defibrillation threshold as 
compared to a traditional epicardial defibrillation lead system  In 
a traditional system  The increased electrode surface area would 
theoretically decrease defibrillation requirements  

A total of 316 patients had a defibrillation threshold determined 
at the time of PCD device implant  The mean defibrillation 
threshold  DFT  for all lead systems was 148J  The 
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recommendation for VF Therapy  1 is to program the stored 
energy to twice the implant DFT or 18 Joules  whichever is 
greater  Thus an adequate defibrillation safety margin was 
provided when following the VF therapy programming 
recommendations  

In the Ventak P Epicardial System  the mean defibrillation 
threshold at implant was 13 4J  Thus the two systems had similar 
defibrillation thresholds at implant despite the fact that one 
system utilized an epicardial defibrillation lead system while the 
other utilized a transvenous defibrillation lead system  

This data indicate that the PCD Transvene System had 
comparable implant defibrillation threshold performance when 
compared to the reported Ventak P Epicardial System clinical 
experience  

Incidence of S ontaneous VT VF E isodes 

The incidence of spontaneous VTIVF episodes in the Ventak P 
Epicardial System and PCD Transvene System patient population 
was evaluated by utilizing the stored episode information provided 
in both devices  

In the Ventak P device  the total number of shocks delivered to 
the patient is provided via interrogation of the device  The PCD 
device provides information on the total number of VT and VF 
episodes detected by the PCD device and the total number of VT 
and VF episodes successfully treated by the PCD device as well 
as the number of VT VF episodes where the PCD device was 
ineffective  In addition  the last 20 intervals of the last episode 
satisfying detection criteria along with the first 10 intervals after 
the last therapy delivered are recorded by the device  This data 
assists the physician in evaluating the frequency of VTIVF 
episodes  the efficacy of the PCD device programmed parameters 
and the need for reprogramming  

In the Ventak P Epicardial System experience of 292 patients with 
a mean follow up of 6 8 months  137  46 9   received a device 
countershock in response to a spontaneous ventricular 
tachyarrhythmia episode as defined by the Ventak P Device 
detection criteria  
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In the PCD Transvene System experience of 757 patients with a 
mean follow up of 5 6 months  311 patients  41   have received 
device therapy in response to a spontaneous ventricular 
tachyarrhythmia episode  

A total of 5430 spontaneous VT and 973 spontaneous VF 
episodes have been recorded by the PCD device episode counters  
Of the 5362 successfully treated spontaneous VT episodes  92  
were treated with one of the programmed antitachycardia pacing 
therapies incorporated in the PCD device  The clinical benefit of 
tiered therapy is the reduction of delivery of high energy shocks 
for the treatment of stable recurrent ventricular tachycardia that 
may be responsive to antitachycardia pacing  

Incidence of Com lications 

For purposes of the PCD System clinical study relevant medical 
events were classified as either clinical complications or clinical 
observations  The classification was based on the following 
definitions  

Complication  A symptomatic or asymptomatic clinical event with potential 
adverse effects  which can NOT be treated or resolved by 
reprogramming the device and REQUIRES invasive intervention  

Observation  A symptomatic or asymptomatic clinical event with potential 
adverse effects  which either does NOT require invasive 
intervention  or which CAN be corrected by reprogramming the 
device  

Table X C 1 provides a comparison of reported complications and 
observations  The AICD clinical experience data is from the 
Winkle  et al Long Term Outcome with Automatic Implantable 
Cardioverter Defibrillator  JACC  May 1989  13 6   135 161  
This article was selected because it provides a detailed clinical 
complication experience on a large patient population  270 
patients  Note that the percentage reported in the PCD Transvene 
System includes both complications and observations  In the 
following table  the complications are reported for the categories 
of Fail to CardiovertlDefibrillate  Pocket Infection  and Erosion  
Observations are reported in the Inappropriate Problematic VTIVF 
Therapy Delivery category  
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Catiigciry LCD  AtCO  

0 8  4 1   

8 2  20    

2 0  2 2  

Erosiori 0 3  0 7  
ncu es servations ony  t ere were no omp locations in t is category  

Table X C 1  Comparison of ComplicationlObservation Rates  PCD Transvene 
System vs AICD Epicardial System   6124192 

The incidence of failure to cardiovert and or defibrillate was lower 
in PCD Transvene System patient population  The instances of 
failure to cardiovert and or defibrillate in the PCD Transvene 
System patient population were associated with increased 
defibrillation requirements during induced episodes  none of which 
resulted in patient death  In six cases  the implanted system was 
modified to provide adequate defibrillation efficacy  in four cases 
the patient s drug therapy was modified and in the final two 
cases  reprogramming provided for adequate defibrillation efficacy  

The failures to cardiovertldefibrillate reported in the Winkle  et al 
article were associated with patch dislodgement  patch crinkling  
lead conductor fracture and elevated defibrillation thresholds  

The incidence of inappropriate problematic VTIVF therapy delivery 
was lower in the PCD Transvene System patient population  This 
is to be anticipated since the device incorporates independently 
programmabIe detection algorithms for VT and VF  The reasons 
for inappropriate VTIVF therapy delivery included sinus 
tachycardia being detected as VT or VF and atrial fibrillation with 
rapid ventricular response being detected as VT or VF  
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The circumstances reported in Winkle  et al were nonsustained 
VT  VT  sinus tachycardia  atrial fibrillation with rapid ventricular 
response  sensing lead fracture and pacemaker interaction  The 
patients with VT complained of receiving multiple shocks with 
limited or no symptoms  The incorporation of antitachycardia 
pacing in the PCD device decreases the need for delivery of 
cardioversion shocks for the termination of stable VT and 
increases patient acceptance of ICD therapy  

In the Winkle  et al experience all patients with pocket infection 
had the devices expfanted  In the PCD Transvene System 
experience  the incidence of device explant secondary to pocket 
infection was 2 0  which was comparable to Winkle s article  

Thus  the incidence of complications and observations was similar 
to that of the AICD Epicardial System in the categories of 
ineffective VT VF therapies  infection requiring exp ant and 
erosion  The incidence of inappropriate delivery of therapy is lower 
in the PCD Transvene System experience than in the AICD 
Epicardial System experience  which is clinically significant  

This analysis indicates that the PCD Transvene System offers the 
potential clinical advantages in removing the need for a 
thoracotomy for implantation and the associated morbidity  

D  Comparison of One Year Actuarial Survival 

The Ventak P Epicardial System produced by Cardiac Pacemaker  
Inc  has obtained market approval from the U S  FDA to date  
While there are important differences in the function of the 
Ventak P Epicardial System and the PCD Transvene System  there 
is a natural desire for comparison of the clinical outcome  
particularly the impact of these devices on death rate  

A total of 22 deaths  2 9   were reported in the PCD Transvene 
System patient population  Of the 18 cardiac deaths  15 were 
non sudden cardiac and 3 were sudden cardiac  Four deaths were 
classified as noncardiac  Five of the 22 total deaths occurred 
within the perioperative period  death less than 30 days post 
implant  with a resultant perioperative mortality of 0 7   

In the Ventak P Epicardial System patient population a total of 19 
deaths  6 5   were reported  Of the 12 cardiac deaths  4 were 
classified as sudden cardiac and 8 were classified as non sudden 

201 

43 



RiUEihD  0IRIIXiIRE      
cardiac  Six of the deaths were classified as noncardiac and the 
cause of one was unknown  Eight of the deaths occurred within 
the perioperative period with a resultant perioperative mortality of 
2 7   The PCD Transvene System ------------- had a lower 
perioperative mortality  0 7  vs 2 7  --- --------- 

For purposes of this comparison  only the overall actuarial survival 
rate includes perioperative deaths  All other calculations in both 
the PCD Transvene System and Ventak P EpicardiaI System group 
exclude perioperative deaths  

For the Ventak P Epicardial System  patient deaths were censored 
if the Ventak P device had been either electively deactivated for 
various reasons prior to the patient s death  thus preventing the 
device from attempting to convert the arrhythmia or if the pulse 
generators were known to be nonfunctional and awaiting 
replacement  For purposes of this comparison  two patient deaths 
were censored in the PCD Transvene System patient population 
because the devices were deactivated at the time of patient 
death  

This PCD Transvene System sudden cardiac death survival of 
100  at one year is comparable to that of the Ventak P Epicardial 
System sudden cardiac death survival rate of 98 6    More 
importantly  the overall one year actuarial survival for the PCD 
Transvene System was 95 6  as compared to 90 8  for the 
Ventak P Epicardial System  This difference was primarily due to 
the improvement in the reported perioperative mortality in the PCD 
Transvene System patient population   Note  Confidence interval 
analysis was performed indicating that there was a statistical 
difference in the reported Overall mortality   
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This comparison of actuarial survival rates indicates that the 
projected sudden cardiac death survival of patients receiving a 
PCD Transvene System is comparable to that reported for the 
Ventak P Epicardial System  Thus  the incorporation of 
programmable VTIVF detection and therapy algorithms has 
improved the type of therapy available for the treatment of 
recurrent VTIVF while maintaining the positive impact of ICD 
therapy on survivaI from sudden cardiac death  

In addition  the elimination of a surgical thoracotomy for implant 
in the PCD Transvene System has improved the perioperative 
mortality and overall one year survival when compared to the 
Ventak P Epicardial System  

E  Summary 

The efficacy and safety of implantable cardioverter defibrillator 
 ICD  therapy for recurrent ventricular tachycardia  VT  and 
ventricular fibrillation  VF  has been well estabIished  The 
Ventak P Epicardial System provides only one type of therapy for 
the treatment of both recurrent VT and VF  The PCD Transvene 
System incorporates tiered therapy which combines features of 
bradycardia support pacing  antitachycardia pacing low energy 
cardioversion as well as defibrillation therapy to allow titration of 
therapy to patient specific ventricular tachyarrhythmias  

In addition  the PCD Transvene System eliminates the need for a 
thoracotomy for implantation thus increasing the number of 
patients who may be considered for the therapy and improving 
both perioperative and overall one year survival  

A comparison of Ventak P Epicardial System clinical experience 
and PCD Transvene System clinical experience indicates that the 
devices are being used in patients with similar cardiovascular 
disease history  

The mean DFT value at implant of the PCD Transvene System 
falls well below the maximum output  34J  of the PCD device and 
is comparable to that reported with the Ventak P Epicardial 
System  
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The percentage of patients receiving therapy from the PCD 
Transvene System is comparable to that reported in the Ventak P 
Epicardial System experience  However  greater than 90  of the 
VT episodes are treated by antitachycardia pacing in the PCD 
Transvene System experience versus cardioversion shocks in the 
Ventak P EpicardiaI System experience  This reduction in shocks 
is a clinical benefit to the patients  

The reported incidence of most complications is comparable 
between the two systems  The incorporation of programmable 
VTIVF detection has decreased the delivery of inappropriate 
therapy for sinus tachycardia and or atrial fibrillation with a rapid 
ventricular response  The incorporation of programmable VTIVF 
detection and therapy algorithms has not resulted in an increase 
in reported complications  

The reported Sudden Cardiac Death survival rates in the two 
patient groups is comparable  PCD Transvene System   100   
Ventak P System   98 6    This indicates that the programmable 
features within the PCD Transvene System have improved the 
types of therapy available for the treatment of recurrent VT and 
VF without adversely affecting sudden cardiac death survival  

More importantly  the overall one year actuarial survival for the 
PCD Transvene System was 95 6  as compared to 90 8  for 
the Ventak P Epicardial System  This difference was primarily due 
to the improvement in the reported perioperative mortality in the 
PCD Transvene System patient population  

F  Conclusion 

The PCD Transvene System incorporates additional detection and 
therapy features as compared to currently market released system 
and has been used in a comparable patient population  In that 
patient population the PCD Transvene System has allowed for 
fewer shocks to be delivered because of the antitachycardia 
pacing features  fewer cases of inappropriate therapy delivery due 
to programmable detection and a identical sudden cardiac death 
survival rate  

In addition  the elimination of a thoracotomy for implant in the 
PCD Transvene System has improved the perioperative mortality 
and overall one year survival when compared to the Ventak P 
Epicardial System  
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XI  Comparison to PCD Epicardial System Clinical Experience 

A  Overview 

The PCD Epicardial System  is a tiered therapy device that  

combines features of bradycardia support pacing  antitachycardia 

pacing  low energy cardioversion as well as defibrillation therapy  

This system has incorporated programmability and multiple 

detection and therapeutic options that allows the titration of 

device therapy to a patient s specific c1inical arrhythmia history  

The PCD Epicardial System requires a thoracotomy for 

implantation because of the need to insert epicardial patch leads  

This exposes the patient to surgical risk and potentially limits the 

type of patient who may be considered for implant of the system  

The need for a simpler and safer implantation technique is widely 

recognized  The incorporation of a nonthoracotomy lead system  

such as the PCD Transvene System  should decrease the potential 

perioperative and long term mortality and morbidity associated 

with current epicardial system implantation approaches  One 

measure of the positive impact of the PCD Transvene System is 

hospital stay post implant  There was a statistically significant 

 p  0 001  improvement for patients receiving a PCD Transvene 

System  mean hospital stay   7 2 days  versus patients receiving 

a PCD Epicardial System  mean hospital stay   10 3 days   

The PCD Epicardial System and PCD Transvene System are 

identical except for the implanted defibrillation lead system  Thus 

the performance of the PCD device  and associated support 

equipment  is similar in the two systems and therefore a 

comparison of clinical experience should focus on those areas 

where the lead system implanted may impact clinical outcome  

This section provides a comparison of the PCD Transvene System 

clinical experience to the reported PCD Epicardial System clinical 

experience  The following areas will be discussed  

Patient characteristics 
Implant Data 
Spontaneous VTIVF Episode Efficacy 

Complications and Observations 
Survival analysis 

This analysis will show that the incorporation of a 

nonthoracotomy defibrillation lead system has maintained the type 
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of therapy availabie for the treatment of recurrent VTIVF and 

decreased the potential mortality and morbidity associated with 

epicardial implant approaches while maintaining the positive 

impact of ICD therapy on VTIVF episode efficacy and patient 

survival  

Comparison of Patient Characteristics 

In comparing the clinical experience with the PCD Transvene 

System to the PCD Epicardial System clinical experience  it is 

important to determine that the patients who received the device 

are comparable  

The characteristics of the patients receiving the PCD Transvene 

System were compared to the characteristics of the 742 patients 

who received the PCD Epicardial System as of 5114192  

757 742 

5 6 months 9 7 months 

610 80 6  
147 19 4  

637 85 8  
105 14 2  

59 4 years 59 6 years 

SCO 
VT 

281 37 1 4 o 

377 49 8ok 
99 13 2  

214 28 8  
4p5 54 6  
123 16 6 10 

561 74 1  
238 13 1 ok 

569 76 7ok 
222 29 9ok 

35 6ok 34 0  o 

2 3 

ta0s0ca y igni cant 

3 0 

Tabie XI B 1  PCD Transvene System Comparison to PCD Epicardial System   

6 24192 
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Both groups had moderately depressed left ventricular function 

demonstrated by the mean ejection of 35 6  for the PCD 

Transvene System patient group and 34 0  for the PCD 

Epicardial patient group  

Analysis indicated that the PCD Transvene System patient 

population had a higher percentage of patients whose indication 

for implant was sudden cardiac death  p  0 002  and higher 

percentage of females  p  0 007   It is not expected that this 

difference will result in a different clinical outcome in the PCD 

Transvene System patient population as compared to the PCD 

Epicardial System  This difference in patient indication is a 

reflection of the physicians use of the PCD Transvene System  

It is interesting to note  that there was a statistical difference in 

the number of antiarrhythmic drugs tested between the two 

patient groups  p  0 001   The PCD Transvene System patient 

group failed a mean of 2 3 antiarrhythmic drugs prior to implant 

while the PCD Epicardial System patient group failed a mean of 

3 0 antiarrhythmic drugs  This difference is a reflection of the 

distribution of indication for implant between the two patient 

groups  The PCD Transvene System patient group had a higher 

incidence of patients whose primary indication for implant was 

sudden cardiac death  These patients have a higher probability of 

having experienced a sudden cardiac death episode but being non  

inducible during electrophysiologic testing thus drug testing is not 

feasible  

C  Implant Data Comparison 

In both systems  lead system testing was performed to verify that 

one of the specified lead systems was capable of properly 

detecting and treating episodes of ventricular fibrillation and  

when appropriate ventricular tachycardia  This testing included 

pacing and sensing thresholds during sinus rhythm  evaluation of 

VF electrogram amplitudes and defibrillation efficacy evaluation  

The implant criteria for both systems was identical and were  

1  Successful VF termination at least 3 times in 4 attempts with 

an output energy of 18 Joules or less and 

2  A 2 1 VF sensing safety margin 
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Pace Sense Performance 

IK lQP00 

In both the PCD Transvene and PCD Epicardial Systems  sensing 

is performed in a standard bipolar configuration and pacing is 

performed in the integrated bipolar configuration  The pace sense 

implant criteria for both systems was  

Pacing Threshold  

R Wave Amplitude  

Slew Rate  

Resistance  

  1 5V 0 5 ms 

  0 75 volt sec 

200   880 ohms 

Table XI C 1 provides a comparison of the mean pace sense 

values obtained at the time of implant for the PCD Transvene and 

Epicardial Systems  It should be noted that the pace sense values 

presented for the PCD Epicardial System are for the Model 7217B 

PCD Device  

PW8iA8t8i  

Pacing Threshold  0 87 V 

 0 1 3 6V  

0 98 V 
 0 2 5 3 V  

14 2 mV 

 1 3 32 mV  

13 5 mV 

 2 2 37 2 mV  

1 66 vlS 

 0 25 9 8 vlS  

1 38 vlS 

 0 1 5 7 2 vlS  

Resistance 575 ohms 

 264 1381 ohms  

tatistically igni cant 

438 ohms 

 1 57 1 206  

Tsble XI C 1  PCD Transvene System  Comparison of Implant Pace Sense Parameters 

  6124192 

The implant pace sense parameters obtained for the PCD 

Transvene System indicates that the lead system provided 

adequate pacing and safety margins  There was a statistically 

significant difference in all of the implant pace sense parameters 

 p  0 001   However  this difference had no clinical impact on 

the pacing and sensing performance of the PCD Transvene 

System  
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Electrogram amplitudes were evaluated at follow up evaluations 

of both systems to evaluate the performance of the pace sense 

lead system and assure adequate safety margin for detection of 

both baseline rhythms and ventricular tachyarrhythmias  

addition  pacing thresholds were also evaluated at follow up 

evaluations to assure an adequate safety margin for capture 

during both bradycardia and antitachycardia pacing therapies  A 

comparison of the chronic pace sense performance for the two 

systems is presented in Table XI C 2  It should be noted that there 

was no statistical difference in the chronic pace sense 

performance of the two systems  

9 6 mV 

 0 2   25 Alv  

9 6 mV 
 0 5 2 5 Blv  

Pulse Width Threshold 0 24 ms 

 0 03 1 59 ms  

0 28 ms 

 0 03 1 59 ms  

Table XI C 2  PCD Transvene System  Comparison of Chronic Pace Sense Parameters 

  6124192 

The incidence loss of capture due requiring lead system 

modification in the PCD Transvene System was 0 8  while the 

incidence in the PCD Epicardial System was 2 0   There were no 

reports of undersensing requiring lead modification in the PCD 

Transvene System while the incidence in the PCD Epicardial 

System was 0 8   

This comparison of implant and chronic pace sense performance 

indicates that the performance of the PCD Transvene System is 

similar to that reported with the PCD Epicardial System  The PCD 

Transvene System provides appropriate acute and chronic safety 

margins for sensing of sinus rhythm and ventricular 

tachyarrhythmia as well as appropriate safety margins for pacing 

therapy  

Im lant Defibrillation Thresholds 

For the purposes of both systems  determination of defibrillation 

threshold was not mandatory  However  the preferred method of 
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evaluating defibrillation efficacy was to determine the defibrillation 

threshold using a testing sequence of 18J  15J  10J  5J with a 

failure at any level causing a return to 18 J for the remaining 

attempts  

A defibrillation threshold was defined as the energy at the lowest 

successful defibrillation attempt  provided a patient had a failure 

below their lowest defibrillation success or a success at   5J  

The rhythm treated must have been VF to be included in the 

analysis  

Table XI C 3 provides a comparison of defibrillation thresholds 

determined at implant for the PCD Transvene and PCD Epicardial 

Systems  

System  learn DFT 

14 8J 

9 8J 

tatisticalty igni cant 

Table XI C 3  PCD Transvene System  Comparison of Implant DFT   61241S2 

The PCD Transvene System did have a statistically significantly 

higher mean implant defibrillation threshold  p   0 0001   It should 

be noted  that it was expected that the PCD Transvene System 

would have a higher mean defibrillation threshold as compared to 

a traditional epicardial defibrillation lead system  In a traditional 

epicardial system  the increased electrode surface area would 

theoretically decrease defibrillation requirements  

The recommendation for VF Therapy  1 is to program the stored 

energy to twice the implant DFT or 18 Joules  whichever is 

greater  With the PCD Transvene System an adequate 

defibrillation safety margin was provided when following the VF 

therapy programming recommendations  

As indicated previously  the defibrillation implant criteria for both 

systems was 314 successful terminations of VF at 18 Joules or 

less  In the PCD Epicardial System  12 4   92 742  of the 
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patients received the system without meeting the defined implant 

criteria  In the PCD Transvene System  28 3   214 757  of the 

patients received the system without meeting the defined implant 

criteria  

Though the incidence of not meeting implant criteria was higher 

in the PCD Transvene System  p   0 001  it was clinically justified  

The reasons for not meeting implant criteria included deteriorating 

patient condition  failure to induce VF or 314 successes at less 

than 24 Joules  The investigator s felt in every case that the 

testing performed at the time of implant  though it did not meet 

the recommended implant criteria  did provide an adequate 

defibrillation safety margin when programming VF Therapy  1  

The investigator s also felt that these patients medical condition 

precluded a PCD Epicardial System with a thoracotomy approach  

The advantage of not performing a thoracotomy to implant the 

PCD Epicardial System outweighed the risk of not meeting the 

recommended implant defibrillation criteria  

The long term clinical efficacy of the two systems was evaluated 

by the incidence of clinical cases of failure to successfully 

defibrillate a spontaneous episode of VF despite delivery of all four 

programmed therapies  In addition  the incidence of modification 

of the implanted lead system in order to improve defibrillation 

efficacy in the two systems was evaluated  

In the PCD Transvene System  there were a total of 973 

spontaneous episodes of VF detected by the PCD Device in 198 

patients  The incidence of unsuccessful termination of an 

apparent 
 true  episode of ventricular fibrillation despite the 

delivery of all four therapies was 0 1   1 973   

In the PCD Epicardial System  there were a total of 1694 

spontaneous episodes of VF detected by the PCD Device in 258 

patients  The incidence of unsuccessful termination of an 

apparent 
 true  episode of ventricular fibrillation despite the 

delivery of all four therapies was 0 5   9 1694   

The incidence of increased defibrillation requirements requiring 

modification of the implanted defibrillation lead system was similar 

in the two systems  The reported incidence in the PCD Transvene 

System was 0 8  while in the PCD Epicardial System the 

incidence was 0 6   
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This comparison of implant and chronic defibrillation performance 

indicates that the performance of the PCD Transvene System is 

similar to that reported with the PCD Epicardial System  The PCD 

Transvene System provides appropriate acute and chronic safety 

margins for defibrillation therapy and has not required an increased 

need for modification of the lead system to maintain defibrillation 

efficacy when compared to the PCD Epicardial System  Finally  

the PCD Transvene System has effectively treated spontaneous 

episodes of VF without an increase in the incidence of ineffective 

therapies  

D  Programmed Parameter Status 

In comparing the programmed status of PCD Transvene and PCD 

Epicardial System patients  three areas of difference were 

identified  number of patients with VF detectionltherapy only 

enabled  range of VF Therapy  1 defibrillation energies and 

programmed defibrillation pathways  The use of the remaining 

PCD Device parameters was similar in the two patient groups  

Table Xl D 1 provides the PCD Device programmed status for the 

two patient populations  There was a higher percentage of 

patients with VF Detection Therapy only programmed ON in the 

PCD Transvene System patient population  29 0   as compared 

to the PCD Epicardial System  20 1    This difference is 

reflective of the indication for implant in the two patient groups  

The PCD Transvene System patient population had a higher 

incidence of patients who were sudden cardiac death survivors 

without recurrent VT  37 1   versus the PCD Epicardial System 

28 8  

There was also a difference in the number of inactive patients in 

the two patient groups  
 Inactive Patients  includes patients no 

longer active in the study due to patient death  explant due to 

infection or explant due to heart transplant  The PCD Epicardial 

System had 105 patients  14 2   who were no longer active in 

the study while the PCD Transvene System had 38 patients 

kg polo   

This difference was due to a greater number of patient deaths in 

the PCD Epicardial System  88  compared to a total of 22 patient 

deaths in the PCD Transvene System patient population  
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516  68 2   529  71 5   

219  29 0   149  20 1   

21  2 8   62  8 4   

757 742 

ny re ects patients w o are ave not un ergone t e pre  ospita 

discharge EPS 

Table XI D 1  PCD Transvene System  Comparison of PCD Device Programmed 

Status   6124192 

Table XI D 2 provides the distribution of programmed VF Therapy 

41 energies for the two patient groups  This difference in 

programmed VF Therapy  1 defibrillation energies is related to the 

implant defibrillation thresholds obtained in the two groups  The 

mean implant DFT for the PCD Transvene System was 9 8J and 

ranged from 0 6 to 30 0 J Joules  The recommendation for VF 

Therapy  1 is to program the stored energy to 34 Joules  twice 

the implant DFT or 18 Joules  whichever is greater  The 

physicians followed these recommendations and the range values 

used reflects this  The mean implant DFT for the PCD Epicardial 

System was 9 8J and ranged from 0 4 to 26 0 Joules  This 

difference in the mean DFT and range of DFT s allowed the use of 

lower energy values when following the programming 
recommendations for VF Therapy  1  

213 



Ri UEitRX XOE0ZIKllE sos 

 5J 30  4 0   80  10 8   

6 10 J 3  0 4   33  4 5   

11 18J 81  10 7   1 21  1 6 4   

ZO 30J 21  2 8   16  2 2   

621  82 1   490  66 2   

Table XI D 2  PCD Transvene System  Comparison of Programmed VF Therapy  1 

Energy   6124192 

The programmed defibrillation pathways for the two patient 

populations is presented in Table XI D 3  The implanted PCD 

Transvene Systems are almost exclusively three lead systems and 

this explains the decreased use of SINGLE pathway  The use of 

SIMULTANEOUS pathway is higher in the PCD Transvene System 

and indicates that in a group of patients the incorporation of 

multiple defibrillation pathways allowed an increase in the ability 

to meet the PCD Transvene System implant criteria  The majority 

of the PCD Epicardial System implants used a two patch system 

resulting in the increased use of the SINGLE pathway  
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Defibrillatien Pathway 

Sipuential 574  75 3   251  33 0   

Sirnuitinious 178  23 4   14  1 8   

10  1 3   496  65 2 k  

Table XI D 3  PCD Transvene System  Comparison of Programmed Defibrillation 

Pathway   6124192 

The differences in the programmed status of the PCD device in 

the PCD Transvene System are a reflection of the type of patients 

who received the device and the defibrillation energy requirements 

for each lead system  It is important to note that the PCD device 

performed safely and effectively in both patient populations  

E  Spontaneous VT VF Episodes Efficacy Comparison 

The primary benefits from the use of the PCD System center on 

the detection and termination of life threatening ventricular 

tachyarrhythmias  The additional benefit of the PCD Transvene 

System is the elimination of the need for a thoracotomy for 

implantation of the defibrillation lead system and the resultant 

decrease in potential patient morbidity and mortality associated 

with a thoracotomy  This clinical benefit should not be gained at 

the expense of providing effective termination of spontaneous VT 

and VF episodes  Table XI E 1 provides a comparison of the 

efficacy of the PCD Transvene and PCD Epicardial System in 

treating spontaneous episodes of VT and VF  
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Table XI E 1  PCD Transvene System  Comparison of Spontaneous VTIVF Episode 

Efficacy   6124192 

The overall success rate of the PCD Transvene System in 

terminating spontaneous episodes of VT or VF is 98 8   In 

addition  there have been no reported patient deaths due to 

ineffective termination of a spontaneous VT VF episode  This 

success rate compares very favorably with the overall success 

rate of the PCD Epicardial System of 98 2   Therefore  the PCD 

Transvene System offers the potential of decreased patient 

morbidity and mortality without decreasing the treatment efficacy 

of spontaneous VTIVF episodes  
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F  Incidence of Complications Observations 

For purposes of the PCD System clinical study relevant medical 

events were classified as either clinical complications or clinical 

observations  The classification was based on the following 

definitions  

Complication  A symptomatic or asymptomatic clinical event with potential 

adverse effects  which can NOT be treated or resolved by 

reprogramming the device and REQUIRES invasive intervention  

Observation  A symptomatic or asymptomatic clinical event with potential 

adverse effects  which either does NOT require invasive 

intervention  or which CAN be corrected by reprogramming the 

device  

A comparison of the reported complications and observations was 

made between the PCD Transvene System and the PCD Epicardial 

System  The PCD Epicardial System patient population used for 

comparison included clinical experience as of May 14  1S92 with 

742 patients and a mean implant duration of 9 7 months  These 

two patient groups are similar in the patient demographics and 

indication for implant of the PCD System  In the PCD Transvene 

System patient population  18 2  of the patients experienced a 

c1inical complication and 20 8  of the patients experienced a 

clinical observation  In the PCD Epicardial System  12 8  of the 

patients experienced a clinical complication and 25 7  of the 

patients experienced a clinical observation  

Table XI F 1 and F 2 provide a comparison of the reported 

complications observations and their incidence in the two patient 

populations  
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heportect ComplhaWna 

0 8  
Increased De br a on Requiamente 

DepyrePriate therapy 

PacelSceae Rel ied 0 9  3 5  

3nfeebori Aolatel   Exp4nt 2 0  

6 6  Laid Re1ited  

0 5  0 9  

Table XI F 1  Reported Complications  PCD Transvene System versus PCD Epicardial System  6 24 92 

PCD Trahaveni System 
Reparted Obosrvatkme 

FCD  idhl System 

tN   42  

0 5  o 
Ineffective Tharapy 

1 1  

8 2  

4 1  

5 3   o 
Infocihn RiAited 

2 2  1 2  

Device Relaied 

Table XI F 2  Reported Observetions  PCD Transvene System versus PCD Epicardial System   6 24 92 
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The PCD Epicardial System requires a thoracotomy for 

implantation because of the need to insert two or more epicardial 

patch leads  This exposes the patient to increased surgical risk 

and potentially limits the type of patient who may be considered 

for implant of the system  The requirement of thoracotomy 

contributes significantly to patient morbidity and mortality  patient 

discomfort  and prolonged hospitalization  Clinically significant 

complications associated with epicardial implants include atrial 

fibrillation with additional risk of inappropriate therapy  potential 

erosion of native coronary arteries or bypass grafts by the 

epicardial patches and requirement for repeated thoracotomy in 

seriously ill patients if an infection develops  The PCD Transvene 

System offers a less invasive  simpler and safer implantation 

technique and should decrease the incidence of complications 

and observations associated with epicardial system implants  

Further analysis was performed to evaluate if the incidence of 

specific complications and observations was different between the 

two patient populations  

The incidence of inappropriate therapy delivery in the two patient 

groups was evaluated  Inappropriate therapy delivery is defined 

as the delivery of either VT or VF therapy for reasons other than 

spontaneous VT or VF episode  This includes atrial fibrillation 

with a rapid ventricular response or sinus tachycardia that 

overlaps with the programmed detection criteria  In addition  

inappropriate therapy may be delivered due to oversensing due to 

hardware issues such as a loose set screw  Specifically a 

comparison was made between the incidence of atrial fibrillation 

resulting in inappropriate therapy between the two patient groups 

and this data is presented in Table XI F 3  

Atrial fibrillation  with a risk of inappropriate shocks and the 

potential need for concomitant antiarrhythmic drug therapy  is a 

recognized medical event in patients receiving an ICD System 

utilizing an epicardial defibrillation lead system  The occurrence 

of atrial fibrillation in these patients may be related to the 

thoracotomy procedure required for implant  manipulation of the 

atrium during the implant procedure or the positioning of the 

epicardial patch leads near or on the atrium resulting in irritation 

and induction of atrial fibrillation  The incidence of inappropriate 

therapy for atrial fibrillation in the PCD Epicardial System was 

6 1  while that for that the PCD Transvene System was 4 9   

An decreased incidence of inappropriate therapy results in a 
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decreased potential risk for acceleration on non VTIVF rhythms as 

well as increased patient acceptance of ICD therapy  Though the 

introduction of a transvenous lead system has not totally removed 

the risk of inappropriate therapy for atrial fibrillation  from this 

clinical experience it appears that the incidence has been 

decreased  

Nomber Tot    

9 1 2  11 1 5  

28 3 7 4lo 34 4 6  

37 4 94lo 45 6 1  

Table XII F 3  PCD Transvene System  Incidence of Inappropriate Therapy for Atrial 

Fibrillation   6124192 

The incidence of pocket infection in the two patient groups was 

also evaluated  In the patient receiving an ICD System with 

epicardial defibrillation lead systems  if an infection does develop 

patch explant is usually required resulting in repeated thoracotomy 

to remove the system  

The incidence of pocket infection that required explant of the PCD 

System was similar in the two patient groups   2 04lo for the PCD 

Transvene System versus 1 9  for the PCD Epicardial System  

The incidence of pocket infection that could be successfully 

treated with antibiotic therapy alone was similar between the PCD 

Transvene and Epicardial Systems  1 1  versus 2 2    This 

similarity in the incidence of pocket infection between the two 

patient groups is not unexpected  The PCD Transvene System  

though it does not required a thoracotomy  can require the 

evaluation of multiple lead orientations to obtain adequate 

defibrillation efficacy thus resulting in a prolonged operative 

procedure  

It should be noted however  that the reported incidence of 

infection in both patient groups is equivalent to that reported with 

current market released implantable cardioverter defibrillator 

system of 2 4   Ventak P Summary of Safety and Effectiveness 

Data  PMA Application Number P890061  May 2  1991   
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The final comparison was made between the incidence of lead 

dislodgement in the two patient groups  In both systems  the 

clinical impact of a lead dislodgement is the potential for 

inappropriate therapy delivery  nondetection of VTIVF or 

ineffective therapy for an episode of VT VF  Also in both 

systems  reoperation is usually required to reestablish a lead 

system that provides adequate defibrillation efficacy  The 

incidence of overall lead dislodgement  complications and 

observations  in the PCD Epicardial System was 0 9  while the 

overall incidence  complications and observations  in the PCD 

Transvene System was 5 5   This difference was not 

unexpected since in the PCD Epicardial System the patch leads are 

usually physically sutured either to the epicardium or pericardium 

resulting in a marked decrease potential for dislodgement  

In the case of the PCD Transvene System  there were typically 

two and perhaps three transvenous leads implanted  Though the 

leads are secured by suturing the anchoring sleeve at the venous 

entry site they are more susceptible to dislodgement due to 

patient activity  particularly movement of the upper extremities  

Though the incidence was higher in the PCD Transvene System  

the clinical outcome was identical in the two patient groups   

there have been no reported patient deaths secondary to a lead 

dislodgement in either patient group  

This analysis indicates that the PCD Transvene System offers not 

only potential clinical advantages in removing the need for a 

thoracotorny for implantation and the associated morbidity but has 

not increased morbidity as compared to patients receiving a PCD 

Epicardial System  
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G  Survival Analysis Comparison 

Despite their excellent clinical performance  epicardial defibrillation 

lead system have impor tant limitations  The requirement for direct 

thoracic access contributes significantly to patient morbidity and 

mortality  patient discomfort and prolonged hospitalization  The 

availability of reliable nonthoracotomy lead systems should provide 

positive clinical impact on these issues while not negatively 

impacting patient survival  Therefore  a comparison of the one 

year actuarial survival rates for the PCO Transvene and Epicardial 

System was performed  

Table XI G 1 provides a summary of the patient deaths reported 

in the two patient populations by classification  As a reference  

the mean follow up time for the PCD Transvene System patient 

population was 5 6 months while for the PCD Epicardial System 

it was 9 7 months  

Table XI G 1  Death Classifications  PCD Transvene System versus PCD Epicardial 

System   6124192 

Table XI G 2 provides a comparison of actuarial survival rates 

between the PCD Transvene and PCD Epicardial patient 

populations  The actuarial surviva1 projections include 

perioperative deaths only in the calculation of survival from death 

due to all causes  shown in table row labelled Overall   

Perioperative mortality includes those deaths which occur in the 

first thirty days post implant of the PCD System  
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Statistically Significant 

Table XI G 2  Comparison of Actuarial Survival  PCD Transvene System versus PCD 

Epicardial System   6124192 

There was a significant increase in overall survival in the patients 

receiving a PCD Transvene System  As previously noted  the 

Overall one year actuarial survival includes death from all causes  

The overall one year survival for patients receiving the PCD 

Transvene System was 95 3   This is significantly improved as 

compared to the overall one ----- --------- l survival for the PCD 

Epicardial System  87 2   ------------ This improvement in 

overall survival is primarily due to the marked improvement in 

perioperative mortality  the PCD Transvene System having a 0 7  

perioperative mortality versus the a perioperative mortality of 

4 7  in the PCD Epicardial System  This improvement in 

perioperative mortality is primarily due to the elimination of the 

need for a thoracotomy and its associated morbidity and mortality  

223 

(b)(4)

(b)(4)



IXD UEilKlC fl0ilZllEIKM      

H  Summary 

A comparison of PCD Transvene System clinica1 experience and 

PCD Epicardial System clinical experience indicates that the 

devices are being used in patients with similar cardiovascular 

disease history  

The mean DFT value at implant of the PCD Transvene System 

falls we1I below the maximum output  34J  of the PCD device and 

are comparable to those obtained with the PCD Epicardial System  

The differences in PCD device programmed status in the two 

groups is a reflection of the patients receiving the PCD Transvene 

System and the defibrillation requirements of a nonthoracotomy 

lead system  

However  despite differences in the programmed status  the PCD 

device performed safely and effectively in both patient groups  

The reported incidence of complications is comparable between 

the two systems  The reported incidence of observations was 

statistically lower in the PCD Transvene System  

Finally  the reported Sudden Cardiac Death survival rates in the 

two patient groups is very similar  PCD Transvene   99 8   PCD 

Epicardial   98 7    However  there is statistical improvement 

in the overall survival in the PCD Transvene System patient 

population  This is directly related to the decreased perioperative 

morbidity and mortality associated with the PCD Transvene 

System  

I  Conclusion 

The PCD Transvene System eliminates the need for a thoracotomy 

for the implantation of defibrillation lead systems  This directly 

improves the overall patient survival by decreasing the 

perioperative patient morbidity and mortality when compared to 

the PCD Epicardial System  This is added benefit however is not 

gained at the expense the PCD Transvene System efficacy in 

treating spontaneous VT VF episodes when compared to the PCD 

Epicardial System  
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Xll  Complications and Observations 

A  Overview 

The introduction of a multiprogrammable implantable cardioverter 

defibrillator  ICD  devices should assist the physician in resolving 

the majority of relevant clinical events via modifications in 

programmed parameters and or drug therapy rather than via 

invasive procedures  However  there will continue to be certain 

relevant clinical events which will require invasive procedures for 

resolution  The incorporation of these programmable features 

should not result in an increase in reported clinical complications 

and or observations  

The current market released implantable cardioverter defibrillator 

system requires a surgical thoracotomy for implantation because 

of the need to insert one or more epicardial patch leads  This 

exposes the patient to increased surgical risk and potentially limits 

the type of patient who may be considered for implant of the 

system  The requirement of surgical thoracotomy contributes 

significantly to perioperative complications  patient discomfort  

and prolonged hospitalization  Clinically significant complications 

associated with epicardial implants include atrial fibrillation with 

additional risk of spurious shocks  transient worsening of 

ventricular arrhythmias  potential erosion of native coronary 

arteries or bypass grafts by the epicardial patches and requirement 

for repeated thoracotomy in seriously ill gatients if an infection 

develops  The need for a less invasive  simpler and safer 

implantation technique is widely recognized  The introduction of 

a nonthoracotomy lead system should decrease the incidence of 

complications and observations associated with epicardial system 

implants  

An analysis of the reported complications and observations was 

performed and the incidence of these events was compared to 

that reported with the PCD Epicardial System and that reported in 

the literature with the market released AICD Epicardial System  
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As of June 24  1992 in the PCD Transvene System patient 

population  there have been a total of 138 complications identified 

in 138 patients and 157 observations identified in 157 patients  

Thus 18 2   138 757  of the patients have experienced a clinical 

event which was defined as a complication and 20 7   157 757  

of the patients have experienced a clinical event which was 

defined as an observation  

A review of the clinical data that follows indicates that the 

inclusion of programmable VTIVF detection and therapy 

parameters into the PCD device has not increased the incidence 

of reported complications and or observations  In addition  the 

PCD Transvene System has performed safely in this patient 

population with no complications or patient deaths reported due 

to device malfunction and has not increased the potential risk to 

the patient  

This section includes the following subsections  

  Definitions Discussion of definitions used to 

classify each of the complications and 

observations  

Physicisn Review Discussion of purpose of physician 
review board created to review all 

reported complications and 

observations  

  Event Analysis Analysis of reported complications and 

observations  incidence and resolution  

  PCD Epicardial 
System Comparison 

Discussion of PCD Transvene System 

experience in comparison to the PCD 

Epicardial System experience 

  AICD Comparison Discussion of PCD Transvene System 

experience in comparison to the 

published AICD System experience  

  Event Summary For each patient  a detailed summary of 

the circumstances of the complication 

and or observation is provided in 

Appendix C  

The section concludes with a summary and conclusions which can 

be drawn from the patient complicationlobservation clinical 

experience  
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B  Definitions 

The complications and observations are divided into various 
categories as they appear on the Follow Up Data Form in the 
Relevant Medical Events section  The events are divided into 
complications or observations based on the following definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event with 
potential adverse effects  which can NOT be treated or 
resolved by reprogramming the device and REQUIRES 
invasive intervention 

OBSERVATION  A symptomatic or asymptomatic clinical event with 
potential adverse effects  which either does NOT 
require invasive intervention  or which CAN be 
corrected by reprogramming the device 

These definitions were used to categorize the reported clinical 
events for use in calculation of the reported incidence of 
complications and observations  

C  Physician Review of Complications 

AII deaths and significant complications have been  and will 
continue to be  reviewed by a committee comprised of PCD 
Transvene System investigators and other physicians  Two 
committees have been formed  one to review North American 
clinical events and the other for European clinical events  The 
members of the two committees is provided in Section XII  Patient 
Deaths  The primary objective of this committee was to determine 
whether the PCD Transvene System was related to these 
complications and  if so  what changes may be required to 
prevent such events in the future  

D  Clinical Complications and Observations Data Summary 

This section provides a summary of the reported complications 
and observations that have occurred worIdwide in patients who 
have been implanted with a PCD Transvene System  

As of June 24  1992 there have been a total of 138 complications 
identified in 138 patients and 157 observations identified in 157 
patients  Thus 18 2   138l757  of the patients have experienced 
a clinical event which was defined as a complication and 20 7  
 157 757  of the patients have experienced a clinical event which 
was defined as a observation  
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Table XII D 1 summarizes how these clinical events were 
classified  

77 pts 68 pts 

61 pts 89 pts 

138 pts 157 pts 

Table XIID 1  PCD Transvene System Complications Observations U S  
versus International   6124 92 
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E  Clinical Event Analysis 

Re orted Incidence of Com lications and Observations 

As of June 24  1992 there have been a total of 138 complications 
identified in 138 patients and 157 observations identified in 157 
patients  Thus 18 2   138 757  of the patients have experienced 
a clinical event which was defined as a complication and 20 8  
 157 757  of the patients have experienced a clinical event which 
was defined as a observation  Table XII E 1 summarizes how 
these clinical events were classified  

The percentage is the ratio of the number of Complications or 
Observations in a given category to the total number of patients 
 n   757  in the study population  NOTED AS Tot k   

The reported complications and observations are recognized 
clinical events that may occur with any of the current ICD 
devices  These complications and observations are discussed in 
the PCD device and nonthoracotomy leads technical manual  

The reported significant complications have been reviewed by a 
committee  Clinical Event Review Committee  comprised of PCD 
investigators and other physicians  The primary objective of this 
committee was to determine whether the PCD Transvene System 
was related to these complications and  if so  what changes may 
be required to prevent such events in the future  

The data in the following sections indicates that the PCD 
Transvene System has performed safely and effectively in the 
indicated patient population  
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ercentage re ects inc ence of w o gement in patients wM lea type  mp anted t occuve 

at   30 days 

Table XII E 1  PCD Transvene System  Reported ComplicationslObservations   6124192 
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Re orted Com lications and Observations b Follow U Interval 

An analysis was done on the patient group to determine the 
distribution of reported complications and observations over time  
As a reference  the mean follow up for the entire patient group is 
5 6 months and ranges from implant to 28 6 months  Table XII 
E 2 provides an analysis of reported clinical events  For purposes 
of this table the reported complications and observations have 
been combined  
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Patients Completed 

f ollow Up 

18 996 14 1  6 9  6 0  3 3  4 4  

Table XII E 2  PCD Transvene System Reported Complications and Observations by 
FoIlow Up Interval   6 24192 
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Of the reported complications and observations  48 1  occurred 
in the first thirty days post implant of the PCD Transvene System  
Of the 631 patients who have completed a one month follow up  
14 1  have experienced either a complication or observation  The 
majority of these clinical events were associated with the actual 
implantation of the system itself such as pocket infection and lead 
dislodgement  

Complications and observations reported at equal to or greater 
than six months accounted for 10 2  of the reported relevant 
medical events  Of the 329 patients who have completed a six 
month follow up  6 0  have experienced either a complication or 
an observation  The majority of these were observations that were 
resolved either with reprogramming of the PCD device  
modification of drug therapy or required no action by the physician 
for resolution of the clinical event  It should be noted that the 
 12  Month  columns reflects all complications and observations 
reported in patients with implant durations equal to and greater 
that 12 months  

Thus based on this clinical data  the reported incidence of 
complication and observations with the PCD Transvene System 
decreases over the implant duration of the system  
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Com lication and Observation Summar 

A brief discussion of each of the complicationlobservation 
categories is provided in the following discussion  The technical 
manuals include discussion of these reported complications and 
observations  These discussions can be found in the Programming 
Considerations and Warnings and Precautions sections of the PCD 
Device technical manual as well as the PCD Transvene System 
manuals  The technical manuals are provided with this 
submission  

Increased Defibrillafion Requirements 

There were ten reported cases of failure to defibrillate  six of 
which were classified as complications and four which were 
classified as observations  

In the six cases classified as a complication  the patients received 
a three lead PCD Transvene System and met the required implant 
criteria of 314 successes at 18J  At the prior to discharge 
electrophysiology study  VF could not be reliably defibrillated at 
18J or 34J  In four patients  the PCD Transvene System was 
explanted and replaced with a three lead epicardial defibrillation 
system  In the fifth case a hybrid system was implanted which 
consisted of a Model 6884 right ventricular lead  for pace sense 
functions  and two 6897L epicardial patch leads  And in the final 
patient  a new PCD Transvene System was identified which 
provided appropriate defibrillation efficacy  In all three cases 
effective defibrillation was documented  

In the four cases classified as observations  the ineffective 
defibrillation was observed during an electrophysiology study  In 
three cases the patient s antiarrhythmic drug regimen was 
modified  addition of Sotalol  to improve defibriflation efficacy  In 
the final case  all four VF Therapies were programmed to 34 
Joules  There have been no reports of ineffective defibrillation for 
spontaneous VF in these patients  

Inappropriate VF Therapy Delivery 

This medical event was reported in thirteen patients  all of which 
were classified as observations  In nine cases  inappropriate VF 
therapy was delivered for atrial fibrillation that had a rapid 
ventricular response that met the programmed VF detection 
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criteria  In two cases  inappropriate VF therapy was delivered 
secondary to sinus tachycardia that was detected as ventricular 
fibrillation  Modification of the programmed VF detection criteria 
or the patient s antiarrhythmic drug therapy corrected these two 
clinical observations  

One patient received inappropriate VF therapy secondary to the 
sensing of T waves during sinus rhythm with the PCD device 
programmed to a sensitivity of 0 3 mV  This was resolved with 
reprogramming of the sensitivity to 1 2 mV  Appropriate VF 
sensing was documented at this programmed setting  

The final patient received inappropriate VF therapy secondary to 
nonsustained ventricular tachycardia  In the PCD Device  once 
 VF  is detected the device is committed to the delivery of 
defibrillation therapy  This observation was resolved by 
reprogramming of the FDI and VF NID  

Inappropriate VT Therapy Delivery 

This medical event was reported in forty nine patients and was 
classified as an observation in all cases  Inappropriate VT therapy 
was delivered for atrial fibrillation with a rapid ventricular response 
in 28 patients and due to sinus tachycardia in 21 patients  This 
observation was resolved by reprogramming of the VT detection 
parameters in 21 patients  with modification of drug therapy in 26 
patients and no action was required in one patient  One patient 
with atrial fibrillation underwent successful AV Node ablation  
Post this procedure  appropriate PCD Device function was 
documented  

In two patients in whom inappropriate VT therapy was delivered 
for sinus tachycardia  the ONSET algorithm was enabled to 
improve discrimination between VT and sinus tachycardia  The 
use of this algorithm resulted in no further delivery of 
inappropriate therapy for sinus tachycardia  

In three patients in whom inappropriate VT therapy was delivered 
for atrial fibrillation  the STABILITY algorithm was enabled to 
improve discrimination between VT and atrial fibrillation  The use 
of this algorithm resulted in no further delivery of inappropriate 
therapy for atrial fibrillation  

235 



EiliEil I 4iEli3IK IK4 s 
Loss of Capture 

Loss of capture was reported in thirteen patients  Six cases were 
classified as a complications and required invasive procedures to 
resolve the loss of capture  In four cases  repositioning of the RV 
lead was required and in one case  the investigator elected to 
implant a new RV lead  In the sixth patient  the loss of capture 
was secondary to a loose connection at the Model 6884 lead 
connection to the PCD device header  The pocket was reopened  
the set screw was tightened and the problem was resolved  

Seven cases were classified as an observation and in four of the 
cases could be resolved by programming the PCD device to full 
output  5 4V11 59 ms   In the remaining three cases  modification 
of drug therapy was required to resolve the loss of capture  

Oversen sing 

This medical event was reported in twenty four patients  
Oversensing of post VVI pacing was the cause in 13 patients and 
sensing of T waves in sinus rhythm was the cause in 11 patients  
In all cases  the medical event was classified as an observation  

This sensing of T waves did not result in detection of either VT or 
VF and was resolved with reprogramming of the refractory period 
 10 patients   sensitivity  5 patients  or no action was taken  9 
patients   

Undersen sing 

There have been no reports of undersensing in the PCD Transvene 
System  

Skin Erosion 

There have been three cases reported  two which were classified 
as a complication and the remaining case classified as an 
observation  In the two cases classified as a complication  a skin 
erosion was noted at the pocket incision site  the pocket was 
reopened and the area debrided with resolution of the skin 
erosion  Antibiotic therapy resolved the case classified as an 
observation  
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Pocket Infection 

This medical event was reported in twenty three patients  In 15 
of the cases  all of which were classified as complications  the 
pocket infection resulted in explant of the entire implanted PCD 
Transvene System  Four of the patients has subsequently had a 
new PCD Transvene System implanted while the remaining 
patients still have not had a new system implanted  

In 8 cases classified as an observation  the infection was 
successfully treated with antibiotic therapy  

An analysis of the implant procedures for these patients was 
performed  In those patients who developed a pocket infection a 
mean of 9 5 inductions were performed at implant and a mean of 
3 0 lead configurations were evaluated at implant  This compares 
to those patients who did not develop a pocket infection who had 
a mean of 7 3 inductions performed at implant and a mean of 2 2 
lead configurations evaluated at implant  This data indicates that 
the patients who developed pocket infection had longer implant 
procedures that may have placed at increased for the development 
of a pocket infection  

An analysis was performed to determine if other clinical 
circumstances in addition to a potentially prolonged implant 
procedure contributed to the development of pocket infection in 
these patients  

Three patients had a history of diabetes mellitus  one patient was 
undergoing renal dialysis and one patient had a history of Crohn s 
disease being treated with steroid therapy  These concomitant 
diseases processes could contribute to an increase risk for 
development of infection  

Two patients had a history of prior pocket infection with a 
previously implanted ICD System and one patient required multiple 
lead evaluations prior to the implant of the PCD Transvene 
System  These clinical histories could contribute to an increase 
risk for development of infection  

Eight patients developed pocket infections after reoperations 
required for repositioning of the dislodged lead  In seven cases  
eventual explant of the entire PCD Transvene System was 
required and the final patient was successfully treated with 
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antibiotic therapy and the pocket infection resolved  

It should be noted that the incidence of patients who developed 
pocket infection and required explant of the PCD Transvene 
System was 2 0   In the PCD EpicardiaI System  the incidence 
of patients who required explant of the system due to infection 
was 1 9   Thus there is no difference between the two patient 
9I OUps  

Seroma 

This medical event was reported in sixteen patients  1 1 of which 
were classified as observations and 5 classified as a complication  

A seroma developed at the pocket site in ten patients  four were 
classified as complications and six were classified as an 
observation  A seroma developed at the SQ patch site in five 
patients  one which was classified as a complication and four 
which were classified as an observation  Finally  one patient 
developed a seroma at both the SQ patch and pocket site  This 
was classified as an observation  

In the cases classified as a complication  aspiration of the fluid 
which resolved the seroma  In the cases classified as observation  
antibiotic therapy was required in two patients and in nine 
patients the seroma resolved without treatment  

Hematoma 

This medical event was reported in twenty one patients  17 of 
which were classified as observations and 4 classified as a 
complication  

A hematoma developed at the pocket site in 11 patients  one was 
classified as a complication and 10 were classified as an 
observation  A hematoma developed at the SQ patch site in six 
patients  one which was classified as a complication and five 
which were classified as an observation  In four patients  a 
hematoma developed at both the SQ patch and pocket site  Two 
of these cases were classified as complications and two as 
observations  

In the cases classified as a complication  aspiration of the fluid 
which resolved the hematoma  In the cases classified as 

238 

n   



IZi3Eil I PilEiRti lM      
observation  antibiotic therapy was required in three patients and 
in 14 patients the hematoma resolved without treatment  

Pneumothorax 

This medical event was reported in three patients  In the two 
patients  in whom this medical event was classified as a 
complication  a PCD Transvene System was implanted via a left 
subclavian approach and the patient developed a pneumothorax 
in the immediate perioperative period  A chest tube was inserted 
for resolution of the pneumothorax and the patients recovered 
without further complications  

The patient  in whom this medical event was classified as a 
observation  also had a PCD Transvene System implanted via a 
left subclavian approach  This patient also developed a 
pneumothorax in the immediate perioperative period  In this case  
the pneumothorax resolved without intervention  

Pacemaker Syndrome 

There were two reports of pacemaker syndrome which were 
classified as observations  The patients experienced symptoms 
of pacemaker syndrome with VVI bradycardia support pacing  
The VVI standby rate was reprogrammed to a lower rate to allow 
for the patient s intrinsic heart rate to predominate which resolved 
the patient s symptoms  

Right Ventricle Perforation 

This medical event was reported in five patients and was 
classified as a complication in all cases  In four cases  the right 
ventricular perforation was noted at the time of implant of the 
PCD Transvene System  In the final case  the right ventricular 
perforation occurring after a repositioning of the RV lead one 
month post implant  

One patient who experienced a right ventricular perforation 
ultimately expired in the perioperative period  This patient received 
a PCD Transvene System that consisted of a coronary sinus lead  
right ventricular lead and subcutaneous patch  The right 
ventricular lead  Model 6884  was positioned easily with two 
attempts necessary to screw the helix into the myocardium  Only 
one lead configuration was tested and a total of six inductions 
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were performed  This patient s medical history was significant for 
chronic obstructive pulmonary disease that was being treated with 
steroid therapy  

The lead system was connected to the PCD Device and one final 
VF induction was performed  This episode was neither sensed or 
converted by the two 34 Joule shocks delivered manually from 
the PCD Device  Several external defibrillation and prolonged 
resuscitative measures were required to restore sinus rhythm  
After this episode it was determined that the pacing thresholds 
had increased to greater than 10 Volts and there was no 
identifiable ventricular electrogram from the RV lead  The 
investigator felt at this time that this suggested either RV lead 
dislodgement or perforation  lead malfunction or device 
malfunction  However  due to the patient s poor pulmonary 
status the procedure was terminated without performing any 
further evaluations  The PCD Device VT VF detection and 
therapies were deactivated for the immediate post operative 
period  The investigator noted that the plan was to reevaluate the 
lead system post operatively once the patient s status had 
stabilized  

The patient s recovery was uneventful over the next 48 hours 
with no significant chest pains or cardiac rubs on physical exam  
EGG documentation indicated asynchronous pacing with non 
capture  The patient developed severe chest pain  dyspnea and 

profound hypotension  Despite intubation and administration of 
fluids and pressors he developed electromechanical dissociation 
followed by episodes of asystole and ventricular 
tachycardia fibrillation  The diagnosis of cardiac tamponade was 
made but due to the patient s pulmonary disease pericardiectomy 
and repair of the myocardial perforation was not performed  The 

patient expired after prolonged resuscitative measures  

An autopsy identified a perforation of the right ventricle by the RV 
lead  accompanied by hemopericardium and presumed cardiac 
tamponade  No other potential causes of death could be 
identified  

The investigator classified this patient death as cardiac  non  
sudden and related to the implanted PCD Transvene System  The 
CERC reviewed the circumstances of this patient death and felt 
that the death was related to the specific implant procedure and 
not the PCD Transvene System  
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In three of the remaining cases  the right ventricular perforation 
was diagnosised at the time of implant  Two of the patients 
ultimately required a thoracotomy for repair of the perforation and 
received PCD Epicardial Systems  In the third patient  the 
physician repositioned the RV lead with resolution of symptoms 
and the patient received a PCD Transvene System  

In all three of the cases  multiple repositioning of the RV lead was 
required    5  in order obtain acceptable pacing thresholds due to 
poor lead tissue interface  

In the final case  the right ventricular perforation occurred after a 
repositioning of the RV lead one month post implant  This patient 
was screened for a PCD Transvene System however did not meet 
the implant criteria and received a PCD Epicardial System  The RV 
lead was left in place for pace sense function  Two weeks post 
implant  RV lead dislodgement was detected and reoperation was 
required for repositioning  Approximately one month post implant 
of the PCD Epicardial System  the patient presented with 
symptoms of shortness of breath and chest pain  Reoperation was 
required to repair the perforation and the pace sense Iead system 
was modified to an epicardial system  

SubcEavian Vein Thrombosis 

There have been four reports of subclavian vein thrombosis in the 
PCD Transvene System patient population  

In three cases this medical event was classified as an observation  
Two patients were treated with thrombolytic therapy with 
resolution of the symptoms while the remaining patient required 
no therapy  

In one patient  initial thrombolytic therapy did not resolve the 
subclavian thrombosis and the physician elected to explant the 
PCD Transvene System  However  post explant of the system the 
subclavian vein thrombosis did not resolve  The patient ultimately 
received a PCD Epicardial System  

Lead Fractures 

There have been four reports of right ventricular lead fractures  all 
of which were classified as complications  There were no reports 
of ineffective therapy for a spontaneous VTIVF episode due to the 
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right ventricular lead fracture  In this report  there have been a 
total of 757 right ventricular leads implanted  Thus the incidence 
of lead fracture in the right ventricular leads implanted is 0 5   

In three patients  the right ventricular lead fracture was 
documented based on an increase in pacing thresholds  In the 
fourth patient  the diagnosis was based on the delivery of 
inappropriate VF therapy delivery  In all cases  the fracture was 
confirmed via chest x ray  All of the systems were implanted via 
a subclavian approach and  for resolution  required reoperation  
removal of the lead and implantation of new right ventricular lead  
Analysis of the leads indicates that the conductor coil fracture 
was due to crushing of the lead body between the first rib and 
clavicle  These patients have experienced no further 
complications  

The Model 6966 technical manual recommends that the lead be 
inserted by venotomy through routes including the right or left 
cephalic vein or the external or internal jugular vein  The following 
 Caution  is provided if insertion is done via a subclavian 
approach  

If insertion is done via a subclavian approach  the lead should be positioned far 
laterally to avoid clamping the lead body between the clavicle and first rib  
Clamping the lead may eventually cause the conductor to fracture  may cause 
damage to the insulation  or may cause other damage to the lead  This may 
result in complications such as loss of detection  loss of pacing therapies  or 
loss of cardioversionldefibrillation therapy  Certain anatomical abnormalities  
such as thoracic outlet syndrome  may also precipitate pinching and 
subsequent fracture of the lead  If significant resistance is encountered during 
a subclavian stick implant procedure  do not force the lead by adjusting the 
patient s posture  i e   raising the arm or putting a towel behind the person s 
back  to facilitate the passage of the lead  In such cases it is recommended 
that an alternate venous entry site be used  

The PCD Transvene System technical manuals discuss potential 
complications of use of the lead system one of which is potential 
conductor coil fracture  The possible effects of conductor fracture 
discussed in the technical manual include intermittent or 
continuous loss of defibrillation  cardioversion therapy  sensing or 
tachycardia therapy  it is recommended that if such a loss 
occurs  sensing thresholds and x rays should be checked for lead 
dislodgement or conductor fracture  
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Subcutaneous Patch  Model 68951 3999  Crinkling 

This medical event was reported in twelve patients and was 
classified as a complication in 7 patients and as a observation in 
the remaining 5 patients  In the cases classified as a 
complication  the subcutaneous patch crinkling occurred in the 
perioperative period and required modification of the lead system  

In all of these cases  the physician felt that the defibrillation 
efficacy of the system had been compromised by the crinkling of 
the subcutaneous patch  

In 5 patients subcutaneous patch crinkling was demonstrated by 
routine chest x ray post implant of the PCD Transvene System  
Ventricular fibrillation was reinduced and successfully reverted  
The investigators elected to make no modifications to the lead 
system  

Lead Dislodgement 

There have been a total of 89 lead dislodgements reported in 87 
patients  The overall incidence of lead dislodgement in this patient 
population is 11 7   89 dislodgementsl762 implants with a mean 
implant duration of 5 6 months   In 10 2  of the reported cases  
 77 757   the dislodgement was classified as a complication and 
required reoperation  In 1 6  of the reported cases   12 757   
the dislodgement was classified as an observation and the 
reoperation was not required  

In none of the cases did the lead dislodgement result in ineffective 
therapy for a spontaneous VT or VF episode or patient death  It 
is important to note  that the majority  52 8   of the lead 
dislodgements occurred in the first thirty days post implant of the 
PCD Transvene System  Table XII E 3 summarizes the overall 
incidence of lead dislodgement and those that occurred at implant 
duration greater than 30 days  
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Table XII E 3  PCD Transvene System Dislodgement Frequency Overview   6 24192 

Lead dislodgements were documented by electrophysiologic 
evaluation  10 cases   chest x ray obtained during routine follow  
up  65 cases   pace sense threshold evaluation during routine 
follow up  13 cases  or due to inappropriate therapy delivery  2 
cases   In 77 cases reoperation was required to reposition the lead 
and evaluate defibrillation system  In the remaining 12 cases  VF 
inductions were performed to evaluate the efficacy of the 
implanted lead system and based on the resuIts the physician 
elected to make no surgical modifications to the system  

Lead dislodgements are not specific to the PCD Transvene System 
and have been reported with dual chamber pacemakers and the 
current market released implantable cardioverter defibrillator  ICD  
system  The early history of dual chamber pacemakers 
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demonstrated a high lead dislodgement rate of at least 20   
 Smyth PND  et al  Permanent pervenous atrial sensing and pacing 
with a new J shaped lead  J Thoracic Cardiovascular Surgery 
1976 72 565 570   Winkle  et al reported that the incidence of 
dislodgement of the superior vena cava spring leads used with the 
current market release ICD System to be 6 3   Winkle  et al  
Automatic Implantable Cardioverter Defibrillator  Efficacy  
Complications and Survival in Patients with Malignant Ventricular 
Arrhythmias  JACC Vol 11  No 6 June 1988  1278 86   

The potential clinical impact of lead dislodgement was evaluated 
in the 87 patients who experienced a lead dislodgement  The 
evaluation included patient death  infection rate and spontaneous 
VT VF episode efficacy  There were no patient deaths due to 
ineffective termination of spontaneous VT VF episodes secondary 
to lead dislodgement reported  Eight patients  10 4   did develop 
pocket infections after the reoperation required for repositioning 
of the dislodged lead  

In seven cases  eventual explant of the entire PCD Transvene 
System was required and the final patient was successfully 
treated with antibiotic therapy and the pocket infection resolved  

Spontaneous episode efficacy was also evaluated to determine 
whether prior to diagnosis of the lead dislodgement the patients 
were at risk of prolonged episodes of VT VF  In 47 patients  53   
the lead dislodgement was identified prior to the patient s 
discharge from the hospital  Therefore more than half of the 
dislodgements were identified prior to the patient being in an 
outpatient setting where the risks of a lead dislodgement are 
greater  None experienced an episode of spontaneous VTIVF prior 
to the identification of the lead dislodgement  

In the remaining 40 patients  21 patients experienced 
spontaneous VT episodes and 24 experienced spontaneous VF 
episodes prior to diagnosis of the lead dislodgement  The 
spontaneous VT episode efficacy was 97 9  and the 
spontaneous VF episode efficacy was 99 3  None of these 
episodes required Therapy  4 for successful termination  None of 
patients experienced prolonged episodes of VTIVF where the PCD 
Transvene System was ineffective in terminating the episode due 
to the lead dislodgement  
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Table XII E 4 provides information on lead disiodgements with the 
PCD Transvene System and the number which were identified 
prior to hospital discharge and the number which were identified 
post hospitaI discharge  

A V  8884 6966  21 14 

RV  SP21003 

23 17 6 

SVC  88 1l8963  44 15 29 

89 47 42 

Table XII E   PCD Transvene System Lead Dislodgement Frequency   6124192 

The frequency of dislodgement of each lead model was 
determined based on the total number of leads of that type 
implanted  Table XII E 5 provides the frequency by lead model 
and position  

Model Number Oversll Frequency 

RY   SP2100 16 6 3 ok 

RV   688416966 21 741 2 8  

CS   688116963 23 261 8 8  

SVC   S881 6963 44 535 8 2  

Table XII E 5  PCD Transvene System Frequency of Dislodgement By Lead Model   
6124192 

The incidence of lead dislodgement by follow up interval is 
provided in Table XII E 6  This data indicates that 52 8  of the 
lead dislodgements occurred in the first thirty days post implant 
of the PCD Transvene System while the remaining dislodgements 
 47 2   occurred more than 30 days post implant of the PCD 
Transvene System  
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6S84 6868 RV 5 9 

SP21 DO RV 

8881 8863 CS 12 5 4 2 

 881 18863 SV C 12 21 6 2 

TOTRL  20 27 32 8 2 

Tsble XII E 6  PCD Transvene System Lead Dislodgement by Follow Up Interval   
6 24192 

The analysis in Table XII E 6 only reflects the incidence of 
dislodgement by follow up interval and does not reflect the 
number of each lead model that had completed a particular follow 
up intervaI  Table XII E 7 provides this particular analysis  

O  Patients Completed Three Month Follow Up 514 

Dislodgement Rate in First 3 Months Post Implant 4 1   21 514  

O  Patients Completed Three Month Follow Up 196 

Dislodgement Rate in First 3 Months Post Implant 

4 Patients Completed Three Month Follow Up 349 

Dislodgement Rate in First 3 Months Post Implant 10 3olo  36134g  

Table XII E 7  PCD Transvene System Dislodgement Experience by Completed Follow  
Up   6124192 
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The dislodgement rate of the Model 688416966 right ventricular 
leads on a per patient basis was expected to be no greater than 
10  in the first three months post implant  This is based on 
clinical experience with the Medtronic Model 4016 bradycardia 
pacing lead which is similar in design to the Model 688416966 
right ventricular lead  The incidence of dislodgement of the Model 
6884 6966 in the first three months post implant was 4 1   

The dislodgement rate of the Model 6881 6963 lead in the 
coronary sinus position on a per patient basis was not expected 
to be significantly greater than that reported for bradycardia 
coronary sinus leads   approximately 13   The incidence of 
dislodgement of the Model 6881 lead in the coronary sinus lead 
position in the first three months post implant was 10 7   

In the case of the Model 688116963 lead in the superior vena 
cava position  was compared to the AICD System experience with 
spring patch defibrillation lead systems  As noted earlier  Winkle 
et al  reported a superior vena cava lead dislodgement rate of 
6 3   The incidence of dislodgement of the Model 688116963 
lead in the superior vena cava position in the first three months 
post implant was 10 3   

The PCD Transvene System technical manuals discuss potential 
complications of use of the lead system one of which is potential 
dislodgernent of the leads  The possible effects of lead 
dislodgement discussed in the technical manual include 
intermittent or continuous loss of defibrillation  cardioversion 
therapy  sensing or tachycardia therapy  It is recommended that 
if such a loss occurs  sensing thresholds and x rays should be 
checked for lead dislodgement  

In addition  the technical manual provides recommendations on 
positioning the PCD Transvene Lead System  securing the Model 
688416966 electrode into the endocardium and use of the 
anchoring sleeve s  provided with the lead system  
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Early Device Explant 

There were four patients in whom the PCD Device was explanted 
due to reasons other than death  infection or heart transplant  In 
all cases these medical events were classified as complications  

In the first patient the PCD Device was explanted for lower than 
expected battery voltage measurement for time in service  
Analysis indicated the decreased battery voltage measurement 
was due to leakage at the input to one of the integrated circuits  
This lead to a voltage drop across a resistor where the voltage 
measurement was taken  Analysis indicated the battery to be 
performing to specifications and the leakage to be a random 
event  

The second patient received inappropriate VF therapy during 
reformation of the device capacitors  Analysis of the explanted 
unit indicated that arcing occurred between the conductors in the 
high power hybrid  As a result  high voltage was momentarily 
applied to the low power circuitry  including the low power hybrid  
This low power hybrid lost function including the capability to 
pace and transmit telemetry due to the excessive voltage applied  

Since this is the only device that exhibited this type of failure in 
the field and the hybrid manufacturing process has demonstrated 
that it will screen out infant mortality  this was determined to be 
a random component failure  

In the third patient  during the pre hospital discharge 
electrophysiology study  VT was induced and cardioversion 
therapy failed to appropriately synchronize and deliver therapy for 
this induced episode  The PCD Device was explanted and the 
patient received a second device without difficulties  Analysis of 
the explanted PCD Device indicated a random device failure in the 
microprocessor and low power hybrid  The manufacturing 
process was modified to incorporate a screening process to 
identify any further devices which may exhibit this behavior  

In the final patient  the PCD Device exhibited a Power On Reset 
 POR  condition that could not be related to use of electrocautery 
or external defibrillation  The device was explanted and returned 
to Medtronic for analysis  Final results on the analysis are not 
available at the time of this submission but will be submitted to 
the FDA when they are available  
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In all three cases  the patients received a second PCD Device 
without difficulties  

Resolution of Com lications and Observations 

The incorporation of programmable VT VF detection and therapy 
algorithms allows the physician the flexibility to resolve clinical 
events via reprogramming and or modification of drug therapy 
rather than invasive procedures  Certain complications  such as 
pocket infections  lead dislodgement or fractures  because of their 
potential negative impact on the patient s outcome will require 
invasive procedures for resolution  Table XII E 8 provides data on 
how the reported complications and observations were resolved  
 Reprogram  indicates that only reprogramming was required  
 Drugs  indicates that only modification of drug therapy was 
required and  ReprogramlDrugs  indicates that both a modification 
of programmed parameters and drug therapy was required to 
resolve the clinical event   Invasive  indicates that a surgical 
procedure was required to resolved the clinical event and  No 

Action  indicates that the physician elected to not to treat the 
clinical event  
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Table XII E 8  PCD Transvene System Resolution of Complications and Observations by 
Category   6124192 
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Clinical Event Anal sis Summar 

The reported complications and observations in the PCD 
Transvene System clinical study are recognized clinical events that 
may occur with any of the current ICD devices  The incorporation 
of programmability in the PCD device has allowed the resolution 
of 33 1  of the reported observations without the need for 
invasive procedures  It is interesting to note that in 33 8  of the 
recognized clinical events  the physician elected to take no action 
to treat the clinical event  

Appropriate labelling has been incorporated in the PCD device 
technical manual to address the reported complications and 
observations  

F  Comparison with PCD Epicardial System Clinical Experience 

A comparison of the reported complications and observations was 
made between the PCD Transvene System and the PCD Epicardial 
System  The PCD Epicardial System patient population used for 
comparison includes clinical experience as of May 15  1992 with 
742 patients and a mean implant duration of 9 7 months  These 
two patient groups are similar in the patient demographics and 
indication for implant of the PCD System  The reported incidence 
of complications  18 2  for the PCD Transvene System and 
12 8  for the PCD Epicardial System was similar for the two 
patient groups  In addition  the reported incidence of 
observations  20 7  for the PCD Transvene System and 25 7  
for the PCD Epicardial System was similar  

Table XII F 1 and F 2 provide a comparison of the reported 
complicationslobservations and their incidence in the two patient 
populations  
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e    eporte amp locations  
System   6124192 

ransvene ystem versus picar al 

Tsble XII F 2  Reported Observations  PCD Transvene System versus PCD Epicardial 
System   6124192 
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The PCD Epicardial System requires a surgical thoracotomy for 

implantation because of the need to insert two or more epicardial 

patch leads  This exposes the patient to increased surgical risk 

and potentially limits the type of patient who may be considered 

for implant of the system  The requirement of surgical 
thoracotomy contributes significantly to perioperative 
complications  patient discomfort  and prolonged hospitalization  

Clinically significant medical events that may be associated with 
epicardial implants include atrial fibrillation with additional risk of 
inappropriate therapy  potential erosion of native coronary arteries 
or bypass grafts by the epicardial patches and requirement for 

repeated thoracotomy in seriously ill patients if an infection 

develops  The PCD Transvene System offers a less invasive  

simpler and safer implantation technique and should decrease the 

incidence of complications and observations associated with 

epicardial system implants  

The overall reported incidence of complications and observations 
was similar in the two patient groups  Analysis was performed to 

evaluate if the incidence of specific complications and 

observations was different between the two patient populations  

The incidence of inappropriate therapy delivery in the two patient 

groups was evaluated  Inappropriate therapy delivery is defined 
as the delivery of either VT or VF therapy for reasons other than 
spontaneous VT or VF episode  This includes atrial fibrillation 
with a rapid ventricular response or sinus tachycardia that 

overlaps with the programmed detection criteria  In addition  
inappropriate therapy may be delivered due to oversensing due to 
hardware issues such as a loose set screw  Specifically a 

comparison was made between the incidence of atrial fibrillation 

resulting in inappropriate therapy between the two patient groups 
and this data is presented in Table XII F 3  

Atrial fibrillation  with a risk of inappropriate shocks and the 

potential need for concomitant antiarrhythmic drug therapy  is a 
recognized medical event in patients receiving an ICD System 
utilizing an epicardial defibrillation lead system  The occurrence 
of atrial fibrillation in these patients may be related to the 
thoracotomy procedure required for implant  manipulation of the 
atrium during the implant procedure or the positioning of the 
epicardial patch leads near or on the atrium resulting in irritation 
and induction of atrial fibrillation  The incidence of inappropriate 
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therapy for atrial fibrillation in the PCD Epicardial System was 
7 8  while that for that the PCD Transvene System was 4 7   

Though this difference was not statistically significant  p  0 089  

this difference was clinically important  An decreased incidence 
of inappropriate therapy results in a decreased potential risk for 
acceleration on non VTIVF rhythms as well as decreasing patient 
acceptance of ICD therapy  Though the introduction of a 
transvenous lead system has not totally removed the risk of 
inappropriate therapy for atrial fibrillation  from this clinical 
experience it appears that the there is a trend towards a 
decreased in the incidence of this observation  

5 1 6  10 2 3  

10 3 2 k 24 5 54k 

15 4 7  e 34 7 8ok 

Table XII F 3  PCD Transvene System  Incidence of Inappropriate Therapy for Atrial 
Fibrillation   6124192 

The incidence of pocket infection in the two patient groups was 
also evaluated  In the patient receiving an ICD System with 
epicardial defibrillation lead systems  if an infection does develop 

patch explant is usually required resulting in repeated thoracotomy 
to remove the system  The incidence of pocket infection that 
required explant of the PCD System was similar in the between 
the PCD Transvene and Epicardial Systems  2 0  versus 1 9    

This similarity in the incidence of pocket infection between the 
two patient groups indicates that even though the PCD Transvene 
System can require the evaluation of multiple lead orientations to 
obtain adequate defibrillation efficacy there is not a resultant 
increase in risk of pocket infection  

The reported incidence of infection in both patient groups is 
similar to that reported with current market released implantable 
cardioverter defibrillator system of 2 3   Nisam et al  ICD Clinical 
Update  First Decade  Initial 10 000 Patients  PACE  Vol 14  
February 1991  Part II  pg 255 262   
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The final comparison was made between the incidence of lead 
dislodgement in the two patient groups  In both systems  the 
clinical impact of a lead dislodgement is the potential for 
inappropriate therapy delivery  nondetection of VT VF or 
ineffective therapy for an episode of VTIVF  Also in both 
systems  reoperation is usually required to reestablish a lead 
system that provides adequate defibrillation efficacy  The overall 
incidence  complications and observations  of lead dislodgement 
in the PCD Epicardial System was 0 9  while the overall 
incidence  complications and observations  in the PCD Transvene 
System was 5 5   

This difference was not unexpected since in the PCD Epicardial 
System the patch leads are usually physically sutured either to the 
epicardium or pericardium resulting in a marked decrease potential 
for dislodgement  In the case of the PCD Transvene System  
there were typically two and perhaps three transvenous leads 
implanted  Though the leads are secured by suturing the 
anchoring sleeve at the venous entry site they are more 
susceptible to dislodgement due to patient activity  particularly 
movement of the upper extremities  Though the incidence was 
higher in the PCD Transvene System  the clinical outcome was 
identical in the two patient groups   there have been no reported 

patient deaths secondary to a lead dislodgement in either patient 
gf OUp  

This analysis indicates that the PCD Transvene System offers not 
only potential clinical advantages in removing the need for a 
thoracotomy for implantation and the associated mortality but has 
not increased morbidity as compared to patients receiving a PCD 
Epicardial System  
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G  Comparison with AICD Epicardial System Clinical Experience 

The Automatic Implantable Cardioverter Defibrillator produced by 

Cardiac Pacemakers  Inc  is the only implantable cardioverter 

defibrillator device to have obtained approval from the U S  FDA 
for market release  As such  this system represents the only 
market released device available for comparison to the PCD 
Transvene System  There are important differences in the 

capabilities and operation of these two systems  particularly in the 
area of antibradycardia and antitachycardia pacing  In addition  

the current AICD System is implanted only with defibrillation lead 

systems requiring a thoracotomy  Nevertheless  a comparison of 

those aspects that are similar is provided in Table XII G 1  

A1CDVo 

0 8ok 4 1  

8 2  20  

2 0ok 2 2  o 

0 3  

Includes complications and observations 

0 7  

Table XII G 1  Comparison of ComplicationlObservation Rates  PCD Transvene 

System versus AICD System   6124192 

The AICD complications are based on a recent published article 

 Winkle  et al  Long Term Outcome With the Automatic 
Implantable Cardioverter Defibrillator  JACC  May  1989  13 6   
1 3S 1 61   

The incidence of failure to cardiovert and or defibrillate was similar 
in the two groups  The instances of failure to cardiovert and or 
defibrillate in the PCD Transvene System patient population were 
all associated with increased defibrillation requirements none of 
which resulted in patient death  
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In three cases the implanted lead system was modified to provide 
adequate defibrillation efficacy  in two cases the patient s drug 
therapy was modified and in the final case reprogramming 

provided for adequate defibrillation efficacy  

The instances of failure to cardiovert or defibrillate in the Winkle  
et al article were associated with patch dislodgement  patch 
crinkling  lead conductor fracture and elevated defibrillation 
thresholds  

The incidence of inappropriate problematic VT VF therapy delivery 
was lower in the PCD Transvene System patient population  This 
is to be anticipated since the device incorporates independently 

programmable detection algorithms for VT and VF  The reasons 
for inappropriate therapy included sinus tachycardia being 
detected as VT VF and atrial fibrillation with rapid ventricular 
response being detected as VTIVF  

The circumstances reported in the Winkle  et al article were 
nonsustained VT  recurrent stable VT  sinus tachycardia  atrial 
fibrillation with rapid ventricular response and pacemaker 
interaction  The patients with VT complained of receiving multiple 
shocks with limited or no symptoms  The incorporation of 
antitachycardia pacing in the PCD Device decreases the need for 
delivery of cardioversion shocks for the termination of stable VT 
and increases patient acceptance of ICD therapy  

The incidence of pocket infection in the PCD Transvene System 

 2 0   is similar to that reported with the AICD Epicardial System 
 2  2    

Thus  the incidence of complications and observations was similar 
to that of the AICD in the categories of ineffective VTIVF therapy  
infection and erosion  Clinically significant is that the incidence of 
inappropriate therapy delivery is lower in the PCD Transvene 
System than the AICD System  

This analysis indicates that the PCD Transvene System offers not 
only potential clinical advantages in removing the need for a 
thoracotomy for implantation and the associated morbidity but 
does not place the patient at additional risk as compared to 

patients receiving a AICD System  
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H  Summary 

1  The overall complication rate  defined as the ratio of the 
number of patients having at least one complication to the 

total number of patients  reported in this study was found 

to be 18 2   The rate of observations was found to be 
20 7   

2  As compared to PCD Epicardial System clinical experience  
the PCD Transvene System offers not only potential clinical 
advantages in removing the need for a thoracotomy for 
implantation and the associated morbidity and has not 

increased the incidence of comparable complications and 

observations  

3  The incidence of complications and observations was 

similar to that of the AICD System with no increase in 

patient morbidity  

4  The PCD Transvene System was safe with no patient 
deaths due to device malfunction in this patient population  

I  Conclusion 

A total of 138 patients  18 2   of the patients have experienced 

a relevant medical event which was classified as a complication 

while 157 patients  20 7   have experienced a relevant medical 

event which was classified as an observation  

The incorporation ot multiprogrammable features in the PCD 

device has decreased the incidence of certain reported 
complications and observations  Therefore  tiered therapy has 

been safely incorporated into the PCD device while maintaining an 

acceptable complication rate  

259 



EiFZil C PilX E i  l I144   
The PCD Transvene System offers not only potential clinical 
advantages in removing the need for a thoracotomy for 
implantation and the associated morbidity but maintains the safety 
of the PCD Epicardial System in terms of the number of patients 
experiencing a complication or observation  

The complicationslobservations reported in the PCD Transvene 
System experience are similar to those reported in the PCD 
Epicardial System  None of the clinical complications or 
observations reported to date have required a modification in the 
indication for implant for the PCD Transvene System or 
modification in the system labelling  This analysis indicates that 
the PCD device when implanted with a nonthoracotomy lead 
system is performing safely  
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XIII  Patient Deaths 

A  Section Overview 

The positive impact of implantable cardioverter defibrillator  1CD  

therapy on sudden cardiac death mortality has been well 

documented in the medical literature  The use of device therapy 

for the treatment of recurrent ventricular arrhythmias has become 

an accepted and important clinical tool  

The current market released implantable cardioverter defibrillator 

system requires a surgical thoracotomy for implantation because 

of the need to insert epicardia1 patch leads  This exposes the 

patient to increased surgical risk and potentially limits the type of 

patient who may be considered for implant of the system  The 

requirement of surgical thoracotomy contributes to the morbidity 

and mortality of these patients  The need for a simpler and safer 

implantation technique is widely recognized  The incorporation of 

a nonthoracotomy lead system  such as the PCD Transvene 

System  would decrease the potential perioperative and long term 

mortality and morbidity associated with current epicardia1 system 

implantation approaches  

ln order to demonstrate the positive impact of the PCD Transvene 

System on patient survival  analysis of the sudden cardiac death 

survival in the PCD Transvene System patient population was 

performed and compared to the reported surviva1 of similar 

patients treated with PCD Epicardial System  the market released 

Ventak P Epicardial System and antiarrhythmic drug therapy  

As of June 24  1992 there have been a total of 22 patient deaths 

reported in this patient population who received a PCD Transvene 

System consisting of three leads  N  757   The PCD Transvene 

System sudden cardiac death survival rate in this patient group is 

99 8   This is marked improvement when compared with the 

reported survival of similar patient groups treated with drug 

therapy alone of between 34  and 73  at one year  The PCD 

Transvene System Sudden Cardiac Oeath survival at one year of 

99 84k which is very comparable to that of the PCD Epicardial 

System  98 7  and commercially available implantable 

defibrillator  98 6ok  
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In summary  the incorporation of a nonthoracotomy defibrillation 
lead system has improved the type of therapy available for the 
treatment of recurrent VT VF and decreased the potential 
mortality and morbidity associated with epicardial system implant 
approaches while maintaining the positive impact of ICD therapy 
on survival from sudden cardiac death  

B  Introduction 

This section provides a summary of the patient deaths that have 
occurred worldwide in patients who have been implanted with a 
PCD device with an nonthoracotomy defibrillation lead system  
Patient deaths which occurred prior to June 24  1992 are included 
in calculations of patient survival and death rates for total  
cardiac  and sudden mortality rates  

This section includes the following subsections  

  Definitions Discussion of definitions used to classify each 
of the patient deaths 

  Physician Review Discussion of purpose of physician review 
board created to review all patient deaths 

  Death Analysis Analysis of patient deaths which includes 

patient characteristics  discussion of sudden 
cardiac deaths  perioperative deaths and 
survival data 

Actuarial Survival One year actuarial survival analysis for patients 
who received a PCD Transvene System  

PCD Comparison Discussion of the PCD Transvene System 
experience in comparison to the PCD Epicardial 
System experience 

AICD Comparison Discussion of the PCD Transvene System 
experience in comparison to the AICD 
Epicardial System experience 

Death Summaries For each patient  a detailed summary of the 
circumstances of the patient death is provided  
These are provided in Appendix D  
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The section concludes with a summary and conclusions which can 
be drawn from the patient death clinical experience  

As of June 24  1S92 there have been a total of 22 patient deaths 
reported in this patient population group of 757  Fifteen of the 
deaths occurred in the United States and the remaining seven 
deaths occurred in the International patient group  

The Table XIII B 1 summarizes how these patient deaths have 
been classified  

C aiii5cation 

3 

16 

3 

22 

Table XIII B 1  Summary of PCD Traosvene System Death 
Classifications   6124192 

There have been five perioperative deaths in the total group of 22 

patient deaths with a resultant perioperative mortality of 0 7   

None of the reported patient deaths have been related to the 
implanted PCD Transvene System  

There have been four patient deaths in the patients who did not 
meet the PCD Transvene System implant criteria  Two of these 
deaths have been classified as sudden cardiac however in both 
cases the investigator did not feel the patient death was related 
to the implanted PCD Transvene System  The remaining two 
deaths were classified as non sudden cardiac and were related to 
end stage cardiac failure  

Finally  there have been no patient deaths reported secondary to 
ineffective treatment of a spontaneous VT VF episode  lead 
dislodgement or lead fracture  
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All of the patient deaths have been reviewed by a Clinical Event 

Review Committee  CERC  comprised of PCD Transvene System 

investigators and other physicians  

The primary objective of this committee was to determine whether 

the PCD Transvene System was related to the deaths and  if so  

what changes may be required to prevent such events in the 

future and to review the classification of the deaths as specified 

by the primary investigator  

The data included in the following sections indicates that the PCD 

Transvene System has been safe and effective in reducing the 

Sudden Cardiac Death rate in the indicated patient population 
while maintaining a high efficacy rate in terminating spontaneous 

VTIVF episodes  

C  Definitions 

Each patient death was classified by the primary investigator using 

the following definitions  

Non Cardiac  Deaths that occurred where the primary cause of death 

was not determined to be cardiac in nature  e g  stroke  

cancer  etc  

Cardiac  Deaths that occurred where the primary cause of death 

was determined to be cardiac in nature  

Non Sudden  Deaths that occur greater than one hour after the onset 

of symptoms  

Sudden  Deaths that occur within one hour of the onset of 

symptoms or where the death is unwitnessed  Sudden 

deaths were categorized as being Witnessed or 

Unwitnessed  

Perioperative  Deaths that occur within thirty days of implant  

System Related  A death which results from a malfunction  operation 
not according to design specification  of a PCD System 

component  or as a result of a device induced 

arrhythmia  or an interaction between a PCD System 

component and the patient  

Procedure Related  A death which occurs as a result of a procedure 
required to implant  follow  or test a PCD System  
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This classification scheme was used to categorize patients for use 

in the actuarial analysis of survival  These definitions are identical 
to those in the medical literature discussing the Ventak P 
Epicardial System clinical experience  

D  Physician Review of Deaths 

All deaths and significant complications have been  and will 

continue to be  reviewed by a committee comprised of PCD 
device investigators and other physicians  Two committees have 
been formed  one to review North American deaths and 
complications  and the other for European clinical events  

The members of the North American committee are  

------ -------- ------- Electrophysiologist  University of 
Washington  Seattle 

-------- ---------- ------- Electrophysiologist  University of 
Minnesota  Minneapolis 

--- ------- ----------- ------- Electrophysiologist  Foothills Hospital  
Calgary  Alberta  Canada 

------- -------- ------- Cardiovascular Surgeon  Sacre Coeur 
Hospital  Montreal  Canada 

--------- ----------------- ------- Cardiac Pathologist  University of 
Washington  Seattle 

The members of the European committee are  

---- ------- Electrophysiologist  Heidelberg Germany 

---- ------- Electrophysiologist  Munster Germany 

---- ----- ------ Electrophysiologist  Maastricht  Netherlands 

---- ------ Electrophysiologist  Bonn Germany 

---- -------------- Electrophysiologist  Stockholm  Sweden 

---- ------------ Electrophysiologist  Hamburg Germany 
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These Clinical Event Review Committees  CERCs  have met to 

review the deaths that are reported in the following sections  All 

of the patient deaths have been reviewed by a committee  Clinical 
Event Review Committee  comprised of PCD investigators and 

other physicians  

The primary objective of this committee was to determine whether 

the PCD Transvene System was related to the deaths and  if so  

what changes may be required to prevent such events in the 

future and to review the classification of the deaths as specified 

by the primary investigator  

Significant comments and modification to death classification by 

the CERC is provided  when present  in each of the detailed death 

summaries later in this section  It should be noted that the CERC 

agreed with the investigator s classification in all cases  

E  Circumstances of Patient Death Analysis 

As of June 24  1992 there have been 757 patients who have 

received a PCD Transvene System consisting of a three lead 

system  In this patient group  22 patient deaths have been 

reported  Table XIII E 1 provides a summary of the patient 
characteristics of those patients who have expired  
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All Oeaths 

------ ------- 

Sex 
Male 

Fimsle 

Primary Indication 
SCD 
VT 

SCOIVT 
--- 

-- -- --------- 

calais I 
Clos II 
Clasi H1 
Class lV 

-- 
-- 
-- 
-- 

Mian 
Rsrige 

--- ----- 
--------- 

-- 
--- 
-- 

-- 

O  Episides 
O  Pafierits 

----- 
-- 

----- 
--- 

Table XIIIE 1  PCD Transvene System Patient Death Clinical Characteristics   

6124192 
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In order to evaluate whether the patient death group differed 
clinically from the alive patient population group a comparison was 
made between the two groups  There was a statistical difference 
between the two patients groups in previous history of congestive 
heart failure  NYHA Classification and mean ejection fraction  The 

patient death group had a higher incidence of patient s with a 

previous history of congestive heart failure  p 0 030   more 

patient s with a NYHA Classification of Class III IV  p   0 001  and 
a lower mean ejection fraction  p  0 001   

Patient deaths were further analyzed based on the primary 
indication for implant of the PCD Transvene System  Table XIIIE 2 

provides a further analysis of patient deaths by primary indication 
for PCD Transvene System implant  

SCD 

 N  281  
VT 

 N  377  
SCDIVT 

 N  99  

3 

6 3 

6 10 3 

Honcardiac 2 

12 3 

Table XIIIE 2  PCD Transvene System Death Classification by Primary 
Indication for Implant   6124192 

Those patients whose indication for implant was sudden cardiac 
death accounted for 31 8  of the patient deaths  Those patients 
whose indication for implant was recurrent ventricular tachycardia 
accounted for 54 6  of the patient deaths  And those patients 
whose indication for implant was ventricular tachycardia 
associated with sudden cardiac death accounted for 13 6  of the 
patient deaths  This distribution of indications in the patient 
deaths reflects the distribution of indications in the patients 
receiving the PCD Transvene System  
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There was no difference in patient survival based on what PCD 

Transvene System lead configuration was implanted  i e  

RV SVC SQ  RV CS SQ or RVICS SVC  or the indication for 

implant of the PCD Transvene System  

Analysis was done on the distribution of patient deaths over time  

As a reference  the mean follow up for the entire patient data 

base is 5 6 months with the longest implant duration being 28 6 

months  

Perioperative deaths were defined as deaths which occurred 

within 30 days of implant  Table XIII E 3 provides an analysis of 

patient deaths by follow up interval  

5 9 3 5 

Tsble XIIIE 3  PCD Transvene System Patient Deaths by Follow Up Interval   6124192 

There were five patient deaths in the perioperative period in 

patients who received a PCD Transvene System with a resultant 

perioperative mortality of 0 7   The death classifications for 

these patients deaths was sudden cardiac death in two patients  
non sudden cardiac death in two patients and the remaining 

patient death was classified as noncardiac  This group of patients 
was predominately male and had a mean age of 67 years  The 

mean ejection fraction in this patient group was 20  and four of 

the patients had NYHA Classification of Class IIIIIV  As a group  
these patients did not undergo prolonged implant procedures for 

the implantation of the PCD Transvene System  From this clinical 

data  it appears these patients had moderately depressed left 

ventricular function which would place them at higher risk post 
any type of surgical procedure  

As a final analysis  the non sudden cardiac patient deaths were 

reviewed to determine if any were related to ventricular 

tachyarrhythmia episodes but the patient death occurred greater 
than one hour after onset of symptoms  Of the sixteen  16  non  

sudden cardiac deaths  two were related to VT VF episodes and 

the remaining were related to end stage congestive heart failure  
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F  Actuarial Survival 

The following represents a summary of the actuarial survival 
calculations for the PCD Transvene System  Actuarial survival 
analysis was completed from the perspective of intention to treat 
in those patients who were screened and those who received a 
PCD Transvene System  N   757   

Those patients in whom the PCD Device was OFF at the time of 
death are included in the survival analysis  As a note  in the case 
of two patient deaths  the PCD Device was OFF at the time of 
death  One patient death was classified as non sudden cardiac 
not related to an episode of VTIVF  The second patient death was 
classified as sudden cardiac and the patient had requested that 
the PCD Device be deactivated  The patient death which 
classified as non sudden cardiac also occurred during the 

perioperative period  

Table XIII F 1  F 2 and Figure 1 provide the one year actuarial 
survival for all types of deaths in the patients who were screened 
and who received a PCD Transvene System  Note that the 
actuarial projections do not include perioperative deaths  except 
in the calculation of one year survival from death due to all causes 
 shown in the row labelled Overall   

The positive impact of the PCD Transvene System on patient 
mortality is clearly obvious from this analysis  The sudden cardiac 
death survival rate in this patient group is 99 8   both in the 

patient group that was screened and received a PCD Transvene 
System  This is marked improvement when compared with the 
reported survival of similar patient groups treated with drug 
therapy alone of between 34  and 73  at one year  

The PCD Transvene System Sudden Cardiac Death survival at one 

year is 99 8  which is very similar to that of the PCO Epicardial 
System  98 7 lo and commercially available implantable 
defibrillator  98 6   
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Screened Transvene System 

 N   854  

Sudden Csrdiic 99 8  

97 1  

97 0  

99 4 lo 

Oveisll 94 8  

Table XIII F 1  PCD Transvene System Actuarial Survival  Patients Screened   

6124192 

Received Transvene System 

 N  757  

99 8ok 

96 8  

96 6  

99 4  

6verall 95 3  

Table XIII F 2  PCD Transvene System Actuarial Survival  Patients Received   

6124192 
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PGD TRANSVENE SYSTEM 

SURVIVAL ANALYSIS 
N  757 

--------------- PROBABILITY IN PERCENT 

----- ------ 

------ 

--- 

---------- ------------ ---- ----- ------------ -------------- --- -------- 

-- --- --- --- ----- ----- ----- ----- ----- ----- ----- ----- ----- 

-------- --- -------- 
------------- ---------- 
-------------- ---- ------ 

Figure 43  Patient Survival 
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G  Statistical Analysis For Predictors of Death 

Statistical analysis on factors that may be predictive of death was 

conducted  Specific clinical characteristics of the patients who 

died were compared to those patients who received a PCD 
Transvene System and are still alive  Table XIII G 1 shows the 
factors that were anaIyzed and their respective P Values  There 
was a statistical difference between the two patients groups in 

previous history of congestive heart failure  NYHA Classification 
and mean ejection fraction  This statistical difference was not 

unexpected since patients with more severe underlying 
cardiovascular disease are at risk for increased mortality  This data 

does not indicate that these patients should be contraindicated for 
a PCD Transvene System  

VARlASLE   

Primary indication 

SCD 
VT 
SCDWT 

7  31 8   
12  54 6   
3  13 6   

274  37 3   
365  49 7   ---------- ------- 

96  13 1   ---- ------- 

18  81 8   
13  59 1   
12  S4 6   
7  31 8   

543  73 9   
503  68 4   
238  32 4   

231  31 4   

---------- ------- ------- 

---- ------- 

-------------- ------- 

------- 

12  54 6   

lllllV 10  45 4   

597  83 6   
117  16 4   -------------- ------- 

65 5 yrs 59 2 yrs ------- ------- 

24 5  

 1 0 48   

35 9  
 7 88   

------- ------- 

Table XIII G 1  PCD Transvene System  Analysis on Predictors of Death   6124192 
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H  Comparison to PCD Epicardial System Clinical Experience 

Despite their excellent clinical performance  epicardial defibrillation 

lead system have important limitations  The requirement for direct 

thoracic access contributes significantly to perioperative 
complications  patient discomfort and prolonged hospitalization  
The availability of reliable nonthoracotomy lead systems should 

provide positive clinical impact on these issues while 

negatively impacting patient survival  Therefore  a comparison of 

the one year actuarial survival rates for the PCD Transvene and 

Epicardial System was performed  

Table XIII H 1 provides a summary of the patient deaths reported 
in the two patient populations by classification  The PCD 

Epicardial System data  N   742  includes patients who received 

the system as of May 14  1992  

3 20 

16 41 

All Cardiac 19 61 

3 27 

TOTAL 22 88 

Table XIII H 1  Death Classifications  PCD Transvene System versus PCD Epicardial 

System   6124192 

Table XIII H 2 provides a comparison of actuarial survival rates 
between the PCD Transvene and PCD Epicardial patient 
populations  The actuarial survival projections include 

perioperative deaths only in the calculation of survival from death 
due to all causes  shown in table row labelled Overall   
Perioperative mortality includes those deaths which occur in the 
first thirty days post implant of the PCD System  
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757 742 

99 8  98 7  ------- 

96  S IL 95 7  ------- 

All Csrdiac 96 6  94 4  ------- 

99 44k 97 3  ------- 

Oiiei all  

Stathtically Significant 

95 3  87 2  ------- 

Tsble XIII H 2  Comparison of Actuarial Survival  PCD Transvene System 

versus PCD Epicardial System   6124 92 

Also significant was the increase in overall survival in the patients 
receiving a PCD Transvene System  As previously noted  the 

Overall one year actuarial survival includes death from all causes  

The overall one year survival for patients receiving the PCD 

Transvene System was 95 3   This is significantly improved as 

compared to the overall one ----- actuarial survival for the PCD 

Epicardial System  87 2   --- --------- 

This improvement in overall survival is primarily due to the marked 

improvement in perioperative mortality  the PCD Transvene 

System having a 0 7  perioperative mortality versus the a 

perioperative mortality of 4 7  in the PCD Epicardial System  

This improvement in perioperative mortality is primarily due to the 

elimination of the need for surgical thoracotomy and its associated 

morbidity and mortality  

I  Comparison to AICD Epicardial System Clinical Experience 

The Automatic Implantable Cardioverter Defibrillator  AICD  

produced by Cardiac Pacemakers  Inc   is the only such device 

which has obtained market approval from the U S  FDA to date  

While there are important differences in the function of the AICD 

produced by CPI and the PCD System produced by Medtronic as 

well as the implanted defibrillation lead system  there is a natural 

desire for comparison of the clinical outcome  particularly the 

impact of these devices on death rate  
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Table XIII l 1 provides a comparison of one year actuarial survival 

rates  

The patient population used for this comparison is the one which 

is described in Ventak P Epicardial System Summary of Safety and 

Effectiveness  dated May 2  1991  obtained through the freedom 

of information act  

For purposes of this comparison  only the overall actuarial survival 

rate includes perioperative deaths  All other calculations in both 

PCD and Ventak P group exclude perioperative deaths  

Statistical analysis comparing the perioperative patient deaths is 

not possible since clinical data is not available on the AICD 

perioperative patient deaths  

For the Ventak P Epicardial System  patient deaths were censored 

if the Ventak P System had been either electively deactivated for 

various reasons prior to the patient s death  thus preventing the 

device frere attempting to convert the arrhythmia or if the pulse 

generators were known to be nonfunctional and awaiting 

replacement  For purposes of this comparison  two patient deaths 

was censored in the PCD Transvene System patient population 
because the device was deactivated at the time of patient death  

757 292 

100 Oa  98 6  

95 6  90 8  

Table XIII I 1  Comparison of Actuarial Survival  PCD Transvene System versus AICD 

Epicardial System   6124192 

This comparison indicates that the projected survival from sudden 
cardiac death of patients receiving a PCD Transvene System is 
improved to that reported for the Ventak P Epicardial System  
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Thus the incorporation of programmable VTIVF detection and 

therapy algorithms has improved the type of therapy available for 

the treatment of recurrent VT VF while maintaining the positive 
impact of ICD therapy on survival from sudden cardiac death  

in addition  this comparison indicates that the projected survival 

from all causes of death  Overall  in patients receiving a PCD 

Transvene System is markedly improved as compared to the 

Overall one year survival reported for the AICD Epicardial System  

This improvement is directly related to the decrease in the 

perioperative mortality in patients receiving a PCD Transvene 

System due to elimination of the requirement for a thoracotomy  

J  Summary 

l  The projected one year survival for Sudden Cardiac Death  

Non Sudden Cardiac Death  All Cardiac Death and Overall 

were found to be 99 8   96 8   96 6   and 95 3  

respectively  

2  The perioperative mortality rate of 0 7  for the PCD 

Transvene System is significantly lower than that reported 

for implantable cardioverter defibrillator implants with an 

epicardial patch lead system  

K  Conclusion 

The incorporation of a nonthoracotomy lead system  such as the 

PCD Transvene System  has decreased the potential perioperative 
and long term mortality and morbidity associated with current 

epicardial system implantation approaches  

The positive impact of the PCD Transvene System on patient 
mortality has been demonstrated by the analysis provided in this 

section  The sudden cardiac death survival rate for both patients 
who were screened for and received a PCD Transvene System is 

99  8   
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This is marked improvement when compared with the reported 

survival of similar patient groups treated with drug therapy alone 

of between 34  and 73  at one year  The PCD Transvene 

System Sudden Cardiac Death survival at one year of 99 8  

which is very comparable to that of the PCD Epicardial System  

98 7 k and commercially available implantable defibrillator  

98 6   

Also significant was the increase in overall survival in the patients 

receiving a PCD Transvene System  The overall one year survival 

for patients receiving the PCD ------------- System was 95 3   

This is significantly improved ----------- as compared to the 

overall one year actuarial survival for the PCD Epicardial System 

 87 2   and the Ventak P Epicardial System  90 8    

This improvement in overall survival is primarily due to the marked 

improvement in perioperative mortality  the PCD Transvene 

System having a 0 7  perioperative mortality versus the a 

perioperative mortality of 4 7  in the PCD Epicardial System and 

2 7  in the Ventak P Epicardial System  This improvement in 

perioperative mortality is primarily due to the elimination of the 

need for surgical thoracotomy and its associated morbidity and 

mortality  

This improvement in both sudden cardiac death and overall one 

year survival indicates that the PCD Transvene System has 

performed safely and effectively in the indicated patient 

population  

278 

(b)(4)



MEDTRONIC CONFIDENTIAL 

CLlNICAL EXPERlENCE REPORT 

C       
   i    

f    



TABI E F CONTENTS 

g  oo i    wc v  

I  Clinical Experience Report    

PAGE 

1 

A  System and Study Description 1 

1  Implanted Devices  Leads and Pulse Generator     
2  Study Design and Objectives   
3  Data Pooling  InternationallU S  Demographics   

3 
8 

B  Overview of Clinical Experience 10 

1  Implant Information 
2  Spontaneous VT VF Experience    

13 

17 

a  VT Experience 
b  VF Experience 

19 
20 

3  Complications and Observations 
4  Summary of Patient Deaths     

22 
29 

C  Specific Patient Populations                       32 

1  Clinical Experience by Primary Indication    
2  Patients Not Meeting Implant Criteria 

32 
35 

a  Overview    
b  Reasons for Not Meeting Implant Criteria     

35 
37 

1  Success at   24 Joules   
2  Difficult or Unable to Induce VF      
3  Patient Condition   

40 
41 
42 

c  Complications and Observations           43 
d  Comparison of Patients not Meeting Implant Criteria 

vs  Patients that Meet Implant Criteria       48 



PA E 

D  System Comparison                             53 

1  Comparison to AICD  Ventak P                 

a  Patient Characteristics   
b  Clinical Characteristics    
c  Survival Analysis 

2  Comparison to PCD Epicardial Study 

a  

b  
C  

d  
e  

Patient Characteristics                  
Implant Data 
Spontaneous VTIVF Efficacy 
Complications and Observations            
Survival Analysis 

3  Patients Followed for   One Year 

54 

55 
56 
61 

64 

65 
67 
71 
73 
74 

77 

a  

b  
C  

Patient Characteristics   
Spontaneous VTIVF Efficacy 
Complications and Observations            

78 
79 

d  Survival Analysis             83 

4  Non Standard Lead Configurations     84 

a  

b  
C  

Patient Characteristics                  
Spontaneous VTIVF Efficacy 
Complications and Observations            

85 
86 
87 

d  Survival Analysis             89 

E  System Performance                              90 

1  Explants  Leads and PCD Devices 90 

F  Clinical Conclusions                             99 



PA E 

II  Complications and Observations 

A  Therapy Related                               

1  
2  
3  
4  

Increased Defibrillation Requirements 
Inappropriate VT Therapy 
Inappropriate VF Therapy 
Loss of Capture   

B  Sensing Related 

102 

102 

102 

104 
105 

110 

111 

1  0versensing 111 
2  Undersensing                                         114 

C  Pocket Related                                                                                114 

Skin Erosion 

2  
3  
4  

Pocket Infection 
Seroma 
Hematoma 

                                    114 
                                  115 

118 
119 

D  Lead Related                        120 

Pneumothorax    
2  
3  
4  
5  
6  

Perforation 
Subclavian Vein Thrombosis 
Lead Fracture 
Subcutaneous Patch Crinkling 
Lead Dislodgement      

120 

120 

121 
122 

123 

124 

E  Other Complications                                            133 

1  Pacemaker Syndrome                      
2  Early Device Explant                       

133 

133 

III  Death Summaries                                               134 

A  Perioperative 134 
B  
C  
D  
E  

Sudden Cardiac 
Non Sudden Cardiac 
Non Cardiac   
Other Deaths  Epi Implants and 
Non Standard Lead Configurations 

148 

163 
234 



PA E 

IV  Summary of Additional Implants 

A  Overview   

287 

                       287 
B  Complications Observations                      289 
C  Deaths                        293 

V  Explants    296 

A  Leads 
B  PCD Devices 

                                 296 
                                300 

Vl  Non Clinical Testing                                                                VI 1 

A  Bench Testing                               V1 1 
                       VI 73 B  Animal Testing                                 



APPENDI E 

Appendix A Investigational Plan 

Appendix 8 Clinical Data Forms 

Appendix C Clinical Literature 

Appendix D VT VF Episode Data by Follow up Interval 

Appendix E Statistical Analysis 

Appendix F Return Product Analysis Procedures 

Appendix G Labeling  Technical Manuals   
Models 6963  6966  6999 
Model 7217B PCD Device 

Appendix H Education Outline  Transvene PCD Implant 



pl  





MEDTRONIC CONFIDENTIAL 

I  Clinical Experience Report 

A  System and Study Description 

The efficacy and safety of implantable cardioverter defibrillator 

 ICD  therapy for recurrent ventricular tachycardia  VT  and 

ventricular fibrillation  VF  has been well established  The current 

market released device provides defibrillation therapy for VF or 

hemodynamically unstable VT  however  this type of therapy may 

not be optimal for patients with stable  well tolerated VT that is 

amenable to antitachycardia pacing  It is necessary to perform a 

significantly more invasive procedure  a thoracotomy  in order to 

implant the epicardial leads  Thus  the need to incorporate 

programmability  multiple detection and therapeutic options  and 

a less invasive lead system has lead to the development of a 

tiered therapy device  the PCD  Transvene  System  

This report represents a full report of Medtronic s clinical 

experience with the Medtronic PCD Model 7217B 

Multiprogrammable Tachyarrhythmia Control System with 

Transvene Cardioversion and Defibrillation Electrodes  Reference 

IDE G870102   The data included in this analysis is all data that 

was received by Medtronic and entered onto the clinical database 

as of February 1  1993  

The PCD Model 7217B Multiprogrammabie Tachyarrhythmia 

Control System described in this submission is identical to the 

system which was recommended for approval by the FDA 

advisory panel on February 3  1992  with the addition of 

Transvene leads and approved by the FDA F60fUBT y i    1993   

This summary provides an overview of the clinical experience 

which verifies that the PCD Transvene System is safe and 

effective in the indicated patient population  

1  Impl8llf8d DBVICBS  t 88dS  8Ad  PU 86  68tiSfai f 

The Pacer Cardioverter Defibrillator  PCD  device is an 

ImplBlltBDIB  mUIYlpf Ogf8fWAGD8  BU tGfFratiC i BC   pBf    f  Pi8 

control device  The PCD Device is used in conjunction with 

appropriate lead systems for the treatment of patients with 

ventricular tachycardia  VT  and or ventricular fibrillation 

 VF   The PCD Device also provides backup pacing in the 

VVI mode and noninvasive electrophysiologic  EP  study 

capabilities  
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The PCD Device is programmed with the market released 
Medtronic programmer and a Model 9788 or equivalent 
MemoryMod Cartridge  The PCD Device incorporates a 
two way telemetry system which receives operational 
instructions trom the programmer and transmits status  
electrogram and event information bacK to the programmer 
for display and or printout  

The External Tachyarrhythmia Control Device  ETCD  is an 
external  multiprogrammable  tachyarrhythmia control 
device  Its operation is similar to the PCD Device except 
that cardioversion and defibrillation therapies are delivered 
manually  In addition  it displays measurements of 
cardioversion and defibrillation therapy parameters  The 
ETCD is used for making defibrillation threshold 
measurements during the PCD Device implantation 
procedure  

Components 

The Medtronic PCD Transvene System  which is 
represented in Figures 1A and 1B  for which market release 
approval is being requested  consists of the following 
components  

Im lanted Device and Related Pro rammin S stem 
Pacer Cardioverter Defibrillator  PCD  Device 
Model 7217B 

Pro rammer 
MQd8t 8710 pTOgf8fAA18f 8Ad i48t8Ct 8CC888MI88  CUff8fTOY AT8fk8t 

released   plus 
Model 9788 MemoryMod Software Cartridge 

Lead S stem 
Electrode Leads  
Model 6966 
Model 6963 
Model 6999 
Market Released Medtronic Epicardial Leads 

Im lant Measurements S stem 
Model 5355 ETCD External Tachyarrhythmia Control Device 
Model 5418 Patient Cable 
Model 5414 Test Load 
Model 5417 EGM Cable 
Model 5419 Jumper Cable 
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physical characteristics of the Model 7217B 
summarized in Table lA1 1  

PCD Model ZR17B 

Fiiitu re 

Volume ----- ----- 

----- -------- 

------ ------------ ------ 

E ower Source ---------- -------------- 
-------- ------ 

---------- ------- 
------------- -------- 

Sensin j Configuration ----------- --------- 

------------ --------- 

Table lA1 1  Features  Model 7217B   211193 

The Model 7217B PCD Device uses the pace sense leads 
for sensing  thus providing standard bipolar sensing  
Pacing is delivered in the integrated bipolar configuration  

2  Study Design and Objectives 

The clinical study was designed to evaluate the operation  
safety and effectiveness of the PCD System components in 
detecting and treating episodes of ventricular tachycardia 
and ventricular fibrillation  

The analysis focuses on data supporting the safety and 
effectiveness of the PCD system  including the implantable 

pulse generator and associated transvenous lead system 
and its therapy in this patient population  The analysis 
includes the clinical experience with the PCD system  
pace sense  detection and therapy functions in both the 
acute and chronic implant settings  In addition  data is 

provided on clinical observations  clinical complications and 
deaths in this patient population  

(b)(4)
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The objectives of the cIinical study were  

to evaluate the sensitivity and specificity of the PCD Device 
with Transvene lead systems to detect episodes of VT and VF  
and to evaluate the ability of the system to appropriately 
discriminate between VTIVF and other potentially nonmalignant 
rhythms  

to monitor the efficacy of the PCD Device with Transvene lead 
systems in treating VT and VF episodes  VTIVF therapy 
efficacy is determined as the ratio of successful termination of 
episodes detected to the total number of episodes detected in 
which one or more therapies were delivered  Successful 
Termination Number of Detected Episodes with Therapy 
Delivered   Investigators were free to choose from any of the 
available leads and VTIVF therapies that the efficacy was first 
evaluated acutely  

to evaluate the performance of the Model 6966  6963 and 
6999 Transvene leads  

to monitor the patient selection criteria and patient 
management methods required by the PCD Device and 
Transvene leads  

Clinical data was collected at the following study 
points to support the safety and efficacy of the PCD 
System  

-------------- --------- -------------- 
------ --------- --------- -- ---------- 
--------------- ------- ------------ --------- -- ---------- 
--------------- ------------ --------- 
------------- ------------- -- ----- -- --------- ----- --------- ----- -- 
-- -------- ----------- 

Specific data was collected at each of these points 
to meet the objectives of the clinical study  This 
included  

-------- ---- --------- -------------- - ------------ -------------- -------- 
----- ------------- --- -------- ----- ---- --------- -------- ----------- 
--------- ------ ------ ------ -------- ----------- -- ------ --- 
---------------------- -------------- ---------------- --- ---------- ---------- 
----- -------------- --- ---- ---------- ------ ------ ------- -------------- 
---------- ---------------- --- ------ ------------------ -------- ------------- 
--- ---- -------- --------- --------- ------------------ ----- ---------- 
-------- ------ ----- ------------- 

(b)(4)

(b)(4)

(b)(4)
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Lead S stem Testin   implant evaluation was performed to 
verify that one of the specified lead systems was capable of 

properly detecting and treating episodes of ventricular 
fibrillation and  when appropriate  ventricular tachycardia  The 
Market Released Model 5355 ETCD or the 2394 External 
Cardioverter Defibrillator  ECVD  was used for testing  

------ -------- ----------- -------- ----- --------- ------------- -------- 
------ ---------- ------------- --- ---- --------------- ------------- ----- 
---------------- ---------- -------------- The PCD Device implant 
criteria were  

1  ------------- ---- -------------- -- ------ -- ------- --- -- 
---------- ------ --- -------- -------- --- --- -------- --- ----- 
----- 

2  -- ---- ---- ------------ --------- ----------- 

Im lanted Pulse Generator Testin   this implant evaluation was 

performed to demonstrate proper detection and termination of 
ventricular fibrillation by th-- ---------- d PCD System with VF 
Therapy f1 programmed to --- -------- in addition to pacing and 
sensing thresholds  

Pre hos ital Dischar e Testin   testing performed at the pre  
hospital discharge included proper detection and termination of 
induced ventricular tachycardia  Final sensing and therapy 

parameters are programmed at the PHD  

Follow u Evaluation   regular testing was performed to 
evaluate the chronic stability of detection and therapy 
------------- --- ---- ------ ---------- ------ -------- ----------- --- 
-------------- --- ---- --------- ---------- --- ---- -------- ---------- --- 
------------- -- -------- ----- ---------- ----- --------------- ----- 
-------------- --- ---- ---- ------------ ----- --------- --- --------------- 
--------- ----------- -------- --- ---- ------ --------- ------ ------------- 
----------------- ------ ----- -------- ----------- ----- ------ ----- 
------------- 

Patients were evaluated prior to hospital discharge and or 
one  1  month post implant  three months post implant and 
then at intervals of every three months  In some cases 
additional testing was performed at physician discretion to 
evaluate spontaneous events and or potential clinical 
complications  

Medtronic collected all clinical data on the PCD System and 
its components under the clinical protocol outlined in the 
Investigational Plan  A common protocol was used on all 
study patients on a worldwide basis  

(b)(4)
(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)



MEDTRONIC CONFIDENTIAL 

Clinical data presented in this summary includes experience 
with the Model 7216A and 7217B PCD Devices with the 
Model 6966  6884  6963  6881  6999  and 6895 
Transvene Leads  the only difference between the Models 
6884 688116895 and Models 69661696316999 are the 
size of the connector pins   This report presents the clinical 
evaluation of the safety and efficacy of the PCD Device 
with Transvene Leads implanted in 757 patients of which 
657 have implant durations equal to or greater than six 
months  

International centers were subject to the appropriate 
requirements  e g   the Declaration of Helsinki  in order that 
the data met the statutory requirements of the FDA  All 
clinical data  U S  and International  obtained with the PCD 
System with Transvene Leads is included in this report  

Patient data from U S  and International patients  Model 
7216A and 7217B  and the three implanted lead 
configurations  RV CSISQ  RV SVCISQ  and RVICSISVC  
analyzed in this report were compared with the appropriate 
statistical tests to justify data pooling  Data analyzed 
included  age  sex  ejection fraction  primary indication  
NYHA classification  and underlying heart disease  No 
clinically significant differences were found among the 
patient groups  

Indicated Patient Population 

The PCD System is intended to treat patients at risk of 
sudden cardiac death due to ventricular tachyarrhythmias 
which have been shown to be reliably terminated  and in 
the case of VF  terminated at an energy level below the 
maximum output of the PCD Device  

Results provided in this application will support Medtronic s 
request for market release of the PCD Transvene System 
for use in the following patient population  

Patients who have survived at least one episode of cardiac 
arrest due to a ventricular arrhythmia not caused by an acute 
myocardial infarction  or 

Patients with recurrent  sustained ventricular tachycardia that 
remain inducible via programmed electrical stimuli or exercise  
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or occur spontaneously  despite the most efficacious 
antiarrhythmic drug therapy that can be tolerated by the patient 
chronically  

These are the same indications that were approved for the PCD 
Epicardial System  

For this patient population the primary benefits from the 
use of the PCD System center on the detection and 
termination of life threatening ventricular arrhythmias  The 
use of pacing therapies for the treatment of ventricular 
tachycardia reduces patient trauma associated with higher 
energy cardioversion pulses and extends the longevity of 
the PCD pulse generator  

The PCD System allows the titration of therapies for 

patients with ventricular tachycardia while providing the 
critical defibrillation backup  Defibrillation backup is 
important in the event that an episode of VT accelerates to 
VF whether spontaneously or as a result of a delivered 
therapy  The capacity to provide programmable 
extrastimuli pacing allows noninvasive electrophysiologic 
studies to be performed  The potential benefits from 

permanent cardiac pacing provide support for chronic and 
transient episodes of bradycardia  Finally  the benefits of 

programmability of tachyarrhythmia detection and therapy 
parameters  VVI parameters and stored telemetry data on 
the delivery of therapy may avert the need for reoperation 
in the event of changing patient conditions or 
complications  

Study Controls 

The clinical experience obtained in the PCD Epicardial 
System clinical study provides a concurrent control for 
comparing the clinical performance of the PCD Transvene 
System  Using the PCD Epicardial System clinical data as 
a control is appropriate because the patients were being 
enrolled in the two studies concurrently by the same 
investigators  and the patient indications  implant criteria  
and clinical data requirements were identical for the two 

patient groups  

The Ventak P Epicardial System is used as a historical 
control  since it was the most similar implantable 

l 
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defibrillation system that was market released and had 

published performance data  

The PCD investigators believe that there is a class of 

patients who cannot tolerate the thoracotomy required for 
the utilization of the epicardial patch lead defibrillation lead 
system and who are at high risk of sudden cardiac death  
For these patients  the PCD Transvene System is the only 
therapy available  Therefore  randomization between the 
Epicardial and the Transvene lead systems would not be 
feasible or clinically or ethically appropriate in these patient 
groups  There was no market released transvenous system 
available which would make a randomized study design 

possible  

3  Justification for Data Pooling 

This section will describe the results of the analysis to 
demonstrate that the data from the U S  and International 
investigative centers and the two device model numbers 
may be pooled  This section will also compare the three 
lead systems which will be presented throughout the 
report  

a  Comparison of U S  and International Patients 

Statistical comparisons were made between the two 

populations age  sex  ejection fraction  primary 
indication  NYHA  and previous cardiovascular 
history  Table E1 in Appendix E summarizes the 
results of statistical analysis  

All study investigators used the same  

a  

b  
C  

patient selection criteria  
investigational protocol procedures  and 
indications for implant of PCD  Transvene  
System  

Of the variables analyzed patient age  ejection 
fraction  primary indication  NYHA classification  
coronary artery disease and cardiomyopathy showed 
a statistically significant difference between the U S  
and the International patient populations at a 0 05 

ib 
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significance level  The difference in NYHA 
classification becomes insignificant when adjusting 
for multiple inference using the Hochberg procedure 
 Dunnett and Tamhane   A Step Up Multiple Test 
Procedure   Journal of the American Statistical 
Association  March 1992  87 162 170   See 
Appendix E for multiple inference adjustments  
Coronary artery disease  ejection fraction  
cardiomyopathy  primary indication and age remain 
statistically significant after adjusting for multiple 
inference  The U S  patient population has a higher 

percentage of patients with coronary artery disease 
and cardiomyopathy  lower mean ejection fraction  
more patients with VT as their primary indication and 
a higher mean age  The difference in age may 
explain the differences in underlying disease and 
cardiac ejection fraction  These factors that are 
statistically significant but are not considered to be 
clinically significant enough to require stratification 
of the U S  and International patient populations  
The differences may have to do with regional 
attitudes toward access to health care for the aged  

b  Comparison of Model 7216A and Model 7217B 

Table E2 in Appendix E summarizes the results of 
statistical analysis comparing the Model 7216A to 
Model 7217B  No parameters were found to be 
statistically significant between the two PCO models 
at a 0 05 significance level  

c  Lead Configurations 

Table E3 in Appendix E shows comparisons of 

patient variables for the three lead systems  This 
was done to document that there were no significant 
differences in patient characteristics between the 
implanted lead configurations  

Of the variables analyzed in Table E3 sex and 
cardiomyopathy showed a statistically significant 
difference between the three lead configurations at 
a 0 05 significance level  The difference in sex and 

percentage of patients with cardiomyopathy 
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becomes insignificant when adjusting for multiple 
inference using the Hochberg procedure  Dunnett 
and Tamhane   A Step Up Multiple Test Procedure   
Journal of the American Statistical Association  
March 1992  87 162 170   See Appendix E for 
multiple inference adjustments  

d  Statistical Analysis Conclusions 

The statistical comparisons between the U S  and 
International populations indicated no clinically 
significant differences therefore the data may be 
pooled  Analysis of the patients receiving the two 
PCD models indicates no statistically significant 
differences therefore the data from the two devices 
may be pooled  

The results from the comparison of lead systems 
indicated no statistically significant differences in 
patient demographics  primary indication  or heart 
disease  Data PoolinglU S  Demographics 

B  Overview of Clinical Experience 

This report covers a total of 762 implants of the PCD Device with 
thy Trggpdanp Dpfl4  Ngtiigp I  gal Syg cgpr ipi 757 pgi igpit3 gf IQ 

received a 3 lead system  There was a total of 97 patients that 
were screened for Transvene system that did not meet the implant 
criteria and received a Medtronic Epicardial system and a total of 
43 patients that received a non standard lead system  These 
patients are described in Section C2  Patients not Meeting Implant 
Criteria and Section D4  Non standard Lead Configurations  
ra cpgr t iignly 

A total of 78 investigative centers participated in the clinical trial 
with 35 centers in the U S  and 43 Internationally  The first 
implant occurred internationally on October 20  1989  and the 
fige   i pJppt i  thy I I g nggugraA np QgtraQ  1 g 1GGQ Typal 1   

1 shows the distribution of Model 7216A and Model 7217B 
patients between U S  and InternationaI investigators  
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U S  1nt0 

 218A 18  2 4   3  0 7   15  4 8oA   

744  97 6   444  99 3   300  95 2   

Table IB 1  PCD Transvene System   Implant Distributions   211193 

The mean documented implant duration for this patient population 
is 11 7 months and ranged from implant to 37 4 months  The 

cumulative implant duration is 8894 8 months  There are 657 

patients with implant durations equal to or greater than 6 months 

and 393 patients with implant durations equal to or greater than 

1 year  

The patient population enrolled in the clinical trial was 

predominately male  80 6   with a mean age of 59 4 years  In 

half of the patients  49 8    the primary indication for implant 

was recurrent  sustained ventricular tachycardia without an 

episode of sudden cardiac death  Sudden Cardiac Death was the 

primary indication for 37 1  of the patients and SCD in 

combination with recurrent  sustained VT was the primary 
indication in 13 1   Coronary artery disease was the primary 
heart disease in 74 1  of the patient population with a mean 

reported ejection fraction of 35 6  Table IB 2 provides a data 

summary on these patients  Also included is the data summary 

of the patients with 6 months and 12 months of follow up  

p 
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All Patients 

 3 Electrode 
Systems  

 lumber of patients 757 

8894 8 

11 7 mO 

37 4 mo 

610 80 6  
147 19 4  

59 4 yrs 

Primary Indicitiio  
SCD 
VT 

SCOlVT 

281 37 1  
377 49 8  

99 13 1  

561 74 1 o 

688 35 6  

574 75 3  
178 23 4  

10 1 3  

16 0J  N  702  

Mean  DFT 14 8J  N  316  

316 
10027 
98 4  

Patients with 6 

months of 
Follow up 

Patients with 

12 months of 

Follow up 

393 

8602 6 6454 6 

13 0 mo 16 3 mo 

37 4 me 37 4 mo 

310 78 9  

83 21 1  

59 1 yrs 58 8 yrs 

249 37 9ok 
326 49 6  

82 12 5  

150 38 2  
191 48 6  

52 13 2  

483 73 5  272 69 2  

595 36 6  357 38 010 

496 74 94k 
156 23 6  

10 1 5  

296 74 9ok 
93 23 6  

6 1 5  

16 0J  N  609  15 6J  N  365  

14 8J  N  277  14 3J  N  184  

288 
8820 

98 3ok 

186 
6338 

99 0  

292 
1982 
98 4  

1742 
98 3  

176 

1105 
98 6  

99 5  99 7  100 0OA  

Table IB 2  PCD System Data Summary   All Transvene Patients versus 

Transvene Patients with 6 mo Follow up   211 93 

8 
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1  Implant Information 

Implants of the PCD Device may use two or three 

Transvene leads  The physician has the flexibility to use 

whichever lead system best meets the patient s needs  

The venous entry site used for placement of the Transvene 

leads is determined by the implanting physician  Table IB1  

1 shows that the Left Subclavian vein is the most popular 
venous entry site regardless of type of lead or intended lead 

location  The total number of RV lead entry sites is greater 
than the total number of patients included in this report 

because of patients with multiple lead evaluation sessions 

 e g  patients that received a second PCD Transvene 

system if the initial system was removed due to infection   

PCD Transvene System 

All 

Transvene Leids 

483 583 1066 

40 47 87 

213 180 

8 

9 

11 9 

5 4 

767 839 

Table IB1 1  Venous Entry Site   211193 

393 

15 

16 

20 

9 

2097 

The location of the subcutaneous patch is presented in 

Table IB1 2  Location is defined by both anatomical line 
and intercostal space  The study protocol does not restrict 
investigators in subcutaneous patch placement  
Investigators are free to place it in the most appropriate 
location for each individual patient  

8 



DEDTRODtK CGNFK EbtT tAt 

The most common subcutaneous patch location laterally is 

the mid axillary line  55 7    the next most common 

location is the anterior axillary line  34 3    The majority 

of subcutaneous patches are placed between the third and 

sixth intercostal  53 4    

The majority of the investigators  92 8   placed the patch 
electrode subcutaneously  Fifty two  52  or 7 2  if 

investigators placed the patch electrode in a submuscular 

location  

    n iccatil 

Space ci  i iar wxiiisiy 

Mid      

axiiii  
1 inc   

Axiliary 

4rie 

1 2 --- -- -- -- -- --- ----- 

3  --- ----- ----- -- ----- ------ 

7 11 --- --- -- -- --- ----- 

Not 
   Speafied    

--- ----- ----- -- --- ----- ------ 

--- -- --- ---- --- --- ----- --- --- -- -- --- --- -- --- ----- -------- 

Table IB1 2  Location of the Subcutaneous Patch Electrode   211193 

Table IB1 3 illustrates the lowest energy of defibrillation 

 LED  and defibrillation threshold  DFT  for the implanted 

lead systems  The implant criteria for the PCD Device was 

3 of 4 episodes of VF successfully terminated at 18 Joules 
or less with a given lead configuration  Some patients did 
not have a LED at implant  The LED is only identified if the 
investigator reported the induced rhythm as VF  

Conversion of VT or V Flutter  as defined by the physician  
to sinus rhythm was not included in the determination of 

the LED  In addition  it is not a protocol requirement to 

obtain a DFT at implant  However  recommendations have 

been provided to those institutions that prefer to obtain 
DFT s during the implant procedure  

(b)(4)
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Total  yetema 702 16 0J 316 14 8J 

455 16 7J 187 15 8J 

AV CS 8Q 210 14 6J 110 1 2 8J 

37 15 2J 19 1 6 0J 

Table IB1 3  PCD Transvene System   LED and DFT Values   211193 

The mean implant Lowest Energy of Defibrillation  LED  for 

all lead systems was 16 0J and mean implant Defibrillation 
threshold  DFT  for all lead systems was 14 8J  As the 
mean DFT s and LED s indicate  VF was reliably terminated 
at an energy value below the maximum output  34 Joules  

of the PCD Device  

There was a statistically significant difference between the 
mean DFT obtained with the RV CS SQ lead configuration 
and the mean DFT obtained with the other lead 
configurations  Since there were no differences in the 

patient populations implanted with any of the 3 lead 
configurations  this may be a configuration that results in 
lower DFTs than the other configurations  In theory  this 
may be due to better defibrillation current distribution 
throughout the myocardium  There is no intent to show 
that a lower DFT results in a better patient outcome  The 

premise of the PCD Epicardial and Transvene studies was 
to demonstrate that if a patient was evaluated at implant 
and shown to meet the implant criteria  that they would be 
reliably defibriUated over time  and therefore  have a nign 

probability of survival from SCD regardless of which lead 
system or defibrillation pathway was chosen or the 
absolute value of the DFT  

Follow up Data   Quantity 

The combined experience from the Model 7216A and the 
Model 7217B with Transvene lead systems discussed in 

this analysis is 762 implants in 757 patients followed for a 
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mean of 11 7 months  Maximum follow up is 37 4 months 

with 8894 8 total device months of experience  
hundred fifty seven  657  patients have been followed for 

at least 6 months and 393 patients have a minimum of one 

year of follow up  

Table IB1 4 shows the follow up time in months for the 

PCD Transvene System patient population  

PCO Transvene System 

Mean  Fellowwp 11 7 Months 

Std  Dev  6 5 Months 

Maximum 37 4 Months 

 Wlinimum 0 Months 

Table IB1 4  Follow up Time   Months  n  757    211193 

Compliance 

Follow ups designated as the corresponding scheduled visit 
and performed between 21 and 59 days post implant are 
considered to be 1 month follow ups  those between 60 
and 135 days are considered to be 3 month follow ups  and 
those between 136 and 225 days are considered to be 6  
month follow ups  and those between 227 and 317 days 
are considered to be 9 month follow ups  and those 
between 318 and 408 days are considered to be 12 month 
follow ups  Follow ups not designated as a scheduled visit 
or outside these intervals are counted as interim visits and 
do not contribute to compliance  

No devices were known to have been implanted by non  
investigators  by investigators without IRB approval or 
equivalent  without patient Informed Consent  or without 
submission of Implant Data Forms to Medtronic  
Implantation of the PCD Epicardial system outside the U S  
was performed in accordance with the  Declaration of 
Helsinki  or within the laws or regulations of the respective 
country  whichever accorded greater protection to the 

patient  Requirements for testing identified in the 
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Investigational Plan for test procedures were all fulfilled 

during the investigation  Table IB1 5 contains the follow up 

compliance report  

FoQew up In  ce  time    ----- ----- ----- ----- ----- ----- ----- ----- --- 

before F U  date 

----- ----- ----- ----- ----- ----- ----- ----- ----- 

COMPL IANCE 

  COMP UANCE 

Table IB1 5  Follow up Compliance Report   PCD Transvene 
System Worldwide Experience   2 1 93 

2  Spontaneous VT and VF Episode Experience 

Of the 757 patients who received a PCD Transvene 
System  597 patients  78 9    597 757  have either 
experienced a spontaneous VT VF episode or had VT VF 
induced during a post implant electrophysiology study  A 

total of 458 patients  60 5   have experienced a 
spontaneous episode of either VT and or VF that has been 
detected and treated by the PCD Device  A total of 141 

 18 6   experienced VT only  142 patients  18 8   
experienced VF only and 175 patients  23 1   experienced 
both an episode of VT and VF  

3   

(b)(4)



MEDTRONIC CONFIDENTIAL 

There have been a total of 12 009 episodes of spontaneous 

VT or VF as detected by the PCD  The overall PCD Device 

success rate in terminating spontaneous VTIVF episodes as 

detected by the PCD is presented in Table IB2 1  

For those episodes where all four programmed VT VF 

therapies failed to terminate the episode  the clinical follow  

up data form was reviewed for investigator s comments on 

the episode  The investigator reviewed the patient s 
symptoms at the time of the episode as well as the stored 

episode information provided by the PCD Device and 

indicates on the clinical dataform whether the ineffective 

therapy was due to a nonventricular tachyarrhythmia such 

as sinus tachycardia or atrial fibrillation  If there is no such 

indication on the clinical dataform  it is assumed that the 

ineffective therapy was for a spontaneous VT or VF 

episode  It should be noted that for all current ICD 

Systems  the delivery of inappropriate therapy for atrial 

fibrillation or sinus tachycardia is a known risk of the 

therapy  

11 7 months 11 7 months 

10 027 1982 

316 317 

9  86411 0 027 
98 4 k 

1 95111 982 
98 4  

68110 027 
0 7  

511982 
0 3  

95110 027 
0 9  

26 1982 
1 3  

Table IB2 1  PCD Transvene System  Success Rate for Termination of Spontaneous 

VTIVF Episodes  n   757    211193 

87 
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a  Spontaneous VT 

For the purposes of this clinical trial  spontaneous VT 

was defined as those episodes that satisfied the 

programmed VT detection criteria  Specifically  all 

programmed VT detection criteria must be fulfilled to 

detect a VT episode  Successful termination of the 

episode was defined as satisfying the VT episode 

termination criteria  

To date  10 027 spontaneous episodes of VT have 

been detected by the PCD Device in 316 patients  
The mean number of episodes per patient with VT 

was 31 7  316 10 027  and ranged from 1 531 

episodes  

Most spontaneous VT episodes  90 7   were 

successfully treated with VT Therapy  1 and 98 4  
were successfully treated with one of the four 

programmable VT therapies  

Of the 9864 successfully terminated spontaneous 
VT episodes  91 4  were treated with one of the 

programmed antitachycardia pacing therapies 
incorporated in the PCD Transvene System  The 

clinical benefit of tiered therapy is the reduction of 
delivery of high energy shocks for the treatment of 
stable recurrent ventricular tachycardia  This greatly 
enhances the patient acceptance of ICD therapy 
since antitachycardia pacing is usually not perceived 
by the patient  

Sixty patients experienced 163  1 6   episodes in 
which the PCD Device was ineffective in terminating 
a spontaneous episode of VT despite delivery of all 
four programmed VT therapies  Thirty nine patients 
experienced 95 ineffective episodes that were due to 
sinus tachycardia or atrial fibrillation flutter  SVT  
with a rapid ventricular response that had been 
detected as VT  These episodes were resolved with 
either modification of programmed parameters or of 
antiarrhythmic drug therapy  It should be noted that 
the PCD Device responded appropriately based on 
the programmed detection parameters  

w 
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The remaining 68 episodes occurred in 21 patients 
in which the programmed VT therapies were 

ineffective in terminating a spontaneous VT episode  

No patient deaths occurred as a result of ineffective 

VT therapy  Reprogramming and pharmacologic 
intervention resolved these events  

b  Spontaneous VF 

For purposes of this clinical trial  VF is defined as 

those episodes that satisfy the programmed VF 

detection criteria  Specifically  all programmed VF 

detection criteria must be fulfilled to detect a VF 

episode  Successful termination of the episode is 

defined as satisfying the VF detection criterion for 
episode termination  

To date  1982 spontaneous episodes of VF have 

been detected by the PCD Device in 317 patients  
The mean number of episodes per patient was 6 3 

and ranged from 1   77 episodes  A review of the 
chart by the investigator for this patient that 
experienced the 77 episodes of VF revealed that 75 
were most likely due to atrial fibrillation  VF 
detection parameters were modified in this patient  

Most  89 1   spontaneous VF episodes were 
successfully treated with VF Therapy  1 and 98 4  
were successfully treated with one of the four 

programmable VF therapies  

Sixteen patients experienced 31 episodes  1 3   in 

which the PCD Device was ineffective in terminating 
a spontaneous episode of VF despite delivery of all 
four programmed VF therapies  Nine patients had 22 
reported ineffective VF spontaneous episodes that 
were due to sinus tachycardia or atrial fibrillation 
with rapid ventricular response rather than VF  
Reprogramming and pharmacologic intervention 
f8SGIVBCt ttTBS6 pfGut8fYiS  

Four patients experienced 5 ineffective episodes that 
were detected --- ---- - y the PCS System  One of 
these patients --------- required external defibrillation (b)(6)
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to convert the VF episode  This patient s 
antiarrhythmic drug regimen was modified to 

improve defibrillation efficacy  Another patient 

--------- had an episode recorded as ineffective on 

the event counters but presented in sinus rhythm  

Subsequent evaluation demonstrated appropriate 

PCD function  Another of these patients --------- 
had two spontaneous episodes of VT that were 

detected as VF by the PCD while in the hospital for 

progressive CHF  These episodes required external 

cardioversion  The patient requested the PCD be 

turned OFF  The patient was alive at the la-- -------- 

follow up  The last of these four patients --------- 
experienced cardiac arrest at home and was found 

by the paramedics to be in sinus rhythm  While on 

a monitor the patient developed VF  The PCD 

delivered the programmed therapy which terminated 

the episode but the patient developed EMD  arrived 

at the ER comatose and died  

Four patients  one patient -------- experienced 2 

episodes due to AF but is described below again  

experienced 4 episodes in which the PCD detected 

the episodes as VF but were actually episode- ----- to 

extraordinary circumstances  One patient --------- 
experienced an episode wnere ail four therapim 
failed secondary to RV lead fracture  The patient 
had Twiddlers Syndrome  Reoperation was required  

It appears that the inappropriate therapy was ---- ----- 

to VTIVF but due to noise  Another patient --------- 
had a surgical procedure  CABG  where the CS lead 

dislodged post surgery  The episode that was 

detected wa- ----- --  the lead dislodgement  The 

third patient --------- had incessant episodes of fast 

VT  cycle length 280 ms  that were eventually 
resolved by drugs  The fourth patient --------- was 

in the hospital and there was an episode of VF 

detected by the PCD and therapy was delivered  
However  the device was interrogated before 

termination of the episode was detected by the PCD  

There was external intervention  transthoracic 
defibrillation  associated with the terminal event  
However  the patient ultimately expired  The device 

was not interrogated again  

3D 

(b)(6)

(b)(6)

(b)(6)

(b)(6)

(b)(6)

(b)(6)

(b)(6)

(b)(6)
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The evaluation of spontaneous episode experience 
indicates that the PCD Transvene System s VT and 
VF detection and therapy functions have performed 
safely and effectively in the indicated patient 
population  

3  Summary of Complications and Observations 

The use of a multiprogrammable implantable cardioverter 
defibrillator  ICD  device allows the physician to resolve 
most relevant medical events by noninvasively changing 

programmed parameters thus  avoiding invasive procedures  
However  there will continue to be certain relevant medical 
events which will require invasive procedures for resolution  

For purposes of this clinical study  reported relevant 
medical events were divided into complications and 
observations based on the following definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event 

with potential adverse effects  which can NOT 

be treated or resolved by reprogramming the 

device and REQUIRES invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event 

with potential adverse effects  which either 

does NOT require invasive intervention  or 

which CAN be corrected by reprogramming the 

device  

As of February 1  1993  there have been a total of 176 
complications identified in 147 patients and 212 
observations identified in 178 patients in the PCD 
Transvene System patient population  Thus  19 4  

 147 757  of the patients have experienced a clinical event 
which was defined as a complication and 23 5   178 757  
of the patients have experienced a clinical event which was 
defined as an observation  

Table IB3 1 summarizes the reported PCD Transvene 
System complications and observations by category  The 
reported complications and observations are recognized 
clinical events that may occur with any of the current ICD 
devices  These complications and observations are 
discussed in the PCD device and Transvene manual  None 
of the reported complications or observations have resulted 
in a patient death  
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By Category 

    Cstigary Cowplicaoone 

8  1 1   

14  1 9   

57  2    7 5   

6  0 8   1 1  1  
  

 1 7   

52  2    6 9   

5  0 7   1  0 1   

24  3 2   10  1 3   

6  0 8   14  1 8   

6  0 8   17  2 2ok  

2  0 3   1  0 1   

2  0 3   

6  0 8   

1  0 1ok  

9  1 2   

7  0 9   

4  0 5   

86  5    1 1 4   

3  0 4   

5  0 7   

12  1 6   

   Total 111  176  207  212  

Table IB3 1  PCD Transvene System  Reported Complications and Observations   2 1 93 

  
This number indicates the number of patients with 2 events 
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Table IS3 2 and Table IB3 3 presents the complications and 

observation as they occurred overtime  months   

Table IB3 2  PCD Transvene System  Reported Complications Over Time   211193 
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Table IB3 3  PCD Transvene System  Reported Observations Over Time   211 93 

Table  83 4 contains a  ewer ption of t e lead 

dislodgements that have occurred in less than 30 days and 

in greater than 30 days  The  30 day period is defined as 

the acute period  This definition is consistent when 

compared to endocardial bradycardia lead terminology  
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Caiejjiry COI 1p IICOtldll8 Obieivatloni 

Num    if  Pte  

 30 days  30 days  30 days  30 days 

14  1 9   10  1 3   0  0  1  0 1   

C8 Lead Dielodjjement n  281 12  4 6   10  3 8   2  0 8   2  0 8   

16  3 0   29  5 4   1  0 2   6  1 1   

42  5 6   49  6 5   3  0 4   9  1 2   

Table IB3 4  PCD Transvene System  Lead Dislodgements  301 30 days   211193 

There have been a total of 58 lead dislodgements reported 

in patients at greater than 30 days  None of the lead 

dislodgements resulted in an ineffective therapy for a 

spontaneous VT of VF episode or patient death  Lead 

dislodgements were documented by fluoroscopic 

examination during electrophysiologic evaluation  chest x  

ray obtained during routine follow up  or during 

pacing sensing threshold evaluation during routine follow  

up  In 49 cases  reoperation was required to reposition the 

lead and reestablish an effective defibrillation lead system 
and in 9 cases repositioning of the lead was not required   

Lead dislodgements are not specific to the PCD Transvene 
System and have been reported with dual chamber 

pacemakers and the current market released implantable 
cardioverter defibrillator  ICD  system  The early history of 
dual chamber pacemakers witnessed a high lead 

dislodgement rate of at least 20   Smyth  PND  et al  
Permanent perivenous atrial sensing and pacing with a new 
J shaped lead  J Thoracic Cardiovascular Surgery  
1976 72 565 570   Winkle  et al reported that the 
incidence of dislodgement of the superior vena cava spring 
leads with the current market release ICD system to be 
6 3    Winkle  et al  Automatic Implantable Cardioverter  
Defibrillator  Efficacy  Complications  and Survival in 

Patients with Malignant Ventricular Arrhythmias  JACC  
June 1988  Vol 11  No 6 1278 86   
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In an attempt to reduce the rate of lead dislodgement  

modifications were made to the lead anchoring sleeve and 

a second sleeve was added to the lead  The sleeve was 

modified to increase the grip pressure on the lead body and 

two sleeves were provided on each lead at the time of 

manufacture  Analysis has been completed 

patients implanted with the Transvene system using leads 

that are packaged with two anchoring sleeves   NOTE  

These 439 patients were enrolled in the Clinical Trial after 

62492 and are not included in the 757 patient 

population   Table IB3 5 contains a data summary for the 

439 patients  This group of patients has similar 

characteristics to the 757 patient population in most areas 

with a slightly higher percentage of patients with VT 

reported as the primary indication for implant than the 757 

group of patients  61 1  vs 49 8    

439 

354 80 6  
85 19 401  

61 2 yrs 

137 31 2  
268 61 1  
34 7 7  

324 73 8  

42 8  lg 3gQ1 

Table 163 5  PCD System Data Summary for Patients with Two Anchoring Sleeves   

211 193 

Of these 439 patients  292 have completed their 1 month 

follow up and 195 have completed their 3 month follow up 

and 17 have completed a 6 month follow up  Since the 
introduction of the dual anchoring sleeve the incidence of 
lead dislodgement has been dramatically reduced  There 
has been 13 dislodgements in 10 patients for a per patient 
incidence of dislodgement of 2 3   10 439   
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U S  versus International 

Table IB3 6 contains a summary of the complications and 

observations for the U S  patients versus the Internal 

patients  

PCD Trensvene System 

Cfit44  CompQcationa Oboe rysoone 

U S  U S  Int I Int I 

4  0 9   4  1 3   

3  07   1 1  3 5   

19  4 3   38  12 1   

4  0 9   9  2 9   

31  7 0   21  6 7   

l i0 2 j 

7  1 6   3  1 0   

1  0 2   13  4 1   

g  1 4 0 11  3 54k  

1  0 2   

2  0 5   

2  0 5   1  0 3   

3  0 7   2  0 6   

6  1 4   6  1 9   

Total 99 72 90 119 

Table IB3 6  PCD Transvene System  Reported Complications and Observations   211193 
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4  Summary of Patient Deaths 

The positive impact of implantable cardioverter defibrillator 

 ICD  therapy on sudden cardiac death mortality has been 

well documented in the medical literature  The use of 

CI8VlC8 tll8f Bp  I D  LI l8 I  I 83 LI I l8Pi4 Of  FSCUf a BAt VSAXEICVI8f 

arrhythmias has become an accepted and important clinical 

tool  An analysis of the sudden cardiac death and overall 

survival in the PCD Transvene System patient population 

was performed based on the categorization by the 

investigators and subsequently reviewed by the Clinical 

Event Review Committee  CERC   

For purposes of the clinical study  each of the patient 

deaths was categorized using the following definitions  

Non Cardiac  Deaths that occurred where the primary 

cause of death was determined to be 

non cardiac in nature  e g  stroke  

cancer  etc  

Cardiac  Deaths that occurred where the primary 
cause of death was determined to be 

cardiac in nature  

Non Sudden  Deaths that occur greater than one 

hour after the onset of symptoms  

Sudden  Deaths that occur within one hour of 

the onset of symptoms or where the 

death is unwitnessed  Sudden cardiac 

deaths were also categorized as being 

Witnessed or Unwitnessed  

Perioperative  Deaths that occur within thirty days of 

implant  

SYstem Related  A death which results from a 

malfunction  operation not according to 

design specification  of a PCD System 

component  or as a result of a device 

induced arrhythmia  or an interaction 

between a PCD System component and 

the patient  

Procedure Related  A death which occurs as a result of a 

procedure required to impiant  ioilow ar 

test a PCD System  
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All deaths and significant complications have been and will 

continue to be reviewed by a committee comprised of PCD 

Transvene System investigators and other physicians  Two 

committees  Clinical Event Review Committees  have been 

formed  one to review North American deaths 

complications  and the other to review European clinical 

events  The primary purpose of these reviews was to 

determine whether the PCD System was related to the 

deaths or significant complications that have occurred and  

if so  what changes may be required to prevent such events 

in the future  

There have been a total of 51 patient deaths reported in the 

PCD Transvene System patient population  Table IB4 1 

summarizes how these patient deaths have been classified  

5 

Non Sudden Cardiac 31 

Noncardiac 15 

TOTAL 51 

Table IB4 1  PCD Transvene System   Summary of Death 

Classifications   211193 

None of the patient deaths were attributed to a malfunction 

of the PCD Transvene System  

Actuarial survival analysis on the PCD Transvene System 

WMS uQf i8 Of i a i p ati8f itS WflG W8f 8 Rtn8f 8V8 eD8 a f f  

implantation or in whom the device was implanted  Thus  

the analysis is done from the perspective of intention to 

treat  Those patients in whom the PCD Device was OFF at 

the time of death or in whom no device was implanted are 

included in the survival analysis  Those patients that were 

screened for a PCD Transvene System but failed to receive 

a Transvene system and  received  a MedtroAjQ FhjgQ f6j4 

system are also included in this analysis  

R 
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Projected one year survival calculations for the various 

death classifications are provided in Table IB4 2  The 

actuarial projections include perioperative deaths only in the 

calculation of one year survival from death due to all causes 

 shown in the row labelled Overall   The perioperative 
death rate defined as deaths which occurred within thirty 

days of implant was 0 7   5 757  which is considerably 

less than the perioperative mortality for the PCD System 

with Epicardial leads  5 3    39 742   Included in this 

table are the projected one year survival calculations for 

patients who ultimately received a PCD Transvene System 

 n   757  and all patients that were screened for a PCD 

Transvene System  n   854  regardless of implant 

outcome  The outcome of the 854 patients screened for a 

PCD Transvene System are described more fully in section 

IC2  

Received a 
Transvene System 

 N   757  

Screened for a 
Transvene System 

 n   8541 

99 5  99 4  

96  2  96 6  

All Cai diac 95 8ok g6 1 
ok 

Noncardiac 98 1  98 3  

0 7  1 6  

93 3  92 9  

Table IB4 2  PCD Transvene System   One Year 

Actuarial Survival   211193 

The positive impact of the PCD Transvene System on 

patient mortality is clearly obvious from this analysis  The 

sudden cardiac death survival rate in this patient group is 

99 5  for those in the patient group that received a 

Transvene System and 99 4  for those who were 

screened for a Transvene System  This is marked 

improvement when compared with the reported survival of 

similar patient groups treated with drug therapy alone of 

between 34  and 73  at one year  

HC 



I 
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Figure 1 contains the survival curve for sudden cardiac and 

total deaths for the 757 patients that received a PCD 

Transvene System  

PCD TRANSVENE SYSTEM 

SURVIVAL ANALYSIS 
-- ------ 

--------------- -------------------- --- -------------- ------ 
-- --- 

----- 

---------- ------------ ---- --------- ------------ ------------- --- --------- 

-- --- --- --- ----- ----- ----- ----- ----- ----- ----- ----- ----- 

-------- --- -------- 
------------ ----- 

Figure 1 

C  Specific Patient Populations 

1  Clinical Experience By Primary Indication 

Medtronic is requesting approval for use of the PCD 
Transvene System in the following patient population  

Patients who have survived at least one episode of cardiac 
arrest due to a ventricular arrhythmia not caused by an acute 
myocardial infarction  or 

Patients with recurrent  sustained ventricular tachycardia that 
remain inducible via programmed electrical stimuli or exercise  
or occur spontaneously  despite the most efficacious 
antiarrhythmic drug therapy that can be tolerated by the patient 
chronically  

Note  These patient indications are identicai to those 
approved for the Medtronic PCD Epicardial System  

(b)(4)
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Sudden cardiac death without recurrent VT  SCD  was the 
indication for implant in 37 1  of the patients  recurrent 
ventricular tachycardia without an episode of sudden 
cardiac death  VT  was the indication for implant in 49 8  
of the patients  and sudden cardiac death and recurrent VT 

 SCDIVT  was the indication for implant in 13 1  of the 

patients  

The performance of the PCD Transvene System in these 
three groups are summarized in Table IC1 1  

In all three patient groups  coronary artery disease was the 

predominant heart disease and the patients exhibited 
moderate left ventricular dysfunction as demonstrated by 
mean ejection fractions of less than 40   The mean LED 
at the time of implant was similar among the patient groups 
as was the mean DFT  

The overall efficacy in terminating spontaneous VT VF 
episodes in the SCD patient group was 98 4   in the VT 

patient group 98 3   and in the SCD VT group 99 1   

Thus  independent of the indication for implant  the PCD 
Transvene System was highly effective in terminating 
spontaneous episodes of VTIVF  

The one year sudden cardiac death survival rates for all 

groups was greater than 98 6  

This analysis indicates that the PCD Transvene System has 

performed safely and effectively in the indicated patient 
groups and should be approved for use in the indicated 

patient population  
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4 of l Winta 281  37 1   377  49 8   

Number   Yo Dlale 
Number   o Female 

Mesn Rye 

757 

212 75 4  
69 246  

309 82 0  
68 1 8 0   o 

89 89 9  
10 1 le 

610 80 6  

147 19 4  

56 8 yrs 61 2 yrs 60 0 yrs 59 4 yrs 

191 68 0  292 77 5  78 78 8  229 72 2 le 

Fraction 
39 1  

 N   259  
33 7  

 N  339  
32 5010 
 N 90  

35 6  

 N  688  

201 71 5  
74 26 3  

6 2 2  

Mean LED 15 3J 

 N  264  

Mesn DFT 14 0J 

 N  117  

58 
1157 

  Success 99 2  

Spontaneous VF  
D  of Patients 107 

686 
bio Success 96 9  

295 77 6  
82 21 6  

3 0 8  

76 76 8  
22 22 2  

1 1 0  

574 75 3  
178 23 4  

10 1 3  

1 6 2 J 

 N  351  
1 7 3J 

 N  87  
16 0J 

 N  702  

13 9J 

 N  44  
14 8J 

 N  316  

206 
7591 

98 1  

52 
1279 

99 0  

316 
10027 
98 4  

162 
916 

99 1  

48 
380 

99 5  

317 
1982 

98 4  

100 0  99 4  98 6  99 5D 0 

Table IC1 1  PCD Transvene System Data Summary by Primary 
Indication   211193 
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2  Patients Not Meeting Implant Criteria 

a  Overview 

For purposes of the PCD Transvene System  the 
implant criteria was defined as successful VF 

termination at least 3 times in 4 attempts with the 
final lead configuration with an output energy of 18 

Joules or less  

A total of 897 patients had an evaluation of a PCD 
Transvene System and are divided into the following 

groups   1  patients who received a PCD Transvene 
System   2  patients screened for a PCD Transvene 
System and received a PCD Epicardial System  and 

 3  patients who received a non standard lead 
system  Figure 1 provides an overview of the 
outcome of these patients  

As can be seen  88 6   757 854  of the patients 
who were screened for a PCD Transvene System 
ultimately received a 3 lead system  Of these 757 

patients  71 7   543 patients  met the 
recommended defibrillation implant criteria  which 
compares favorably with the predicted success rates 

published in the literature  Wilber et al   However  
28 3   214 757  of the patients did not meet the 
recommended defibrillation efficacy implant criteria 
and still received the PCD Transvene System  

Ninety seven  97  patients  10 8   were screened 
for a Transvene lead system but received an 
epicardial system  Forty three  43  patients  4 8   
were screened for a Transvene lead system but 
received an non standard system  
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b  Reasons for Not Meeting Implant Criteria 

The physician s justification for implanting the PCD 
Transvene System despite not meeting the 
recommended defibrillation implant criteria 

presented in Table IC2 1  As noted previously  the 

patients not meeting implant criteria  N  214  were 
divided into three groups  1  Successful defibrillation 
at an energy level of equal to or less than 24 Joules 
 79 4  of the patients    2  Difficult to induce VF 

 11 2  of the patients   and  3  Implant procedure 
terminated due to poor patient condition  9 4  of 
the patients   

Reason 

170  79 4   

24  11 2   

20  9 4   

214 

Table IC2 1  PCDTransvene System  Physician Justification for Not Meeting Implant 
Criteria   211193 
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Table IC2 2 contains the patient characteristics of 

the patients not meeting implant criteria presented 
by physician justification  

Patient 

170 24 20 

9 6 months 9 8 months 14 4 months 

Male 

Female 

151  88 8   

19  11 2   

19  79 2  o  

5  20 8   

1 8  90 0   

2  10 0   

59 8 yrs 57 5 yrs 60 0 yrs 

63  37 1   

VT 77  45 3   

30  17 6   

6  25 0   
13  54 2   
5  20 8   

3  15 p   

9  45 0   

8  40 0   

132  77 7   

58  34 1   

19  79 2   

2  83   

14  70 0   5 

 25 0   

32 7  37 7  36 8  

I 

II 

III 

IV 

45  27 6   

90  55 2   

24  14 7   

4  2 5   

5  22 7   
14  45 5   

7  31 8   

0 

2  1p p   

10  7pp jo  

4  20 0   

0 

Table IC2 2  PCD Transvene System  Patient Characteristics by Justification   

211 193 
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Table IC2 3 contains the clinical outcomes the 

patients not meeting implant presented by physician 

justification  

Success at   Difficult Unable 
24 Joules to Induce VF 

Patient 
Condition 

1 2911 59 
81 1  

372 376 
98 9  

10011 02 48150 

98 0  96 0  

0 0 

99 4  
98 7  

All Cardiac 
Noncardiac 

98 1  
96 3  
94 0  

1 00 0  
1 00 0010 
100 Ook 
100 Oog 

100 0  

100 0  
85 5  
85 5  

100 0  
85 5  

Table I C2 3  PCD Transvene System  Patients Not Meeting Implant by 
Justification   Clinical Outcome   211193 

In summary  the physician made an appropriate 

judgement to implant the PCD Transvene system 
based on the clinical outcome of the patient 
especially those patients with a 10 Joule safety 
margin  Their outcome is clinically equivalent to that 
of the entire 757 patient population  
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1  Success at   24 Joules 

There were 170 patients in whom the PCD 

Transvene System was implanted with a 

defibrillation safety margin of at least 10 Joules  

Table IC2 4 provides an overview of these patients 
clinical experience  

These data indicate that the final implanted PCD 

Transvene System was evaluated and significant 

attempts were made to meet the recommended 
implant criteria  In most of these patients  79 4    
a safety margin of 10 Joules was obtained between 
the successful defibrillation energy  24 J or less  for 
ventricular fibrillation and the maximum output of the 
PCD Device  34 J   The investigators decided in 

certain circumstances that this was appropriate 

demonstration of device effectiveness and that the 

PCD Transvene System could be implanted  

Of these patients  159  93 5   have had VT or VF 
induced at a chronic follow up visit and in each case  
VT or VF was successfully terminated by the PCD 
Transvene System  In addition  65 patients  38 2   
have experienced a spontaneous VF episode with an 
overall efficacy of 99 4   

Thus  the clinical outcome in these patients was not 
adversely affected by not meeting implant criteria 
since their spontaneous VF episode efficacy was 
99 4  and the one year sudden cardiac death 
actuarial survival was also 99 4   The duration of 
follow up  an average of 9 7 months  is similar to 
that of the entire patient group  11 7 months   
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170 

87 
58 
18 
7 

Table IC2 4  PCD Transvene System  Patients Not Meeting Implant Criteria with 314 
Successes at   24 Joules Clinical Experience   211193 

2  Difficult or Unable to Induce VF 

There were 24 patients who did not meet the 
recommended PCD Transvene System implant 
criteria because at least three episodes of VF were 
not induced at the time of implant  Of these  15 

patients had ventricular tachycardia induced and 
successfully reverted  The remaining 9 patients had 
ventricular flutter induced and successfully reverted  
In all 24 patients  the lowest successful energy was 
equal to or less than 18 Joules  

The indication for implant was sudden cardiac death 

 SCD  in 6 patients  25    recurrent ventricular 
tachycardia  VT  in 13 patients  S4 2   and sudden 
cardiac death associated with recurrent ventricular 
tachycardia  SCD VT  in 5  20 8   patients  Thus 
the majority of the patients  75   had documented 
recurrent ventricular tachycardia as part of their 
ventricular tachyarrhythmia history  Eight of these 

patients  33 0   were on Amiodarone therapy which 
may have contributed to the inability to induce VF  

Of the 24 patients who did not meet the 
recommended PCD Transvene System implant 
criteria because at least three episodes of VF were 
not induced at the time of implant  13 patients 
 54 2   have experienced a spontaneous VF episode 
and 21 patients  87 5   have had VT or VF induced 
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during a chronic follow up  In all cases  VF was 
successfully reverted by the PCD Transvene System  

There has been one reported patient death --------- 
in this patient group  at xx months  with a resultant 
one year sudden cardiac death and overall actuarial 
survival of 100   

3  Patient Condition 

There were 20 patients in whom the implant 

procedure was terminated due to poor patient 
condition  These patients received a PCD Transvene 
System without at least a 10 Joule defibrilfation 
safety margin  The implant circumstances of these 
patients are summarized as follows  

At least one successful defibrillation was obtained at an 

energy level greater than 24 Joules but less than 34 

Joules  N  11 patients   

Multiple inductions of VT were performed and 
successfully reverted with an energy level of 18 Joules 
or less  However  induced VF was not successfully 
reverted by an energy level of less than or equal to 34 
Joules  N  6 patients   and 

Physician elected to terminate the procedure due to the 

patient s condition before inductions with the final 
implanted lead configuration were performed  N 3 

patients    

The mean ejection fraction of this group was 26 9   

indicating more severe underlying cardiovascular 
Ajge 
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decision to terminate the implant procedure prior to 
meeting implant criteria  This group had a mean of 
6 8 VF inductions  2 2 lead configurations evaluated 
and a mean duration of VTIVF for the implant 
procedure of 220 total seconds  The circumstances 
of the implant procedures  mainly the duration of 
induced ventricular tachyarrhythmia and associated 
hemodynamic compromise  limited the number of 
inductions that could be performed and whether the 
recommended implant criteria could be met  

 l 
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Of these 20 patients  VT or VF has been induced at 

a chronic follow up visit in 16 patients  80   and in 
all cases successful defibrillation with the implanted 
PCD Transvene System was documented  

The overall spontaneous VF episode efficacy for this 

patient group was 96 0   However  examination of 
events indicated that one patient experienced 
multiple episodes of atrial fibrillation that was 
detected as VF and in whom all four programmed VF 

therapies were ineffective  This patient s 
antiarrhythmic drug therapy was modified and there 
were no further reports of ineffective therapies  

Thus there have been no patients who have 
experienced an actual spontaneous VF episode 
where all four programmed VF therapies failed to 
terminate the episode  

The--- ------ been two reported patient deaths  Patient 
ID --------- which was classified as non sudden 
cardiac secondary to end stage heart failure and 
Patient ID -------- which was also classified as non  
sudden cardiac  The one year sudden cardiac death 
survival in this patient population is 100lo while the 
overall one year survival was 85 5   This lower 
overall one year survival may be due to the lower 
mean ejection fraction of this patient group  

The VF Therapy efficacy and SCD survival in these 
twenty patients was not adversely affected by not 
meeting implant criteria since there was no reports 
of failure to terminate a spontaneous VF episode and 
the overall one year sudden cardiac death survival 
was 100   

c  Complications and Observations  Patients Not Meeting 
Implant Criteria 

For purposes of this clinical study  reported relevant 
medical events were divided into complications and 
observations based on the following previously described 
definitions  

(b)(6)

(b)(6)
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COMPLICATION  A symptomatic or asymptomatic clinical event 
with potential adverse effects  which can NOT 
be treated or resolved by reprogramming the 
device and REQUIRES invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event 
with potential adverse effects  which either 
does NOT require invasive intervention  or 
which CAN be corrected by reprogramming the 
device  

Of the 170 patients with successful defibrillation at 24 
Joules  as of February 1  1993  there have been a total of 
41 complications reported in 33 patients and 34 
observations reported in 31 patients in the PCD Transvene 
System patient population  Thus  19 4   33 170  of the 
patients had a clinical event reported which was 
categorized as a complication and 18 2   31 170  of the 
patients had a clinical event reported which was 
categorized as an observation  The percent of patients 
with complications reported in the overall population of 757 
patients was 19 4   147 757   the same percentage as in 
this subgroup of 170  There were 23 8   180 757  of the 
patients in the overall population with reported 
observations  a slightly higher percentage than in this 
subgroup of 170 patients  

Of the 24 patients that did not meet the implant criteria due 
to difficulty or inability to induce sustained VF  as of 
February 1  1993  there have been a total of 4 
complications reported in 4 patients and 10 observations 
reported in 8 patients in the PCD Transvene System patient 
population  Thus  16 7   4 24  of the patients had a 
clinical event reported which was categorized as a 
complication and 30 0   8 24  of the patients had a 
clinical event reported which was categorized as an 
observation  

Of the 20 patients that did not meet the implant criteria due 
to patient condition  as of February 1  1993  there have 
been a total of 6 complications reported in 4 patients and 
7 observations reported in 5 patients in the PCD Transvene 
System patient population  Thus  20 0   4 20  of the 
patients had a clinical event reported which was 
categorized as a complication and 25 0   5 20  of the 

patients had a clinical event reported which was 
categorized as an observation  

54 
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Table IC2 5 and IC2 6 summarizes the reported PCD 
Transvene System complications and observations by 
category in these 3 patient groups  respectively  The 
reported complications and observations are recognized 
clinical events that may occur with any of the current ICD 
devices  These complications and observations are 
discussed in the PCD device and Transvene manual  None 
of the reported complications or observations have resulted 
in a patient death  
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Nvrn 

41 4 6 

Table IC2 5  PCD Transvene System  Reported Complications   By Justification   

211 193 
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34 10 

Table I C2 6  PCD Transvene System  Reported Observations   By Justification   

211 193 
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d  Comparison of Patients Not Meeting Implant Criteria Versus 

those Patients who Met the Implant Criteria 

Table IC2 7 provides a comparison of patient 
characteristics between patients who met 
Transvene System implant criteria and those patients who 
did not meet the implant criteria but still received the PCD 
Transvene System  The characteristics of the 97 patients 
that were screened for a PCD Transvene system and 
received an Epicardial system if also provided  

Data 

543 214 97 

188  87 9   
1 21  22 35  26  12 1   

88  90 7   
9  9 3   

59 4 yrs 59 6 yrs 58 0 yrs 

209  38 5   
278  51 2   
56  10 3   

72  33 6  o  
99  46 3   
43  20 1    

33  34 0   
52  53 6   
12  12 4   

396  72 9   
173  31 9   

165  77 1   
65  30 4   

74  76 3   
28  28 9  o  

36 3  33 7  32 6  

164  30 9   
If 
ui 

278  52 4   
82  15 4   

7  1 3   

53  25 8  o  
114  56 6   
34  16 6   

4  2 0   

28  29 5   
52  54 7ok  
13  13 7   
2  2 1   o  

97  45 3   
38  17 8  o  

40  41 2  o  
19  19 6  

Table IC2 7  PCD Transvene System  Patients Meeting Implant Criteria vs Not 

I I 

pS 
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Statistical analysis was completed on the 543 patients that 

net implant criteria versus the 214 patients that did not 

meet criteria  Statistical analysis indicated three significant 

differences between these two patient groups  patient sex  

indication for implant and mean ejection fraction  

Patients not meeting implant criteria had a statistically 

higher percentage of patients who were male  p  0 002   

This difference reflects that the majority of patients with 

coronary disease with concomitant life threatening 

ventricular arrhythmias are males  

Analysis indicated the patients not meeting the implant 

criteria had a statistically higher percentage of patients 
whose primary indication for implant was sudden cardiac 

death associated with recurrent ventricular tachycardia 

 p  0 002   This difference reflects the physicians use of 

the PCD Transvene System  

Finally  patients who did meet the implant criteria had a 

statistically lower mean ejection fraction  p   0 0342  which 

reflects a higher degree of underlying cardiovascular 
disease in these patients  

It should be noted  that none of these differences should be 

used as predictors for patients who should be screened for 

a PCD Transvene System  

Implant data obtained in these two patient groups is 

presented in Table IC2 8  As would be expected the 

patients not meeting the implant criteria had higher mean 
DFT and LED values when compared to the patients who 
did meet the implant criteria  However  the mean DFT 

 18 8J  and LED  19 5J  values obtained in patients not 
meeting implant criteria provided at least a 10 Joule 
defibrillation safety margin between the successful energy 
and the maximum output of the PCG Device  34JJ in neariy 
all  97 4   of the patients  
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versus 

    Data 

543 214 

7 0 8 2 

2 0 2 7 

Mean DFT 13 4J 18 8J 

Dllean LEO 14 8J 1 9 5 J 

351  64 6   
1 59  29 3   

33  6 1 le  

145  67 8   
63  29 4   

6  2 8 a  

414  75 7   
1 27  23 2   

6  1 1   

160  74 4ok  
51  23 7ok  

4  1 9 lo  

Table IC2 8  PCD Transvene System  Patients Not Meeting Implant Criteria versus 

Patients Meeting Implant Criteria   Comparison of Implant Data   211193 

When the mean number of inductions and the mean number 

of configurations tested of 8 2 and 2 7  respectively  for 

those patients that did not meet the implant criteria is 

compared to those that did meet the implant criteria  7 0 
and 2 0  it is apparent the implanting physicians did induce 
more VF and were more likely to try more than 1 lead 
configuration in an attempt to meet the implant criteria  

In order to determine if the patient s not meeting implant 
criteria had higher risk for morbidity and mortality  a 
comparison of their clinical outcome was made with those 

patients who did meet the implant criteria  This 
comparison is provided in Table IC2 9  

b 
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Data 

543 214 

98 7  97 6  

98 2  99 0  

37 14 

0 7  0 5  

99 5  
9g 8  
95 4  

98 5  
93 2  

99 5  
97 2  
96 7  
97 1  
93 5  

Table IC2 9  PCD Transvene System  Patients Not Meeting Implant Criteria versus 

Patients Meeting Implant Criteria   Comparison of Clinical Outcome   

211 193 

The two patient groups had similar efficacy in the 

treatment of spontaneous VT VF episodes  Importantly  in 

the patient population who did not meet the implant criteria 

there were no patients who experienced actual 

spontaneous VF episodes where all programmed PCD 

Device therapies failed to terminate the episode  

Five patients experienced 7 episodes in which the PCS 
Device was ineffective in terminating a spontaneous 
episode of VF despite delivery of all four programmed VF 

therapies  Three patients had 5 reported ineffective VF 

spontaneous episodes that were due to sinus tachycardia 
or atrial fibrillation with rapid ventricular response rather 
than VF  Reprogramrning and pharmacologic intervention 
resolved these problems  

Two patients experienced 2 episodes in which the PCD 
detected the episodes as VF but were actually episodes due 

b 
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to extraordinary circumstances  The first patient --------- 

had incessant episodes of fast VT  cycle length 280 ms  

----- -----  eventually resolved by drugs  The second patient 

--------- was in the hospital and there was an episode of 

VF detected by the PCD and therapy was delivered  

However  the device was interrogated before termination of 

the episode was detected by the PCD  There was external 

intervention  transthoracic defibrillation  associated with the 

terminal event  However  the patient ultimately expired  

The device was not interrogated again  

Eighteen patients experienced 68 episodes in which the 

PCD Device was ineffective in terminating a spontaneous 

episode of VT despite delivery of all four programmed VT 

therapies  Nine patients experienced 44 ineffective 

episodes that were due to sinus tachycardia or atrial 

fibrillation flutter  SVT  with a rapid ventricular response 

that had been detected as VT  These episodes were 

resolved with either modification of programmed 

parameters or of antiarrhythmic drug therapy  It should be 

noted that the PCD Device responded appropriately based 

on the programmed detection parameters  

The remaining 24 episodes occurred in 8 patients in which 

the programmed VT therapies were ineffective in 

terminating a spontaneous VT episode  No patient deaths 

occurred as a result of ineffective VT therapy  

Reprogramming and pharmacologic intervention resolved 

these events  

There was no difference in the one year sudden cardiac 

survival or the overall survival in the two groups althOUgh 

follow up was shorter for patients not meeting implant 

criteria  10 1 vs 12 3 months   This indicates  that despite 

not meeting the implant criteria these patients were not at 

higher risk of sudden cardiac death  

Conclusion 

In conclusion  214 patients received the PCD Transvene 

System despite not meeting the recommended implant 
criteria  These 214 patients are divided into the following 

91OUps  

b 
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successful defibrillation of VF at 24 Joules or less  170 214   

difficult to induce at least three episodes of VF at implant 
 24 214   and 

worsening patient condition which prevented further inductions 
 20 21 4   

It should be noted that 91   194 214  of the patients not 
meeting the recommended implant criteria had at least one 
successful termination of induced ventricular 
tachyarrhythmia  VT  VFlutter or VF  at 24 Joules or less  
Additionally  their clinical outcome  especially in the 170 
patients with successful defibrillation of VF at  24 Joules 
is similar and is part of the support to request changing the 
implant criteria to the following  

Two consecutive successful defibrillations with the 
final lead configuration with a stored output of 24 
Joules or less  or 

Three successful defibrillations in four attempts with 
the final lead configuration at a stored output energy 
of 24 J or less  

D  System Comparison 

The efficacy and safety of implantable cardioverter defibrillator 
 ICD  therapy for recurrent ventricular tachycardia  VT  and 
ventricular fibrillation  VF  has been well established  The Ventak  
P Epicardial System provides cardioversion and defibrillation 
therapy for VT and hemodynamically unstable VT  However  this 
type of therapy may not be optimal for patients with stable  well 
tolerated VT that is amenable to antitachycardia pacing due to the 
pain associated with cardioversion shock therapy  The need to 
incorporate programmability  multiple detection and therapeutic 
options was lead  tv tte  development of the PCu  Device  

However  the Ventak P Epicardial System and PCD Epicardial 
System are implanted only with a defibrillation lead system 
requiring a thoracotomy  The PCD Transvene System allows the 
implantation of an ICD System without the potential increased 
perioperative morbidity and mortality associated with a 
thoracotomy  This allows the application of ICD therapy in 
patients who may not otherwise be candidates for this type of 
thggepy  
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In the PCD Transvene System PMA Application a comparison of 

the PCD Transvene System clinical experience was made to both 

the Ventak P Epicardial System and the PCD Epicardial System  

 Reference  Clinical Experience Report Section X  Comparison to 

AICD Clinical Results and Section XI  Comparison to PCD 

Epicardial System Clinical Results   A comparison to the Ventak P 
Epicardial System was done because this was the most similar 
FDA approved ICD System available at the time of the original 
submission  A comparison to the PCD Epicardial System was 
done since this system incorporated the same tiered therapy ICD 
Device as well as being a concurrent clinical study using the same 

protocol and clinical investigators  

The comparison between the Ventak P Epicardial System and the 
PCD Transvene System was limited in scope due to the limited 
availability of clinical data from the Ventak P Epicardial System 
Summary of Safety and Effectiveness  but included patient 
characteristics  implant defibrillation thresholds  incidence of 
spontaneous VTIVF episodes  incidence of complications and one 

year actuarial survival  

The comparison between the PCD Transvene System and the PCD 
Epicardial System included patient characteristics  implant data  
implant defibrillation thresholds  programmed parameter status  
spontaneous VTIVF episode efficacy  incidence of complications 
and observations and one year actuarial survival  

1  Comparison to AICD  Ventak P  Epicardial System 

The current AICD  Ventak P  Epicardial System is implanted 
only with a defibrillation lead system requiring a 
thoracotomy  The PCD Transvene System allows the 
implantation of an implantable cardioverter defibrillator 
 ICD  system without the potential increased perioperative 
morbidity and mortality associated with a thoracotomy  
This allows the application of ICD therapy in patients who 
may not otherwise be candidates for this type of therapy  
Though the PCD Transvene System will have complications 
and observations that are specific to the lead system  the 
overall performance should be at least equivalent to that 
reported with the current AICD Epicardial System  
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This section provides a comparison of the PCD Transvene 

System clinical experience to that of the reported AICD 

Epicardial System clinical experience  The following areas 

will be discussed  

  Patient characteristics 
  Clinical performance 
  Survival analysis 

For purposes of comparison  the Ventak P Epicardial 

System patient population described in the Summary of 

Safety and Effectiveness Data  PMA Application Number 

P890061  dated May 2  1991 will be used  A copy of this 
summary was obtained through the Freedom of Information 

Act  

a  Patient Characteristics 

In comparing the clinical experience with the PCD 
Transvene System to the reported Ventak P 

Epicardial System clinical experience  it is important 
to determine that the patients who received the 
device are comparable  

The characteristics of the patients receiving the PCD 
Transvene System were compared to the 
characteristics of patients discussed in the Ventak P 
Summary of Safety and Effectiveness Data and are 

pIvcpptvg ip TgQJq IQ1 1 
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PCb Ventik P 

Table ID1 1  Comparison of Patient Characteristics  PCD versus Ventak P 211193 

The two patient groups are comparable in mean age 
and mean ejection fraction  Both groups had 
moderately depressed left ventricular function 
demonstrated by the mean ejection of 35 6  for the 
PCD Transvene System patient group and 34  for 
the Ventak P Epicardial System patient group  

Analysis indicated that no statistical differences 
between the PCD Transvene System and Ventak P 
Epicardial System patient populations except in the 
category of patient indication  There are more 

patients that had Sudden Cardiac Death as the 

primary indication in the PCD Transvene popuiation 
than in the AICD population  p  0 001   

b  Clinical Characteristics 

Areas of clinical performance that were compared 
were implant defibrillation thresholds  incidence of 
spontaneous VT VF events  incidence of 

tnQ 
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complications and patient survival  These specific 

areas were selected in order to evaluate the system 

performance in the two patient populations  

1  Implant Defibrillation Thresholds 

For the purposes of the PCD Transvene 
System clinical study  determination of 
defibrillation threshold was not mandatory  
However  the preferred method of evaluating 
defibrillation efficacy was to determine the 
defibrillation threshold using a testing 
sequence of 18J  15J  10J  5J with a failure 
at any level causing a return to 18 J for the 
remaining attempts  For the purposes of this 
report a defibrillation threshold was defined as 
the energy at the lowest successf ul 
defibrillation attempt  provided a patient had 
a failure below their lowest defibrillation 
success or a success at   5J  The rhythm 
treated must have been VF to be included in 
the analysis  

It should be noted  that it was expected that 
the PCD Transvene System would have a 
higher mean defibrillation threshold as 
compared to a traditional epicardial 
defibrillation lead system  In a epicardial 
system  the increased electrode surface area 
would theoretically decrease defibrillation 
requirements  

A total of 316 patients had a defibrillation 
threshold determined at the time of PCD 
device implant  The mean defibrillation 
threshold  DFT  for all lead systems was 
14 8J  The recommendation for VF Therapy 
41 is to program the stored energy to twice 
the implant DFT or 18 Joules  whichever is 

greater  Thus an adequate defibrillation safety 
margin was provided when following the VF 
therapy programming recommendations  

le 
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In the Ventak P Epicardial System  the mean 

defibrillation threshold at implant was 13 4J  

Thus the two systems had similar defibrillation 

thresholds at implant despite the fact that one 

system utilized an epicardial defibrillation lead 

system while the other utilized a transvenous 

defibrillation lead system  

These data indicate that the PCD Transvene 

System had comparable implant defibrillation 

threshold performance when compared to the 
reported Ventak P Epicardial System clinical 

experience  

2  Incidence of Spontaneous VTIVF Episodes 

The incidence of spontaneous VT VF episodes 
in the Ventak P Epicardial System and PCD 
Transvene System patient population was 
evaluated by utilizing the stored episode 
information provided by both devices  

In the Ventak P device  the total number of 
shocks delivered to the patient is provided via 
interrogation of the device  The PCD device 

provides information on the total number of 
VT and VF episodes detected by the PCD 
device and the total number of VT and VF 
episodes successfully treated by the PCD 
device as well as the number of VT VF 
episodes where the PCD device was 
ineffective  In addition  the last 20 intervals 
of the last episode satisfying detection criteria 
along with the first 10 intervals after the last 
therapy delivered are recorded by the device  
These data assist the physician in evaluating 
the frequency of VT VF episodes  the efficacy 
of the PCD device programmed parameters 
and the need for reprogramming  

In the Ventak P Epicardial System experience 
of 292 patients with a mean follow up of 6 8 
months  137  46 9   received a device 
countershock in response to a spontaneous 

IF1 
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ventricular tachyarrhythmia episode as defined 

by the Ventak P Device detection criteria  

In the PCD Transvene System experience of 

757 patients with a mean follow up of 11 7 

months  458 patients  60 5   have received 

device therapy in response to a spontaneous 
ventricular tachyarrhythmia episode as defined 

by the PCD Transvene System detection 

criteria  

A total of 10 027 spontaneous VT and 1982 

spontaneous VF episodes have been recorded 
by the PCD device episode counters  Of the 
9864 successfully treated spontaneous VT 
episodes  91 4  were treated with one of the 

programmed antitachycardia pacing therapies 
incorporated in the PCD device  The clinical 

benefit of tiered therapy is the reduction of 
delivery of high energy shocks for the 

treatment of stable recurrent ventricular 
tachycardia that may be responsive to 
antitachycardia pacing  

3  Incidence of Complications 

Table ID1 2 provides a comparison of reported 
complications and observations  The AICD 
clinical experience data is from the Winkle  et 
al Long Term Outcome with Automatic 
Implantable Cardioverter Defibrillator  JACC  
May 1989  13 6   135 161  This article was 
selected because it provides a detailed clinical 
complication experience on a large patient 
population  270 patients  Note that the 

percentage reported in the PCD Transvene 
System includes both complications and 
observations  In the following table  the 
complications are reported for the categories 
of Failure to Cardiovert Defibrillate  Pocket 
Infection  and Erosion  Observations are 
reported in the Inappropriate Problematic 
VT VF Therapy Delivery category  



MEDTROhllC CONFIDENTIAL 

2 3  41  

9 6  20  

2 9  2 2  

Erosion 0 8 lo 0 7  

Includes bservations only  there were no Complications in this category  

Table ID1 2  Comparison of Complication Observation Rates  PCD Transvene 

System vs AICD Epicardial System   211193 

The incidence of failure to cardiovert and or 
defibrillate was lower in the PCD Transvene 
System patient population  The instances of 
failure to cardiovert and or defibrillate in the 
PCD Transvene System patient population 
were associated with increased defibrillation 
requirements during induced episodes  none of 
which resulted in patient death  

The failures to cardiovertldefibrillate reported 
in the Winkle  et al article were associated 
with patch dislodgement  patch crinkling  lead 
conductor fracture and elevated defibrillation 
thresholds  

The incidence of inappropriate problematic 
VT VF therapy delivery was lower in the PCD 
Transvene System patient population  This is 
to be anticipated since the device incorporates 
independently programmable detection 
algorithms for VT and VF  The reasons for 
inappropriate VT VF therapy delivery included 
sinus tachycardia being detected as VT or VF 
and atrial fibrillation with rapid ventricular 
response being detected as VT or VF  

The overdetection circumstances reported in 
Winkle  et al were nonsustained VT  VT  sinus 

Cl 
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tachycardia  atrial fibrillation with rapid 

ventricular response  sensing lead fracture and 

pacemaker interaction  The patients with VT 

complained of receiving multiple shocks with 

limited or no symptoms  The incorporation of 

antitachycardia pacing in the PCD device 

decreases the need for delivery of 

cardioversion shocks for the termination of 

stable VT and increases patient acceptance of 

ICD ttl8f8Q  
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with pocket infection had the devices 

explanted  In the PCD Transvene System 

experience  the incidence of device explant 

secondary to pocket infection was 2 9  
which was comparable to Winkle s article  

Thus  the incidence of complications and 
observations in the categories of ineffective 
VT VF therapies  infection requiring explant 
and erosion was similar to that of the AICD 
Epicardial System  The incidence of 
inappropriate delivery of therapy is lower in 

the PCD Transvene System experience than in 
t4e A CD Epicarpal System experience  which 
is clinically significant  

This analysis indicates that the PCD 
Transvene System offers clinical advantages 
in reducing the need for a thoracotomy for 
implantation and reducing the number of 
shocks due to successful antitachyarrhythmia 

pacing and inappropriate therapy incidence  

C  Survival Analysis 

The Ventak P Epicardial System produced by Cardiac 
Pacemaker  Inc  has obtained market approval from 
the U S  FDA to date  While there are important 
differences in the function of the Ventak P Epicardial 
System and the PCD Transvene System  the Ventak  
P Epicardial system is the most comparable Market 
Released system  Table ID1 3 summarizes how the 
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patient deaths have been classified for the PCD 

Transvene System and the Ventak P epicardial 
System  

S ddin Cardiic 5 4 

31 8 

All Cirdiac 15 6 

0 

Totii 51 Te 

5  0 7   8  2 7   

Table ID1 3  PCD Transvene System   Death Classification  PCD Transvene VS 

Ventak P   211 93 

A total of 51 deaths  6 7   were reported in the 
PCD Transvene System patient population  Of the 
35 cardiac deaths  30 were non sudden cardiac and 
5 were sudden cardiac  Sixteen deaths were 
classified as noncardiac  Five of the 51 total deaths 
occurred within the perioperative period  death less 
than 30 days post implant  with a resultant 

perioperative mortality of 0 7   

In the Ventak P Epicardial System patient population 
a total of 19 deaths  6 5   were reported  Of the 12 
cardiac deaihs  4 were classiTied as  wdderi   radiac 
and 8 were classified as non sudden cardiac  Six of 
the deaths were classified as noncardiac and the 
cause of one was unknown  Eight of the deaths 
occurred within the perioperative period with a 
resultant perioperative mortality of 2 7   The PCD 
Transvene System population had a lower 

perioperative mortality  0 7  vs 2 7   p  0 006   



MEDTRONIC CONFIDENTIAL 

For purposes of this comparison  only the overall 

actuarial survival rate includes perioperative deaths  

All other calculations in both the PCD Transvene 
System and Ventak P Epicardial System group 
exclude perioperative deaths  

For the Ventak P Epicardial System  patient deaths 
were censored if the Ventak P device had been either 

electively deactivated for various reasons prior to the 

patient s death  thus preventing the device from 

attempting to convert the arrhythmia or if the pulse 
generators were known to be nonfunctional and 

awaiting replacement  For purposes of this 
comparison  seven patient deaths were censored in 
the PCD Transvene System patient population 
because the devices were deactivated at the time of 

patient death  

Table ID1 4 contains the survivaI comparison of the 
PCD Transvene System versus the Ventak P 
Epicardial System  

Sudderi Cardiac 99 7  98  6 k 

94 2  90 8010 

Table ID1 3  PCD Transvene System   Survival Comparison   PCD vs Ventak P   

211 93 

The PCD Transvene System sudden cardiac death 
survival of 99 7  at one year is comparable to that 
of the Ventak P Epicardial System sudden cardiac 
death survivai raie oi 98 6 fo  Dare importar4y  the 
overall one year actuarial survival for the PCD 
Transvene System was 94 2  as compared to 
90 8  for the Ventak P Epicardial System  This 
difference was primarily due to the improvement in 
the reported perioperative mortality in the PCD 
Transvene System patient population   Note  
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Confidence interval analysis was performed 
indicating that there was a statistical difference in 

the reported Overall mortality  The survival 

probability at one year for the Transvene population 
was 95 34k  From the analysis run  using 

commercially available statistical software package 
 SAS   the survival standard error was also 

calculated  The confidence interval ----- ------------ 

by taking the survival probability --- ---- ------ 

 survival standard error   The survival standard error 
----- ----- ------------ the confidence interval for 

------------- ---------- -- -- ----- -- ------ ---- ---- --- 

----- ------ ---- 

This comparison of actuarial survival rates indicates 
that the projected sudden cardiac death survival of 

patients receiving a PCD System patient population 
is comparable to that reported for the Ventak P 
Epicardial System  Thus  the incorporation of 

programmable VT VF detection and therapy 
algorithms has improved the type of therapy 
available for the treatment of recurrent VT VF while 
maintaining the positive impact of ICD therapy on 
survival from sudden cardiac death  

In addition  the elimination of a surgical thoracotomy 
for implant in the PCD Transvene System has 
improved the perioperative mortality and overall one 

year survival when compared to the Ventak P 
Epicardial System  

2  Comparison to PCD Epicardial Study 

The PCD Epicardial System uses the same tiered therapy 
device that combines features of bradycardia support 

pacing  antitachycardia pacing  low energy cardioversion as 
well as defibrillation therapy  This system has incorporated 

programmability and multiple detection and therapeutic 
options that allows the titration of device therapy to a 

patient s specific clinical arrhythmia history  

The PCD Epicardial System requires a thoracotomy for 
implantation because of the need to insert epicardial patch 
leads  This exposes the patient to surgical risk and 

(b)(4)

(b)(4)
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potentially limits the type of patient who may be considered 
for implant of the system  The need for a simpler and safer 
implantation technique is widely recognized  The 
incorporation of a nonthoracotomy lead system  such as 
the PCD Transvene System  should decrease the potential 
perioperative and long term mortality and morbidity 
associated with current epicardial system implantation 
approaches  

The PCD Epicardial System and PCD Transvene System are 
identical except for the implanted defibrillation lead system  
Thus  the performance of the PCD device  associated 
support equipment  is similar in the two systems and 
therefore a comparison of clinical experience should focus 
on those areas where the implanted lead system may 
impact clinical outcome  

This section provides a comparison of the PCD Transvene 
System clinical experience to the reported PCD Epicardial 
System ciinicai experience  The ioi1owing areas wii1 be 
discussed  

Patient characteristics 
Implant Data 
Spontaneous VTIVF Episode Efficacy 

Complications and Observations 
Survival analysis 

This analysis will show that the incorporation of a 
nonthoracotomy defibrillation lead system has maintained 
the type of therapy available for the treatment of recurrent 
VTIVF and decreased the potential mortality and morbidity 
associated with epicardial implant approaches while 
maintaining the positive impact of ICD therapy on VTIVF 
episode efficacy and patient survival  

The PCD Epicardial System clinical data was chosen as a 
control because the patients were being enrolled in the two 
studies concurrently by the same investigators  and the 

patient indications  implant criteria  and clinical data 
requirements were identical for the two patient groups  



MEDTRONIC CONFIDENTIAL 

a  Patient Characteristics 

In comparing the clinical experience with the PCD 
Transvene System to the PCD Epicardial System 
clinical experience  it is important to determine that 

patients who received the device are 
comparable  

Table ID2 1 contains the characteristics of the 757 

patients receiving the PCD Transvene System versus 
the characteristics of the 742 patients who received 
the PCD Epicardial System as of 115193  

Number of Patients ----- ----- 

11 7 months ------ months 

  Dlales  
  Females 

----- 80 6  
----- 19 4  

----- 85 8  
----- 14 2  

  lVlean Age 59 4 years 59 6 years 

Prima  lridication 

SCD 
VT 

----- 37 1  
----- 49 8ok 
--- 13 2  

----- 28 8  
----- 54 60 6 
-- --- 1 6 6 k 

Cardiovascular History 

----- 74 1  

Caidiornyopathy ----- 13 14k 
----- 76 7  
----- 29 9  

35 6  34 0  

2 3 3 0 

Statistically Significant 

Table ID2 1  Comparison of Patient Characteristics  PCD Transvene System versus 

PCD Epicardial System   211193 

Both groups had moderately depressed left 
ventricular function demonstrated by the mean 
ejection of 35 6  for the PCD Transvene System 
patient group and 34 0  for the PCD Epicardial 

patient group  

37 

(b)(4)

(b)(4) (b)(4)

(b)(4) (b)(4)
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A   alysis   vdicated that t e PCD Transvene System 

patient population had a higher percentage of 

patients whose indication for implant was sudden 

cardiac death  p   0 002  and higher percentage of 

females  p  0 007   It is not expected that these 

differences will result in a different clinical outcome 

in the PCD Transvene System patient population as 

compared to the PCD Epicardial System  This 

difference in patient indication is a reflection of the 

physicians use of the PCD Transvene System  

It is interesting to note  that there was a statistical 

difference in the number of antiarrhythmic drugs 
tested between the two patient groups  p  0 001   

The PCD Transvene System patient group failed a 
mean of 2 3 antiarrhythmic drugs prior to implant 
while the PCD Epicardial System patient group failed 
a mean of 3 0 antiarrhythmic drugs  This difference 
is a reflection of the differences in the indications for 
implant between the two patient groups  The PCD 
Transvene System patient group had a higher 
incidence of patients whose primary indication for 
implant was sudden cardiac death  These patients 
are not required to have drug therapy screening  
therefore  fewer drugs were tested in this group  

b  implant Data 

In both systems  lead system testing was performed 
to verify that one of the specified lead systems was 
capable of properly detecting and treating episodes 
of ventricular fibrillation and  when appropriate 
ventricular tachycardia  This testing included pacing 
and sensing thresholds during sinus rhythm  
evaluation of VF electrogram amplitudes and 
defibrillation efficacy evaluation  The implant criteria 
for both systems was identical and was  

1  Successful VF termination at least 3 times in 4 
attempts with an output energy of 18 Joules or less 
and 

2  At least a 2 1 VF sensing safety margin 



IVIEDTRON  C CONFIDENTIAL 

Pace Sense Performan e 

In both the PCD Transvene and PCD Epicardial 

Systems  sensing is performed in a standard bipolar 

configuration and pacing is performed in the 
integrated bipolar configuration  The pace sense 
implant criteria for both systems was  

Pacing Threshold  
R Wave Amplitude  

Slew Rate  
Resistance  

- ------ - ---- ---- 

- ------ 
- ------ ---------- 
----- - ----- ------- 

Table ID2 2 provides a comparison of the mean 

pace sense values obtained at the time of implant for 
the PCD Transvene and Epicardial Systems  It 
should be noted that the pace sense values 

presented for the PCD Epicardial System are for the 
Model 7217B PCD Device  

Pir airetei 

P8ChlQ THCOSllOld ------ -- 

--- ----- ----- 
------ -- 

--------- --- 

R Wave Amplitude  ------ ----- 

--------- ------ 

------ ----- 

----------- ------ 

Slew Rate  ------ ---- 

----------- ----- 

------ ---- 

----------- ----- 

Resistance  ----- ------- 

------------ -------- 

tatistically ignificant 

----- ------- 

--- ------ ------ 

Table ID2 2  PCD Transvene System  Comparison of Implant Pace Sense Parameters 
  211193 

The implant pace sense parameters obtained for the 
PCD Transvene System indicates that the lead 
system provided adequate pacing and safety 
margins  There was a statistically significant 
difference in all of the implant pace sense 
parameters  p  0 001   This is anticipated because 

(b)(4)

(b)(4)
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endocardial pace sense parameters are better than 

epicardial values for bradycardia pacing electrode 

systems  

Electrogram amplitudes were evaluated at follow up 

evaluations of both systems to evaluate 

performance of the pace sense lead system and 

assure adequate safety margin for detection of both 

baseline rhythms and ventricular tachyarrhythmias  
In addition  pacing thresholds were also evaluated at 

follow up evaluations to assure an adequate safety 
margin for capture during both bradycardia and 

antitachycardia pacing therapies  A comparison of 

the chronic pace sense performance for the two 

systems is presented in Table ID2 3  It should be 

noted that there was no statistical difference in the 

chronic pace sense performance of the two systems  

Parameter 

Electrogram Amplitude ------ ----- 
----- - --- ------ 

---- ----- 
----- - --- ------ 

Pulse Width Threshold ------ ---- 
------- ------ 

------ ---- 
-------- ---- ----- 

Table ID2 3  PCD Transvene System  Comparison of Chronic Pace Sense Parameters 
  211193 

The incidence of loss of capture requiring lead 

system modification in the PCD Transvene System 
was 0 8  while the incidence in the PCD Epicardial 
System was 2 0   There were no reports of 

undersensing requiring lead modification in the PCD 

Transvene System while the incidence in the PCD 
Epicardial System was 0 8   

This comparison of implant and chronic pace sense 
data performance indicates that the performance of 

the PCD Transvene System is similar to that reported 
with the PCD Epicardial System and potentially may 
be improved over the PCD Epicardial system  The 

g  

(b)(4)
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PCD Transvene System provides appropriate acute 

and chronic safety margins for sensing of sinus 
rhythm and ventricular tachyarrhythmia as well as 

appropriate safety margins for pacing therapy  

Im lant Defi rillation Thre hol s 

For the purposes of both systems  determination of 

defibrillation threshold was not mandatory  
However  the preferred method of evaluating 
defibrillation efficacy was to determine 
defibrillation threshold using a testing sequence of 
18J  15J  10J  5J with a failure at any level causing 
a return to 18 J for the remaining attempts  

A defibrillation threshold was defined as the energy 
at the lowest successful defibrillation attempt  

provided a patient had a failure below their lowest 
defibrillation success or a success at   5J  The 
rhythm treated must have been VF to be included in 
the analysis  

Table ID2 4 provides a comparison of defibrillation 
thresholds determined at implant for the PCD 
Transvene and PCD Epicardial Systems  

14 8J 

9 8J 

tatistically Significant  p   0 05  

Table ID2   PCD Transvene System  Comparison of Implant DFT   211193 

The PCD Transvene System did have a significantly 
higher mean implant defibrillation threshold 
 p   0 0001   It should be noted  that it was 
expected that the PCD Transvene System would 
have a higher mean defibrillation threshold as 
compared to a traditional epicardial defibrillation lead 

C 
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system  In a traditional epicardial system  the 
increased electrode surface area would theoretically 
decrease defibrillation requirements  

The programmed defibrillation pathways for the two 

patient populations is presented in Table ID2 5  The 
implanted PCD Transvene Systems are almost 
exclusively three lead systems and this explains the 
decreased use of SINGLE pathway  The use of 
SIMULTANEOUS pathway is higher in the PCD 
Transvene System and indicates that in a group of 

patients the incorporation of multiple defibrillation 

p8tfTVV S 8HQWi86 8fT iACf8d88 ifi l t  8 Bbitity iO m88t 

the PCD Transvene System implant criteria  Most of 
the PCD Epicardial System implants used a two 

patch system resulting in the increased use of the 
SINGLE pathway  

----- -------- ----- ------ ---- 

----- -------- --- ------ 

--- --------- ----- -------- 

Table ID2 5  PCD Transvene System  Comparison of Programmed Defibrillation 
Pathway   211193 

The differences in the programmed status of the 
PCD device in the PCD Transvene System are a 
reflection of the type of patients who received the 
device and the defibrillation energy requirements for 
each lead system  It is important to note that the 
PCD device performed safely and effectively in both 

patient populations  

c  Spontaneous VTIVF Efficacy 

The primary benefits from the use of the PCD 
System center on the detection and termination of 
life threatening ventricular tachyarrhythmias  An 

(b)(4)



additional benefit g e C8NA  L 
the elimination of 

 h 
or a t oracotomy or 

implantation of the defibrillation lead system and the 

resultant decrease in potential patient morbidity and 
mortality associated with a thoracotomy  This 
clinical benefit should not be gained at the expense 
vf pf GVidiPig 8PiCCtlV8  Sf r  ratio    of  spontaneous VT 

and VF episodes  Table ID2 6 provides a comparison 
of the efficacy of the PCD Transvene and PCD 
Epicardial System in treating spontaneous episodes 
of VT and VF  

Mean Follow Up 11 7 months 16 3 months 

316 

Epiiodei 
386 

10 027 20 061 

9 86411 0 027 
98 4  

1 9 726120 061 
98 3  

68110 027 
0 7  

1 50120 061 
0 8  

95110 027 
0 9  

1 85120 061 
0 9  

11 7 months 16 3 months 

317 

Episodes 

342 

1982 2 636 

1 951 1 982 
98 4  

2601 12636 
98 7  

511 982 
0 3  

1 512636 
0 5  

2611 982 
1 3  

2412636 
0 8  

Table ID2 6  PCO Transvene System  Comparison of Spontaneous VTIVF Episode 

Efficacy   211193 
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The overall success rate of the PCD Transvene 
System in terminating spontaneous episodes of VT 

or VF is 98 5   This success rate compares very 

favorably with the overall success rate of the PCD 

Epicardial System which was 98 4   Therefore  the 
PCD Transvene System offers the potential of 

decreased patient morbidity and mortality without 

decreasing the treatment efficacy of spontaneous 
VTIVF episodes  

d  Complications and Observations 

A comparison of the reported complications and 
observations was made between the PCD Transvene 
System and the PCD Epicardial System  The PCD 
Epicardial System patient population used for 
comparison included clinical experience as of 
January 5  1992 with 742 patients and a mean 
implant duration of 16 3 months  These two patient 
groups are similar in the patient demographics and 
indication for implant of the PCD System  In the PCD 
Transvene System patient population  19 4  of the 

patients experienced a clinical complication and 
23 8  of the patients experienced a clinical 
observation  In the PCD Epicardial System  14 2  
of the patients experienced a clinical complication 
and 32 9  of the patients experienced a clinical 
observation  

Table ID2 7 and ID2 8 provide a comparison of the 
reported complicationslobservations and their 
incidence in the two patient populations  
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Reported Complications 

1 2  0 5  

2 2  

Pace Sense Related 0 8 k 3 5  

2 9  2 3  o 

Lead RsIated 15 1  3 0  

pg 0 9  

Table ID2 7  Reported Complications  PCD Transvene System versus 
PCD Epicardial System   211193 

Reported Observations 

Reported Obsewstions PCD Transvene System 

 N 767  

PCD Epicardial System 

 N   742  

Ineffective Therapy 1 1  1 1  

Inappropriate Therapy 9 6  13 6  

Pace Sense Related 9 0  14 Q lo 

Infection Related 5 3  2 6  

Lead Related 2 3  1 2  

Device Related 

Table ID2 8  Reported Observations  PCD Transvene System versus PCD 
Epicardial System   211 193 

e  Survival Analysis 

Despite their excellent clinical performance  
epicardial defibrillation lead system have important 
limitations  The requirement for direct thoracic 
access contributes significantly to patient morbidity 
and mortality  patient discomfort and prolonged 
hospitalization  The availability of reliable 
nonthoracotomy lead systems should provide 
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positive clinical impact on these issues while not 
negatively impacting patient survival  Therefore  a 
comparison of the one year actuarial survival rates 
for the PCD Transvene and Epicardial System was 

performed  

Table ID2 9 provides a summary of the patient 
deaths reported in the two patient populations by 
classification  As a reference  the mean follow up 
time for the PCD Transvene System patient 
population was 11 7 months while for the PCD 
Epicardial System it was 16 3 months  Patients with 
the device programmed OFF and perioperative deaths 
are not mutually exclusive  

5 0 7  
1 0 a  
2 0 3  

24 3 2  
3 04  
9 1 2  

31 4 1  
4 05  
2 0 3  

S4 7 3  
12 1 6  
18 2 4  

All Cardiac 
 Off 

  Peiioperative 

36 4 8  
5 0 7  
4 05  

78 10 5  
15 2 0 lo 
27 3 6  

15 2 0  
2 03  
1 0 1  

34 4 6  
7 09  

12 1 6  

51 A loll 

O  Off 7 09  

113 1g  30  

5 0 7  
23 3 1  
39 5 3  

Table ID2 9  Death Classifications  PCD Transvene System versus PCD Epicardial 
System   211193 

Table ID2 10 provides a comparison of actuarial survival 
rates between the PCD Transvene and PCD Epicardial 
patient populations  The actuarial survival projections 
include perioperative deaths only in the calculation of 
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survival from death due to all causes  shown in table row 

labelled Overall   Perioperative mortality includes those 
deaths which occur in the first thirty days post implant of 

the PCD System  

Number of Patients 757 742 

99 5  98 9  ---- --- 

96 2  96 7  ------- 

95 8  95 7  ------- 

98 1  98 Q lo ------- 

93 3  88 6  ------- 

-------------- ------------- -- - ------ 

Table ID2 10  Comparison of Actuarial Survival  PCD Transvene System versus PCD 

Epicardial System   211193 

There was a significant increase in overall survival in the 

patients receiving a PCD Transvene System  As previously 
noted  the Overall one year actuarial survival includes death 
from all causes  The overall one year survival for patients 
receiving the PCD Transvene System was 93 3   This is 
significantly improved as compared to the overall one year 
----------- -------- l for the PCD Epicardial System  88 6   
--- - --------- This improvement in overall survival is 

primarily due to the marked improvement in perioperative 
mortality  the PCD Transvene System having a 0 7  

 5 757  perioperative mortality versus the a perioperative 
mortality of 5 3   39 742  in the PCD Epicardial System  
This improvement in perioperative mortality is primarily due 
to the elimination of the need for a thoracotomy and its 
associated morbidity and mortality  

5 

(b)(4)

(b)(4)

(b)(4)
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3  Patients Followed For   One Year 

a  Patient Characteristics 

Table ID3 1 provides a data summary on the patients 
followed for a year or more  This table includes 

patient characteristics  defibrillation pathway 
configuration  mean LED and DFT  spontaneous VT 

and VF experience and efficacy  The characteristics 

of this subset of patients are similar to the original 

757 patient population  Patients followed for a year 
or more had a similar percentage of patients having 

a history of coronary artery disease  69 2  vs 

74 1   and a similar mean ejection fraction  38  vs 

35 6    The differences are small and are not 

suspected to have an impact on implant duration or 

survival  Note that since by definition all patients 
have been followed for at least one year  the overall 

survival probability and the sudden cardiac survival 

probability is 100  at one year  
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Patients with 12 months of Follow up 

Number of Patients 

6454 6 

16 3 mo 

37 4 mo 

310 78 9 k 
83 21 1 Vo 

58 8 yrs 

SCD 
VT 

SCDIVT 

150 38 2  
1 91 48 6   o 

52 13 2  

272 69 2  

357 38 0  

296 74 9  
93 23 6  

6 1 5  

15 6J  N  365  

14 3J  N  184  

186 
6338 

99 0   6273 6338  

176 
1105 

g   gag  1 QgQ 1 1 QQ 

Table ID3 1  PCD System Data Summary   Transvene Patients with 12 
month Follow up   211193 

b  Spontaneous VTIVF Efficacy 

The primary benefits from the use of the PCD 
System center on the detection and termination of 
life threatening ventricular tachyarrhythmias  Table 
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life threatening ventricular tachyarrhythmias  Table 
ID3 2 provides a comparison of the efficacy of the 
PCD Transvene System in patients with at least 12 
months of follow up in treating spontaneous 
episodes of VT and VF  

PCD Tranevene System 

6338 

99 0  627316338 

1105 

98 6  109011105 

Table ID3 2  PCD Transvene System  Comparison of Spontaneous VTIVF Episode 
Efficacy   

c  Complications and Observations 

The use of a multiprogrammable implantable 
cardioverter defibrillator  ICD  device allows the 
physician to resolve most relevant medical events by 
noninvasively changing programmed parameters 
thus  avoiding invasive procedures  However  there 
will continue to be certain relevant medical events 
which will require invasive procedures for resolution  

For purposes of this clinical study  reported relevant 
medical events were divided into complications and 
observations bysed on the following previously 
described definitions  

COMPLICATION  A symptomatic or asymptomatic 
clinical event with potential adverse 
effects  which can NOT be treated or 
resolved by reprogramming the device 
and  RtQUJRt  ir  vasive nterventior  

OBSERVATION  A symptomatic or asymptomatic 
clinical event with potential adverse 

 D 
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effects  which either does NOT require 
invasive intervention  or which CAN be 
corrected by reprogramming the device  

As of February 1  1993  of the 393 patients with 
implant durations of greater than or equal to one 
year  there have been a total of 89 complications 
reported in 76 patients and 122 observations 
reported in 99 patients in the PCD Transvene System 
patient population  Thus  19 3   76 393  of the 
patients had a clinical event reported which was 
categorized as a complication vs 19 4   147 757  
in the overall population and 25 2   S91393  of the 
patients had a clinical event reported which was 
categorized as an observation vs 23 8   180 757  
in the overall population  

Table ID3 3 Summarizes the reported PCD Transvene 
System complications and observations by category  
The reported complications and observations are 
recognized clinical events that may occur with any of 
the current ICD devices  These complications and 
obseniatiorrs ate discussed i  the PCD device aitd 
Transvene manual  None of the reported 
complications or observations have resulted in a 
patient death  

9l 
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89 122 

Table ID3 3  PCD Transvene System  Reported Complications and Observations   
211 93 

 i 
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Table ID3 4 contains a description of the lead 
dislodgements that have occurred in less than 30 
days and in greater than 30 days  

i cad pialodgementa   0 dayo and  80 days 
M 393 

Complicationa Obsirvstiais 

27  6 9   29  7 4   0  0  6  1 5    

Table ID3 4  PCDTransvene System  Lead Dislodgements occurring  301 30 days 
in patients followed for greater than or equal to one year as of 211193 

There have been a total of 35 lead dislodgements 
reported in patients at greater than 30 days  None 
of the lead dislodgements resulted in an ineffective 
therapy for a spontaneous VT or VF episode or 
patient death  Lead dislodgements were 
documented by fluoroscopic examination during 
electrophysiologic evaluation  chest x ray obtained 
during routine follow up  or during pacinglsensing 
threshold evaluation during routine follow up  In 29 
cases  reoperation was required to reposition the 
lead and reestablish an effective defibrillation lead 
system  In 6 cases  lead repositioning was not 
required  

Lead dislodgements are not specific to the PCD 
Transvene System and have been reported with dual 
chamber pacemakers and the current market 
released implantable cardioverter defibrillator  ICD  
system  The early history of dual chamber 
pacemakers witnessed a high lead dislodgement rate 
of at least 20   Smyth  PND  et al  Permanent 
perivenous atrial sensing and pacing with a new J  
shaped lead  J Thoracic Cardiovascular Surgery  
1976 72 565 570   Winkle  et al reported that the 
incidence of dislodgement of the superior vena cava 
spring leads with the current market release ICD 
system to be 6 3    Winkle  et al  Automatic 
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Implantable Cardioverter Defibrillator  Efficacy  
Complications  and Survival in Patients with 
Malignant Ventricular Arrhythmias  JACC  June 
1988  Vol 11  No 6 1278 86   

In summary  this group represents the majority of the 
overall population and the characteristics of the 393 
patients with implant durations of greater than or 
equal to one year were similar to the overall 
population of 757 patients  

d  Survival Analysis 

There have been a total of 7 patient deaths reported 
in this subset of patients  The deaths occurred 
greater than 12 months from the date of implant  
Table ID3 5 summarizes how these patient deaths 
have been classified  

0 

5 

2 

Table ID3 5  PCD Transvene System Summary of Death 
Classifications   211 193 

Table ID3 6 summarizes the 18 month and 2 year 
actuarial survival of the patinets followed for at least 
1 year  
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18 months 2 year 

Sudden Catdliae Death 100  100  

Non Sudden  Cardiac 98 3  96 7  

All Cirdec 98 3DI6 96 7  

Alonmrdee 99 5  98 6  

97 8  95 4  

Table I 83 6  PCD Transvene System   One Year 
Actuarial SurvivaI   211193 

4  Non Standard Lead Configurations 

In addition to the 757 patients presented in this report 
there were 43 patients who received defibrillation lead 
systems that were different from the three  Standard  

systems  Even though these lead systems were different 
from the majority of systems evaluated they were 
evaluated by the investigator at time of implant and found 
to be efficacious  

Seven  7  of the 43 non standard systems were in patients 
that had previously received a market released epicardial 
defibrillation system and one or more Transvene was added 
to the system to improve defibrillation efficacy  Twenty  
four  24  patients had hybrid systems of Medtronic 
epicardial patches used with one or more Transvene leads  
Six patients had two lead Transvene systems implanted  
Four patients had Transvene leads placed in  nonstandard  

locations  Pulmonary Artery  Right Atrium  and Great 
Cardiac Vein   Two patients have two Transvene leads 
connected together with a high voltage Y adaptor and are 
programmed to single pathway defibrillation  One of these 
is a four lead system  SVCISQKCSIRV   the other is a three 
lead system  SVCKSQ RV   

Table ID4 1 contains the distribution of the non standard 
lead systems  
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Table ID4 1  Non standard Defibrillation Lead Systems   211193 

These non standard lead systems have a mean defibrillation 
threshold similar to the overall patient population and have 
performed safely and effectively during the follow up period  The 
efficacy of termination of spontaneous episodes of ventricular 
fibrillation is 100   

----- --------- ------------ ------- --- ------- ------- -- --- --- ----- ---- 
-------- ------ --------- ---------- ------ -- -------- --------- --- 
-------------------- ------- -------------- ------------ ---------- ----- --------- 
--------- -------- ----- ------- ----- ------- ------ ----- --- --------- --------- 
------- -- -- -------- ---- -------- --- ----- ----------- ------- -- ---- ----- 
---- ---------- --------- --------- --- ------ ------ -------- -------- ----------- 
-- - ---- -- -- ---- --- --------- ----- --- --- -- ----------- ------ ------------- 

----------------- ------------- --------------- ----- -------------- ------ ----- 
-------- -- -- -- ------ ------ ----- --- --------- --------- ------- ----- --------- 
--- --------- ---- ------ ------------- --------- -------- ---- ----- --------------- 
---------- ----- ---- ------ ----- ------ ---- --------- ------------ ----- ---- 
---- --- ------ -- --------------- -------------------- ---------- --- ------ 
---------- --- ----- --------- ------- ----- -- ---------- --- ---------- 
------------- ---- ----- ---------- -------- --------- -- ----------- --- ---- 

-- ------ --------- 

a  Patient Characteristics 

Table ID4 2 contains the data summary of the 
patients that received the standard lead systems and 
the 757 patients that received a 3 lead Transvene 
lead system  

(b)(4)

(b)(4), (b)(6)
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All  Patients 

4  iif Patients 43 757 

32 74 4  

1 1 25  6  o 

610 80 6  

147 19A  

54 4 yrs 59 4 yrs 

SCD 
VT 

SCQpgT 

16 

20 

37 2  
46 5  
1 p QO   

1 2 3  

281 37 1  

377 49 8  

99 
1 J 1 0  

31 72 1   561 74 1  

36 0  

 N  40  

27 62 8  

5 11 6 

11 25 6  

35 6 ok 

 N   688  

574 75 3  

178 23 4  

10 1 3  

Mean LED 15 3J  N  32  16 0J  N  703  

Mesn DFT 12 6J  N  13  14 8J  N  316  

Spontaneous VT  

t of Patients 

4 of Episodes 

Yo Success 

16 
278 

95 7  

20 

113 

97 4  

316 

10 027 

98 4  

317 

1 982 

98 4  

1 Yeai SCD Survival 100 0  99 5  

Table ID4 2  Data Summary   Non Standard Lead Systems   2 1 93 

gpOlgag  VTlljj F Effigy 

The primary benefits from the use of the PCD 
System center on the detection and termination of 
life threatening ventricular tachyarrhythmias  Table 
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ID4 3 provides the efficacy of the non standard lead 
configurations in treating spontaneous episodes of 
VT and VF  

278 

2661278 
95 7  

01278 
 VT  0 0  

1 21278 
4 3  

113 

1101113 
97 3  

01113 
0 0  

31113 
2 7  

Table ID4 2  PCD Transvene System  Comparison of Spontaneous VTIVF Episode 
Efficacy   2 1 93 

C  Complications and Observations 

The use of a multiprogrammable implantable 
cardioverter defibrillator  ICD  device allows the 
physician to resolve most relevant medical events by 
noninvasively changing programmed parameters 
thus  avoiding invasive procedures  However  there 
will continue to be certain relevant medical events 
which will require invasive procedures for resolution  

For purposes of this clinical study  reported relevant 
medical events were divided into complications and 
observations based on the following previously 
described definitions  
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COMPLICATION  A symptomatic or asymptomatic 
clinical event with potential adverse 
effects  which can NOT be treated or 
resolved by reprogramming the device 
and REQUIRES invasive intervention  

OBSERVATION  A symptomatic or asymptomatic 
clinical event with potential adverse 
effects  which either does NOT require 
invasive intervention  or which CAN be 
corrected by reprogramming the device  

Table ID4 3 Summarizes the reported PCD Transvene 
System complications and observations by category 
for the patients that received a non standard lead 
configuration  The reported complications and 
observations are recognized clinical events that may 
occur with any of the current ICD devices  These 
complications and observations are discussed in the 
PCD device and Transvene manual  None of the 
reported complications or observations have resulted 
in a patient death  

dj  
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Total 4 9 

Table ID4 3  PCD Transvene System  Reported Complications and Observations   
211193 

d  Survival Analysis 

There were 2 patient deaths in the 42 patients that 
received a non standard lead system  One was classified 
as non sudden cardiac and one was classified as non 
cardiac  Table ID4 4 containes the one year actuarial 
survival for the patients with non standard lead systems  



 el 
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Sudden Cardiac Death 100  

95 2  

All  Ciii idiic 95 2  

Noncirdhc 100 0  

93 0  

Table ID4 4  PCD Transvene System   One Year 
Actuarial Survival   211193 

E  PCD System Performance 

1  Explants  Leads and PCD Devices 

Transvene Lead Performance 

The Transvene Lead System consists of a Right Ventricular 
Lead  a Coronary Sinus Superior Vena Cava lead  and a 
Subcutaneous Patch lead  There have been a total of 757 
Right Ventricular leads  15 with the SP2100 and 742 with 
the Model 6884 6966   796 Coronary Sinus Superior Vena 
Cava leads  Model 6881 6963   and 718 Subcutaneous 
Patch leads  Models 6895110317 6999  implanted with a 
cumulative implant duration of 8894 8 months  The 
reported incidence of fracture for the RV lead is 0 9  
 7 757  and 0 3   2 757  for the SQ lead  

A Model 6884  screw in  right ventricular  pace sense  
cardioversion defibrillation lead was returned to Medtronic 
27 months post implant  The lead was returned to 
Medtronic following explant from a patient that was 
undergoing a heart lung transplant  Note that the lead had 
been fully functional while implanted and was found to be 
fully functional upon explant  

Upon undergoing further analysis at Medtronic  some MIO 
 metal ion oxidation  was observed on the lumen of the 
middle insulation approximately 20 cm proximal of the 
pacing tip electrode  and on the outside of the inner 
insulation  The MIO was further characterized to be 

i5L 
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 cosmetic  in that it had not functionally affected the lead 

in any way  Cosmetic MlO is defined as any crack that has 

not breached the insulation  

Initial analysis indicated that the presence of the MlO was 

in the clavicular region of the body  i e   the location  20 

cm proximal of the tip  would be in the first rib clavicle 

region of a small adult  There was no evidence  however  

of conductor coil fracture and the lead was fully functional  

Given the Model 6884 lead is generally implanted via 

subclavian vein insertion  this type of observation may 

occasionally be expected  However  subsequent analysis 

of the patient X rays showed that the area of MIO was 

actually in the right ventricle  The patient s right ventricle 
was extremely dilated  secondary to pulmonary 
hypertension  Therefore  20 cm from the proximal tip 

electrode located the area of MIO at the point of maximum 

curvature of the lead  in the right ventricle  rather than in 

the clavicular region  

Detailed Anal sis R suits 

Visual Microscopic 

Shallow  cosmetic  environmental stress cracking  ESC  
was visible  No coil deformation was visible in the first 
rib clavicle region  Possible MIO was visible 20 cm 

proximal of the electrode tip extending approximately 0 5 

cm on the middle insulation  Possible MIO was also visible 
on the innermost insulation starting at 19 3 cm proximal of 

the electrode tip and extending 5 4 cm proximally  

Scanning Electron Microscopy 

MIO was observed on the lumen of the middle insulation 
and on the outside of the innermost insulation  The MIO 

penetration was less than five percent of the insulation wait 

thickness  In addition to the insulation  both the middle 
and inner coils were evaluated up to 2500 times 
magnification  There were no anomalies apparent on the 

inside or outside of the middle coil in the region of the MIO  
The innermost coil showed no signs of crush or fatigue in 

the region of the MIO  

8 
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FTIR ATR 

FTIR spectra were obtained for a control area  no MIO  of 

the inner tubing and the cracked area of the tubing  

Relative ratios of key bonds were calculated using the 

absorption intensities  These ratios indicated that the ether 

segments were oxidized in the polyurethane  which is 

characteristic of MIO  In addition  peaks appeared  

indicative of carboxylic acids or esters  oxidation 

byproducts   

Discussion 

Contrary to the initial dimensional analysis of this lead that 

indicated the area of MIO was located to the clavicular 

region of implant  review of the patient s X rays revealed 

that the heart was significantly enlarged due to the 

advanced disease state  Subsequently  a significant portion 
of the insulated lead body was located in the heart  

including the portion with cosmetic MIO  Typically  20 cm 

proximal of the tip electrode approximates the clavicular 

region  

Consistent with our previous analysis of MIO relative to the 

688416966 lead  the observed MIO did not  in any way  

affect the clinical performance of this lead  Patient data 

analysis shows that the implanted lead system  inclusive of 

the 6884 lead  performed appropriately  Of six 

spontaneous VTIVF episodes reported  4VT 2VF   all were 

appropriately detected and treated via the implanted PCD 

Transvene system  

In addition  the presence of MIO on the middle insulation is 

not entirely unexpected  reference February 18  1993  

MedtroniclFDA meeting   If the middle insulation had been 

degraded to the point of electrically shorting the sensing 

ring  middle conductor coil  to the common defibrillation 

electrode  middle coil   an integrated bipolar sensing system 

would  in essence  be created  In this type of system  

sensing occurs between the unipolar pacing tip and the 

common defibrillation electrode  versus standard  or true  

bipolar sensing between the pace sense tip and the ring 

electrodes  This type of sensing system is identical to the 

CPI Endotak configuration  as well as Medtronic s earlier 

6 
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design of a Transvene RV lead  i e   the Model SP2100  

These types of integrated systems have been shown to be 

clinically acceptable  Note that canine testing of a shorted  

RV cardioversion defibrillation lead  indicated that this type 

of failure does not result in the lack of therapy delivery  

lf the innermost insulation had degraded such that the 

pacing tip electrode shorted  this could manifest as 

intermittent sensing of the brady pace sense function of the 

lead  This type of anomalous system performance is 

expected to be observed at follow up sessions  given the 

frequent monitoring of patients  every three months  or as 

necessary when the patient experiences VT VF episodes or 

anything unusual  Similar to brady pacing patients  

problems related to pace sense performance are typically 

observed at the time of follow up  pace sense threshold 

measurements are standard follow up procedure for both 

brady and tachy lead systems  and or when the patient 

reports to his her physician for any unusual events  e g   

intermittent pacing sensing  

The extensive dilatation of the right ventricle in which this 

lead was implanted resulted in a large portion of insulated 

lead body being in the right ventricle  as opposed to 

primarily just the cardioversionldefibrillation electrode coil  

Subsequently  this lead may have been subject to more 

flexing in the heart than what is typical for the RV lead  

Note  this was demonstrated in the videotape that was 

presented to FDA at the February 18  1993  

Medtronic FDA meeting  

Clinical data from brady pacing leads indicates that the 

portion of the lead subject to the flexing motion in the heart 

may be related to the occurrence of MIO in brady lead 

bodies  Brady pacing leads  proximal to the tip ring 

electrodes are subject to more flexing motion  relative to a 

cardioversion defibrillation RV lead  while contained in the 

heart  On the other hand  cardioversionldefibrillation leads  

like the 688416966  are comprised of a comparatively stiff 

portion proximai to the tip ring electrode  This length of 

defibrillation electrode  5 cm  appears to flex less than a 

typical brady pacing lead while in the heart  as a result of 
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greater stiffness  However  in the extremely hypertrophic 

heart  as was the case with this particular RV lead  the lead 

may be subject to more flexing  similar to that of a brady 

pacing lead  

Conclusions 

As noted  Medtronic cannot assure that MIO  or other lead 

failure mechanisms will not occur in the 688416966 lead  

However  one should consider the actual benefits of the 

lead versus the potential for MIO occurrence  Specifically  

clinical data to date for the Transvene system show that 

one year actuarial survival from SCD is 99 5 percent and 

the average hospital stay for Transvene implant is only 

seven days  versus ten for an epicardial system     

Regarding the potential for MIO occurrence  analysis shows 

this would result in a bipolar integrated sensing system  or 

in an intermitient pace seri  st   em  E tegra a  m nsing 

has been shown to be clinically acceptable  and intermittent 

pacinglsensing is assessed as part of standard follow up 

procedures  Additionally  with postmarket surveillance 

mechanisms in place  such as returned product analysis and 

chronic lead monitoring  Medtronic is well positioned to 

appropriately evaluate and manage potential failure 

mechanisms of implantable cardiac leads  We are 

committed to these surveillance mechanisms in the interest 

of delivering optimal implantable technology products to the 

health care market  

Based on the clinical data collected  the Transvene leads 

have performed safely and reliably  

PCD Devices 

In the 762 implants  a total of 63 units  8 3   were 

explanted secondary to patient deaths  infection  heart 

transplant  low battery voltage measurement and PCD 

Device performance issues  Table lE1 1 provides an 

overview of the units explanted  and returned to Medtronic 

for analysis and reason for explant  
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Reison 

for analysis 

Patient Death 22 17 

Infection 22 10 

9 5 

1 1 

4 4 

L23 1 1 

4 4 

63 42 

Table lE1 1 Reasons for PCD Device Explant   2 1 93 

The investigational plan requests that if the patient expires 

during the course of the clinical study that the PCD device 

be explanted and returned to Medtronic for analysis  There 

were 51 reported patient deaths and 22 devices were 

explanted  Seventeen have been received at Medtronic for 

analysis  In the 29 deaths where the device was not 

explanted  the patients expired and were buried before the 

devices could be explanted  

Results of analysis performed on the 42 explanted devices 

is presented in Table lE1 2  
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36 

2 

2 

 23 

0 

42 

Table lE1 2  Final Analysis on Explanted PCD Devices   2 1 93 

Of the 42 devices explanted  final analysis on 36 units 

indicated that the devices were functioning within normal 

specifications  

Six PCD Devices were explanted for the following device 

performance issues  

explanted due to a Power On Reset  POR  condition 

that was not related to the delivery of exteinal 

defibrillation or cautery  N  1   

explanted for lower than expected battery voltage for 

time in service  includes L23  N  2   

explanted secondary to failure to appropriately 

synchronize and deliver cardioversion therapy for an 

induced VT episode  N  1   and 

explanted post inappropriate delivery of VF therapy 

during a manual capacitor charge time  bl  2l  

These devices are discussed in detail in the discussion that 

follows  

In the case of the device explanted for PCD Device 

performance issue ------------------- the device experienced 

a Power Gn Reset  POD condition thai was notretated fo 

4 

(b)(4)
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the delivery of external defibrillation or electrocautery  

Under certain conditions  the use of direct defibrillation or 

electrosurgical cautery in the icinity of a Model 7217B PCD 

System  i e   device and electrodes  may cause the device 

to be set to its reset parameter values  VT VF detection and 

therapies disabled and nominal VVI pacing parameters   In 

t e case of this patient  the POR condition occurred during 

the pre hospital discharge evaluation and the patient was 

under no increased risk  

Since external defibrillation or electrocautery had not been 

used near the device  it was recommended that the device 

be explanted  The patient received a second PCD Device 

without difficulties  The explanted PCD Device underwent 

initial evaluation and was found to be performing within 

specifications  

Analysis of the device which had the documented short on 

the Pulse 2 output was found in a device which was 

explanted secondary to patient death  The death was 

classified as nonsudden and not related to the implanted 

PCD Transvene System  It appears that this diode failed 

post explant of the system probably due to electrocautery 

being used at the time of explant and was not related to 

the patient s death  

There was one device ------------------ that was explanted 

due to lower than expected battery voltage for time in 

service  Analysis indicated that hermetic leakage at the 

input to one of the integrated circuits lead to a voltage drop 

across a resistor where the voltage measurement is taken  

Thus the actual battery voltage was appropriate but the 

telemetry reading was incorrectly low  

There have been no reports of lower than expected battery 

voltage for time in service due to failure in an integrated 

circuit which increases current drain or leakage of tantalum 

capacitors on the printed circuit board as reported in the 

PCD Epicardial System experience  

None of these issues are related to the PCD device battery 

performance  The battery has performed according to 

(b)(4)
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specifications and there is no clinical data indicating 

otherwise  

In the case of the PCD Device ------------------ which did not 

appropriately synchronize cardioversion therapy  during the 

pre hospital discharge electrophysiology study  VT was 

induced and cardioversion therapy failed to appropriate1y 

synchronize and deliver therapy for the induced episode  

The PCD Device was explanted and the patient received a 

second device without difficulties  Anaiysis OT thB 

explanted PCD Device indicated a random device failure  

The manufacturing process was modified to incorporate a 

screening process to identify any further devices which 

may exhibit this behavior  

In the PCD Device ------------------ in which VF therapy was 

delivered during a capacitor charge time  appropriate 

function of the Model 7217B PCD Device was documented 

at the time of implant  At the time of the one month follow  

up  the device was interrogated and there were no 

spontaneous episodes between hospital discharge and the 

one month follow up  During the monitor  the capacitors 

were being charged according to protocol and the patient 

indicated she felt a sensation in her abdomen  

Subsequently  the PCD device did not respond to telemetry  

The patient was monitored again in an effort to assess 

telemetry  Another programmer was used and various 

radiofrequency sensitivities were used in attempts to gain 

telemetry  Still there was no response  The implanted 

system was assessed via x ray and device  leads  

dislodgement was not seen  Alternative implant  e g   

another commercially available defibrillator  was not 

considered an option as the Medtronic lead connections 

were not known to be compatible with other 

manufacturer s devices  The PCD Device was explanted 

and a second Model 7217B PCD device was implanted 

without difficulty  This patient has done well since the 

second implant procedure  No further device performance 
issues such as this one have been reported in this patient 

or other implanted devices  

Analysis of the explanted unit indicated that arcing 

occurred between the conductors inside the hermetically 

pb 

(b)(4)

(b)(4)
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enclosed brazed ring of the high power hybrid  As a result  
high voltage was momentarily applied to the low power 
circuitry  including the low power hybrid  This low power 
hybrid lost function including the capability to pace and 
transmit telemetry due to excessive voltage applied  The 
mechanism that initiated the arcing could not be identified  

Even though the arcing mechanism could not be identified  
it is important to note that the hybrid manufacturing 
procedure has processing steps to ensure that arcing does 
not occur  Traceability data on this unit indicated there 
were no processing anomalies related to this hybrid  

Since this was the only device that exhibited this type of 
fGHUf C  iTi  b 18  fi8 Q  Mid tr 8   ybfid  FTiWitifcsCtUfiiig  pfOC883  r  38 

demonstrated that it will screen out infant mortality  this is 
considered a random component failure  

F  Clinical Conclusions 

The overall clinical experience with the PCD Transvene System 
indicates that the system performed according to design and 
specification  The reported clinical complications and patient 
deaths are appropriately addressed in the required labelling for the 
system and the patient selection criteria for implant of the device 
is appropriate  

The following can be drawn from this analysis of the data 
collected in this clinical study from the 757 patients with a mean 
follow up of 11 7 months  

Patient Deaths 

  The projected one year survival probabilities for Sudden 
Cardiac Death  Non Sudden Cardiac Death  all Cardiac 
Deaths and Noncardiac Death were found to be 99 5   
96 2   95 8   and 98 1   respectively  

The incorporation of programmable VT VF detection and 
therapies has improved the type of therapy available for the 
treatment of recurrent VTIVF while maintaining the positive 
impact of ICD therapy on survival from sudden cardiac 
death  

J 
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  The sudden cardiac death survival of 99 5  at one year is 
comparable to that of the AICD patient population 98 0   

  There have been no deaths due to a PCD Device 
malfunction  

Complications Observations 

  Complications were reported in 19 4  of the patient 
popuiation and observaiions were reporied in 23 8 fo oi the 

patient population  

  The incidence of complications was comparable to that of 
the market released AICD system in the categories of 
ineffective VTIVF therapy  pocket infection  and pocket 
erosion and was lower than the AICD in the category of 
iMppfOpfi848 u iVBPy  Of VT VF ti 8fBpy  

Patient Indications 

  All of the 757 patients who received a 3 lead system in this 
clinical evaluation met at least one of the primary 
indications  Sudden cardiac death  SCD  was the primary 
indication in 37 1  of the patients  recurrent ventricular 
tachycardia  VT  was the primary indication in 49 8   of 
the patients and SCDIVT was the primary indication in 
13 1  of the patients  

  The number of patients  60 5   receiving VTIVF therapy 
for spontaneous episodes of ventricular arrhythmias 
supports the conclusion that the patient selection criteria 
are appropriate and that the PCD Transvene System was 
implanted in patients who benefit from this therapy  

  The one year sudden cardiac death survival rates for the 
SCD patient group was 100 0   for the VT patient group 
99 4  and the SCDIVT patient group 98 6   

VTIVF Detection and Therapy Performance 

  The PCD Transvene System properly detects and treats VT 
as demonstrated by the spontaneous episode data  The 
overall success rate for detection and treatment of 
spontaneous VT was 98 4   
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The PCD Transvene System properly detects and treats VF 
as demonstrated by the spontaneous episode data  The 
overall success rate for detection and treatment of 
spontaneous VF was 98 4   

There were no reported patient deaths due to the 
nondetection of a spontaneous VT or VF episode by the 
PCD Transvene System  

PCD Transvene System Performance 

  The PCD Transvene System components  Model 
721 6A 7217B and Model 6884 6966  688116963  
6895 6999 Transvene leads  have performed according to 
design and specification and are  therefore  considered safe 
and effective in the indicated patient population  

Medtronic asserts and the PCD Transvene investigators 
unanimously agree that the findings of the clinical study support 
the conclusion that the Medtronic Tachyarrhythmia Control 
System and the Transvene Cardioversion and Defibrillation 
Electrodes are safe and effective in the indicated patient 
population  
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Complications and Observations 

A  Therapy Related 

1  Increased Defibrillation Requirements 

Obeerva eon Dhte   Oit  

Complication -------- 2 28 92 3 4 92 ------ ------------- --------- ------------ ----------- --- ---------------- 

------ --- --------- ------ --- --- --------- -- ------ --- ------ ----- 

-------------- ------ ------------ ----- ----- ------------- ------ 

------------- -- ---------- --- ---- ------ ------------ ---- ----- ---------- 

----- --------------- ---------- ------ ---- ---------- --- ------------- 

----- --- ----- ------------- --- ---- ------ -------------- --- ---- ----- 

------------ ---- ---------- --- ------- ---- ---------- --- ----- --- ------ 

------- ----- --------- ------------- ------ ---- ---------- --- ------- 

--------- ------------ ---- ---------- --- ------------------ --- ---- 

----------- ---- ---------- --- ----- ---------- ---- ------------- 

------------ --- ----- ---- ----- ------------- --- ---- ------ -------------- 

--- ---- ----- ------------ ---- ---------- --- ------ --------------- 

---------- ---- ---------- --- --------- ------------ ---- ---------- ---- 

----------- ----- ----- ------ ------- -------- ----- --- ------ -------------- 

-------- --- ------ --------- ---------- ----- ------- --- --------- ---- 

--------- --- --- ------------ ---------------- ----- --------- ----- ----- 

--------- ------------ ----- - ----- ------- --------- ------ ------------- 

---------------- -- ----- ---- ----- ----- --- ----- --- ------ 

------------- --- ---- ------ -------------- ------ ------------ ------ ---- 

---------- --- ---------------- --- ----- --------- ---------- ------ ---- 

---------- --- ------- --------- ------------ ---- ---------- --- ------ 

----- ------------- ------- ------------ ---- ---------- --- ---------------- 
--- ---- ----- ---- ---------- --- ----- ---------- ---- ---------------- 

------------ ----- ------------ --------- --- ---------- --- ---- ----------- 

--- ---- ----- ------------ ---- -------- --- ------- --- ------- ------------ 

--------- ----- -- ------- ----- ------------- ------ ----- ----- ---------- 

--------- -------- ------ ------ ---------- ------- -------- --- --------- 

-------- ----- ------------ ----- --- - ------ ----------- --------------- --- 

-------- --- ---- ---------- ---- ---------- ------------ --------------- ----- 

------------- -- --------- ------ ------ ---------- ----------------- ---- ----- 

--- ------- ----- ------ --------- ---------- --------- ------- ----- 

------------ --- --------- --------- ----- ---- -------- --- ---- ------------ 

------ ---------- 

Complication -------- 4 20192 7 6 92 ------ ------ --------- ------------ ----------- --- -------------- --- -- 

-------- ---- -------------- ----------------- ---------------- ------ 

-------- ------------ ------- --- ---------- --------- ----- --- 

---------------- --------- --- ---------- ---------------- ----------- 

Complication -------- 215191 3 8 91 ------ ------ --------- ------------ ----------- --- ---- --------------------- 

---------- ---- ------ --------- ------ --- ----- --- ------ --- ---------- 

------------ ----- ---------------- ---------------- -- ----- --------------- 

---------- ----- --------- ----------- --- ---- -------------------- ---------- 

---- ------ ------ --- ----- 

Complication -------- 7 1 2 91 7 1 5 91 ------ ------ --------- ------------ ----------- --- ---------------- ------ 

--------- ------ --- ----- --- ---- ------ --- ---------- ------------ ----- 

---- ------ ------------------------------ --- ---- ---- ------ ---------------- 

----- ---------- ----- ---- --------- ----- ----------- --- 

---------------------- -------- --------- ------ -- ------ --- ---- 

(b)(6)

(b)(4), (b)(6)

(b)(6), (b)(4) (b)(6), (b)(4)
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Date 

Complication -------- 11 15 91 12 15 92 

Complication -------- 1215191 9 1 5 92 

Complication -------- 7 3 91 711 0 91 

Complication -------- 4 8191 4 1 1 91 

Complication -------- 11 6 91 1  8 92 

Observation -------- 7 25 91 6 25192 

Observation -------- 11126 91 9 3192 

Ob se rvati on -------- 12123 91 5113192 

Observation -------- 12 23 91 10118192 

--------- ------------ ------ --- ----------------- --------- ---------- ---- -- 

--- -------- ----- --------- --- ------------- -- --------- ------ 

----------- -------- --- ------- ------ -------- ----- ------------ ------ 

----------- ---------------- ----------- 

--------- ----- ------------ ------ -- ----------------- --------- ------- --- 

---- ----- ------------ --------- --- ------------ ---------------- ------- 

--------- ----- --------------- ---- ------ --------- ----- ---------- ------ 

----------- ---------------- ------- ---------- 

--------- ---------- ---------- - -- ------- ------------ --------- -------- 

----- ----------- --- -- ------ ------ --------- ----- --- ------------ 

---------------- ----------------- ----- ------ ------ --------- ------------ 

----------- --- ---------------- ----------- ---- -------- ------------ --- 

------ ------------ ---------------- ---------------- ------ ----- --------- 

--------- ------------------- --- --------------- --------- ----- ---------- 

--- ---------- ---- ------ ----- --- ---- ----------- ------- ----- 

---------------- ----- --------- ----- ------------- ----------- ------ --- -- 

------------ ----- --------- ------ -- ------ --- ----- 

--------- ------ -- --------- --- --------- --------- ------- ----- ------ 

------------- ------------ ------ --------- ------------ ----------- --- 

--------------- ------ -- --------- ------ --- ----- --- ------ --- ------------ 

----- ------ -- ---------------- ----- ----------- ------- --- --------------- 

------------- ---- -------- -- ------- ----- ----- ----- ----- --------- 

----- ----------- --- - -- ------- ------------- ------------ ---------------- 

----- --------- ------ - --------- ------ --- ---- 

------ ------ --------- ------------ ----------- ---------------- ------ 

--------- ------ --- ----- --- ------ --- ---------- ------------ ----- - 

-------- --- ------------- -- ---- ---------------- ----------------- ----- 

--------- ----- ----------- --- --- ------------ --------- ------ ----------- 

----------------- 

------ ------ --------- ------------ ----------- --- -------------- --- --- 

-------- ---- ---------- --- ---------------- ---------------- -------- ---- 

-------- ------- -- ----- ------ 

------ ------ --------- ------------ ----------- --- ---------------- --- 

--------- ---- ------ ------ ---------- --- -- -------- ----- ---------------- 

----- ------------ ----- --------- ------------------ --- ------------- 

------ ------ --------- ------------ ----------- --- ---------------- -------- 

---------- ---------------- ----- ------- ------- ------------ ---------- 

----- ----------- --- ---------- --------- 

------ ------ --------- ------------ ----------- --- ----------------- --------- 

----- ----------- ---- ----- ----- ---------- ----- -------- --- ---- 

--------- ------------- --------------- ---- ----------- ----- -------- ----- 

Observation -------- 11 10 89 12 11 89 ------ ------ --------- ------------ ----------- --- -------------- --- ------ 

--- --------- -- ------ --- --- ------------- ------ ------------- ------ -- 

------ --- ----- --- ------ --- ------------ ------ ----- ------------- --- ---- 

------ -------------- ----- --- -------- ---- --------------- ----------- ---- 

--------- ---- ------- ----- ---- --------------- ----------- ---- ----- ---- 

----------- ------ ---------------- --- ---- ------- --- ------ --------- 

--- ---- -- -------- ------------ ------ ---- ----- ---------- ----- 

--------------- ---------- ------ ----- ------- ------ ------ --- --------- 

--- ------------- ----------- ---- --------------- ----------- --- ----- 

--------- 

4 

(b)(4), (b)(6) (b)(6), (b)(4)
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       CNwii w iil oii Dite Deti  

Observation -------- 9 3190 1 13191 

Obsewstion 

Observation 

-------- 1 25 91 2 8 91 

------ ------ --------- ------------ ----------- --- ----------------- --- ---- 
-------- ----- ---- ---------- -------- ----- ------------------ ---------- --- 
---- ---------- --- ------ ---- ---------- --- ---- ---------- --- ------- 
----- ------------ ---- --------- ----- ----------- ----- ---- --------- ------ 
----- ----- ------- ----- --- ----------- --- ----- ----------------- 
---------- ---- -------- ----- ---------- --- ---- ------- --- ---- 
---------------- ----------- ------------- ----- --------- ---------- ----- 
------------- --- ---------------- ---------- --------- ----- ------- --- --- 
--------- --- ----------- ---------------- ----------------- ------- ------ 
------ --- --------- --- ------------- ----------- ---- --------------- 
----------- --- ----- --------- 

------ ------ --------- ------------ ----------- --- ---------------- ------ --- 
--------- ------ --- ----- --------- --------------- ----- ----------- --- ---- 
----- --------- -------- ---------- ---- ---------- --- ------ ---- 
------------- ------------ --------- ------- --- ----------- ---------------- 
----------------- 

-------- 6 26 91 7 23 91 ------ ------------- --------- ------------ ----------- --- ---------------- 
------ --------- ------ --- --- --------- --- ------ --- ---------- ------------ 
----- ------------ ---------------- ---------------- ------ ------- ----- --- 
--------------- ---------- --------------- ------ ----- ------------ ----- 
-- ----- -------- ------------- -------------- ---------------- ---------- 
---------------- 

2  Inappropriate VT Therapy 

Observation -------- 1 1 29 90 1 2 14 90 ------ ------ --------- ------------ ----------- --- ------------- ------ ---- 
---- ----- ------- --------------- --- --------- ------ ----- --- 
------------------ --- -- ------- --------- -- ---- ------ ---------------- 
---- --------- ----- ----------- ----- --- -- ------- --------- ----- ----- 
---------- --- ------------------- ---- ------------- --- ---- ------ 
--------------- ---- ----------- ----- --------------- -- ----- ------------- 

Observation -------- 7 31 91 9 19191 --------- ---------- ---------------- ---- --------- ------------ --- ------ 
------------- ----------- ----- --- ------ -------------- ---------- ----- 
------- --- ---------- ------ ---------- ----- -------- ---- 
--------------- --- -------- --------- --- ---------------- ---- ---------- 

Observation -------- 10110 91 11111 91 --------- ---------- ---------------- ---- --------- ------------ --- 
---------------- ---- ----- ----- ---------------- ------ ---- ------ 
------------------ ------ --- --- --- ------ ------------ --- -------------- 

Oh sorvetion  ------- 2i 27 90 R2  90 --------- ----------- ---------------- ---- --------- ------------ --- ------ 
------------- ----------- ----- --- ------ -------------- ----- ----- 
------------------ ------ ----- --- ----- ---- ----- ---- -------- ---- 
--------------- --- -------- --------- --- ---------------- ---- ---------- 

Observation ------ -- 9 20 90 9 27 90 --------- ---------- ---------------- ---- --------- ------------ --- ------ 
------------- ----------- ----- --- ------ -------------- ---------- ----- 
------- --- ---------- ------ --------- ----- ---- ----- ----- 
------------------ ------ ----- --- ----- ----- ----- -------- ---- 
--------------- --- -------- --------- --- ---------------- ---- ---------- 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)



MEDTRONIC CONFIDENTIAL 

ID  
Obairiiaoon   Date  Dite 

Observstion -------- 10 22 90 611 1 191 

Observation -------- 1131 91 513 91 

Observation -- ----- -- 5 1 6 91 5127 91 

Observation -------- 4 24 91 5121 91 

Observation -------- 5 1 4 91 8 18 191 

Observation -------- 914191 9 6191 

Observation 

Observation 

Observation 

-------- 4 5 91 9 30 91 

--------- ---------- ---------------- ---- --------- ------------ --- ------ 
------------- ----------- ----- --- ------- -------------- ---------- 
------------ ---------- ------ ------------ --- --------------- 

--------- ---------- ---------------- ---- --------- ------------ --- ------ 
-------------- ----- -------------- ------ ---------------- ------ ----- 
------------------ ------ ------------ --- --------------- 

--------- ---------- ---------------- ---- --------- ------------ --- ------ 
------------- ----------- ----- --- ------ -------------- ---------- ------ 
------- --- ---------- ------ --------- ------ ------------ --- 
--------------- 

--------- ---------- ---------------- ---- --------- ------------ --- ------ 
------------- ----------- ----- --- ------ -------------- ---------- ----- 
---------------- ------ ------- --- ---------- ------ --------- ----- ---- 
----- ----- ------------------- ----- -------- ---- --------------- --- 
-------- --------- --- ---------------- ---- ---------- 

--------- ---------- ---------------- ---- --------- ------------ --- ------ 
------------- ----------- ----- --- ------ -------------- ------ ----- 
------------------ ------ ------------ --- ---- --------------- 

--------- ---------- ---------------- ---- --------- ------------ --- ------ 
------------- ----------- ----- --- ------ -------------- ----------------- 
------ ------- --- ---------- ------ ---------- ----- -------- ---- 
--------------- --- -------- --------- --- ---------------- ---- ---------- 

--------- ---------- ---------------- ---- --------- ------------ --- ------ 
------------- ----------- ----- --- ------ -------------- ------------ 
--------- --- ------- --- ----------------- --- ---------- ------ --------- --- 
------ ---------------- -------------- 

-------- 6127 91 7119 91 --------- ---------- ---------------- ---- --------- ------------ --- ------ 
------------- ----------- ----- --- ------ -------------- ------------------- 
------ --------- ----- ----------- ------ ------------ --- --------------- 

-------- 11 6191 11111 91 --------- ---------- ---------------- ---- --------- ------------ --- ------ 
--------------- ----------------------------- ----- - --- ------------------ 
------ ------------ --- --------------- 

3  Inappropriate VF Therapy 

Observation -------- 1114 92 1 22 92 ---------------- ---- --------- ---------- ------------ --- ------ -------- 
------ ------ ------------- ------------ ----- ------------------ ------ 
------------ --- --------------- 

Observation -------- 1 27 92 1 30 92 ---------------- ---- --------- ---------- ------------ --- ------ 
-------------- ---------- --- ----- ----- ------------------ ------ 
------------ --- --------------- 

Observation -------- 1129 92 1 31 92 ---------------- ---- --------- ---------- ------------ --- ------ 
-------------- ---------- --- ----- ----- ------------------ ------ 
------------ --- --------------- 

lg 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)



MEDTRONIC CONFIDENTIAL 

1   l1 
g QQ 

4   I lQlgQ 

Observation -------- 1 1 129190 9 24191 

Observation -------- 217191 

Observation -------- 2 14 91 1 3 92 

Observation -------- 2127 91 3 14 91 

Observation -------- 7 24 91 

Observation -------- 7 31 191 5 19 92 

Observation -------- 8 21 91 1 2 26191 

Observation -------- 9 10 91 613 92 

Observation -------- 1013 91 10 31191 

Observation -------- 1 1 8 91 

Observation -------- 11 7 91 I 213 91 

Observation -------- 11 26 91 11 28 91 

- ---------------- --- 
- --------- ---------- ------------ --- ------ 

-------------- -------- -------------- ------ ---- ---------------- ------ ----- 
------ ------------------ ------ ----- ---- --- ----- ---- ----- ---- ---------- 
------------ ----- ---------- ----- -------- ---- ----- -------------- 
----------- --- ---- -------- ------ ------ ---------------- ---------- ----- 
--------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
----- ------------------ ----- ---------- ------------ ---------- ------ 
------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 
--------------- ----- ------------------ ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
---------------- ------------ ---------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
---------- -------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 
--------------- ------------------- ------ --------- ----------- ------ 
---------- --- ----- --------- --------- ----- ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- ---------- --- ----- ----- ------------------ ------ 
------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ------------ ------------------- ------ --------- 
----------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- ---------- --- ----- ---- ----------- ----- -------- ------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
----------- ------------ ---------- ------ ---------------- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
------------------- ------ --------- ----------- ------ ------------ --- 
--------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- ----- 
------- ---------- ------------- --- ------- --- --------- ------------- 
------------ --------------- ------ --------- ---------- ---------- ----- 
------------- 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- ---------- --- ----- ----- ------------------ ------ 
------------ --- --------------- 

Observation -------- 12 11 91 5 18192 ---------------- ---- --------- ---------- ------------ --- ------ 
-------------- ---------- --- ----- ------------------- ------ --------- 
----------- ------ ------------ --- --------------- 

y5 

(b)(6), (b)(4) (b)(6), (b)(4)



MEDTRONIC CONFIDENTIAL 

Obeerva eon   

Observation -------- 12 20 91 2 17192 

Observation -------- 1117192 2 26192 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

-------- 10 31 89 8 31 90 

-------- 1 1 21 89 2 25190 

-------- 11110 89 2 23190 

-------- 2 15 90 

-------- 3 6 90 6 21 190 

-------- 9127 90 

-------- 4 17 90 

-------- 5 3 90 

-------- 8 30190 9 2191 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- ---------- --- ----- ----- ------------------ ------ 
------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- -------- ----- ---------- --- ----- ----- ------------------ 
------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
------------ -------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
---------- ------- --- ---------- ------ ---------- --------- ----- 
--------------- ---- ------------- --- --------- ---------- ----- ---- ------ 
-------- ----- ---------------- -------------- ----- ---- -------- --------- 
------------ --- ------------- --------- 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- -------- -------------- ------ ---- ---------------- ------ 
---------- ------------ ----- ---------- --------- ---- --------------- 
-------------- ----------- --- ---- -------- ------ ---------------- ---------- 
----- -------- --- ---- ------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
---------- -------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- -------- -------------- ------ ---- ---------------- ------ ----- 
----- ------------------ ------ ----- ---- --- ----- ----- --------- ---- 
--------------- -------------- ----------- --- ---- -------- ------ 
---------------- ---------- ----- -------- --- ---- ------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ------------ ------------------- ------ --------- 
----------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- -------- -------------- ------ ---- ---------------- ------ ------ 
--------- ------ --------- -------- --- ------- ------------ ------ ----- ------ 
------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
---------- -------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- ---------- --- ----- ------------------- 
------ --------- ----------- ------ ------------ --- --------------- 

-------- 10122190 6111 91 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
---------- -------- ------ ------------ --- --------------- 

(b)(6), (b)(4) (b)(6), (b)(4)



MEDTRONIC CONFIDENTIAL 

Date   

Observation -------- 10 5 90 5113 91 

Observation -------- 11112 90 11119191 

Observation -------- 2 28191 4 9 91 

Observation 

 2 events  
-------- 2121 91 1 0 1 0 91 

4129192 

Observation ------ -- 1 1 128190 1 18191 

Observation -------- 12 3190 1 9191 

Observation -------- 2121 91 

Observation -------- 1 31 91 5 3191 

Observation -------- 3125191 5 6191 

Observation 

 2 events  
-------- 3 27 91 2 26 92 

9 9 192 

Observation -------- 4 9 91 7 18  91 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- -------- -------------- ------ ---- ---------------- ------ ----- 
----- ------------------ ------ ----- ---- --- ----- ----- --------- ---- 
--------------- -------------- ----------- --- ---- -------- ------ 
---------------- ---------- ----- -------- --- ---- ------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ------------ ------------------- ------ --------- 
----------- ------ ------------ --- --------------- 

----------------- ---- --------- ---------- ------------ --- ------ 
-------------- -------- -------------- ------ ---- ---------------- ------ ----- 
----- ------------------ ------ ----- ---- --- ----- ----- --------- ---- 
--------------- -------------- ----------- --- ---- -------- ------ 
---------------- ---------- ----- -------- --- ---- ------- 

---------------- ---- --------- ---------- ------------ --- ----------- ------ 
-------------- ---------- --- ----- ------ ------------------ ------ 
------------ --- --------------- --------- ------- ----- --- ---------------- 
---- --------- ---------- ------------ --- ------ ------------- ------ ------ 
------------- ----------- -------- ----- ---------- --- ----- ---- 
------------------- --- ------ ----------- ----- ----------- 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- -------- -------------- ------ ---- ---------------- ------ ----- 
----- ------------------ ------ ----- ---- --- ----- ----- --------- ---- 
--------------- -------------- ----------- --- ---- -------- ------ 
---------------- ---------- ----- -------- --- ---- ------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
---------- -------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ----------- ------ 
-------------- ---------- --- ----- ------ ------------------ ------ 
------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- -------- -------------- ------ ---- ---------------- ------ ----- 
----- ------------------ ------ ----- ---- --- ----- ---- ------ ------------ --- 
--------------- 

---------------- ---- --------- ---------- ------------ --- ------- ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
---------- -------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- ---------- --- ----- ----- ------------------ ------ 
------------ --- --------------- -------- ---------------- ---- --------- 
---------- ------------ --- ------ -------------- ---------- --- ----- ------ 
------------------ ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 
-------------- -------- -------------- ------ ---- ---------------- ------ ----- 
-------------- --------- --- ------- --- ----------------- --- ---- ------ 
-------- ---------------- ------------- --- ---- ---------- ------ ---------- 

Observation -------- 3 19191 3125191 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
---------- -------- ------ ------------ --- --------------- 

(b)(6), (b)(4) (b)(6), (b)(4)



IVIEDTRONIC CONFIDENTIAL 

Obaeivatian   

Observation -------- 6117 91 7123 91 ---------------- ---- --------- ---------- ------------ --- ------ 
-------------- -------- -------------- ------ ---- ---------------- ------ ----- 
----- ------------------ ------ ----- ---- --- ----- ----- --------- ---- 
--------------- -------------- ----------- --- ---- -------- ------ 
---------------- ---------- ----- -------- --- ---- ------- 

Observation -------- 2127 91 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ------------ ------------------- ------ --------- 
----------- ------ ------------ --- --------------- 

Observation -------- 5 1 5 91 2110192 ---------------- ---- --------- ---------- ------------ --- ------ 
-------------- ---------- --- ----- ------ ------------------ ------ 
------------ --- --------------- 

Obs e rvatio n -------- 3 1 3 91 9 27191 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
---------- ----- --------------- --------- ----- -------- ------ ------------ 
--- --------------- 

Observation -------- 5 1 6 91 6 1 8 91 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
---------- --------- ----- -------- ------ ------------ --- --------------- 

Observation - ------  izwsi 6 3 8 1 ---------------- ---- --------- ------------ --- ------ -------------- -------- 
-------------- ------ ---------------- ------ ------------------- ------ 
--------- ----------- --- --------- ----- --------- --------- ------ 
------------ --- --------------- 

Observation -------- 4124 91 5121 91 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- -------- ----- ---------- --- ----- 
---------- ----- --------------- --------- ----- -------- ------ ------------ 
--- --------------- 

Observstion -------- 718191 1 1 1 91 ---------------- ---- --------- ------------ --- ------ -------------- -------- 
-------------- ------ ---------------- ------ ------------------- ------ 
--------- ----------- --- --------- ----- --------- --------- ------ 
------------ --- --------------- 

Observation -------- 4 5 91 9130 91 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ------------ ------------------- ------ --------- 
----------- ------ ------------ --- --------------- 

Observation -------- 7 22 91 1110 92 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ------------ ----- ------------------ ------ 
------------ --- --------------- 

Observation -------- 9 19191 5 1 4 92 ---------------- ---- --------- ---------- ------------ --- ------ 
-------------- ---------- --- ----- ------ ------------------ ------ 
------------ --- --------------- 

Observation -------- 9125191 1 1 121 91 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ------------ ------------------- ------ --------- 
----------- ------ ------------ --- --------------- 

Observation -------- 8 23 91 4110192 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ------------ ------------------- ------ --------- 
----------- ------ ------------ --- --------------- 

Observation -------- 6 27191 7119191 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ----------- ---------- --- ----- ------------------- 
------ --------- ----------- ------ ------------ --- --------------- 

(b)(6), (b)(4) (b)(6), (b)(4)



MEDTRONIC CONFIDENTIAL 

Obaaivation 

Observation -------- 10125 91 1123 92 ---------------- ---- --------- ---------- ------------ --- ------ 
-------------- ---------- --- ----- ----- ------------------ ------ 
------------ --- --------------- 

Observation -------- 9 26 91 11 19191 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 
------ ------ ------------- ------------ ------------------- ------ --------- 
----------- ------ ------------ --- --------------- 

4  Loss of Capture 

ReeolutionlOutcome 

Complication ----- --- 211 4 92 2 1 8 192 ------ --- --------- ------- ----- --------- ----- ------- ---- --- ---------- 
------ -------------------- --------------- ---------- ----- ---- ----- 
--------------- ------ -------------- -------- ----- --------- --------------- 
------------- 

Complication -------- 8 30 91 9 3 91 ----------- -------- ------------- ------ ------- -- ---- -------------- 
------------ ------ --------------- ----- ---------- ----- ---- ---- ----- 
----- --------------- ------ ---------------- --- -------- ------------- 

Complication -------- 11 6 91 11 19 91 ------ --- --------- --------------- ----- --------- ----- ------- ---- --- 
---------- ------ -------------------- --------------- ---------- ----- ----- 
---- ----- --------- ------- ------------ ------ ---------------- --- -------- 
------ -------- 

Complication -------- 12 26191 117 92 ----------- -------- ------------- ------- -- -------------- ------------ 
------ ---- ----- --------- ------- ------------ --- -------- ----- 
---------------- -------- ------ -------- ------------------ ---------- 
--------------------- --- ------------ - -------- -------- ----- -- 
-------------- ---------- -- ----- ------ --------- ----- ---------- 
----------- --- -------- --------- -------- --- -------- ------ ------ 
-------- ------------- ---- ---- ---------- --- ----- --------- -------------- 
----- ---------- ---- ---------------- ----- -- ----- ------ ---------- 
----------- ------ --- ---- -------- ------ ------ 

Complication -------- 9113190 9 21 90 ------ --- --------- ----- --- ------------- -------- -------- ------ --- ------ 
----- ----- ------------ --- ------- ---- ------- -- -------- ------ ------ 
------------- ----- ------------- --- ---- ------ -------- --------- -------- 
----------- ----- ---- -------- --------- ------ ------------ --- ----- --- 
--------- 

Complication -------- 8126191 8 30 91 ------ --- --------- -- ---- -------- ----------------- ------- -- --------- 
---- --------------- ---------- ------ ---- ----- --------------- --- 
------------- -------------- -------- ---------------- 

Observation ----- --- 2 10 92 311 1 192 -------------- ----- --- --------- ------------ --- ------------- --- 
---------- ------------- ------ --------- ---------------- --- --------------- 
--- --------- ------ ---------- ----- -- ----- ------------- ----- --- --------- 
----- ----------- 

Observation -------- 8121191 1012191 -------------- ----- --- ---------- -------- -------- ---------------- --- ---- 
-------- -------------- ----- ------ ------------ --- --------------- 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)



rp 



MEDTRONIC CONFIDENTlAL 

Coiiiplimtionl 

Obsiriiitian 

Observation 

 2 events  

-------- 12 23 91 1 8192 

10 21 92 

------ --- --------- -- ---- -------- -------------- ----- ------- -- --------- 

---- -------------- --------- ---------- ------ ---------------- --- -------- 

------------- --------- -------------- ------- -- ---- -- -------- ----- 

---- -------- ------- 

Observation -------- 12 17 91 12111 92 ------ --- --------- ------- -- ------- -------- -------- ---------------- --- 

---- -------- ------------- ----- ------ ------------ --- --------------- 

Observation -------- 10 31 89 11 22190 -------------- ----- --- --------- ------ ------- ------- ----------- -- ---- 

-- ------- --- ---- ----- -------- -------- ---------------- --- ---- -------- 

-------------- ----- ------ ------------ --- --------------- 

Observation -------- 1 19 90 11 26191 ------ --- --------- --------------- ------------ --- --------- ---------- 

---------- ------ ------------ ------ ------------ --- --------------- 

Observation -------- 4 11 91 6 26192 ------ --- --------- -------- ---- ------------ ------- -- ----- ------ 

Observation -------- 6 12 91 12 8192 -------------- ----- --- ---------- -------- ------- ------- 

------------------ ------ ------------ --- --------------- 

Observation 

Observation 

Observation 

-------- 5128191 7 2191 ------ --- --------- --------------- ------------ --- ----- -------- 

--------------- --------- --- ------- --- ---------- ---------------- --- ---- 

----- --------- ---- ----------- ----- ----------- ---------------- ------ 

----- -------- -- ---- ------------- ------------- 

-------- 10 2 91 11 26 91 ------ --- --------- -------- 

-------- 10 23 91 10 28191 -------------- ----- --- --------- -- ------ ---------------- -------- 

-------- ---------------- --- ---- -------- ------------------ ------ 

------------ --- --------------- 

B  Sensing Related 

1  Oversensing 

Observation -------- 1 20 92 8 12192 --------------- --- -- -------- ----------- ----- ------ --------- ---- 

-------- ------- -- ----- ------ 

Observation -------- 1 14 92 4122192 --------------- --- -- -------- ----- ------ -------- -------- ----- 

---------- ------ -------------------- 

Observation -------- 12 30 91 2110192 --------------- --- -- ------- --- ------ --------- --------------- 

------ ------------- ---------------- --- ---- ------ ------ 

---------------- ------------- -- ---- ----- ----- --- 

------------------- ----------- 

Obsewation -------- 1 10 92 2114192 --------------- --- -- ------- ----- ------ -------- -------- ----- 

---------- ------ ------------------- --- ------------ -------- ------ 

----- ---- --- ----- ----- 

Observation -------- 2 10 92 6124192 --------------- --- -- -------- ----------- ----- ------ --------- ---- 

-------- ------- -- ----- ------ 

Observation -------- 2 4 92 417 92 --------------- --- -- -------- ----- ------ -------- -------- ----- 

---------- ------ -------------------- 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)



MEDTRONIC CONFIDENTIAL 

10beeivetion 

Observation -------- 3 2192 --------------- --- -- -------- ----- ------ -------- ---- ------------ 
------- -- ----- ------ 

Observation -------- 2 24 92 4 8192 --------------- --- -- ------- --- ------ --------- ------ 

---------------- ------------- --- ---- ------ ------ ---------------- 
- --------------- ----- ----- ----- --- ------------------- ------------- 

Observstion -------- 4 3192 

Observation -------- 1 1 19 90 2 6191 

Observation 

 2 events  
-------- 217191 5 21 91 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

1 1 3 92 

-------- 7 10191 7115191 

-------- 811191 4 2 92 

-------- 8112191 8121191 

-------- 914 91 9 9 91 

-------- 9 10 91 613 92 

-------- 9113191 

-------- 9120 91 6123192 

-------- 10 23191 10 30191 

-------- 10 23191 4 23 92 

-------- 11 5 91 1 2 9 91 

--------------- --- -- -------- ----- ------ -------- -------- ----- 
---------- ------ ------ ---------- 

--------------- --- -- ------ ----- ------ -------- -------- ----- 
---------- ------ ------------------- --- ------------ -------- ------ 
----- ---- --- ----- ----- 

--------------- --- -- -------- ----- ------ -------- -------- ----- 
---------- ------ ------------------- --- ------------- ------ ---- 
----- --- ---- ------ 

--------------- --- -- ------- ----- ------ -------- -------- ----- 
---------- ------ ------------------- ------------ ------ ----- ---- --- 
----- ----- 

--------------- --- -- ------- --- ------ --------- -- ---------------- 
------------- --- ---- ------ ------ ---------------- ------------- -- 
---- ----- ----- --- ------------------- ------------- 

--------------- --- -- -------- ----- ------ -------- -------- ----- 
---------- ------ ------------------- --- ------------- ------ ---- 
----- --- ---- ----- 

--------------- --- -- -------- ----- ------ -------- -------- ----- 
---------- ------ ------------------- --- ------------- ------ ---- 
----- --- ---- ----- 

--------------- --- ------ -------------- ----- ----- ---------- 
------ -------------------- 

--------------- --- -- ----- -- -------- -------- ------ --------- ----- 
----- ---------- ------ ----------------- ------------- --- ---- ------ 

--------------- --- -- -------- ----- ------ -------- -------- ----- 
---------- ------ -------------------- 

-------------- --------------- --- -- ----- -- -------- -------- ------ 
--------- ----- ----- ---------- ------ ----------------- ------------- 
--- ---- ------ 

--------------- --- -- -------- ----- ------ -------- -------- ----- 
---------- ------ -------------------- 

--------------- --- -- ------- -------- ------ --------- -- 
------------- --- ---- ------ ------ ---------------- ------------- -- 
---- ----- ----- --- ------------------- ----------- 

-------- 10 31 91 1 1 1 91 --------------- --- -- ------- ----- ------ -------- -------- ----- 
---------- ------ ------------------- ------------ ------ ----- ---- --- 
----- ----- 

-------- 1117 91 5 4 92 --------------- --- -- -------- ----- ------ -------- -------- ----- 
---------- ------ -------------------- 

if  

(b)(6), (b)(4) (b)(6), (b)(4)



MEDTRONIC CONFIDENTIAL 

Observation -------- 1 1 26 91 1 19 92 

Observation -------- 11 19 91 6 24 92 

Observation -------- 1 1 25 91 1 1 127191 

Observation -------- 12 9 91 12112191 

Observation -------- 117 92 

Observation -------- 12123191 6123192 

Observation -------- 12117 91 6122192 

Observation -------- 1 2 1 6 191 1 4 92 

Observation -- --- --- 1 0 24190 6 5 92 

Observstion -------- I 0 5 90 12 20 91 

Observation -------- 11113190 11 12191 

Observation -------- 2 21 91 2 21 92 

Observation -- ------ 4 1 9 191 5 1 9 92 

Observation ----- --- 615190 

Observation 

 2 events  

Observation 

Observation 

Observation 

-------- 3127192 611 6 92 

--------------- --- -- ------- ----- ------ -------- -------- ----- 
---------- ------ ------------------- ------------ ------ ----- ---- --- 
----- ----- 

--------------- --- -- -------- ----- ------ --------- ---- -------- 
------- -- ----- ------ 

--------------- --- -- ------- ----- ------ -------- -------- ----- 
---------- ------ ------------------- ------------ ------ ----- ---- --- 
----- ----- 

--------------- --- -- ------- -------- ------ --------- -- 
------------- --- ---- ------ ------ ---------------- ------------- -- 
---- ----- ----- ------------------- ---- ------------- 

--------------- --- -- ------- -------- ------ --------- ----- ---- ---- 
--------- -------------------- 

--------------- ----------- ----- --- ---- -------- ----- ---------- 
------ ------------------- ----- ------ ---------- 

--------------- --- -- -------- ----- ------ -------- -------- ----- 
---------- ------ -------------------- 

-------------- --------------- --- -- -------- -------- ------ 
--------- ----- ---- ---- --------- -------------------- 

--------------- --- -- -------- ----- ------ -------- -------- ----- 
---------- ------ -------------------- 

--------------- --- ------ -------------- -------- ----- ---------- 
------ ------ ---------- 

--------------- --- -- -------- ----- ------ -------- -------- ----- 
---------- ------ -------------------- 

--------------- --- ------ ------------- ------- -------- ----- 
---------- ------ ------------------- ----- ------ ---------- 

--------------- --- -- -------- ----- ------ -------- -------- ----- 
---------- ------ -------------------- 

--------------- --- -- ------- ----- ------ -------- -------- ----- 
---------- ------ ------------------- ------------ ------ ----- ---- --- 
----- ----- 

9 9 92 
--------------- --- ------ -------------- -------- ----- ---------- 
------ -------------------- ------------ ------- ----- ----- 
------------------- 

-------- 6117 91 --------------- --- -- -------- ----- ------ -------- -------- ----- 
---------- ------ -------------------- 

-------- 5 15191 2 10192 --------------- --- ------ -------------- -------- ----- ---------- 
------ -------------------- 

-------- 5114 91 8 8 91 --------------- ------- ----- --- ------ -------------- ---- -------- 
-------- 

Observetion -------- 5 15191 2 21192 --------------- --- ------ -------------- -------- ----- ---------- 
------ ------ ---------- 

1 i 

(b)(6), (b)(4) (b)(6), (b)(4)



U 

 p 



MEDTRONIC CONFIDENTIAL 

Date Dite  

Observation -------- 9 19 91 5 14 92 --------------- --- ------ -------------- -------- ----- ---------- 

------ -------------------- 

Observation -------- 4118191 4 25 91 --------------- --- -- ------- ----- ------ -------- -------- ----- 

---------- ------ ------------------- --- ----- ----- ---- ------ 

Observation -------- 4 24 91 5 15 91 -------------- --------------- --- -- -------- -------- ------ 

--------- -- -- ------------- ------- --- ---- ------ ------ 

---------------- ------------- -- ---- ----- ----- --- 

------------------- ----------- 

Observation -------- 7 4 91 12 19 91 --------------- --- -- -------- -------- ------ --------- ----- ---- 

---- --------- -------------------- 

Observation -------- 9 17 91 10 21 91 --------------- --- -- ------- ----- ------ -------- -------- ----- 

---------- ------ ------------------- ------------ ------ ----- ---- --- 

----- ----- 

Observation -------- 8 23 91 8 28 91 --------------- --- -- ------- ----- ------ -------- -------- ----- 

---------- ------ ------------------- ------------ ------ ----- ---- --- 

----- ----- 

Observation -------- 9 25 91 2 28 92 --------------- --- -- ------- -------- ------ --------- -------- ----- 

---------- ------ ------------------- ----- ------ ---------- 

Observation -------- 8 23 91 4 10 92 --------------- --- ---------- ------ -------- ----- ---------- ------ 

------ ---------- 

Observation -------- 11 6 91 5 4 92 --------------- --- -- -------- ----- ------ -------- -------- ----- 

---------- ------ -------------------- 

Observation -------- 10 25 91 11 19 91 --------------- --- -- -------- ----- ------ -------- -------- ----- 

---------- ------ -------------------- 

2  Undersensing 

There have been no reports of undersensing in VF  VT or 

sinus rhythm  

C  Pocket Related 

1  Skin Erosion 

Complication -------- 2 22 91 4117 91 ------ --------- ------- -- ---------- ----- -------- ------------ 

-------- ----------- ------ ------------ --- ----- ---------- 

Observation -------- 9 24 51 t2izi9 t ------ --------- ------- -- ---------- ----- --------- ---------- 

----------- ----- ------- ------------- --- ------ --------- --------- 

------ ------------- ------ ------------ --- --------------- 

Complication -------- 5 30 90 2 17 92 ------ --------- ------- ------ -------- ---- --- --------- ----- 

------------- --- ----------- --------- ----- ---- ------------ ----- 

------------ 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6) (b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

Complication -------- 11113 90 1 14 92 ------ --------- -------- ------- ----- ---------- --- ------------ 
--------------- 

Complication -------- 415191 6 4192 ------ --------- ------- ----- ---- --------- ----- ------------- 
--------------- 

Complication -------- 9117 91 1122192 ------ --------- ----- ------------- ------- -- ---- ------- ----- ---- 
------- ----- ----------- ----- -------- -------- ------ -------------- 
------ ------------- --------- ---------- --- ----------- -------- ----- 
------ -------- --- ------------- ------------- -- ---------- 

2  Pocket Infection 

kmjilant 

Date 
Everit 

Complication -------- 12123 91 2119192 ------ ------------- --------- ------------ ----------- --- ---------------- 
------- --- -- ------------- ----- -- ----- ---------- ------------ -- --------- 
-------------- --------- ---- -- --------- --- ---------- ----------- --------- 
------------ ---- -------- -------- ------ ------------ ---------- 

Complication ----- --- 2 5192 3 20192 ------ ------------- --------- ------------ ----------- --- ----------------- 
------- --- -- ------------- ----- -- ----- --------- ------------ -- ---------- 
--------- ----- ------------- --------- ------------- ------------ --------- 
------------ ---- -------- ------------ ------ --------- ------------ ----- 
-------- -------- ------ ------------ ---------- 

Complication -------- 2111 92 10 30 92 ------ ------------- --------- ------------ ----------- --- ----------------- 
-------- ----------- ------- ----- --------- ----- ------------- 

Complication -------- 316 92 8124192 ------ ------------- --------- ------------ ----------- --- ----------------- 
--- -- -------- ---- ----------- ------- ------------ ----- ------- ------ 
--------- ------------ ---- ---- --------- ----- ---- --------- ----- 
------------- 

Complication -------- 2111 91 3120 91 ------ ------ --------- ------------ ----------- --- ---------------- ------- --- 
--- ------------- ----- -- ----- ---------- ------------ -- --------- 
-------------- --------- ---- --------- --- ---------- ----------- --------- 
------------ ----- -------- -------- ------ ------------ --------- 

Complication -------- 2126191 511 6191 ------ ------ --------- ------------ ----------- --- ----------------- ------- --- 
-- ------------- ----- -- ----- --------- ------------ -- --------- 
-------------- ----- ----------- -------- ----- --------------- --- ----- 
---------------- ----- ---------- -------------- --- ----- --- -- --------- -- 
-------- -------- ----- ---------- ------------- --------- ------------ ----- 
-------- -------- ------ ------------ --------- 

Complication -------- 411 192 5 7192 ------ ------------- --------- ------------ ----------- --- ----------------- 
--- -- -------- ----- ----------- ----- ------- --- ---- --------- ----- 
------------- ---- --------- ----- --------- ----- --------------- 
------------------- 

Complication -------- 4127192 6 4192 ------ ------------- --------- ------------ ----------- --- ---------------- 
--- -- -------- ---- ------------- -------- ---- ----------- -------- ----- 
--------------- ----- --------- ----- ---------- ------------- --------- ----- 
------------- 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)



MEDTRONIC CONFIDENTIAL 

Complication -------- 7118191 811 1 191 

-------- 7 31 191 9 19191 

Complication -------- 8 9 91 8 30 91 

------ ------------- --------- ------------ ----------- --- ----------------- 
------- --- -- ------------- ----- -- ----- ---------- ------------ -- ---------- 
--------- ------------- -------- ------------ --------- --- ------ ------------- 
--------- ----- ------------ ------ ------------ ---------- --------- 
------------- ---------- -- ------ ------------- ---------- 

------ ------ --------- ------------ ----------- --- -------------- ------- --- -- 
------------- ----- -- ----- ---------- ------------ -- --------- -------------- 
--------- ------------ ----- -------- -------- ------ -------------- --------- 
---------------- ---------- -- --------- ------ ------ ---------- 

------ ------ --------- ------------ ----------- --- -------------- ------- --- 
--- ------------- ----- -- ----- ---------- ------------ -- --------- 
-------------- --------- ------------ ----- -------- -------- ------ 
------------ --------- 

Complication -------- 11 14 91 217192 ------ ------------- --------- ------------ ----------- --- ----------------- 
-------- ----------- ------- ----- ---- --------- ----- ------------- 

Complication -------- 212190 9 8 90 ------ ------ --------- ------------ ----------- --- -------------- ------- --- -- ------------- ----- -- ----- ---------- ------------ -- --------- -------------- 
----- -------------- -------- ------------- --------- ----- ------------------- 
----------- --- --------- --------- ----- ------------ ----- -------------- ----- 
-------- ----- -------- ------ ------------ ---------- ----- ------ -------- 
----- --------------- ----------- ---- ----------- ---- ---- --------- ----- 
------------ ---- ------- ------ --------- ----- ------------- 

Complication -------- 3112 90 1 0 8 90 ------ ------ --------- ------------ ----------- --- -------------- ------- --- 
--- ------------- ----- -- ----- ---------- ------------ -- --------- 
-------------- --------- ------------ ----- -------- -------- ------ 
------------ ---------- 

Complication -------- 512190 9 5 90 ------ ------ --------- ------------ ----------- --- ----------------- ------- --- 
--- ------------- ----- -- ----- ---------- ------------ -- --------- 
-------------- --------- ------------ ----- -------- -------- ------ 
------------ ---------- 

Complication -------- 5110190 8112190 ------ ------ --------- ------------ ----------- --- ----------------- ------- --- 
-- ------------- ----- -- ----- ---------- ------------ -- --------- 
-------------- --------- ------------ ----- -------- -------- ------ 
------------ ---------- ------- ------------ --------- -------- ---------- -- 
----- ------ ------ ---------- 

Complication -------- 513 90 2 1 7192 ------ ------------- --------- ------------ ----------- --- ----------------- 
--------- ---- --- ------------ ---- ----- --- ----------- --------- 
------------ ----- -------------- ----- ----- ------------------ ---- ------ ----- --- ----------- 

Complication -------- - 15 91 614192 ------ ------------- --------- ------------ ----------- --- -------------- 
-------- ----------- ------- ----- ---- --------- ----- ------------ ----- ---- ----------- 

Complication -------- -  2191 517 91 ------ ------ --------- ------------ ------------ --- ----------------- ------- --- --- ------------- ----- -- ----- ---------- ------------ -- --------- 
-------------- --------- ---------- -------- ------ ------------ --------- 
--------- ------------ --- ----------- ----- ---- -------- ----- ------------- 

if  

(b)(6), (b)(4) (b)(6), (b)(4)



IVIEDTRONIC CONFIDENTIAL 

Complication -------- 4125191 811 219 1 ------ ------------- --------- ------------ ----------- --- ---------------- 
----- ----- ---------------- ----- ------------ ------ -- ------ --- -- 
------------- ------------- -- ---------- ------- ----- --- --------- --- ----- 
---------------- --- ----- --------- --------- ------------- -------- 
----------- -------- ---------- --------- --- ---- ------- --------- --------- 
----- -------- ------ ------------- ----- ----- ---------- - --------- ------ 
------------- ---------- 

Complication -------- 1019191 ------ ------------- --------- ------------ ----------- --- ----------------- 
------- --- -- ------------- ----- -- ----- --------- ------------ -- ---------- 
--------- ---- --------- ------ --------- ----- ---------- --------- ---------- 
--------- ------------- -------- ----------- ----- ---------- --------- --- ---- 
------ ------------- ---------- 

Complication -------- 10121 91 1 15192 ------ ------------- --------- ------------ ----------- --- ----------------- 
------- --- -- ------------- ----- -- ----- ---------- ------------- --------- 
------------- ----------- -- ---- ------- ------ ----- ---------- ---------- 
--------------- ----- ------------ ------ -------------- 

Complication -------- 11122 91 5130192 ------ ------------- --------- ------------ ----------- --- ----------------- 
-------- ----------- ------- ----- ---- ------------ ----- ------------- 

Complication -------- 9124 91 ------ ------------- --------- ------------ ----------- --- ----------------- 
-------- ----------- ------- ----- ---------- ---------- ----- -------------- 

Observation -------- 2124192 

Observation -------- 3116192 

------- 2 22191 

Observation -------- 6 28191 

Observation -------- 7129191 

Observetion -------- 8128191 

Observation -------- 11 1 91 

417 92 ------ ------------- --------- ------------ ----------- --- ---------------- 
------- --- -- ----- ---------- ----- --- ------------- -- --------- 
-------------- --------- ------------- -------- ----------- -------- ----- 
--------------- -------- ------ ------------ ---------- 

4 16192 ------ ------------- --------- ------------ ----------- --- ----------------- 
------- --- -- ------------- ----- -- ----- --------- ------------ -- --------- 
-------------- --------- ------------- -------- ----------- -------- ----- 
--------------- -------- ------ ------------ ---------- 

3 28 91 ------ ------ --------- ------------ ----------- --- -------------- ------- --- 
--- ------------- ----- --- ----- ---------- ------------ -- --------- 
------------- ----------- --- ------ --------- ------------- --------- 
------------- -- ------------- ----- -- ----- ---------- ------------ ----- ------ 
-------- ------------- --------- ------------- ----------- -- -------- -------- 
----- --------------- -------- ------ ------------ ---------- 

------ ------ --------- ------------ ----------- --- ---------------- ------- --- -- ------------- ----- ---------------------------- -- ---------- --------- 
-------- ------ ------------ --------- ------ ------------ --- ------------ 

8 29 91 ------ ------ --------- ------------ ----------- --- ---------------- ------- --- -- ------------- ----- -- ----- --------- ------------ -- ---------- ----- 
-------- ---- -- --------- --- ---------- --------- -------- ------ ------------ 
--------- ------ ------------ --- ------------ 

9 24191 ------ ------------- --------- ------------ ----------- --- ----------------- 
------- --- --- ------------- ----- -- ----- ---------- ------------ -- 
---------- --------- ------------- -------- ----------- -------- ----- 
--------------- -------- ------ ------------ ------ ---------- 

------ ------------- --------- ------------ ----------- --- ----------------- 
-------- ----------- ----- ---------- ------- ----- ------------- ----------- 

1g 

(b)(6), (b)(4) (b)(6), (b)(4)



MEDTRONIC CONFIDENTIAL 

Reeduoori Outcome 

Observation 

Observation 711 3 190 

Observation 4125191 

3  Seroma 

------ ------ --------- ------------ ----------- --- ---------------- ------- --- 
-- ------------- ----- -- ----- ---------- ------------ -- --------- 
-------------- --------- ---- --------- --- ---------- --------- ------ 
------------------------ ------------ --- ------------- ---------- --------- 
-------- ------ ------------- ------ ------------ --- -------- ------------ 

2125192 ------ ------------- --------- ------------ ----------- --- ---------------- 
-------- ----------- ------- ----- ---------- ---------- ----- ------------- 
----------- 

8 9191 ------ ------ --------- ------------ ----------- --- ----------------- ------- --- 
--- ------------- ----- -- ----- ---------- ------------ -- ---------- 
--------- -------- ------ ------------ ------ --------- ------ ------------ --- 
------------ 

i  

(b)(6), (b)(4)
(b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)



MEDTROIVIC CONFIDENTIAL 

4  Hematoma 

-- 

--- 

 y4 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)
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---- ----- - 

D  Lead Related 

1  Pneumothorax 

ID  

1 1  6 91 11 8 91 

C 

0 

2  Perforation 

Complichtionl 
  Ob44FVdflOA    Dite   Date 

Complication -------- 11 5 90  nleo 

------ ------ --------- ------------ ----------- --- ---------------- ----- ----- 

------------ ---- -- ------ ------------- ------------ --------- ------------- 

------ ----- ----- ----- --- ---------- ------- ----- ----- -------- ---- 

------------ --- ------------------ --------------- ------------- ---- 

---------------- --- ---- ------ 

------ ------ --------- ------------ ----------- --- -------------- ----- ----- 

------------ ---- - ---- ------------- ------------ ------------------ 

------------- --- ---------------- -------- ----- ---------- ------ ----- 

------------- ---- ------------- 

------ ------ --------- ------------ ----------- --- ---------------- ----- ----- 

------------ ---- - ---- ------------- ------------ ---- ------------ ----- 

---------- ---- ------------- 

------ ------ --------- ------------ ----------- --- ---------------- --------- 

----- - --------- --- -------- ----- ----- --- -------- ---------- --------- 

--------- ------------ ------ ----------- -------------- ----- ------------ ---- 

----- --- ---------- ------ ------------- -------- ------------ ----- 

------------- ----- --- -------- ----- ------- --- ------- -------------- 

--------- ---------------- ------------- --------- ------------- ----------- 

----- --- ---------- ------------- ------- --- ---------- ------------- ------ 

------------- --------- ------------- ---------- ---- -------- -------- ---- 

--------- ------- ---------- 

Complication -------- 8 8 91 8 8 91 ------ ------ --------- ----------- --- ---------------- ----------- 

---------------- ---- --- ---- ------ ------------- ----- ----- ---------- --- 

-------- ------------- -------- ------------- --------- --------------- -- 

------ --- ------- ---------- ----- ------ ----------- -------------- ----- 

------------- -- --------------- ----- ------------- ----- ---- -------------- 

----------- -- ------ ------------ -------------- ------------- ----- 

-------------- ----------- ----- ---- -------------- ----- -------- --- ---- 

---------- ---------------- ---------- ----- ---- ----- --- -- ---------- ----- 

------ 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)
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       iiiiim 

Complication 

Complication 

Complication 

Complication 

 Diie Disci  

-------- 10131 91 1 1 29 91 --------- ----- ----------- ---- - ------ ------ --------- ----------- ---- ---- 

------ --------- ---------- ---- ----- --------- ------- ---- --- ------- ---- 

------------- ---------- ----- ----- ------- ------------ ---------------- ----- 

--------- ------------- ---- ------------ ---- ----- ---------------- ----- 

--------------- --- ------------ --- ------- ------------- --------------- 

---------- ----- ----- ------ ---------------- ---- ------------ ---- -------- 
----- ----------- ------ ------------- --- ------ ----- ----- ----------- --- 

-------- ----- ---- -------------- ----- ------------- --- --------- -- ----- 

------- ----- ---- ---- ----- ----- ------------- ---- --------- ----- ---- --- 

--- ---- ----- ----- --- ---- ---- -------- ----- ---- ----- ----- ------------ 

----- ----- ------------ ------------- ------ ------ ------------- --------- 

------------ --------- -------------- 

-------- 1 1 16191 516192 ------ ------------- --------- ------------ ----------- --- -------------- --- 

---- -- ---- ----- ------ ------- -------- - ---- ----------------- 

--------------- ----- ---------------- ----- -------------- ------------ ----- 
---------- -------- --------------- ---- -------------- ------ ----- ------- 

---------------- ----------- ----- ----- -------- ---------- ----- --- ----- --- 

---------- 

-------- 7 5 91 7 5 91 

-------- 8 26191 912191 

------ ------ --------- ------------ ----------- --- -------------- ----- ---- 

--------- --- ---------- ---- ----- ---- --- ----- --------- --------------- -- 

------ --- ------- ---------- ----- ------ ----------- -------------- ----- 

------------- ----- ---- ----- ----- --------------- ----- --------- 

------------ ------------ ----- -------- --------------- ---------- -- ------ 

------ ---------- 

------ ------ --------- ------------ ----------- --- ---------------- --- ------ 

--- --------- ---------- ----------------- --- ---- ----- ---------- --- ------- 

--- -------- ----------- -------- ----- --------- ------------- --------- 

------------- --------- ------------- ----- ---------- ---------- ----------- 

---- ------------- 

3  Subclavian Vein Thrombosis 

Complication -------- 1118191 1129192 ------ ------------- --------- ------------ --- -------- 
----------- --- ---------------- ---------- ---- -- ---- 

------------- ------------ ----- -------- ----- --------- 

-------- ------------- ---------- --- ---- ------ --------- 

-------- ------ ------ -------- --- ---------------- -------- 

--------- ------------ --- ------------- ------ ------------- 

--------- ------------ ----- ----------- --- ------ ------------- 

---------- ------------- ------ ---- ----------- 

Observation ----- --- 2 5 92 3 5 92 ------ ------------- --------- ------------ ----------- --- 

---------------- ------------ ---- -- ---- ------------- 

------------ ----- -------- ----- --------- -------- 
------------- ---------- --- ---- ------ --------- -------- ------ 

---------------- --------- 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)
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Observation -------- 12126191 416192 ------ ------------- --------- ------------ ----------- --- 

-------------- ------------ ---- -- ---- ------------- ------------ 

--- ------ -------- ------------ ------ ---------- --- ---- ----- 

------- -------- ----- ------------------ ---- --------- 

----------- 

Obsewstion -------- 10 5 90 1 11 91 

4  Lead Fracture 

------ ------------- --------- ------------ ----------- --- 

---------------- ------------ ---- -- ---- ------------- 

------------ --- ------ -------- ------------ ------ ---------- 

--- ---- ----- -------- ----------------- --------- ---------- 

------ ------------ --- ------------- 

C icatiun -------- 3i4i92 7i27 I S  ------ ------------- --------- ----------- --- ---------------- ------------ ---- 

---- ------------- ------------ --------- ------------ ------ ------------ 

-------- ------------- ----- ------ ------ ------------- ---------- -- ---- 

-------------- ------ ---------- ----------- -- --------- ----- ---------- 

------------------- -------------- ---------- ----- ------------ ------ -- 

----- ---- ----- --------------- ------------- 

Complication -------- 4 20 92 11 9 92 ------ ------ --------- ----------- --- ---------------- -------- --------- 

----- --------- -------- ------------ ------ ----- --- --------- ----- 

---------------- ---------- --- ---- ---------- ------ ------------- ---------- 

--- ------------- ------------ ------- ------------ ---- ---------- 

------------ --- ------------ ------------- --------- ------------- --- 

-------------- ------- ---- ------------- 

Complication -------- 2111 91 8 5 91 ------ ------ --------- ----------- --- ---------------- ------------ ---- -- 

------ ------------- ------------ --------- ------------ ------ ------------ --- 

---------------- --------- -------- ----------- ---------- ----- --- 

---------- ------- ------ ---------- ------------ ----- ---------- --- -------- 

------ ------- -------------- ----- -- ----- --- ---- -------------- ------ 

------------ ----- ----- -------- ------ ----- ------------- ----------- 

----------- ------- ---------- 

Complication -------- 817191 4 17 92 ------ ------------- --------- ----------- --- ---------------- ------ ---- 

------------- --- ---------- --------- ----- -- ---- ----- ----- --------- --- 

--------- --- --------- ------------ ------ ------------ ----------- --- -------- 

----- ------ ----- ----- --- ----- --- ------------- ------ ------ ----------- 

------------- --- ------ ------ ----------- ---------- --- ---- ------- --------- 

------- --- ------- ------- ------ ---------- ----------- -- -- --------- ----- 
---------- ------ ----- ------------ ----- ---------- ------ -------- ------- 

Complication ------ -- 1 111 191 5 20192 ------ ------------- --------- ----------- --- ----------------- --------- 

------------ ------ ----- --- --------- ----- ------------- -------------- --- 

---------- ---- ---------- ------ --- ---------- ------------ --- ---------- --- 

---- ----------- ----- ----- --- -------- ------ ---- ------- -------- -------- 

--- --------------- ---------- ----------- -- --------- ----- ---------- 

--------------- ----------- ------- ----------- ----- ----------- 

Complication -------- 513190 6 24 91 ------ ------ --------- ----------- --- ---------------- ------------ ---- -- 

------ ------------- ------------ --- ------------ ----- -------- ----------- 

------------- ---------- ----- --- ---------- ------- ------ ---------- 

------------ ----- ---------- --- -------- ------ ------- -------------- ----- -- 

----- --- ---- -------------- ------ ------------ ----- ----- -------- ------ 

----- ------------- ----------- ----------- ------- ---------- 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)
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 riiiiiae Dife          Dat4 

Complication 

Complication 

Complication 

-------- 1213190 5 16191 ------ ------------- --------- ----------- --- ---------------- ------------ ---- 

-- ---- -------------- --- -- -------- ------------- -------------- ----- --- 

--------- ---------------- ------- ------ ---------- ------------ ------- --- 

---- ----- --------- -------- --------------- ----------- ----------- ----- 

------- ---- --- ------------- ------ ---- ----- ------------ --------- ------- 

----- -------- ---- ----- -------------- ---------- ---------- --- ---- ----- 

---- ----- ------ ------ ---------------- ---------- ----- --------- 

-------- 819 91 8 1 7 9 2 ------ ------------- --------- ----------- --- ---------------- ------------ ---- 

---- -------------- --------- ------------- ----- --------------- ---- 

---------- --- ---- ------- --------- ------------ ------ ----- --- --------- 

----- ------ ------ --------- ---------- -- ---- -------------- ------ 

---------- ----------- --- --------- ----- ---------- ----- --- ----------- 
------------ -------- ------------ ----- ---- ------- ------ ------------- 

--------- --- ------------- 

-------- 7 23 91 2 10 92 ------ ------ --------- ----------- --- ---------------- ------------ ---- ---- 

-------------- --------- ------------ ------ ---------- --- -------- 
------------- ----- ------ ------ ---------- ------------ ----- ---------- --- 

-------- ------ ------- -------------- ----- -- ----- --- ---- -------------- 

------ ------------ ----- ---------- ------ ----- -------- ------ ------ 

5  Subcutaneous Patch Crinkling 

lmplsrlt Date Event Date ResolutionfOutcome 

Complication -------- 11 26190 12113 90 --- ------ --- ---------- ------------ ----- - ---- ----- 

------------------ ---------- --- ----- ------- ------ 

---------- --------- --- ---- -------- --------------- ---------- 

---- ---------- --- ---- -------- 

Complication -------- 4 25 91 5 2 91 ---- ------ ------ ---- ------- ---------- ------ ------------- 

------------ ---------------- ----------------- --------------- 

---------- ---- ---------- --- ---- -------- 

Complication -------- 5 17 91 6125 91 ---- ------ ------- ---- ------- ---------- ----- --- ---------- 

----------- --- -------- --------------- ---------- ---- ---------- 

--- ---- -------- 

Complication -------- 819 91 12 4 91 ---- ------ ------ ---- ------- ----------- --------------- 
---------- ----- ----- ---- ------- ------------- 

Complication -------- 6 28191 10 24 91 ---- ------ ------ ---- ------- ----------- ---- ---- 

------------- ------ ------------- --- ------------- 

---------------- ----------- --------------- ---------- ----- 

----- ---- ------- ------------- 

Complication -------- 1 29 92 415192 ---- ------ ------ ---- ------- ----------- --------------- 

------------- ----- ----- ---- ------- ------------- 

Complication -------- 7 22 91 10 18191 ---- ------ ------ ---- ------- ----------- --------------- 
---------- ---- ---------- --- ---- -------- 

Observation -------- 2 11 92 3 27 92 ---- ------ ------ ---- ------- ----------- ---- ------------- 

------------- ------ ------------- ---------------- -- ----- ---- 

-------------- ----------- 

4 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)
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Observation -------- 11 19 90 6 26 91 --------- -------------- -- ---- ------- ----- ------- ------ 

--------------- ----------- --- ---- -------- -------- -------- 

------------ --- --------- --------- --------------- ---- 

---------- ----- --------------- ---------- -- ---- ---------- 
------ - ------ ---- ---------- --- ---- ------- -------------- 

Observation -------- 1 211 1 91 6117 92 --------- ------------ ------ ---------- -------- ------------- 

------- ------ ---------- ----------- --- ---- -------- ---- ---- 
- - ------------- -------------- ----- ---- ----------- --- ---- ------- 

-------------- 

Observation -------- 611 90 9 17 90 ------- ------ ---------- ----------- --- ---- -------- ---- 

---------- ----- ------------- ---------- -- ---- ---------- 
------ - ------ ---- ---------- --- ---- ------- -------------- 

Observation -------- 4 25 91 5 2 91 

6  l cad Dislodgement 

--- ------ --- ---------- ------------ ----- - ---- ------------- 

------------- ----- ---------- ---- ---------- --- ------ ---- 
------------- ------------ ------- ------ ---------- ----------- 

--- ---- -------- ---- ----- ---- ----------- ---------------- --- 
---- ----- --- ---------- --- ---- ------- -------------- 

Implant 
Date           

Evirit RoaolutionlOutcome 

Complication -------- 1 1 5 92 2 03 92 ------ ------------- --------- ------------ ----------- --- ----------------- 
--- ---- ------ --- ---------- ------------ ------ ---- ----- ---- ------------- 

--------------- --- ------ --------- ----- --- ---------------- --- ------ ----- 

--------- -------- ------------ --------- --- ---------- -------- -------- 
----------- -- ---- ----- -------- ----- --------- --- ------------ ---- ------ 

Complication -------- 12 23 91 2 19192 ------ ------------- --------- ------------ ----------- --- ----------------- --- 

----- -------- ------------- -------- ------------- ----- --- --------- ----- 

------ ------ ----------- ----- ---- ---- ----- -------- ----- ------------- --- 

----------- ---- -------- ----- ----- ------------- -- -------- ------------ 

----- -------------- --------- --- --------- ---- ------- ------------ --------- 

----- ------ ---- -------- ------ -------------- 

Complication -------- 1 7 92 10 21 92 ------ ------------- --------- ------------ ----------- --- --------------- 

--------- ----- - --------- ------------- ----- ------------ -- ----- --------- 

----- ---- ---- ----- ----- ------------ ----- ----- --- ----- ---- ----- ---- --- 

---- ----- ---- ------ ------ --------------- -- ------ --- ---- ------------ 

--------- --- --------- 

Complication -------- 1 23192 217 92 ------ ------------- --------- ------------ ----------- --- ----------------- 

--- ------ --- ---------- ------------ -------------- ----- --- --------- ----- 

---------------- --- ------ --------- -------- ------- ------ ---------- 

---------------- --- ---- ----- --------- -------- --------------- ---------- 

----- ----- ---------------- 

Complication 

 2 evente  

-------- 1 130192 817 92  

8110192 

------ ------------- --------- ------------ ----------- --- ----------------- --- 

-- -------- ---- ---------------- --- ---- -------------- ----- ----------- 

--------------- --- --------------- --------------- ----- ---------- ----- 

--------- ----- --------- --- ---------------- 

Complication ----- ----  125192 
3g l p f ------- --- ---------------------------------------------- --------------- ---- 

---- -- -------- ---- ----- --- --------- ----- ----------- ----- ----- 

------------- ------ ---- ---------------- --- ---- ---- -------- ------ 

--------------- ----- ---------- ----- -- ----- ---- ----- ----- ------------- 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)
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Complication -------- 313192 

Complication -------- 2 28 92 

Complication -------- 3 1 6192 

Complication -------- 3 12 92 

3 6 92 ------ ------------- --------- ------------ ----------- --- -------------- --- 

------ --- ------------ ------ -------- --- ------------- ----- ---------------- 

------- ------ ---------- ----- ---- ---- ----- --------- ------- ----- 

------------ ----- ------ --------- --------------- ---------- ----- ----- 

---------------- 

4 2 92 ------ ------------- --------- ------------ ----------- --- ---------------- 

--------- ------------- ----- ------ ---------- ---- ------------ --- ------ 

------------- ------ ------ ------------- ------------ ---- ----- --------- 

------- ------------ ------------ --- ------------- --------------- ---------- 

----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- -------------- ----- ------- -- ---- -- -------- ----- 

--------------- ----- ---------- ----- ----- ----- ---------------- 

Complication -------- 4 20 92 6 1 7 92 

6 18192 

Complication -------- 11 21 89 11 30 89 

Complication -------- 1117190 2 1 3 91 

Complication -------- 10 26 90 1 1 5 90 

Complication -------- 11 16190 12 11 90 

Observation -------- 1 1 28 90 1 10 91 

------ ------------- --------- ------------ ----------- --- ----------------- 

--------- ------------ ------ ---------------- ---- ---------- ------- 

---------- ----- ---------------- ----- --------- --- ---- ---- -------- ----- 

---- ------ --------------- ------------- ------ ----- ---- ----- ---- ----- ----- 

---- --- ------------- --------- ------------ ------------- ------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ----------- --- --------- 

-------------- --- ------------- ----- -- ----------------- --- ---- ----- 

----------- ------------- -------- --- ------ ------------- ----- ------------- 

------- ----------- --- ----------------- --------------- ---------- ---- 

----------------- ---------- ------ -- ----- ----- --------- ---- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- ----- --------- -------- --- --------- -------------- 

-- ------------- ------ --- ----------------- ----------- --- ------------ 

----- --- --------- ----- ---- ----- ----- ------------ --- ------ --------- ------ 

--------- ----- ----- ------------ --------- --------- ----- ---------- --------- 

----- -- ---- ------ ------ ---- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ----- ---------- --- ------------ ---- ------ 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- ----- -------------- --- 

----- --- ---------- --------------- ---------- --- ------------ ---- ------ 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ----- ------ --------------- --- ------ 

------ ----- --------------- -------------- ---------------- ---------- ------ 

----- ------------- ----- --- -------------- ----- ----------- 

Complication -------- 2 2 91 2 2 91 ------ ------------- --------- ------------ ----------- --- -------------- 
----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- --------------- --- ------ ------ 
----------- ----------------- 

(b)(6), (b)(4) (b)(6), (b)(4)
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ID  

Complication -------- 2 15 91 ------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------- --------------- ----- ---------- ----- ----- 

----------- ----- 

Complication -------- 2 26 91 3 22191 ------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ----------- ----- ----------- ----- ----- ---- ----- 

-------------- --------- ------------ ------------- -------- ----------- -------- 

---------- --------- --- ---- ------ ------------- ---------- 

Complication -------- 7 19191 9 26 91 ------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- -------- ----- 

------- ----- -------- -- --- -------- ------ ---------- ---- -------------- --- 

---------- ---- ---------- --------- ---- ----------- -- ----------- ---- 

-------- ----- ---------- --- ---------- ------ --- ---------------- --- ------ 

--------- ------------- -------------- ------ ----- ------ ----- ------------- 

Complication -------- 7 1 191 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ---- ------- --- -------- -- -- -------- ----- 

--------------- ----- ---------- ----- ---- ----- ----- ---------------- 

Complication -------- 7 23 91 

Complication -------- 7 29 91 

Complication -------- 7 3 91 

Observation -------- 7 31 91 

Complication -------- 3 30 92 

Complication -------- 8 28 91 

Complication 

 2 events  

-------- 8126 91 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- ------ -------- 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------------- --- -------- --------------- 

---------- ----- ----- ---------------- 

9 9 91 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- --------------- --- ------ --- 

----- --------- ------------- ----- ------ -------------- ----------- ----- 

-------------- --- ------ ---- ----- ---- ----- ---- -------------- ---- ------ 

----- --- --------- --------- ----- ---------------- ----- ---- ----------- 

9 4 91 ------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- -- ---- ----- --------- ------- -------- ----- -------- ------ 

-- ---- ----- --------------- --- ------ ------- ------------ ---- ------ ----- 

--- --------- -------- ----- --- -------------- ----- ----------- --------- 

------------ ------------- -- -------- ----------- -------- ---------- --------- 

--- ---- ------ ------------- ---------- 

------ ------------- --------- ------------ ----------- --- --------------- 

------- ------ ------- -------------------- ----------- ----- ---- ---- ----- 

--------- ------- ----- ------------ ----- ---- ------ --------- --------------- 

---------- ----- ----- ---------------- --------- ------------ ------------- -- 

-------- ----------- -------- ---------- --------- --- ---- ------ ------------- 
---------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

--------- ---------- ---------------- ---- --------- ------------ --- 

---------------- --- ---- ----- --------- ------- --- ---------- ------ ------- 
--------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- --------------- 
----------------- --- ---- ----- --------- ------- ----- ---- ------ --------- 
--------- ----- ------ --------- --------- --------------- ---------- -------- 
--------- ------------- ------------ ------ ---------- --------------- 

---------- ----- ----- ---------------- 

--- 

(b)(6), (b)(4) (b)(6), (b)(4)
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Complication -------- 8115191 

Complication -------- 8 28 91 

Complication -------- 8 30 91 

Complication -------- 9 3 91 

Complication -------- 9 3191 

I - I I 
Complication -------- 913191 

Complication -------- 9 6 91 

Complication -------- 9 1 1 91 

Complication -------- 911 6191 

Complication -------- 10 1 91 

Complication -------- 10 4 91 

Observation 

8 1 9 91 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

---- ----- ----- --- ---------------- ------------ -------- -- --------- ------ 

---- ----- -- ---- -------- ------------ --------- ----- ----- --------------- 

---------- ----- ----- ---------------- 

9 3 91 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- --------------- --- ----- --- 

---------- --------------- ---------- ----- ----- ---------------- 

9 6 91 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- --------- 

------------ ------------ -------- ----------- -------- ---------- --------- --- 

---- ------ ------------- ---------- 

919191 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- ---- ----- ---------- ----- ---------------- ------------- ------ ---- 

---------------- ---------- --------------- ----- ------------- --- ------------ 

------ 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

9119191 ------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

I 0 8 91 ------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- ----- --------- ------- --------------- --- 

---------------- --- ------ --------- ----- ------------ ------------ --- 

-------------- --------------- --------------- ---------- ---- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- -- 

----- ----- ------------ -- ----- ------- ----- ---- ------ ----- --- ----- 

--------------- ----- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- ---- --------- -------- --- ---------------- ---------- -- ----- ------ 

(b)(6), (b)(4) (b)(6), (b)(4)
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Event 

Complication 

 2 events  

-------- 10111 91 10 15191 

3 9 92 

Complication -------- 10 23 91 10 30 91 

Complication ------ -- 10 24 91 1216191 

Complication -------- 10 30 91 11120191 

Complication 

 2 events  

-------- 11 1 91 1 2 9 91 

1 27 S2 

Complication -------- 11 7 91 

Complication -------- 11 6 91 5 6 92 

Observation -------- 1 1 26 91 12 2 91 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- ----- ------------- ------ ---- ------------ ----------- ----- --- ---- 

---------------- ---- ----- ---- ---------- ----- ---------- ---------------- 

----- ----------- --------------- ----- ---------- ----- -- ----- ---- ----- 

--------- ------- ----- ------------ ------ -------------- ---- ----------- ----- 

--------------- --- -- -------- ----- ---------------- --- ------ ----- ------- 

--- ------- --------------- ----- ---------- ----- ---- ----- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- --- 

-------------- ----- ---- ------ --------- ------- ----- ------- --- --- 

------------- ------ ----- --------------- ----------- ---------------- 

------------ -- --------- ------ ----- -------------- --------- --- --------- 

---- ------- ------ --------- ---- --------- ------ -- ------ ------------- 

---------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --- ----- --------------- --- 

------ ------- --------------- ----- ---------- ---- ---------------- --- ------ 

----- ----- -------------- ----------- ----- -------------- --- ---- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- --- 

----- -------- ------------ ------ ------ ------ ---------- ------ ----- 

--------- ------- ----------------- --------------- ---------- ----- ----- 

---------------- ---- ----------- ------ --------------- ---------- ------ ----- 

--------- ------- ------- ----- ------------- --------------- ---------- ----- 

----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --- ---- ----- ----- 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

--------- ------- 

------ ------------- --------- ------------ ----------- --- -------------- --- 

-- ---- ----- ------ ------ ---------- ---- --- ----- --------------- ----- 

---------------- ----- -------------- ------- ----- ----------- -------- 
--------------- ---- -------------- ------ ----- ------- ---------------- 

------------ ----- ----- ------------- ---------- ----- --- -------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- -------------- --- 
------ ------- ----- ------------- ------ ---- ------------- ----- -------------- 

----------- ----- --------------- ----- --------------- --------- --- -------- 

-------- -- ----- ------ ----- --- -------------- ----- ----------- 

Complication -------- 11 14 91 11 18 91 ------ ------------- --------- ------------ ----------- --- ---------------- 
----------------- --- ------ --------- ------- ----- --------- ------ ------- 

----------------- ---------------- --- -------- --- ------------- -------- --- 
------------- ----- ------------- -------------- -------- -------- ------ --- 
---------- ------------ ------ --------------- ---------- ---- ---------------- 
--- ------ 

ec 

(b)(6), (b)(4) (b)(6), (b)(4)
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IDk 

Complication -------- 1 111 9 91 1 1 27 91 

Complication ------ -- 1 1 26 91 1 1 129191 

Complication ------ -- 12 5 91 

Observation ----- --- 1 1 27 91 1 10 92 

Complication -------- 1219191 

Complication -------- 12111 91 1 14 92 

Observation ----- --- 12 1 2 91 12 18 91 

Complication -------- 12 19 91 2118 92 

Complication   -------- 12 26 91 1 7 92 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --- ---- ------------- 

------- ---------- ------ ----- -------------- --- ------ ------- 

--------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- ---- ------ 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

--------------- --- ---- ------- ---- ---------- ----- --------------- ---------- 

------ ----- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ---- ----- --------- ------- ----- ------ ----- --------- 

------- --------------- --- ------ ------- --------------- ---------- ----- 

------ ---------------- 

------ ------------- --------- ------------ ------------ --- ------- ---------- 

----------------- --- ---- ----- --------- ------- --------------- --- ----- --- 

--------- -- ---- -------- -------- ----- ------ ------- --------- -- 

----------- ------- -------------- 

------ ------------- --------- ------------ ----------- --- ----------------- --- 

------ -------- ------------ ------ ------ ------ ---------- ------ ----- 

--------- ------- ----------------- --------------- ---------- ----- ------ 

----- ------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- ---- ------ ----- 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- --- ------ --------------- --- 

------ ------- --------- ---------------- -------- --- ----- ---------------- 

--------- ----------- -------------- --- ---- ----- ----- --------- ----- ---- 

------------ 

------ ------------- --------- ------------ ----------- --- ---------------- 

---- ---------- -- ----- ----------- ----- ---- ---- ----- -------- ------ 

---------- ---- --------- ---- ---------- --------------- --- ---- -------- 

----- ------- ----- -------------- ----- ---------------- ----- ----------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- --------------- ---------- -------- ----- ----- ---------------- 

Complication -------- 12 20 91 1 14 92 ------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ---- ----- --------- ------- --------------- --- ----- --- 

---------- --------------- ---------- ----- ----- ---------------- 

Complication -------- 1 1 26190 1 2 1 3 90 ------ ------------- --------- ------------ ----------- --- ----------------- 
----------------- --- ------ ----- --------- ------- -------------- --- 

------------- ---------------- -- ------ --- ---------- ------------ ------ 
--------------- ---------- ----- ----- ---------------- --------- 

---------------- ------------- --------- -- -------- ----- ---- ------- ---- 
-------- ---------- --------- ---------- 

(b)(6), (b)(4) (b)(6), (b)(4)
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Complication -------- 10 3 89 

Complication -------- 1 19 90 

Observation --------- 9 27 90 6 2 1 91 

Complication -------- 514190 5 9 190 

Complication -------- 5 25 90 2 28 91 

Complication ------ -- 8 31 90 

Complication -------- 9 13 90 

Complication -------- 1015190 1 11191 

Complication -- ------ 1 1  1 3 90 3 1 4 91 

Complication ------ -- 1 1 128 90 1 8 91 

Complication -------- 215 91 

------ ------------- --------- ------------ ----------------- ---- ------------ 

------------ -- ----- ---- ---- ---- ----- --------- ------- ---------- ------ 

------ ------ --------- --- ------- ---------------- ----- ------ 

---------------- --------------- ---------- ----- ----- ------------ -------- 

----- ----------- ------- --------- ------------ ------------- -- -------- 

----------- -------- ----- -------- ------ ------------ --------- ----- ---- ---- 

--------- --------- --- ---- ------ ------------- ---------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ----------- ----- ----------- ----- ----- ------ ----- 

-------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---- ------ ----- --- --------- --------- ----- 

---------------- ----- ---- ----------- --------- ------------ ------------- 

-------- ----------- -------- ---------- --------- --- ---- ------ ------------- 

---------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ---------- -- ----------- ---- --- 

---------- ----- ----- ------------ 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

Complication -------- 1 1 123 90 1214190 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

 8 
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Event 

Observation -------- 2 14 91 2 2 1 91 

Observation -------- 4 15 91 

Complication -------- 4 1 1  91 513191 

Complication -------- 412191 

Complication -------- 5113191 

Complication -------- 3 1 3 91 

Complication -------- 4 29 91 818191 

Complication -------- 6 7 91 

Complication -- ------ 6 1 2 91 

Complication -------- 819191 9120191 

------ ------------- --------- ------------ ----------- --- -------------- ---- 

------ ------- ---- ---- ----- --------- ------- ----- ----------- -- ----- 

----- ------------- ------ -------------- ---------------- ---------- 

---------------- ----- --- -------------- ----- ----------- 

------ ------------- --------- ------------ ----------- --- ----------- ----- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- ----------------- -------- ----- ------------- ------ -------------- 

----------- ----- -------------- --- ---- ----- ---------------- ----- ---- 

----------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ----- --- 

--------- -------- ------ --------- -------- -------- ------------------ ----- 

-------------- ---------- ---- ---------------- --- ------ 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- --------- 

------------- ------------ ------------ --- ----------- --- ---------------- 

------- ----- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- -------- 

--- ------------- -- ------ ---------- ------------ ------ --------------- 

---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- ----- --------- -------- -------- ------------ ------ 

--------- -------------- --- ---------- -------- ----- ------ ------ ---------- 

---------------- --- ---- ------ --------------- ----------- ----- ----- ---- 

----- -------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- --------------- --- ------ --- 

----- --------------- ---------- ----- ---- ----- --------------- --- ------ ----- 

------ ------------- ------------- --- ---- -- ---- ------ -------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- --- ------ ------------- 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ------ ----- --------------- --- ----- --- 

---- ------- -------- --- ------- --- --------- ----------- ---------------- 

----------- 

Complication -------- 8 16191 9 20 91 ------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ------ ----- ---------------- --------- 
---------------- ------------- -- ------------- -- ---- ------- ---- -------- 

---------- ------------- 

llew  

(b)(6), (b)(4) (b)(6), (b)(4)
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ID  

Complication -------- -  24 91 

Complication -------- -  17 91 

Complication -------- 417 91 

Observe tion -------- 6 20 91 

Complication -------- 718191 10 8 91 

Observation -------- 8 23 91 

Complication -------- 8 29 91 

Complication -------- 4 25191 

Complication -------- 10 2 91 

Complication -------- 9119 91 1 012 91 

Complication -------- 10 2191 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- ---------- ---------------- ---------------- --- ------------ 

---------------- -------------- ---------- ----- ------ ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- --------- ------------- ----- ------ ------------- ----------- --- 

---------- ---- ----- ---------------- ----- ---- ----------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- ---- ----- ---------- ----------- ------------- ---------- ----- ---- 

---------------- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- -------- --------------- --- ------ 

------- ------------ ---- ------ ----- --- --------- -------- ----- --- ---- 

---------------- ----- --- -------------- ----- -------------- 

------ ------------- --------- ------------ ----------- --- ----------------- --- 

------ --- ---------- ------------ ------ -------- --- ------------ ----- 

------------- --------------- ------------ --- ------ ----- --------- ------- 

----- ----------------- ------------ --------- --- --------- ---------------- 

----- --------- --- --- ------------ --------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- ---- ---- ----- 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- --- 

----- -------- ------------- -------- --- ------------- -------- ---------- ---- 

----- ----- --- --------- -------- ------- ------ ---------- ------ ----- 

--------- ------- ----------------- --------------- ---------- ----- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- ----- ---- ------ -------- 

--------------- -------- ------ --- ---------- ------------ ------ 

--------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- --------------- --- 

---- -- -------- ----- ---------------- --- ---- ---- ------- --- -------- 

--------------- ----- ---------- ----- ---- ----- ----- ---------- ----- 

---------------- 

Complication -------- 10 24 91 216 92 ------ ------------- --------- ------------ ----------- --- ----------------- --- 

-- -------- ---- --- -------- ------ -------- ----------------- -------- ----- 

------------ ----- ---------------- -------- ---------------- ----- ------------ 

------- ------ ---------- ------ ----------------- --------------- ----- 

---------- ----- ----- ----- ---------------- 

(b)(6), (b)(4) (b)(6), (b)(4)
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Ohaeivation   

Observation -------- 8 23 91 12 6 91 ------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- ------------ ----------- ----- ------ ----- --- --------- -------- 

----- --- -------------- ----- ----------- 

Complication -------- 4 29 91 516 91 ------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- ----- ------ ----------- 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

---------------- 

Complication -------- 7 18 91 8 15 91 

E  Other Complications 

------ ------------- --------- ------------ ----------- --- ---------------- --- 

------ --- ---------- ------------ ----- - -------- --- ------------- ---------- 

--------- --- ---- ----- --- ---------------- --- ------ ----- --------- -------- 

--------------- ---------- ----- ----- ---------------- 

1  Pacemaker Syndrome 

Complimtionl 

Obsiiniahon 

Observation -------- 1 1  27 90 5 16 91 --------- ----------- ------------- --- ------------- ------------ ------ ------ 

--------- ---------------- ---------- ----- ------------ --- ------- ---- 

------------ --------------- --- ---------- ---------- 

Observation -------- 1 1 26 91 2 19 92 --------- ----------- ------------- --- ------------- ------------ ------ ------ 

--------- ---------------- ---------- ----- ------------ --- ------- ---- 

------------ --------------- --- ---------- ---------- 

2  Early Device Explant 

Complicationl ID  

Observation 

Implant Event 

Date Date 

Resolution Outcome 

Complication -------- 3 19192 3 23192 ------ --------- ----------- -------- --- ------- -------- ----- ------- ---- --- 

-------- --- ---- --- ----------------- --- ---------- ----------------- 

--------------------- --- --------- -------- ----- --------- ------ --------- 

------ ---------- ------- ---------- --- ----- --------- ----- ---- -------- 

-------- ------ ------------ ----- ---------- --------- 

Complication -------- 11 7 90 2 13 91 --------- ------------ ---- ------- ----- ----------- --------- --------- 

---------------- ---- ------ --- ---------- ----------- --------- ----- --------- 

------ ---------- --------- -------------- 

Complication -------- 11 29 90 1 4191 --------- ---------- ---------------- ---- --------- ----- --- -------------- 

------- ------- -------------- -- ----------- -------- ------ ------- ----- 

------------------- ------ ---- -------- ----- ---- ----------- ----- ------ 

--------- ----- ------------ ----- ---------- ----------- ----- ----- ----- -- 

--------- -------- ----- --- -------- -------- ----------- ---------- ---- 

------------- ------- ---- --------------- ----------- -------- ----- --- ---- 

------ -------- --------- --------- ----- ------------ ----- ---------- --------- 

-------------- 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6), (b)(4) (b)(6), (b)(4)
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Obseivation 

Complication -------- 11125 91 1 30192 --------- ---------- -- ------ ------------- --------- --------- -------------- 

--- ------ --- ------------ ----- ----- -------- ------------ ------ ---- ---------- 

----- ---- --------- ------- --- --------------- ----- --------- ---------- 

--------- --- ---- ------ ---------- ----------- ----- ---- -------- -------- 

------ ---------------- ----- ----------- ---------- --------- ------------ ----- 

-------- ---------- --------- ------ --------- --------- -------------- 

----------- --- -------- ----------- --------- -------- --- ---- 

------------------- ----- ----- -------- --------- -- --------- --- ---- 

------------------ --------- --- -------- ---- ------ --------- ----- 

---------------- 

III  Death Summaries 

A  Perioperative Death Summaries 

Perioperative deaths include all deaths occurring within thirty days 

of implant  The perioperative death summaries are also included 

in the appropriate sections of this report discussing specific death 

CatBgQf i8S  

1  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
-- -------- 
-- -------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ --------- --- 

----------- ----- ----------- ------- --------- ----- -------- 

-------------------- --- ----- --- -------- --------- -------------- 

------------- --------- ----- ----- ------ -------- ------ -------- 

---------- ----- ---------- ---------- ---------- ----- ---- ------ -- 

--------- ----------------- --- ------- -- ------ --- --------- --- ---- ------ 

--------- ---- -------- ----- ------- ------ ------------------ ------ 

------ ----------- ---- -------- ----- --- --- ------------------ ------ 

--------- -- ---- ------ --- ---------- ----- --- ---- ---------- -------- 

--------- -- -------------------- ----- --------- ----- ----------- --- ----- 

--------- 

----- -------- ---------- -- ------ ------------- --------- -------- 

----------- --- -------------- ----- ------ ------------- ----- --------- 

------- ----- ------------- ------- ------ ----- ---------- ------------ 

--- ------- ---- ------ ----- ---- ---------------- ----- -- ------- 

1 

(b)(6), (b)(4) (b)(6), (b)(4)

(b)(6)

(b)(4), (b)(6)

(b)(4)
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------------- ------------ ---- ----- --- ------ ---------- ------ ----- 

------ --------------- ----- ------- ------ ---- --------- ------ ----- 

--------- -- ---- -------------- ------------ ---- -------- ------ ------- 
--------- --- --------- -- ----- ---- -------- ------ ----- --------- --- 

--------- --- ----- ---------------- ---------- ------------ ----- 

-------------------- 

-- ------ --- ---- ------------- ------ ------------- ---------- ---- -------- 

------ -------- ------ ---- ---- ---- ----- -- -------- ------- ------------- 

--- -------------- ---- ---------- ------------- -------------- --------- 

------ ------------- -------------- --------- ----- ----------- --- ---- 

----- ---------------- ----- ----- --------- ----- ------------ --- ---- 

-------- -------- ------ ----- ----- ------ ---- ------------ ----- 

-------------- ------ --------- ----- --------- -------- --- ------------ 

--- ----- --- ------- -------- ----------- ----------- ------ ---- ------ 

--------- --------- ---------- ----------------- ----- ------------ 
--------------- ----------- ---------- ------ ---------- ------- ----- 

--------- -- ----- -------------- ----- ---- -------- ------------- ----- 

------------ --- --------- ----- --- ------- ----- ------ ------ --- 

-------------- ------------- --------------- ------ ---- ---- ------ ----- 

-------------- ---- -- ----- ------ ----- ----- ------------ ------- ---- 

----- ----------------- --- -------------- ----- --------------- --- -------- 

---------------- ------------ ----- --- ---- ---------- ------------- 
------- ---- ------------ ----- ------------- --------- -------------- 
----- -------- -------------- ----- ------ -------- --------- ----------- 

----- ----------- ------ -------------- ---- ---- ------------- ------ 
----------- --------- ----- -------------- ------- ----- ---- ----- ----- 

--- ------------- ---- ----- --------- -------------------- ------ ---- 

---------- ------- ----- ------------- 

----- ---------- ----------- ----- ------------- ------ ---- ----- --- 
------- ------ --- ------------- ------ ------- --- --------- ----- --- 

---------- -------- ------ ---- ------ -------- ---------------- --- ------ 
------- ------ -- ----- --- --- ------ ----- ------------- --- ---- ------ 
----------------- ------------- -------- ------ ----- --------- ----- 
------- ---------------- -------------------- -------------- ----------- 
--- ---------------- ---- ------ -------- ------------- ------ ------ 
--------- ---- ----- ----- ---- --------------- ----------- ------ ---- 

---------- -------------- ---------- ---- ------------- ------ ---------- 
------ ------- --- ------- 

----- -------- ----- ------------- -------- ------ ------ ---------- ----- 

----------- ---------------- --------- ------------ ----- 
------------------ --- ------- ----- ---------- --- ----- --------- 

(b)(4), (b)(6)
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-------------- --------------- ----------- --- ----------- --- ---------- 

----- ------------- ---------------------------- ----- ------------ --- 

--------- ------------- ----- ------- ---- ----- --- ---- ---------- ------ 

--------- -------------------- ----- ------- --- ---- -------------- 

-------------- ----- ---- -------------- ----- -------- --------- ------ 

------------ --------------- ------------ -- -------- --- -------- ----- 
-- ---- ------ --- ---- ---------- ------- --------- ----------- ----- 
----------- ------ ---------------- ------- 

----- ------ -------- ----- ------------ ----- --- ---------- ----- 

-------------- ----- ---------- ------------ -- -------------- --- ---- ------ 
----------- --- ---- ---- ------ ---------------- --- --------------------- 
----- ------------ -------------- ---- ------ ----------- -------- --- 
------- ------- --- ------------- 

----- -------- -------- ------ -------- ----- ------------ ----- ---------- 
---- ---------- ----- ----- ------- --- --- -------------- -------- 
------------------ 

The investigator classified this patient death as 

periopertive  non sudden cardiac and related to the 
implanted PCD Transvene System  The CERC reviewed the 
circumstances of this patient death and felt that the death 
was related to the implant procedure and not the implanted 
PCD Transvene System  

i 7 

(b)(4), (b)(6)
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2  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------- ------- 
------ ------ 
----------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ------ ------ -- --------- --- 

----------- ------------- --------------- ---- ------------------ --------- 

----------- ----------- ------- --------- ----- ------------- ------ 

--------- ---- ---------- ---------- ----- ---- ------ -- --------- 

----------------- --- ------- ---- --- ---- ---- --------- ------ --- --------- 

--- ---- ------ ------------- ---------- ---- -------- --------------- 
------ --------------- ---- ----------- --- ---- ------ --- --------- ---- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- -- ------ --- ----- ------------- ------ -------------- 
----- ----- ---------------- ----- ------- ----- ---- ------ ------ --- ---- 
----- --- ----------- ----- -------- -------- --- ---------------- ----- 
----- 

----- ------ --- ---------- ------------ ---------------------- ------- ----- 
------ ----- ------ ----- --------- --- ---- ------ ------------- --------- 
------ ----- ------------- --- ----- --- ---- ----- ---------- ---- ---------- 
--- ----- ---------------- --- ----------- -------- --------------- 
---------- ---- ---------- --- ---- --------- ---------- ---- ---------- --- 
----- ---------------- --- ----------- -------- ----- ---------------- ---- 
---- ----- --------------- ---------- --- ---- ---------- --- ------------- 
-------- --- ---- -------- --- ----- -------- ---- ------ -------- ----- 

---------------- --- ---------- 

(b)(6), (b)(4)

(b)(6), (b)(4)

(b)(4), (b)(6)



emvaoetc coeF EDrnAt  

0 3 mV 

ipi 

VT DlG 

VT Rxh OFF 

VT Rx f2 OFF 

OFF 

OFF 

320 ms 

24 

34JISEQ 

34JISEQ 

34JISEQ 

34JISEQ 

----- -------- ----- ---- ------------- -- ----- ------ ----- --- 
------------- --- ------------- ------ --------- ------ ---- ----- ----- 
------ ---- ---------- ------------ ------------ ----- ------------- 
--------- ----- -------- --- --------- --- ---------- ---- ---------- 
------------ --- ---- ------ --- ---- ------- ---- -------- ----- 
----------- ------------ ----- ------------ --------- --------- 
----------------- ------ --- ---- ------- ---- -------- --------------- --- 
--------- --- ---- ----- ----- --------------- -------- --- ---- ------ 
--------- ---- ---------- --- ------------- ------- ----- ---------- ---- 

-------- ----- ------- ----------- ------------ ---------- ----- -------- 
------------- --------- ------------ ---------------- -------- ---- 
------------- ------ -- --------- ---------- ----- ------ -------- ----- 
------------ ----- ----- ------- --- --- -------- --------- 
------------------ 

----- ------- --- ------- ----- ---------- --- ----------------- ------ 
--------- --------- ------------ --- ----- ------ ------ -------- --- ---- 
-------------- ----- ---- -------- --- ---- ------------ ------ 
------------- ---------- ----- -------- ----------- ---- ----------------- 
--- ---- -------- ------- ----- -------- ------ ---- ---------------- 
----------------- 

(b)(4), (b)(6)
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3  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------------------ 
--------- 
--------- 
Noncardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- --- ---- ---- --------- ------ --- 

---- --------- --- ---- ------ ------------- --------- ---- -------- ----- 

--------------- --------- ----- ---- --------- --------- ----- ---------- 
------------------ --------- ----------- -------------------- ------ --- 
---------- ---------- --- ---- ----- --------- ----------------- ------- ---- 
----- -------- ----- ------------- --- ------- ------- --------------- 

------------------ ----- -------- ------ --- ---- --------- --- ---- ------ 

------------- ---------- --- ---- ------ --- --------- ---- -------- ----- 
--- --- ------------------ ------ ---------- 

----- -------- ----------- -- ------ ------------- ------- ------------- --- 
---------------- ----- --------- ------ ----- --- -------- ------ -- 

---------------- ---------------- ---------- --- -------------------- -- 
------ --- ----- ------------- ----- ----- ----- ---------------- ----- 
-------- ----- ------ ---------- --- ---- ---- ---- --------- ------------ 
----- --- ---------- ------ ---- ------- ---------- --- ------ --------- 
------- ------ ----------- 

----- ---------- ----------------- -------- ----- --------------- --- 
----------- ------------- -------------------- ----------- ----- -------- 
--------------- -- ------ --- ------- ---- ----------- ---- -------- ------ 
------------- --- ---- ---------- --- ------------ ----- ----- -------- 
---------- ---- ---------- --- ------------- --- ------- --- --------- ---- 
----------- ---------- ---- ---------- ------------------ ------ --------- 
----- ----------- --- --------- --------------- ----- ------------- 

--- ---- ------ --- ------------ ------ ---- ----- ---------- ----- 
--------------- ------------- ------ ---- ---------- --- ------------- 
----- -------------- --------- --- ----------- ---- -------- --- 
--------------- ---------- ----- ------ --------- ---------------- ------- 
----- --- ---------- 

(b)(6), (b)(4)

(b)(6)

(b)(4), (b)(6)
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Sensitivity 0 3 mV 

TDI 450 ms 

VT NID 20 

VT Rx  1 CV134JISEQ 

VT Rx  2 CV134J SEQ 

VT Rx  3 C V 34 J IS EQ 

VT Rx  4 CV134JISEQ 

FDI 380 ms 

VF NID 18 

VF Rx  1 34JISEQ 

VF Rx   2 34JISEQ 

VF Rx 43 34JISEQ 

VF Rx 4 4 34JISEQ 

----- -------- ----- ---- ------------- ------ ---- ---------- ------ ---- 

------ --- ------------ ----- ---- ----- --------- ------------- --- -- 
--------- ------- ---- ---- ------------ ------------ ----- -------- 
------------- ------------- --- ----------- ----- ------------- --------- 
----- ------------------ ------------------- -------- ----- -------------- 
----------- ----- -------- -------------- ----- --- ----------- --- ---- 

------------ -------- ----- -------- ------- ----- ---- ------------- 
------ ----- --------------- --------- ----------- ---- ---------- ----- 

------------- ---- ----- ---- ------ ------------- --------- ------------ 

------ --- ---- ---------- -------- 

----- -------------- ------------ ---- -------- ------- --- 

----------------- ------------- ----- ---- -------- --- ---- ------------ 
------ ------------- ---------- ----- -------- ------------- ----------- ---- 
----------------- --- ----- -------- ------- ----- -------- ------ ---- 
---------------- ----------------- 

kl 

(b)(4), (b)(6)
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4  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
--------- 
-------- 
Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- --- ---- ---- --------- ------ --- 

---- --------- --- ---- ------ ------------- --------- ---- -------- ----- 

--------------- -- ----------- --- --------------- ------------- 

--------------- ----- ---------- ------------------ --------- ----------- 

----------- ------- --------- ----- ------------- ------ --------- ----- 

---------- ---------- ---------- ----- ---- ------ -- --------- 

----------------- --- ------- ---- ----- -------- ----- --- --- 

------------------ ------ --------- -- ---- ------ --- ---------- 

----- -------- ---------- -- ------ ------------- --------- ----- 

----------- --- -------------- ----- --------- ------ ----- -- -------- 

------ -- ---------------- ---------------- ---------- --- 

------------------------ -- ------ --- --- ------------- ------ ------------- 
------ ------- ------------- ------------- ------- ------- --------------- ---- ---- 

---------- --- ---- ---- ---- --------- ------------ ----- ----- ---------- 

------ ----- --------- ---- --- ---------- ----- ----------- ----- 

---------------- ----------------- ---- ------------- --------------- 

----- ---------- ----------------- -------- ----- --------------- --- 
-------- ----- --------- --------- ---- ------- ---- ---- ---------- -- --- 

---------------- ---- --------- ---- ------ ------------- ------ -- ------ 
------------- ------------ ----- -------- --------------- --- ----------- 
--- ---- ----- ------ --------------- ---------- --- ---- ---------- --- 

-------- ----- ----- ----------- --- ---- ----- ------ --------------- 
---------- --- ---- ---------- --- ------------- --- ----------- ---- 

-------- --------------- -- ----------- --- ------ ------------- ----- 
---------- --- ---- ---------- --- ---------------- ---- ---------- ----- 
------ --------- ----- ----- ------------------ --- ---------- ----- ---------- 
--- ---------------- ---- ---------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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--- ---- ------ --- ------------ ------ ---- ----- ---------- ----- 

--------------- ---------- ------ ---- ---------- --- ------------- --- 

----------- ---- ----- ----- ---------- ----- --------------- ------------- 

--- ---- ------ ---------- ----- ------ --------- ---------------- ------- 

----- --- ---------- 

Sensitivity 0 3 mV 

TDI 490 ms 

VT NID 12 

VT Rx 4 1 Burst 

VT Rx 42 CV15JISIM 

VT Rx  3 C V134 J IS IM 

VT Rx  4 C V 34 J IS I M 

FDI 320 ms 

VF NID 18 

VF Rx  1 1 8J SIM 

VF Rx  2 34JISIM 

VF Rx 43 34JIS I M 

VF Rx  4 34JISIM 

----- ---------- ------- ----- --------------- ----------- --- 

---------------- --- ---- -------- ----- ------------- ------ --- --------- 

----- ------- --- ------------- ---- ----------- ----- -------- --- ----- 

---------- ---- ---- ----------- --- --- ----- -------------- ---- ----- --- 

----------- --- ---- ------- 

------- ------------ ------ ---- ---------- ---- -------- ----- 

--------------- --- ------------ --- ----------- --- --------------- ---- 

----- -- --------- --- --------------- ----- --- ---- ----- --- ----- --- 

----------- ------ --------------- -------- --- ---- ---------- --- 

-------- ----- ----- --------- ---------- ---- ---------- --- 

------------------ ----- --------- --- ---- ----- --------------- 
---------- --- ---- ---------- --- ------------- 

----- ---- --------- ---------- --- ---- ------ --------- ----- ---- ----- 
---- ------- -------- --- ---- --------- ----- ----- ----- ---- ---------- 
--- -------- --------------- ------------- ----- --------- ----------- ---- 

(b)(4), (b)(6)

(b)(4), (b)(6)
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------- -------- --- ---- --- ----------- ----- ---- ---------- --- --------- 
------ ----- ----- ------- ----- --- ---------- ------------- ---- ---- 
---------- -------- ---------- 

pg   
gg n  

   fjQ thjg 

pQfJ flf 

tJQQ1 l1 
  Q  

perioperative and sudden cardiac  The relationship of the 
death to the implanted PCD Transvene System was 
classified as unknown  The CERC committee reviewed the 
circumstances of this patient death and agreed with the 
investigator s classification  

(b)(4), (b)(6)
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5  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
----------- 
----- ------ 
Sudden Cardiac 

------ -------- ----- -- --- ----- ---- -------- ------ -- --------- --- 

----------- ------------- --------------- --- ---- ---- --------- ------ --- 

---- --------- --- ------ ------------- ---------- ---- -------- 
--------------- ----- --------- --- --------------- ---- ----- --- 

----------- --- --------- -------- ----- ---------- ------------------ 

--------- ----------- -------------------- ----- ------------- ------ 

--------- ----- ---------- ---------- ---------- ----- ---- ------ -- 
--------- ----------------- --- ------- ---- ----- -------- ----- --- --- 
------------------ ------ --------- -- ---- ------ --- ---------- 

----- -------- ---------- ---------- -- ------ ------------- --------- 
-------- ----------- --- ---------------- ----- --------- ------ ----- --- 

-------- ------ -- ---------------- ---------------- ---------- --- 

-------------------- -- ------ --- ----- ------------- ------ ------------- 
----- ------ ----- ------------------ ------ ------------- ------ ---- 
----- --------- ------------ --- ---- ------ ---------- ---- ----- 

--------------- ------------- ------ --- --------- 

----- -------- ------------- ---- ----- ----- --------- 
---------------------- ------- ----- ------ ----- ---- --------- 

------------- ------ ------------- --- ---- ------ ------------- ------ 
------------ -- ---------- --- ---------------- ----------------- --- ---- 
----- ---------- ---- ---------- --- ----- ---------------- --- ----------- 
----------- ---- ---------- --- ------------ ----- ---------- ---- 
------------- ------------ --- ---- --------- ---------- ---- ---------- 
--- ---- ------------------- --- ----- - ----- -- ----- - ----- ---- ---------- 

--- ----- ---------- ---- ------------- ------------ ------- ----- --- 
----------- --- ----- ----------------- ----- -------- ----- ------------ 
---- -- --------- ----- ------ ---------- ---------------- --- --- ------ 
------------- --------- -- ------------- ---------------- ------- ---- --- 
----------------- ------- ----- ------------- ---- ----- ---- ------------ 
----- ------------ ------ ------ ---------- 

----- -------- ------------- ---- --------- ----- --------- 
---------------------- ------- ----- ------ ----- --------- --- ---- ------ 
------------- ---------- ----- ------- ---------------- --- ---- ------ 
--------- ----------- -- -------- ---- ------- ------ --------- ------------ 

  

4 

(b)(6)

(b)(6), (b)(4)
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----- ------------ ----------- ------- ----- ------ --- --------- --- 

----------------- ---- ----- ---- ------ --------- --- ---- ---------- --- 

---------- ---------------- ------ ---- ----- ---- -------- ----- -------- 

---- ------- ----- --------- ------ ---- ------ --------- ----------- ---- 

-------- ----- --------------- ------------------ ----- ---- ------------- 
------ -------------- 

-- ------ --- ----- ------------- ------ ------------- ------ ---- ------ 

------------- ---------- --- ---- ----- ------------ ---- ----- 

--------------- ---------- ------ ---- ---------- --- ------------- --- 

---- --------- ------------ ------ ---- ---------- ---- ----- ---------------- 
--- --- --------- ---- ---------- ---- ------------ ----- ---------- ---- 

------------- --------------- ----- ---------- --- ----- ---------- ---- 

---------- --------- ----- ------ ------------- ------ -- ------ ----------- 

------- -------- --- ------ --------- ---- -------- ----- ------------ 
---- --------- ----- ----- ----- ------------- --- -- ------ ------------- 

---------- 

--- ---- --------- --------- ------------- ---- ------ ------------- 

---------- ----- ------------------ ------------ ------ -------- --- 

---------- ---- ---------- --------- ------ --- --- -------- ----- ---- ------ 

------- ---- --- --- -- -- ------ --- -- ----- -- - -- ------------- --------- --- 

--------- ---- ------ ------------- --------- ----- --------- -- ----- 

------- ------------ --------- ----- ------ ------ ---- ------------ 

---------------- ----- --------- ----- --- --------- --- ---- ------ 

------------ ------ ---- ----- --------- ------------ --- ---- ------ 

---------- ---- ----- --------------- ---------- ------ --- --------- 

----- -------- ------------- ---- ------ ---------------------- ------- --- 

------ ----- ---- ------- --------- ------------- --- ----- ------ ---- 

---------- --- ---- ------------ ------------ ---------------- ----- 

--------- ----- ------------- -- ------ --- ------ ---- ------------- ------ 

------------- --- ---- ----- ------------ ---- ---------- --- ----- 

---------------- --- --- -------- ----------- ---- ---------- --- 

------------------ ----- ---------- ---- ------------- ------------ --- ---- 

--------- ------------ ---- ---------- --- ----------------- ----- 

------------- --- ---- ------ ------------ ---- ---------- --- ----- 

---------------- --- --- -------- ----------- ---- ---------- --- 

------------------ ----- ---------- ---- ------------- ------------ -------- 

--- ------ -------- ----- ---- -------- --------- ------------- ----- 

------------- ------- -------- --- ---- ------ -- ----- ----------------- 
----- ---- ------ --------- --- ------------ ----------- ---- -------------- 

A 

(b)(4), (b)(6)
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--------- --- ------------ ---- -------- ------ ---------- ------- ---- 

----------------- -------- ----- ------ --------- ---------------- ------- 

----- --- ---------- 

Sensitivity 0 3 rnV 

TDI 450 ms 

VT NID 12 

VT Rx Pl Ramp 

VT Rx  2 CV134JISINGLE 

VT Rx 43 CV 34JIS INGLE 

VT Rx  4 CV134JISINGLE 

FDI 300 ms 

VF NID 12 

VF Rx  1 34JISINGLE 

VF Rx 42 34J SINGLE 

VF Rx  3 34 J ISING LE 

VF Rx 4 4 34JISINGLE 

------------------ ----- ------- ----- ------------ ------ ---- ----------- 

---- -------- ----- -- ------- ----- ------------- ------------- --- ------ 

----- ----- ---------- --------- -------- ------ ---- ------ ---------- 

------- -------- --- ---- --------- ---- -------- ----- --- -- ------- 

----------- --------------- ----- ----- ----- ------------- ------- -------- 

--- ---- ------------- ------- ---- ------ ----- ----- ----- ------ ---- 

--------- ---- ----- ------ ---------- ----- ------------ ----- ------- 

---------- ------------ ------------ ----- ---------------- --- ---- 

------------- ------- ------------ ----- -------- --- ------------ ---- 

------------- --------------------- ----- ------------- -- --------- ------ 

------ ---------- ------------------ --- --------------- ----- ------ 

--------- ---------- 

----- ------ --------- ----- ------------ ----- ---------- --- ------------- 

---- ----------- ----- ---------- --- ---- -------- ----------- ----- ---- 

------ --------- ----- -------------- -------- --------- ------------------ 

------------ ----- --- ---- -------- ---- ------- ------------ ---- -------- 

-- -------------- -------- ----------- ---- ---------- ----- ------------- 

---- ---- ---------- -------- ---------- 

4  

(b)(4), (b)(6)

(b)(4), (b)(6)
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-- ------ ---------------- --- ---- -------- ----- ----------- ------- 

----- --- ----------- --- -------- --- -------- ---- --------- --------- 

----- ------ ------- ----- ---- --------- ------- ----- ------ ----------- 

------- ------------ ---- -------- ----- --------------- -- ------ --- --- 

---- ----------- ----- -- ---- ----------- --------- --- ---- --------------- 

---- ----------- ------ ---- --------------- ------------- --- ---- ------ 

--------- ----- --- ----- ---- ---- ---- --------- ----- ---- ------------- 

-------------- ----- ------------ ---- ----------- ----- ------ 

--------------- ---------- --- --- - ---------- - --- ------ ----- 

---- ------ ----------- --- ---- ------ -------------- -- ------- 

--------------- ---------- --- ---- ---------- --- ------------------ ----- 

----- --------- ----------- ---- ---------- --- ------------------ ----- 

---- --------- ---------- --- ---- ------ --------- ----- ---- ------ 

----------- --------- ------ ----- - ----- ----- ----- -------- ------ ---- 

---- --------- ------ -- ------- --------- ----- ---- ---------- --- 

------------------ ----- ------------- 

The investigator classified this patient death as 

perioperative  sudden cardiac and not related to the 

implanted PCD Transvene System  The investigator felt that 

the patient s death was related to her severe left ventricular 

dysfunction  The CERC committee reviewed the 

circumstances of this patient death and agreed with the 

investigator s classification  

(b)(4), (b)(6)
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MEDTRONIC CONFIDENTIAL 

B  Sudden Cardiac Death Summaries 

1  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
-- ---------- 
---------- 
SUOdBA C8fCH8t  

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- --- ---- ---- --------- ------ --- 

--------- --- ---- ------ ------------- ---------- ---- -------- ----- 

--------------- ----- ----------- --- --------------- ----- ----- 

---------- ------------------ --------- ----------- ----------- ------- 

---------- ------------- ------ -------- ----- ------- ----------- ---- 

---------- ---------- ----- ---- ----------- ----------- ---- --------- 

----------------- ----- ------- ---- --- ---- ------ --- ---------- ---- 

---------- ------------------ ------ --------- ----------- ---------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

-------------- ------------ ----- ---------- --------- ------------- 

------ ---------- --- ------- --- ------------ -- ----- --------- ----- 

----------- ----------- ---------------- ----------- ----- ------------ 

----- --------- ----- -- ------ --- --- -------- ------ -- ---------------- 

---------------- ---------- --- -------------------- --- ---- ----- 

----------- ------------- -- ------ --- -- ------------- ------ ------------- 

----- -- ----- ------------------ ------ ------------- --- ----- 

------------- ------ ------ ------ ---- ------------- ------ ---- ------ 

----------- --- ---- ---- ------------ ----- -- ------- 
------ ----- ---------- 

--- ---- ------------ -------------- ---------------- ------- ----------------- -------- 

------------- ------ ----- ----- ------------------ ------------- --- ----- 

------ ------ ------ ----- ------------- ------ ---- ------ ---------- --- 

---- ----- --------- ----- --- ----------- -- -------- --- -------- ----- 

---- ----- ----------- ------------- ------ ------------ --- ----- ------- 

----- -------- ----- --- ------------- ----------------- --------- --- 

---- ------ --- ------------ ---------------------- -------- ---- ----- 

---------- ----- ------- ----- --- --- ------- ------- --- ---- 

---------------- ----------- --------- ----- ---------- --- ----- --- --- 

----- ----------- ---- ------------- ----- --------------- ---------- --- 

---- ---------- --- ------------- ----- ------ --------- ---------------- 
------- ----- --- ---------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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0 3 mV 

440 ms 

xi win 

VTRx W CV 34J SEQ 

VT Rx 42  CV 34J SEQ 

VT Rx 4  CV 34J SEQ 

VT Rii     4 CV 34J SEQ 

FDI 400 ms 

VF NlD 30 

VF Rx  1 34J SEQ 

VF Rx  2 34J SEQ 

VF Rx 43 34J SEQ 

VF Rx  4 34J SEQ 

--- ---- ----- -------- ------------- ---------------- --- ---- ------ 
--------- ----------- ----- ---- -------- ----- --------------- ---------- 
----------- --- ------------- -------------- --- --- ----------- ---- 
---------- --- ------------ ----- ------------- ----- --- ---- ---- 
-- -------- ---- ---------- --- ------------- ------ ------------ ----- 

-------- ----- ----------- ----- --- ---------- ------ ----------- 
----------------- 

-------- --------------- ---- -------- ------------ --- ------------- 
----------- --- ------------- -------------- ----- ------ --------------- 
---------- --- ---- ------ ---------- ----- -------- ----------- ------- 
---- --------- ---- ----- --- ---- --------- ----- --------- ----- ---- 
------ --------- --- ---------------- ------ ----- --- -------- ---- ----- 
--------------- ------- --------- -------------- ------ ---- --------- ---- 
------ --------- ----- ---------------- ------- ------------------ ------- 
---------- ------ ---- -------- --------------- --- --------- --- 
------------- -------------- ----- ---------- 

----- ------ --------- ----- ---- ------------ --- ----- --- ---------- 

------------- ---- ---- ---------- -------- ---------- 

(b)(4), (b)(6)



DEO7ROf4K CORFK3ERTIAL 

The investigator classified this patient death as sudden 
cardiac and not related to the implanted PCD Transvene 
System  The CERC reviewed the circumstances of this 

patient death and agreed with the investigator s 
classification  



DEO FRObtK CONFIOERAAL 

2  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------ -------- ---- 
---------- 
-------- 
Sudden Cardiac 

----- --------- ----- -- --- ---- ---- ------ ------ -- --------- --- 
----------- ------------- --------------- --- ---- ---- --------- ------ --- 
---- --------- --- ---- ------ ------------- --------- ---- -------- ----- 
--------------- -- ----------- --- --------------- ------------- 
--------------- ----- ---------- ------------------ --------- ----------- 
----------- ------- --------- ----- ------------- ------ --------- ----- 

---------- ---------- ---------- ----- ---- ------ -- --------- 
----------------- --- ------- ---- ----- -------- ----- --- --- 
------------------ ------ --------- -- ---- ------ --- ---------- 

----- -------- ---------- -- ------ ------------- --------- ----- 
----------- --- -------------- ----- --------- ------ ----- -- -------- 
------ -- ---------------- ---------------- ---------- --- 
------------------------ -- ------ --- --- ------------- ------ ------------- 
----- ------ ----- ----- ---------------- ------- ------------- ----- ------ 
---------- --- ---- ---- ---- --------- ------------ ----- ----- ---------- 
------ ----- --------- ---- --- ---------- ----- ----------- ----- 
---------------- ----------------- ---- ------------- --------------- 

----- ---------- ----------------- -------- ----- --------------- --- 
----------- --------- ----------- --- ----- --- ---- ---------- --- 
---------------- ---- --------- ---- ------ ------------- ------ -- ------ 
------------- ------------ ----- -------- --------------- --- ----------- 
--- ---- ----- ------ --------------- ---------- --- ---- ---------- --- 

-------- ----- ----- ----------- --- ---- ----- ------ --------------- 
---------- --- ---- ---------- --- ------------- --- ----------- ---- 

-------- --------------- -- ----------- --- ------ ------------- ----- 
---------- --- ---- ---------- --- ---------------- ---- ---------- ----- 
------ --------- ----- ----- ------------------ --- ---------- ----- ---------- 
--- ---------------- ---- ---------- 

15 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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--- ---- ------ --- ------------ ------ ---- ----- ---------- 

--------------- ---------- ------ ---- ---------- ---- ------------- --  

----------- ---- ----- ----- ---------- ----- --------------- ------------- 

--- ---- ------ ---------- ----- ------ --------- ---------------- ------- 
----- --- ---------- 

Sensitivity 0 3 mV 

TDI 490 ms 

VT NID 12 

VT Rx 4 1 Burst 

VT Rx  2 CV15JISIM 

VT Rx 43 CV134JISIM 

VT Rx 4 4 CV 34JIS I M 

FDI 320 ms 

VF NID 18 

VF Rx 4 1 1 8JISIM 

VF Rx  2 34JISIM 

VF Rx 43 34J SIM 

VF Rx  4 34 JISIM 

----- ---------- ------- ----- --------------- ----------- --- 
---------------- --- ---- -------- ----- ------------- ------ --- --------- 
----- ------- --- ------------- ---- ----------- ----- -------- --- ----- 
---------- ---- ---- ----------- --- --- ----- -------------- ---- ----- --- 

----------- --- ---- ------- 

------- ------------ ------ ---- ---------- ---- -------- ----- 
--------------- --- ------------ --- ----------- --- --------------- ---- 
----- -- --------- --- --------------- ----- --- ---- ----- --- ----- --- 

----------- ------ --------------- -------- --- ---- ---------- ---- 

-------- ----- ----- --------- ---------- ---- ---------- --- 

------------------ ----- --------- --- ---- ----- --------------- 
---------- --- ---- ---------- --- ------------- 

----- ---- --------- ---------- --- ---- ------ --------- ----- ---- ----- 
---- ------- -------- --- ---- --------- ----- ----- ----- ---- ---------- 

(b)(4), (b)(6)

(b)(4), (b)(6)
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--- -------- --------------- ------------- ----- --------- ----------- ---- 

------- -------- --- ---- --- ----------- ----- ---- ---------- --- --------- 

------ ----- ----- ------- ----- --- ---------- ------------- ---- ---- 

---------- -------- ---------- 

The investigator classified this patient death as 

perioperative and sudden cardiac  The relationship of the 

death to the implanted PCD Transvene System was 

classified as unknown  The CERC committee reviewed the 

circumstances of this patient death and agreed with the 

investigator s classification  

   

(b)(4), (b)(6)
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3  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------- ------- 
--------- 
---------- 
Sudden Cardiac 

----- --------- ------ -- --- 
------- ---- --------- ------- --- ---------- --- 

----------- ------------- --------------- --- ---- ---- --------- ------ --- 
---- --------- --- ------ ------------- ---------- ---- -------- 
--------------- ----- --------- --- --------------- ---- ----- --- 
----------- --- --------- -------- ----- ---------- ------------------ 
--------- ----------- -------------------- ----- ------------- ------ 
--------- ----- ---------- ---------- ---------- ----- ---- ------ -- 
--------- ----------------- --- ------- ---- ----- -------- ----- --- --- 
------------------ ------ --------- -- ---- ------ --- ---------- 

----- -------- ---------- ---------- -- ------ ------------- --------- 
-------- ----------- --- ----------------- ----- --------- ------ ----- --- 
-------- ------ -- ---------------- ---------------- ---------- --- 
-------------------- -- ------ --- ----- ------------- ------ ------------- 
----- ------ ----- ------------------ ------ ------------- ------ ---- 
----- --------- ------------ --- ---- ------ ---------- ---- ----- 
--------------- ------------- ------ --- --------- 

----- -------- ------------- ---- ----- ----- --------- 
---------------------- ------- ----- ------ ----- ---- --------- 

------------- ------ ------------- --- ---- ------ ------------- ------ 
------------ -- ---------- --- ---------------- ----------------- --- ---- 
----- ---------- ---- ---------- --- ----- ---------------- --- ----------- 
----------- ---- ---------- --- ------------ ----- ---------- ---- 
------------- ------------ --- ---- --------- ---------- ---- ---------- 
--- ----- ------------------ --- ---- ----- --- ----- ----- ---- ---------- 
--- ----- ---------- ---- ------------- ------------ ------- ----- --- 
----------- --- ----- ----------------- ----- -------- ----- ------------ 
---- -- --- ---- ----- ------- ------------ ---------------- --- --- ------ 

------------- --------- -- ------------- ---------------- ------- ---- --- 

----------------- ------- ----- ------------- ---- ----- ---- ------------ 
----- ------------ ------ ------ ---------- 

----- -------- ------------- ---- --------- ----- --------- 
---------------------- ------- ----- ------ ----- --------- --- ---- ------ 
------------- ---------- ----- ------- ---------------- --- ---- ------ 
--------- ----------- -- -------- ---- ------- ------ --------- ------------ 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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----- ------------ ----------- ------- ----- ------ --- --------- --- 
----------------- ---- ----- ---- ------ --------- --- ---- ---------- --- 
---------- ---------------- ------ ---- ----- ---- -------- ----- -------- 
---- ------- ----- --------- ------ ---- ------ --------- ----------- ---- 
-------- ----- ---------------- ------------------- ----- ---- ---- -------- 

------ -------------- 

-- ------ --- ----- ------------- ------ ------------- ------ ---- ------ 
------------- ---------- --- ---- ----- ------------ ---- ----- 
--------------- ---------- ------ ---- ---------- --- ------------- --- 
---- --------- ------------ ------ ---- ---------- - -- ----- ---------------- 
--- --- --------- ---- ---------- --- ------------ ----- ---------- ---- 
------------- --------------- ----- ---------- --- ----- ---------- ---- 

---------- --------- ----- ------ ------------- ------ -- ------ ----------- 
------- -------- --- ------ --------- ---- -------- ----- ------------ 
---- --------- ----- ----- ----- ------------- --- -- ------ ------------- 
---------- 

--- ---- --------- --------- ------------- ---- ------ ------------- 
---------- ----- ------------------ ------------ ------ -------- --- 

---------- ---- ---------- --------- ------ --- --- -------- ----- ---- ------ 
----------- -------- ----- ------------ ----- -------------- --------- --- 
--------- ---- ------ ------------- --------- ----- --------- -- ----- 

------- ------------ --------- ----- ------ ------ ---- ------------ 
---------------- ----- --------- ----- --- --------- --- ---- ------ 
------------ ------ ---- ----- --------- ------------ --- ---- ------ 
---------- ---- ----- --------------- ---------- ------ --- --------- 

----- -------- ------------- ---- ------ ---------------------- ------- --- 
------ ----- ---- ------- --------- ------------- --- ----- ------ ---- 
---------- --- ---- ------------ ------------ ---------------- ----- 
--------- ----- ------------- -- ------ --- ------ ---- ------------- ------ 

-------------- --- ---- ----- ------------ ---- ---------- ---- ----- 

---------------- --- --- -------- ----------- ---- ---------- --- 

------------------ ----- ---------- ---- ------------- ------------ --- ---- 
--------- ------------ ---- ---------- ----- ------------------ ----- 
------------- --- ---- ------ ------------ ---- ---------- --- ----- 

---------------- --- --- -------- ----------- ---- ---------- ---- 

----------------- ----- ---------- ---- ------------- ------------ -------- 
--- ------ -------- ----- ---- -------- --------- ------------- ----- 

------------- ------- -------- --- ---- ------ -- ----- ----------------- 
----- ---- ------ --------- --- ------------ ----------- ---- -------------- 

(b)(4), (b)(6)
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--------- --- ------------ ---- -------- ------ ---------- ------- ---- 

----------------- -------- ----- ------ --------- ---------------- ------- 
----- --- ---------- 

Sensitivity 0 3 mV 

TDI 450 ms 

VT NID 12 

VT Rx  1 Ramp 

VT Rx 4 2 CV 34JIS INGLE 

VT Rx 4 3 CV134JISINGLE 

VT Rx 44 CV134JISINGLE 

FDI 300 ms 

VF NID 12 

VF Rx 4 1 34JISINGLE 

VF Rx  2 34JIS INGLE 

VF Rx 4 3 34JISINGLE 

VF Rx 4 4 34JISINGLE 

------------------ ----- ------- ----- ------------ ------ ---- ----------- 
---- -------- ----- -- ------- ----- ------------- ------------- --- ------ 

----- ----- ---------- --------- -------- ------ ---- ------ ---------- 
------- -------- --- ---- --------- ---- -------- ----- --- -- ------- 

----------- --------------- ----- ----- ----- ------------- ------- -------- 
--- ---- ------------- ------- ---- ------ ----- ----- ----- ------ ---- 
--------- ---- ----- ------ ---------- ----- ------------ ----- ------- 

---------- ------------ ------------ ----- ---------------- --- ---- 
------------- ------- ------------ ----- -------- --- ------------ ---- 
------------- --------------------- ----- ------------- -- --------- ------ 
------ ---------- ------------------ --- --------------- ----- ------ 
--------- ---------- 

----- ------ --------- ----- ------------ ----- ---------- --- ------------- 
---- ----------- ----- ---------- --- ---- -------- ----------- ----- ---- 
------ --------- ----- -------------- -------- --------- ------------------ 
------------ ----- --- ---- -------- ---- ------- ------------ ---- -------- 
-- -------------- -------- ----------- ---- ---------- ----- ------------- 
---- ---- ---------- -------- ---------- 

4 

(b)(4), (b)(6)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

-- ------ ---------------- --- ---- -------- ----- ----------- ------- 

----- --- ----------- --- -------- --- -------- ---- --------- --------- 

----- ------ ------- ----- ---- --------- ------- ----- ------ ----------- 

------- ------------ ---- -------- ----- --------------- -- ------ --- --- 

---- ----------- ----- -- ---- ----------- --------- --- ---- --------------- 
---- ----------- ------ ---- --------------- ------------- --- ---- ------ 

--------- ----- --- ----- ---- ---- ---- --------- ----- ---- ------------- 

-------------- ----- ------------ ---- ----------- ----- ------ 

--------------- ---------- --- ---- ---------- --- ---------- 

---- ------ ----------- --- ---- ------ -------------- -- ------- 

--------------- ---------- --- ---- ---------- --- ----------------- ----- 

----- --------- ----------- ---- ---------- --- ------------------ ----- 

---- --------- ---------- --- ---- ------ --------- ----- ---- ------ 

----------- --------- ------ ----- - ----- ----- ----- -------- ------ ---- 
---- --------- ------ -- ------- --------- ----- ---- ---------- --- 

------------------ ----- ------------- 

The investigator classified this patient death as 

perioperative  sudden cardiac and not related to the 

implanted PCD Transvene System  The investigator felt that 

the patient s death was related to her severe left ventricular 

dysfunction  The CERC committee reviewed the 

circumstances of this patient death and agreed with the 

investigator s classification  

1  

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

4  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
---------- 
---------- 
Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- ---------- 

----------- -------------- ------------- ----- ------- ---- ---------- 

---------- ----- ---- ----- ---- --------- ---------------- ----- --- --- 

---- ------ --- --------- ---- -------- ----- --- -------------- ----- 

-------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

---------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- --- 

------------- ----- -- ----- ------------------ ----- -------- ----- ------ 

---------- --- --------- ---- ---- --------- ------------ ----- ----- 

---------- ------ -- ------- ---------- --- ------ ---------- ---------- 
--------- - --- ----------- -- ----- ------ ---------- --- -------- ---- --- 

---------- --- ---- --- ----- --------- 

----- ---------------- ------------- -- ---- -------- ------------ ---- --- 

---------- 

P 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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Sensitivity 0 3 mV 

TDI  

VT NID 

VT Rx S IL burst 

VT Rx 42 ramp 

VT Rx 43 burst 

VT Rx 4 4 CV  1J 

FDI 330 

VF  NID 18 

VF Rx   1 34J  Seq 

YF Rx  2 34J  Seq 

VF Rx A3 34J  Seq 

VF Rx  4 34J Seq 

----- ---------- ----------------- -------- ------------------- 
----------- --- ---- ------ -- --------- -- ---- ---- ---- ----- ----- 
------- -- ---- -------------- ------------ ---- ---- ---- --------- 
------------ ---- ----- ------------- --- --- ------- 

---- ---------- ---- -------- ----- ----------- --- ---- ----------- --- ---- 
------ ------ ----- ---------- ----- ----- ------------ ------ ----- 

------------- ---------- ----- ------ --------- -- --------- ------- 
--------- -- --- ------ ------- -------- -- ---- ---------- ---- -------- 
--------------- ----- ----------------------- --------------- ------ ----- 
------- ---------- ----- ------------ ---- --- ---------- ------ --- 

---------- ---------------- ------ ---------- ----- ---- ------ ----- 
---- ------------ ------ ---- ------ ------- ---------------- --- ---- 
------ --------- ----- -- ---- ----------- ----- ------ ---------- ------ 
---- ---- -------- ------------- ------- ----- ----- ------------- 
---------- ------------ ---- ---- --------- ----- ----- ---------- --- 
---- -------- ----- -- ---- --------- ----- -- ----- ------------- 
------------- --- ---- ------- ---- ---------- ----- ------------- ----- 
----------- -- ----------- -------------- ----------- --------------------- 
--------------- ----- ---- ----- --- ---------- ----- ------------ ----- 
------ ----- ------ ------ ------------- -------------------- -- ------ --- 

------- ----------- --------------- 

4 

(b)(4), (b)(6)



MEDTRON  C CONFIDENTIAL 

The investigator classified the patient death as Sudden 
Cardiac  Witnessed  and not related to the implanted PCD 

Transvene System  The European CERC committee 
reviewed the circumstances of this patient s death and 

agreed with the investigator s classification  

  V 



MEDTRONIC CONFlDENTIAI 

5  Patient -------- 

PCD Serial Number  

Date of Implant  
Date of Death  
Death Classification  

---------------- 
--------- 
-- --------- 
Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

--------- --------- ------- ----- ----------- ----------- ----- ----- 

---------- ------------------ --------- ----------- ------ ----- 

--------------------- ---- --------- ---------------- ----- ---- --- ---- 

------ --- --------- ---- -------- ----- ---- --- ----- -------------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

---------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- -- 

------------- ----- -- ----- ------------------ ----- -------- ----- ------ 

---------- --- --------- ---- ---- --------- ------------ ----- --- 

---------- ------ -- ------- ---------- --- ------ ---------- ---------- 

--------- - --- ----------- 

The programmed parameters at last known follow up are as 

follows  

Parameter Value 

Sensitivity 0 6 mV 

TDI 350 

VT NID 12 

I 
v r rcx4i BUf8 L 

VT Rx 4 2 18J CV 

VT Rx43 34J CV 

VT Rx 44 34J CV 

FOI 280 

VF WID 18 

34J  Seq 

34J  Seq 

34J  Seq 

VF Rx  4 34J Seq 

f1 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



WEDTRONIC CONFIDENTIAL 

----- ---------- ----------------- -------- ------------------ ----- --- 

----- ------------- --- -- ------- 

---- --------- ---- -------- ----- ------- ------- ----- ------- ----- 

---- ------------ ----- ---- ------------- ------------ ----- ---- 

---------- ------ -- -------- ------ ---- -------- --------- ---- ------ ---- 

---- ------ ------ ------------- 

Based on the information received the investigator 

classified the patient death as Sudden Cardiac 

 Unwitnessed   The European CERC committee reviewed 

the circumstances of this patient s death and agreed with 

the investigator s classification  

Pl 

(b)(4), (b)(6)



l 



MEDTRONIC COhlFIDENTlAL 

C  Non Sudden Cardiac 

1  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
-- -------- 
-- -------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ --------- --- 

----------- ----- ----------- ------- --------- ----- -------- 

-------------------- --- ----- --- -------- --------- -------------- 

------------- --------- ----- ----- ------ -------- ------ -------- 

---------- ----- ---------- ---------- ---------- ----- ---- ------ -- 

--------- ----------------- --- ------- -- ------ --- --------- --- ---- ------ 

--------- ---- -------- ----- ------- ------ ------------------ ------ 

------ ----------- ---- -------- ----- --- --- ------------------ ------ 

--------- -- ---- ------ --- ---------- ----- --- ---- ---------- -------- 

--------- -- -------------------- ----- --------- ----- ----------- --- ----- 

--------- 

----- -------- ---------- -- ------ ------------- --------- -------- 

----------- --- -------------- ----- ------ ------------- ----- --------- 

------- ----- ------------- ------- ------ ----- ---------- ------------ 

--- ------- ---- ------ ----- ---- ---------------- ----- -- ------- 

------------- ------------ ---- ----- --- ------ ---------- ------ ----- 

----- ---------------- ----- ------- ------ ---- -------- ------ ----- 

--------- -- ---- -------------- ------------ ---- -------- ------ ------- 

--------- --- --------- -- ----- ---- -------- ------ ----- --------- --- 

--------- --- ----- ---------------- ---------- ------------ ----- 

-------------------- 

-- ------ --- ---- ------------- ------ ------------- ---------- ---- -------- 

------ -------- ------ ---- ---- ---- ----- -- -------- ------- ------------- 

--- -------------- ---- ---------- ------------- -------------- --------- 

------ ------------- -------------- --------- ----- ----------- --- ---- 

----- ---------------- ----- ----- --------- ----- ------------ --- ---- 

-------- -------- ------ ----- ----- ------ ---- ------------ ----- 

-------------- ------ --------- ----- --------- -------- --- ------------ 

--- ----- --- ------- -------- ----------- ----------- ------ ---- ------ 

--------- --------- ---------- ----------------- ----- ------------ 
--------------- ----------- ----------- ------ ---------- ------- ------ 

--------- -- ----- -------------- ----- ---- -------- ------------- ----- 

------------ --- --------- ----- --- ------- ----- ------ ------ --- 

4lr 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

-------------- ------------- --------------- ------ ---- ---- ------ ----- 

-------------- ---- -- ----- ------ ----- ----- ------------ ------- ---- 

----- ------------------- -------------- ----- --------------- --- -------- 

---------------- ------------ ----- --- ---- ---------- ------------- 
------- ---- ------------ ----- ------------- --------- -------------- 
----- -------- -------------- ----- ------ -------- --------- ----------- 

----- ----------- ------ -------------- ---- ---- ------------- ------ 
----------- --------- ----- -------------- ------- ----- ---- ----- ----- 

--- ------------- ---- ----- --------- -------------------- ------ ---- 

---------- ------- ----- ------------- 

----- ---------- ----------- ----- ------------- ------ ---- ----- --- 

------- ------ --- ------------- ------ ------- --- --------- ----- --- 

---------- -------- ------ ---- ------ -------- ---------------- --- ------ 

------- ------ -- ----- --- --- ------ ----- ------------- --- ---- ------ 

----------------- ------------- -------- ------ ----- --------- ----- 

------- ---------------- -------------------- -------------- ----------- 

--- ----------------- --- ------- -------- ------------- ------ -------- 

--------- ---- ----- ----- ---- --------------- ----------- ------ ---- 

---------- -------------- ---------- ---- ------------- ------ ---------- 

------ ------- --- ------- 

----- -------- ----- ------------- -------- ------ ------ ---------- ----- 

----------- ---------------- --------- ------------ ----- 

------------------ --- ------- ----- ---------- --- ----- --------- 
-------------- --------------- ----------- --- ----------- --- ---------- 

----- ------------- ---------------------------- ----- ------------ --- 

--------- ------------- ----- ------- ---- ----- --- ---- ---------- ------ 

--------- -------------------- ----- ------- --- ---- -------------- 

-------------- ----- ---- -------------- ----- -------- --------- ------ 

------------ --------------- ------------ -- -------- --- -------- ----- 

-- ---- ------ --- --- ---------- ------- --------- ----------- ----- 

----------- ------ ---------------- ------- 

----- ------ -------- ----- ------------ ----- --- ---------- ----- 

-------------- ----- ---------- ------------ -- -------------- --- ---- ------ 
----------- --- ---- ---- ------ ---------------- --- --------------------- 
----- ------------ -------------- ---- ------ ----------- -------- --- 
------- ------- --- ------------- 

----- -------- -------- ------ -------- ----- ------------ ----- ---------- 
---- ---------- ----- ----- ------- --- --- -------------- -------- 
------------------ 

Cl 

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

The investigator classified this patient death as 

periopertive  non sudden cardiac and related to the 

implanted PCD Transvene System  The CERC reviewed the 

circumstances of this patient death and felt that the death 

was related to the implant procedure and not the implanted 

PCD Transvene System  

0 



MEDTRONIC CONFIDENTIAL 

2  Patient -------- 

PCD Serial Number  
Gate ot implant  
Date of Death  
Death Classification  

---------------- 
-- ---- ------ 
--------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ----- ------ -- --------- --- 
----------- ------------- ------------ --- ----------- ------- ---------- 
--- ---------- ---- -------- ----- -- --------- --- ------------- ------ 
-------- ------ --- ---------- ---------- --- ---- ----- --------- 
----------------- ------- ---- --- ---- ---- --------- ------ --- ---- 
--------- --- ---- ------ ------------- ---------- ---- -------- ---- ---- 
------------- ----- ----------- --- --------------- ---- --- --------- 
--------- --- ---- ------ --- --------- ---- ---------- ------------------ 
------ --------- ----------- ----------------- ----- ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- ----- --------- ------ ----- --- -------- ------ -- 
---------------- ---------------- ---------- --- ------------------------ -- 
------ --- ----- ------------- ------ ------------- ----- ----- ----- 
---------------- ----- -------- 

----- -------- --------------- -- ------ --- --- --------------- --------- 
----------- -------- ---- ------------- --- ------- --- ------ 
--------------- ---- ----------- ----- ------ ------------- ------------- 
--- ---- ---------- --- --------- ----- -------- ----- --------------- 
----- --------- --- ---- -------- ----- --------------- -------- ------ ---- 
---------- --- ------------- ----- ------ -------- ---------------- ------- 
-- ---- ---- ------------ ----- ----- --- ---------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

Sensitivity 0 3 mV 

TDI 420 ms 

VT lllD 

Vl Rx  Burst 

VT Rxk  Burst 

VT RxD CVI18JISIM 

VT Rx A  CV 34J SIM 

FD3 320 ms 

VF RID 18 

VF RxA 18J SIM 

34JISIM 

34JISIM 

34JISIM 

----- -------- ----- ----------- ---- ------------- --- ------------- 
------------- ------ --------- --------- ------------- ------------ --- 
---- ------------- ---- -------- --------- ------------ --- ----- ------ 
------ --------- --- ---- ------ --- ---- -------- ---- ------ --------- ----- 
---------------- ----- ----------- ---- -------- ---- ---- ------------- 
----- --------- ----------- --- -------------- ------ ---- -------- 

----- ------ -------- ----- ------------ ----- ---------- --- ------------- 
----- -- ----------- -------------- ----------- 

----- ------- --- ------- ----- ---------- --- -------------- --------- 
------------ --- ----- ------ ------ -------- --- ---- -------------- ----- 
---- -------- --- ---- ------------ ------ ------------- ---------- ----- 
-------- ------------- ----------- ---- ----------------- --- ----- -------- 
------- ----- -------- ------ ---- ---------------- ----------------- 

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

3  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
--------- 
-- -------- 
Non sudden Cardiac  CHF 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 
----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- ---------- ----- 
----------- -------------- -------------- --------------------- ------- ----- 
--- ------------- ---- ---------- ---------- ----- ---- ----- ---- --------- 
---------------- ----- --- ------ --- --------- --------------- ----------- 
------------ ---- - -- ---------- ----- --------- ------ ---- ----- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
-------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- ---- 
------------- ----- ----- ----- ------------------ ----- -------- ----- 
------ ---------- --- ---- ---- ---- --------- ------------ ----- ------- 
---------- ------ -- ------- ---------- --- --- ---------- ---------- 
--------- - --- ----------- 

The programmed parameters at last known follow up are as 
follows  

Parameter Value 

Sensitivity 0 3 mV 

TDI 500 

VT NID 16 

YT Rx 41 Burst 

18J CV 

VT Rx  3 34J CV 

34J CV 

FOI 350 

VF NID 12 

34J 

34J 

34J 

34J 

gl 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



DEMRONK COHFKKRT fAE  

----- ---------- ----------------- -------- ------------------ ----- --- 
----- ------------- --- ----- ------- ----- ---------- ----- -------- 
------------------ --- ------------- --- ------- -------------- ---- ------ -- 

----------- --- ---- --- --------------- ------------- --- ---- ------- 
--------- ------------------- -- ---- -------- ------------ ----------- 
-------------- ------ ---- ----- --- ---- --- -------- ------------ 
----------- ---------------- ----------- ----- --- ----- ----- -- 
--------------- --------- --- ---- ----- ----- ------------- ------ -------- 
---- ---- ----- ---------- ----- --------------- ------------- ------ 
------ --------- ------------ ----- ---- ----- ---------- ----- 
--------------- ------------- ------ -------- --- -- --- -------- 

----- ------------- ------------ ----- ---------- ----- ---- -------- ----- 
----------- -- -- --------- --------- --- -------------- -------- 
------------ ----------- ------ ---- --------- ------------ ----------- 
----- ---- -------- ----- ----------- --- ---- ---------- ------------ --- 
------- ------------- --------- ---- ------------- -------- ----------- 
--------- ------------ ------------ --- --------- ---------- ---- ----- 
---------- --------------- ------------- -- ------- ----- ------------ 
------ --------- ---------- ------------- ------------- --- ------ ------ 
----- ----- -------- --- -------------- ---------------- ------ --- 
---------- --- ---- --------- --------- ----- -------- ----- ----- -------- 
--------------- ------- --------- ----- --------- ------ ----- 
-------------- ----- --- ---- --------- ------ ----- ---------- ----------- 
------ ------- ---- ----- ------- ---- ---- ---------- --- ---- ------------ 
--- --------- ------------ ------ --- -------- ----- ---------- --- ---- 
--------- ------------- -- ------ ------ --------- ----- --- --- --- ------ 
----- --- ----- ------------ --- ---- ------------ ------ ------ --- 
----------- --------- ------------- --------- --------------- 
------------- ------------- --------- -------- ---- -------- --------- --- 
------------ ----- -------- ----- --- ------------ ----- ------ 
------------- ------ -------- --------- ----------- ---------- ---------- 

------ ---------------- --- ---- -------- ----- ---- ----------- ----- 
-------- ----- ---- ------------ ----- ---------- ---- ----------- 

The investigator classified the patient death as non sudden 
cardiac and not related to the implanted PCD Transvene 
System  The North American CERC committee reviewed 
the circumstances of this patient s death and agreed with 
the investigator s classification  

   

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

4  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
----------- 
-- -------- 
Noncardiac 

------ -------- ----- -- --- ---------- -------- ------ -- --------- --- 
----------- ------------- ------------ --- ----------- ------- ---------- 
----- ------------ ---------- ---------- -------- 

-------- --------- -- --------- 

----------------- --- ------- --- --- ---- ---- --------- ------ --- ---- 
--------- --- ---- ------ ------------- ---------- ---- -------- 
--------------- ----- ----------- --- --------------- ----- --- ---- ------ 
--- --------- ---- ---------- ------------------ ------ --------- 
----------- --------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- ------ ----- --------- ------ --- --- --------- -- ------ 
--- -- ------------- ------ ------------- ----- ----- ----- ---------------- 
----- -------- ----- ------ ------ --- ---- -------- ---- ------------ ----- 
----- ---------- ------ ------ ----------- -------- ------------------ --- 
----------- 

----- -------- --------------- -- ------ --- --- --------------- ---- 
----------- -------- ---- ------------- --- ------- --- ------ 
------------- ------------- --- ---- ---------- --- --------- ----- ----- 
------ --------------- ---------- --- ---- ---------- --- 
------------------- ----- ------ -------- ---------------- ------- -- ---- 
---- ------------ ----- ----- --- ---------- 

5 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

0 6 mV 

TDl 470 ms 

VT 8x W Ramp 

VT Rx 2 Ramp 

VT RxD CV 34JISEQ 

CV 34J SEQ 

FDI 300 ms 

VF HIG 

VF 8x Pl 34J SEG 

34JISEQ 

34JISEQ 

------ --------- ----- --------- --- ---- ------ ------------- ---------- 
---- -------- ----- ----------- ---- ------------- --- -------------- 
--------------- ------------- ----- ----- ------- --- ------ -- ------ 
-------- ----- --- ---- ---------- ------------------ ------------ --- 
-------- ----- ------------- ----- ---- -------- ----- -------- ------ 
----------- ---------- ----- ------------ ---- ----- -------- ----- -- ---- 
-------------- --- -- ---------- 

------------------ ----- -------- ------ --- ---- ---------- -------- ---- 
----- ----------- --- -- ------ ---------- ---- ------------- --- ---------- 
---------- --- ----- ------ ---------- ----- -------- ----- ------------- 
----- ------- --- ------ --------------- ---- ----------- ----- ------ 
--------------- -------- --- ---- ---------- --- --------- ----- ---- 
---------- --- ------------------- ----- ------ --------- ---------------- 
------------- ------ ---- ---------- ----- ---- -------- ----- 
------------ --- --- ------------------ ------ ---------- 

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

----- -------- --------- -- ------- --- ---- ------- --- ---- ------ ------ 
--- ---- -------- ---- -------- ----- --------------- --- ---------- --- ---- 
----- ------------- ----- ----- ---------- --- --- ---------- --- ---- ----- 
-------------- ------- ---- ---- ---------- --------- --- ---------- ----- 
------------- ----- ---- ------ --------- ----- ---- ------------- 

The cause of death was reported as noncardiac secondary 
to brain carcinoma by the investigator and not related to 
the implanted PCD Transvene System  The CERC 
committee reviewed the circumstances of this patient death 
and agreed with the investigator s classification  

4  

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

5  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
--------- 
--------- 
Non sudden 
arrhythmic  

Cardiac  Non  

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 
----------- ----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- ---------- 
------ ---------- -------------- -------------- ------------- ------ 
--------- ----- ----------- --------- --- ---------- ------ --- ---------- 
---------- --- ---- ----- --------- ---------------- --- --- --- ---- ------ 
--- --------- ---- -------- ----- --- ---------- ----- ------------ 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
--------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- --- 
------------- ----- -- ----- ------------------ ----- -------- ----- ------ 
---------- --- --------- ---- ---- --------- ------------ ----- --- 
---------- ------ -- ------- ---------- --- -- ----------- 

----- ---------- ----------------- -------- ----- ------------------ ----- 
--- ----- ------------- --- ------ ------- ----- --------------- ---- 
--------- --------- ---- ----- -------- ----------- ----- --------- --- ---- 
--------------- ------------- ------ -------- --- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

The programmed parameters at last known follow up are as 
follows  

Seniitivity 0 3 mV 

TDt off 

VT hllD off 

VT Rx At1 off 

VT Rx 42 off 

VT Rx At3 off 

off 

Foi 320 

VF MID 12 

34J  SEQ 

34J  SEQ 

34J  SEQ 

34J  SEQ 

----- -------- ----- ----- ------ ------ ----------- ---- --------- ----- 
-------- --------- --- ---------- -------- --- ------- -------- ------- 
----------- -- ------ ------------- ---- ----- ------ --- ---- ---------- --- 
--- ------- ---- ------ ---- ----- -------- ------------ ---- -------- 

The investigator classified the patient death as non sudden 
cardiac  non arrhythmic  and not related to the implanted 
PCD Transvene System  The North American CERC 
committee reviewed the circumstances of this patient s 
death and agreed with the investigator s classification  

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

6  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
----- ------ 
---------- 
Non sudden Cardiac 

------ -------- ----- -- --- ----- ---- -------- ------ -- --------- --- 
--------- --------- -------- ----- ---------- ------------------ --------- 
----------- ----------- ------- ---------- ----- ----------- -------------- 
-------------- ------------- ------ --------- ----------- --------- ------- 
------- ---------------- ----- -------------------- ------ --- ---------- 
---------- --- ---- ----- --------- ---------------- --- --- --- ---- ------ 
--- --------- ---- -------- ----- --- --------- ----- --------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- ----- 
------------- ----- ----- ----- ---------------- ----- -------- ----- 
------ ---------- --- --------- ---- ---- --------- ------------ ----- --- 
---------- ------ -- ------- ---------- --- --- ----------- 

----- ---------- ----------------- -------- ----- ------------------ ----- 
---- ----- ------------- --- ------- ------- ------- ------ --- 
--------------- ----------- --- --------- ----- ---------- 

g 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

The programmed parameters at last known follow up are as 
follows  

0 3 mV 

TDl 420 ms 

VT  i 419 16 

VT Rx 41 Ramp 

VT Rx 4 2 CV 34J Seq 

CV 34J Seq 

CV 34J Seq 

FDI 320 ms 

VF 510 18 

34J Seq 

34J Seq 

34J Seq 

VF Rx44 34J Seq 

----- -------- ------ --- ---- ------- ---- -------- ----- --------------- 
------ -------------- ------ ---------- ----- -------------- --------- 
----- ------------ ----- ---- ----- --- --- ------- --- ------ ---- ------ 
--------- ----- ------------ --------- ------ ------------- ------ 
--------- ----------- --------------------- ----- ----------- ------- 
---------- ---- ---------- ----- ------------- ---- ----- ---- -------- 
------------- 

----- -------------- ------------ ---- -------- ------- --- -------------- 
--------- -------------------- ----- ---- -------- --- ---- ------------ 
------ ------------- ---------- ----- ------- ------------ -------- 
------------- ----------- ---- ----------------- --- ----- ---------- 
------- ----- -------- ------ ---- ---------------- ----------------- 

1g 

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

7  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
---------- 
----------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 
----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- ---------- 
------- ----- -- ----------- -------------- ------------- ----- -------- ----- 
----- --- ------------- ------- ------------ ----- -------- --------- ---- 
---------- ---------- ----- ---- ----- ---- --------- ---------------- ----- 
--- --- ---- ------ --- --------- ---- -------- ----- --- --------- ----- 
---- --- ----- -------------- ----- ---- ----- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- ------------------------ -- ------ --- --- 
------------- ----- -- ----- ------------------ ----- ------- ---------- 
------------- --- ---- ------- ----- ------------- ----- ------ ---------- 
--- --------- ---- ---- --------- ------------ ----- ----- ---------- ------ 
-- ------- ---------- --- --- ---------- ---------- --------- - --- 
----------- 

The programmed parameters at last known follow up are as 
follows  

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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0 3 mV 

TD1 

VT MID 

VT  8m 41 Ramp 

VT Rx 42 CV  5J 

VT Rx 43 CV  34J 

VT Rx  4 CV  34J 

FDI 270 
VF NID 18 

VF Rx 4 1 18J  sim 
VF Rx  2 34J  sim 

VF Rx 43 34J  sim 

VF Rx  4 34J  sim 

----- ---------- ----------------- -------- ------------------ ----- --- 
----- ------------- --- ----- ------- 

----- -------- ----- ------ --- ----- ---- --- ---- ---------- ---- 
----------- ---- -------- ----- ------------ ----- ----- ------------- 
----------- ------------ ---- -------- ----- ------------- -- -- --------- 
---- ----- ----- ------------ --- ---- ------------ ------------ ---- 
-------- -------------- ----- -------- ----- ----------- ---- ----- 
----------- ----- ---- ---------- ---- ---------- 

---- ---------- ---- -------- ------------- --- ---- -------- ----- 
-------- ----- ----------- ----------------- ---- -------- ----- ------ -------------- ---- ----------- ---- -------- ------------- -- --------- 
----- ------ -- ---- ------------- ---- --- ---- ----- ----------- 
----------- ---------- ------ ----------- ----- ---- ------ ----- --- -- 
---------- ------------- ------- ---- ---------- ---------- ------------ 
---- -------- ----- ---------- ----------- --- ---- ----- ---- ----- ------ 
--------------- ------------- --- ---- ------- ---- ------------ ---- 
-------- -------- -- --------------- --- ------ ---- ------- ------ ---- ----- 
-- ------ ------ --------- ------- ---- -------- ----------- ----- 
-------- ----- -------- --- --- ------------- ----- --- ------------ ------- 
- -------- ------- ---------- 

pl 

(b)(4), (b)(6)
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----- -------- ------------ --- ------ -------------- ----------- --- ----  
--------------- ------------- --- ---- ------- ---- ---------- ---- 
-------- ------- ------------- ---------- ---- ----- -- ----- -------- 
-------- ------------- ---------------- ---- ------------ ----- 
--------------- -------------------- ---- -------- ----- --- -- --------- 
-------- ----- --- -- --------- -------- 

---- --------- ---- -------- ------- -------- -- --------------- --- ------ 
-- ------- ---------- ----- ------ ----- --- ------- ----- -------- --- ---  
--------------- --------- --- -- --------- ---- ----- ---------- ---- 
------ ---------- ------ ---- ---------- --------- ----- ---------- ---- 
----------------------- ----- ---- ------- --------- ----- ----- ---------- 
---- ------ ---------- ------ 

---- ----------- ---- -------- ------------- -- ---------------- ---------- 
--- ----- ----- ------------ ------------- ---- ------------ -------- 
------------- ----- ------------ ----- -------- ---------- ----- ------- 
---- ---------- -- ------ ---- ----- ---------- ---- ---------- ----------- 
---- ---------- ---- -------- ----- --- ------- ----- -- -------- ---------- 
----- ---------- ---- ---------- ---- -------- ----- --- ------ --------- 
----- -------- --------- --------- --- ----- -------- ---------- ------ --- 
-- ----- ------ ---- ----------- ---- -------- --------- ---------------- 
---------------- ----- ---- ------------- --- ---- --------- --------- 
------ ----- ------- ----- ------------ ---------- 

The investigator originally classified the patient death as 
non cardiac and not related to the implanted PCD 
Transvene System  However  the North American CERC 
commitee recommended reclassification of the death to 
non sudden cardiac after full review of the circumstances 
surrounding the patient s death  

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

8  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
----- ------ 
------------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ----- ------ -- --------- --- 
--------- --------- -------- ----- ---------- ------------------ --------- 
----------- ----------- ------- --------- ----- --------------------- ---- 
---------- ---------- ----- ---- ------ -- --------- ----------------- --- 
------- --- --- ---- ------ --- --------- ---- -------- ----- --- --- 
------------------ ------ ---------- 

----- -------- ------------- ------ -------------- --------- --------------- 
----------------- -- ------ --- ------ ------------- ------ -------------- 
----- ----- ---------------- ----- ------- ----- ---- ------ ------ --- -- 
------------- ------------- ----- --- ----------- ----- ------ ------------- 
--------- --------- --------- ----- ---- ----- --- ----- --------- ------ 
----------- --- ---- ------ --------------- ------------- ------ ---- ----- 
----- ------------ --------- --- ---- ----- ---------- ----- --------------- 
------------- ------ ----- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

----- -------- --------------- --- --------------- --------- ----------- 
------ --- ---- -------- ----- ------ -------- ---------------- ------- -- 
the last follow up visit was as follows  

Sensitivity 

TDl 350 ms 

VT  llllD 16 

VT Rx W CV134JISE0 

VT Rx f2 CV 34JISE4 

VT RxD CVI34JISE4 

CVI34J SEQ 

300 ms 

18 

34J SEQ 

34JISEQ 

----- -------- ----- ----------- ---- ------------- --- ------------- 
------------- ------ --------- --------- ------------- ------------ --- 
---- ------------- ---- -------- --------- ------------ --- ----- ------ 
------ --------- --- ---- ------ --- ---- -------- ---- ------ --------- ----- 
---------------- ----- ----------- ---- -------- ---- ---- ------------- 
----- --------- ----------- --- -------------- ------ ---- -------- 

----- ------ -------- ----- ------------ ----- ---------- --- ------------- 
----- -- ----------- -------------- ----------- 

----- ------- --- ------- ----- ---------- --- -------------- --------- 
------------ --- ----- ------ ------ -------- --- ---- -------------- ----- 
---- -------- --- ---- ------------ ------ ------------- ---------- ----- 
-------- ----------- ---- ----------------- --- ----- -------- ------- ----- 
-------- ------ ---- ---------------- ----------------- 

(b)(4), (b)(6)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

9  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
----- ------ 
-- ---- ------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- -------- ------ -- --------- --- 
----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- --------- ----- 
------------- ------ --------- ----- ---------- ---------- ----- ---- 
------ -- --------- ----------------- --- ------- --- - ---- ---- --------- 
------ --- --------- --- ---- ------ ------------- ---------- ---- -------- 
--------------- ---- ----------- --- --------------- ----- --- ---- ------ 
--- ---- ------ ------------- --------- ---------- ---- -------- ----- ---- 
------------- -- --------- ------------ ------------ ----- --- ---- 
------------------ -------- ----- ---------- ------------------ ------ 
--------- ----------- --------------- -- ---- ------ --- ----------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- -- ------ --- ----- ------------- ------ -------------- 
----- ----- ---------------- ----- ------- ----- ---- ------ ------ --- -- 
------------- ------------- ----- --- ----------- ----- -------- -------- 
--- ---------------- ----- ----- 

--- ------ ---- ------ --- ---------- ------------ ----- ------ -------- 
------------ ------ ---- ----- ---------- ----- ----- --------------- 
---------- ----- ---------- --- ---- ---------- --- ------------- --- 
----------- ---- -------- --------------- ----- --------------- ---- 
--------- ------ --- ---- ------- -------- ----- --------------- ---------- 
--- ---- ---------- --- ------------- ----- ------ -------- ---------------- 
------- -- ---- ---- ------------ ----- ----- --- ---------- 

9 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

Seieitivi5 0 3 mV 

TDI 

VT RxW 

VT RxD OFF 

VT Rx 3 OFF 

VT Rx AO OFF 

FDl 350 ms 

VF NID  8 

34JISEQ 

34J SEQ 

34J SEQ 

34JISEQ 

----- -------- --------- -- -------- --- ---- ------- ------ --- ---- 
-------- ---- -------- ----- --- ---------- --- ---- ----------- --- 
-------- ----- ----- ---------- --------- ---- ------------ --- ---- ------ 
--- ---- -------- ---- ------ --------- ----- ---------------- ----- ----- 
------ -------- ----- ---- ------------ ----- --- ---------- ----- 
-------------- 

The cause of death was reported as non sudden cardiac 
secondary to end stage heart failure by the investigator and 
not related to the implanted PCD Transvene System  The 
CERC committee reviewed the circumstances of this patient 
death and agreed with the investigator s classification  

eh 

(b)(4), (b)(6)



IVIEDTRONIC CONFIDENTIAL 

10  Patient -------- 

PCD Serial Number  
Date of Implant  
Oate of Death  
Death Classification  

----------------- 
-------- 
-- -------- 
Non Sudden Cardiac 

--------- --------- ------- ----- ----------- ------- ---------- ---- 
---------- ---------- ----- ---- ------ -- --------- ----------------- --- 
------- ---- --- ---- ------ --- --------- ---- -------- ----- --- --- 
------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- -- ------ --- ------ ------------- ------ -------------- 
----- ----- ---------------- ----- ------- ----- ---- ------ ------ --- ---- 
----- --- ----------- ----- -------- -------- --- ---------------- ----- 
----- 

--- ---- ----- -------- ------------- -- ------ ------ --------------- -- 
---------------- --- ---- ------ ------ ----- -------------- --------- --- 
----------- -- ---- ---------------------- ------------ -- ---- ------ ----- 
----- ------------ --- ---- ------ ------------ -------- --- ---- -------- 
--- ----- ------------- -- ---------- --- ---------- -- -------------- 
-------- --- ---------- -------- --- -------- --- ---- ----- -------- 
------------ ------ ---- -------- ---- ---- ---------- --- 
---------------------- -------- ----------- ---- -------- ----- 
--------------- ---- ----------- --- --------------- ---- ----- ------ --- 
--------------- ---------- ------ ---- ---------- --- ------------- 

Ig 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

The PCD device programmed status at the last follow up 
visit was as follows  

0 3 mV 

TD OFF 

VT MID OFF 

VT RxW OFF 

OFF 

OFF 

OFF 

FDI 320 ms 

VF HID 18 

34JISEQ 

34J SEQ 

34J SE4 

34JISEQ 

------ --- ------------ ---- -------------------- ---- -------- ----- 
----------- --- --------- ------------ ---- ------------- --- ------------- 
------------- ------ --------- --------- ------------- ------------ ---- 
-------- --------- ------------ --- ----- ------ ------ --------- --- ---- 
------ --- ---- -------- ---- ------ --------- ----- ---------------- ----- 
----------- ---- ---------- ------- ----- ---- ------------- ------ ----- 
----------- --- ------------- --------------------- - ----- ------ -------- 
----- ------------ ----- ---------- ----------- ----- ---- -------- 
------------- -------- --------- ------------------ 

----- ------- --- ------- ----- ---------- --- -------------- --------- 
------------ --- ----- ------ ------ -------- --- ---- -------------- ----- 
---- -------- --- ---- ------------ ------ ------------- ---------- ----- 
-------- ------------- ----------- ---- ----------------- --- ----- -------- 
------- ----- -------- ------ ---- ---------------- ----------------- 

(b)(4), (b)(6)
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11  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
--------- 
------ ------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ------ ------ -- --------- --- 
----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- --------- ----- 
------------- ------ --------- ---- ---------- ---------- ----- ---- 
------ -- --------- ----------------- --- ------- -- --- ---- ---- --------- 

------ --- --------- --- ---- ------ ------------- ---------- ---- -------- 
--------------- --------- ----- --- ----------- --- --------------- ----- 
---- ----- --- ---- ------------- ------ --- ---------- ---- -------- 
----------- --- ----------- --- ------ ----------- ------------------ 
-------- --- ---- ------ --- --------- ---- -------- ----- --- --- 
------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- -- ------ --- --- ------------- ------ -------------- 
------ ----- ------------------ ------ ------- ----- ---- ------ ------ --- 
-- ------------- -------------------- ----- ----- ----------- ----- ------ 
------------- --------- --------- --------- ----- ---- ------ ----------- 
------------- --- ---- ------ ------------- -------- ------ --------------- 
---------- ------ ----- ------ ---- ------ ----- ---------------- --- 
----------------- ----- ----------- --- ---- ------ --------------- ---------- 
------ ------------ 

----- -------- ----------- --- ---- ---------- ------ ---- ------ --- ---- 
------ ------------- --------- --------- ---- ---- ------ --- ---- -------- 
----- -------- ------------- --- ---------------------- ------- ------- 
----- ---------------- --- ---- ------ --- ----- -------- ---- -------- ----- 
--- ------------ ---------- ----- --------- --- ---- ----- ---------- 
-------- ----- --------------- ---------- ------ ------ ----------- ----- 
---- --------- 

----- --------- --- ---- ------ ------------- ---------- ---- -------- 
--------------- ---------- ----------- --- ---------- ----- -------- 
--------------- -- ------ --- ----- ----------- --- ------------- 
--------------- --- ------ --------------- -------- ------ ---- ---------- 
--- --------- ----- --- ----------- ------ --------------- -------- ------ 
---- ---------- --- -------------------- --- ----------- ---- -------- ----- 
--------------- --- ----------- --- ---- -------- ------ --------------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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---------- ------ ---- ---------- --- ------------- ----- -------------- 
--------- --- ------------- ---- ---------- ---- ------ ------- --- 
----------------- --- ------- ------ ------ -------------- --- ---- 
--------------- ---- ----------- ------- ----- --- ----------- --- 
--------------- --- ---- ---- ----------- --- ---- -------- ---------- 

--- --------- --- --------- ---- ---------- ----------- --- ---------- ---- 
-------- ------------- -- --------- ---------- ------------ --- ---------- 
--- ---------------------- ------------ -------- ------- ----- --------- 
-------------- ------- ------------- ----- --------- ------------- 
---------- ------------ ------------- --------- -------- ---- -------- 
---------- ----- ------ --------- ----- ---------------- ----- -- ---- ------ 
--- ---- ---------- ------- ----------- ------ ------ --- ----------- --- 
--------- ------------- ------ ---- ---------- -------- ---- ---- ---------- 
---------- --- ---------- ----- ------------- ----- ---- ------ --------- 
----- ---- ------------- 

The PCD device programmed status at the time of the 
patient s death was as follows  

0 3 mV 

480 ms 

16 

CV 1 0JISEQ 

CV 34J SEQ 

VT RxD CVI34JISEQ 

CVI34J SE0 

320 ms 

18 

34JISEQ 

34JISEQ 

34JISEQ 

34JISEQ 

----- ------- --- ------- ----- ---------- --- -------------- --------- 
------------ --- ----- ------ ------ -------- --- ---- -------------- ----- 
---- -------- --- ---- ------------ ------ ------------- ---------- 

The CERC reviewed the circumstances of this patient death 
and classified this patient death as perioperative and 

pp 

(b)(4), (b)(6)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

procedure related  The CERC also indicated that the 
increased frequency in spontaneous VTIVF episodes may 
have been related to the increased number of inductions 
during the implant procedure  



MEDTRGDEC CGMROENTEA7 

1 2  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
------------ 
-- ---------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ------ ------ -- --------- --- 
----------- ------------- --------------- ---- ------------------ --------- 
----------- ----------- ------- ---------- ------------- ------ -------- 
----- ------- ----------- ---- ---------- ---------- ----- ---- ------ -- 
--------- ---------------------- --- ------- ---- -------- ------------------ ------- --- 

--------- --- ---- ------ ------------- ---------- ---- -------- 
--------------- ------ --------------- ---- ----------- --- ---- ------ 
--- --------- ---- -------- ----- --- --- ------------------ ------ 
---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- -- ------ --- ---- ------------- ------ -------------- ----- 
----- ---------------- ----- ------- ----- ---- ------ ------ --- ---- ----- 
--- ----------- ----- -------- -------- --- ---------------- ----- ----- 

--- ---- ------ --- ---------- ------------ ---------------------- -------- 
----- ------------- --- ---- ------ -------------- --- ------ ------- ---- 
---- ------- -------- ----- ----- ---- ----- ---- --------- ----- ---------- 
--- ---- ------ --------- --- ----- --- ---- ----- ---------- ---- ---------- 
--- ----- ---------------- --- -- --------- ----- ---------- --- ----- 
--------- -------------- ---- ---- --- ---- -------- ----- --------------- 
---------- --- ---- ---------- --- ------------- --- ---- --------- 
---------- ---- ----- ------- -------------- --- ---- --- ---- ---------- --- 
----------- ----- ----- --------------- ---------- --- ---- ---------- --- 
------------- -------- --- ----- --------------- ---- ---------- --- ----- 
---------------- --- ------------ 

--- ---- ----- -------- ------------- ---- -------- ----- --------------- 
---------------- ---- ----- ---- --------- ------------ --- ------ 
-------------- -------- -- ------ ------------------------- --- ----- ------ 
---- -------------- --------- --- ------------- ------ ---- ----- ----- ----- 
--- --------- -------- ----------- --- ------ ------------- --- --------- --- 
---- ------ ---------- 

------ -------- ------ ---- -------- ------------ ------- ------ 
------------- --- ---------------- ---------- -- ----- ---- --- ---- 
-------------- ----- ----- ----- ------ ------ ----- --- ---------- --- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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--------- ------------ --- ------ ---------------- ----- ------------ --- 
------------------ ---- ---- ------ ----- --- ---------- ----------- ---- 

-------- ---- ------------- ----- ------------- --------- 
---------------------- -------- 

The PCD device programmed status at this time was as 
follows  

0 3 mV 

380 ms 

VT IllD 16 

CV110JISEG 

CV 34J SEQ 

CVI34JISEQ 

CV 34J SEQ 

290 ms 

18 

34J SEQ 

34JISEQ 

VF Rx  34JISEQ 

VF RxA4 34JlSEG 

-------- --------------- ----- ------ --- ---- -------- ---- -------- 
--------------- -- ------ --- ------- ----------- --- --------------- ---- 
----- ----- ------ --- ---- ----------- ------ ---- -------- ------ 
--------------- ---------- --- ---- ---------- --- ------------------ ----- 
------------ ------ ----------- ------ ---- -------- ------ --------------- 
---------- --- ---- ---------- --- ------------- 

------ ----------- ----- ------ --------- ----- ----------- --- 
-------------- ------ ----------- ------------ ---- -------- ----- 
------- ------------ ----- ------------- --- --------- --- --------- ---- 
------------ --- ---- --------- ---------- ----- ---------- ---- 
--------- -------------- ------ ----- -------- ----- ---------- 
----------------- ----- ----------- ----- ---------- ------ --------- ----- 
----- -------- ------ --- ------- ---- ---- ---------- ---------- --- 

p 

(b)(4), (b)(6)

(b)(4), (b)(6)
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---------- ----- ------------- ----- ---- ------ -------- ----- ---- 
------------- 

The cause of death was reported as non sudden cardiac 
secondary to intractable VT by the investigator and not 
related to the implanted PCD Transvene System  The CERC 
reviewed the circumstances of the patient death and agreed 
with the investigator s classification  

(b)(4), (b)(6)
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13  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
------------ 
------------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ------ ------ -- --------- --- 
----------- ------------- --------------- ---- ------------------ --------- 
----------- ----------- ------- --------- ----- ------------- ------ 
--------- ---- ---------- ---------- ----- ---- ------ -- --------- 
----------------- --- ------- ---- --- ---- ---- --------- ------ --- --------- 
--- ---- ------ ------------- ---------- ---- -------- --------------- 
------ --------------- ---- ----------- --- ---- ------ --- --------- ---- 
-------- ----- --- --- ------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- -- ------ --- ----- ------------- ------ -------------- 
----- ----- ---------------- ----- ------- ----- ---- ------ ------ --- ---- 
----- --- ----------- ----- -------- -------- --- ---------------- ----- 
-- ---- 

----- ------ --- ---------- ------------ ---------------------- ------- ----- 
------ ----- ------ ----- --------- --- ---- ------ ------------- --------- 
------ ----- ------------- --- ----- --- ---- ----- ---------- ---- ---------- 
--- ----- ---------------- --- ----------- -------- --------------- 
---------- ---- ---------- --- ---- --------- ---------- ---- ---------- --- 
----- ---------------- --- ----------- -------- ----- ---------------- ---- 
---- ----- --------------- ---------- --- ---- ---------- --- ------------- 
-------- --- ---- -------- --- ----- -------- ---- ------ -------- ----- 
---------------- --- ---------- 

1 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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Seieitiyity 0 3 mV 

TQI 

VT DD 

VT Rx4 OFF 

VT Bx D OFF 

OFF 

OFF 

FDI 320 ms 

VF MID 24 

34J SEQ 

34JISEQ 

34JISEQ 

34J SEQ 

----- -------- ----- ---- ------------- -- ----- ------ ----- --  
------------- --- ------------- ------ --------- ------ ---- ----- ----- 
------ ---- ---------- ------------ ------------ ----- ------------- 
--------- ----- -------- --- --------- --- ---------- ---- ---------- ------------ --- ---- ------ --- ---- ------- ---- -------- ----- 
----------- ------------ ----- ------------ --------- --------- 
----------------- ------ --- ---- ------- ---- -------- --------------- --  
--------- --- ---- ----- ----- --------------- -------- --- ---- -----  
--------- ---- ---------- --- ------------- ------- ----- ---------- ---- 
-------- ----- ------- ----------- ------------ ---------- ----- -------- ------------- --------- ------------ ---------------- -------- ---- 
------------- ------ -- --------- ---------- ----- ------ -------- ----- 
------------ ----- ----- ------- --- --- -------- --------- 
------------------ 

----- ------- --- ------- ----- ---------- --- ----------------- ------ --------- --------- ------------ --- ----- ------ ------ -------- --- ---- -------------- ----- ---- -------- --- ---- ------------ ------ 
------------- ---------- ----- -------- ----------- ---- ----------------- 
--- ---- -------- ------- ----- -------- ------ ---- ---------------- 
----------------- 

(b)(4), (b)(6)
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14  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
------------ 
---------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- -------- ------ -- --------- --- 
----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- ---------- 
----------- -------------- -------------- -------- --------------------- 
------- ----- --- ------------ ----- ---------- ---------- ----- ---- ----- 
---- --------- ---------------- ----- --- --------- ----- ----------- -- 
------ ------------- --- ---- ------ --- --------- ---- -------- ----- --- 
--------- ------- ---- ---- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
---------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- --- 
------------- ----- -- ----- ------------------ ----- -------- ----- ------ 
---------- --- ---- ---- ---- --------- ------------ ----- ----- ---------- 
------ -- ------- ---------- --- --- ---------- ---------- --------- - --- 
----------- 

----- ---------------- ------------- -- ---- -------- ------------ ---- --- 
---------- 

A 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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0 3 mV 

TDI 

YT Rx 41 Burst 

VT Rx 02 Burst 

Burst 

34J CV 

FDI 320 

18 

34J  seq 

34J  seq 

34J  seq 

34J  seq 

----- ---------- ----------------- -------- ------------------ ----- --- 
----- ------------- --- ----- ------- ------- ------ --- --------------- 
----------- --- ---- --- ---- ----- ---------- 

-------------------- -- ---- -------- --------- ----------- ----------- 
--------- ----- -- -- --------- --------- ----- ---- ------- ----- ---------- 
--- --------- ------- ------ ---------- ------------ --- ----------- 
--------------------- ----- ---------- -------------- ----- ---- ----- 
------ --------------- ----- ----- ---- ----- ------------- ------- ----- 
-------- ----- ---- ------------- 

The investigator classified the patient death as Non Sudden   Cardiac and not related to the implanted PCD Transvene 
System  The North American CERC committee reviewed 
the circumstances of this patient s death and agreed with 
the investigator s classification  

 if 

(b)(4), (b)(6)
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1 5  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
----------- 
-- --------- 
Non sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- ---------- 
--------------------- ------- ----- --------------- ---- ---------- 
---------- ----- ---- ----- ---- --------- ---------------- ----- --- --- 

---- ------ --- --------- ---- -------- ----- --- -------------- ----- ---- 

------ 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
---------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- ------------------------ -- ------ --- -- 
------------- ----- -- ----- ------------------ ----- -------- ----- ------ 
---- 

- -- ----- --- --- ----- ----- -- - ---- --- ---- -- - ----- 
------ ----- --- 

---------- ------ -- ------- ---------- --- ------ ---------- ---------- 
--------- - ------ ----------- 

The programmed parameters at last known follow up are as 
follows  

Parameter Value 

Sensitivity 0 3 mV 

TDI 450 

12 

Ramp 

2J CV 

34J CV 

VT Rx 44 34J CV 

FDI 330 

12 

34J  sim 

34J  sim 

34J  sim 

34J  sim 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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----- ---------- ----------------- -------- ------------------ ----- --- 

----- ------------- --- ----- ------- ------- ------ --- --------------- 

----------- --- ---- --- ---- ----- ---------- 

-------------------- -- ---- -------- ------------ ----------- 

-------------- ------ ---- ----- --------- ----- -- -- --------- --------- 

----- ---- ------- ----- ---------- --- ----- ------ ----------- 

--------------------- ----- -------- ----- ----------- ------ ------ ---- 

---------- ----- -------------- 

The investigator classified the patient death as non sudden 

cardiac and not related to the implanted PCD Transvene 

System  The North American CERC committee reviewed 

the circumstances of this patient s death and agreed with 

the investigator s classification  

(b)(4), (b)(6)
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1 6  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
--- ------- 
--------- 
Non sudden Cardiac 

------ -------- ----- -- ---- ----- ----- ------ ------ -- --------- ---- 
----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- ---------- ----- 

----------- -------------- -------------- ----- --------- ---- ---------- 
---------- ----- ---- ----- ---- --------- ---------------- ----- -- --- 
---- ------ --- --------- ---- -------- ----- --- --------- ------ ---- ---- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
------- ---------- - --- ----- -------- - -- ----------- ------ -- ------------------- 

---------------- ---------- --- -------------------- -- ------ --- -- 
---------------- ------ - ------- ----------------------- ---- --------- ----- ------- 

---------- --- --------- ---- ---- --------- ------------ ----- ------ 
--------------- ------- -- --------- ---- -------- --- -- ---- ------------- ----------- 

--------- - ------ ----------- 

The programmed parameters at last known follow up are as 
follows  

pl 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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8ensiiiiity 0 3 mV 

TDl 

24 

Burst 

CV  0 6J 

CV  30J 

CV 34 J 

360 

18 

34J  seq 

34J  seq 

34J  seq 

VF Rx 44 34J  seq 

----- ---------- ----------------- -------- ----- ------------------ ----- 
--- ----- ------------- --- ------- ------- ------- ------ ---------- 
----------- --- ---- ------- ----- ------------- ------ ---- ---- --- -- 
------------- ------ ---- ---- --- -- ------------- ------ ---- ---- --- 
----- -- ------------- ------ ---- ---- --- ------- ------ -- ----------- 
---- ------------- --- ---- ------- ------- ----------- ------ 
------------- ------ ---- ----- ---------- -- ------ ------------- 
----------- ---------- --- ---- ---- ---------- -------- ------------- ---- 
----------- ------ -------- ----- --------------- --- ----------- --- ----- 
--- ----- ------ ------------- ------ ---- ---- --- -- ----- ------ 
------------- ------ ---- ---- --- ----- -- ----- ----- ------------- ------ 
---- ---- --- 

-------------------- -- ---- -------- ------------ ----------- 
-------------- ------ ---- ----- --------- -------- ---- ---- ----- 
------------- ----- ---- ----- 

--- ---- -- -------- ------------ ------ ----- ------- ----- ----------- 
------- --- ---- ---- ------ ------- --- ---------- --- -- ----------- --- 
---- --------- --- --------- ------ ---- --- ------- ------ --------------- 
----- ----- ------- ------ ---- ------ --- ---- -- -------- ------------ 

(b)(4), (b)(6)
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---- ------ ----- ------------- ------------ ----- --- ----- --------------- 

-------- ------------ --- --- ---- ----- 

--------- ----- ------------- --- ---- ------------- ------------ --- 

--------- ------ ------- -------------- ------ ------------ ------- --- 

--------- ---- ---------- ------------ --- ---------- --------- ---- 

-------- ----- ------------- --- 
- --- ------ ------------ --- --------- 

------ ---- ----- ---- ----------- ------ -------- ------ -- ----- ------ 

--------- ----- --- --------- --------- --------- ----- ---------- ----- 

---- --------------- ------ ---- ------------- 

The investigator classified the patient death as non sudden 

cardiac and not related to the implanted PCD Transvene 

System  The North American CERC committee reviewed 

the circumstances of this patient s death and agreed with 

the investigator s classification  

 4e  

(b)(4), (b)(6)
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17  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
-- -- ------- 
----------- 
Non sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 
----------- ------------- -------------- ----- --------- --------- -------- 
----- ---------- ------------------ --------- ----------- ------------- 
------ -------- ----- -------------------- ------ --- ---------- ---------- 
--- ---- ----- --------- ---------------- --- ---- --- ---- ------ --- 
--------- ---- -------- ----- --- ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
-------------- ----- ------ ------ -- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- ---------- 
------------- ----- ----- ----- ------------------ ----- -------- ----- 
------ ---------- --- ---- ---- ---- --------- ------------ ----- ----- 
---------- ------ -- ------- ---------- --- --- ----------- 

----- ---------- ----------------- -------- ------------------ ----- --- 
----- ------------- ------ ------ ----- ---------- ----- ---------------- 
parameters at last known follow up are as follows  

Value 

Sensitivity 0 3 mV 

TDI 440 ms 

VT NID 16 

R8fAp 

VT Rx  2 CV SJ Seq 

VT Rx 43 CV 34J Seq 

CV 34J Seq 

FOI 330 ms 

18 

34J Seq 

34J Seq 

34J Seq 

34J Seq 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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----- --------------- ---- --------- --------- ---- ----- -------- 
----------- -------- ----------- --- ----- ---- --------------- ------------- 

------ -------- --- ----- ---- ----------- --------------- ------------- 

------ -------- --- ----- --------------- ---- --------- --------- 

----------- -------- ----------- --- ---- --- --------------- ------------- 

------ -------- --- 

----- -------- ----- --------- --------- ----- ------- ----- --- 

------------ ------ -------------- --------- ----- --------- --------- ----- 

----------- ----- ------------- ----- -------- ------------ ------ ------ 

------ ---- ------------- ----- ----------- ----- --- -------- -------------- 

----- ------------- ------------- ----- --------- ------ -------- 

-------------------- -- ------ --- ------- ----------- ---------- 

-------------- ----- ---------- 

----- -------- ----- ----- ------ ------ ----------- ---- --------- ----- 

-------- ----- ----------- --- ---- ----------- --------- ------------------ 
---- ---------- ------ --------- ------ ------ --- -------------- 
------------------ --------- --- ------- ----- ------- ----- ------ -------- 

----- ------- ------ ------ -------- -- --- ------- ------ -------- ----- 

------------------ ------ --- ----- --- --- ------- --------- 

------------- ------ -------- --- ---- ------- ---- ---------- ------ 

--------------- -------------- --- ------- ----- ------ ----- ---------- 

---- ---- -------- --------- ------ -------- ---- --------- ----------- 
------ ----------- -------- ----- --------- ------ ---- --------- 

----------- --------- ----- ---- ------ ------ ----- ------ ----- 
------------ ----- ---------- --- -------------- 

The investigator classified the patient death as non sudden 
cardiac  Non arrhythmic  and not related to the implanted 
PCD Transvene System  The North American CERC 
committee reviewed the circumstances of this patient s 
death and agreed with the investigator s classification  

(b)(4), (b)(6)
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18  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
-- ---------- 
--------- 
Non sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- ---------- 
------------- ------ --------- ----------- --------- -------------- 
------------- ----- --------------------- ---- ----- --- ---------- ---------- 

--- ----- ----- --------- ---------------- --- --- ---- ----- ----- -- 
-------- ------------ --- ------- --------- ------- ----------- ----- -- 
--------------------- --- ---- ------ --- --------- ---- -------- ----- 
--- -------------- -------------- --------------- ----- ----------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- ---- 
------------- ----- ----- ----- ------------------ ----- -------- ----- 
------ ---------- --- ---- ---- ---- --------- ------------ ----- ----- 
---------- ------ -- ------- ---------- --- --- ----------- 

----- ---------- ----------------- -------- ----- ------------------ ----- 
--- ----- ------------- --- ------ ------- ----- -------------- ----- 
-------------- ------ ----------- -- ---- -------------- ------------- 
----- --------------- ---- --------- --------- ---- ----- -------- 
----------- ------ ----------- --- ----- --- --------------- ------------- 
------ -------- --- ----- --------------- ---- --------- --------- 
----------- --- ----------- --- ----- --- --------------- ------------- 
------ -------- --- 

------------------ ----- --------- ----- --------- ------- -------------- 
----- ------- ----- --- ---------- ---- ----------- 

----- -------- ----- ----------- --- ---- ---------- --- --------- ---- --- 
---------- --- ------- ------- ------------- ------ --------------- 
--------- ----- ---------- ---- ---------- -------- -------- ------ 
-------------- ---- ------------- ----- ------ ------- ------------ --- 
-------------- ------------- ---- --------- ------- --------- ---------- 
---- --------- --------------- ----- ------------- ---------- ----- 
------------ ---------- ---- ------- --- ------- ----- ---------- --- 
----------- -------------- ----- --- --------------- ----- --------------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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failure  The programmed parameters at last known follow  

up are as follows  

Seisibvity 0 3 mV 

TDt 430 ms 

20 

VT Rx 41 Burst 

VT Rx  2 CV 10J Seq 

VT Rx 43 CV 34J Seq 

VT Rx4 4 CV 34J Seq 

FDI 320 

18 

34J Seq 

34J Seq 

34J Seq 

34J Seq 

----- -------------- ------------ ---- -------- ------- --- -------------- 
--------- ----- ---- -------- --- ---- ------------ ------ ------------- 
---------- ----- ------- ------------ -------- ------------- ----------- 
---- ----------------- --- ----- ---------- ------- ----- -------- ------ 
---- ---------------- ----------------- 

4l 

(b)(4), (b)(6)
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19  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
--------- 
----- ------ 
Non sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- ---------- ----- 

----------- -------------- -------------- ----- -------------------- ------ 
--- ---------- ---------- --- ---- ----- --------- ---------------- --- --- 

--- ---- ------ --- --------- ---- -------- ----- --- -------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
-------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- -------- 
------------- ----- ----- ----- ---------------- ----- -------- --- 
---------- -- ----- ---------- --- -------- -------- ----- ----------- ---- 
----- ---- --------- -------- --------- --- ---- --- -- --------- ----- ------ 
---------- --- --------- ---- ---- --------- ------------ ----- --- 
---------- ------ -- ------- ---------- --- --- ---------- ------------- --- 
----------- 

The programmed parameters at last known follow up are as 
follows  

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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0 6 mV 

T9  430 ms 

mr mio 16 

VT Rx O ER Ramp 

VT Rx 4 2 Burst 

VT Rx 43 CV  15J  Seq 

CV  15J  Seq 

FDl 290 ms 

18 

34J  Seq 

VF Rx 4 2 34J  Seq 

34J  Seq 

34J  Seq 

----- ---------- ----------------- -------- ----- ------------------ ----- 
--- ----- ------------- --- ------ ------- ----- --------------- ---- 

--------- --------- ---- ----- -------- ----------- ---- ----------- --- ----- 
----- --------------- ------------- ------ -------- --- ----- ----- --------- 
--------------- ------------- ------ -------- --- ----- --------------- 
---- --------- --------- ----------- ----- ----------- --- ---- ------ 
--------------- ------------- ------ -------- --- 

----- -------- ----- ----- ------ ------ ----------- ---- --------- ------ 
-------------- -------- --- ---- ---- ------------ --- ------ ------ --- 
---- ------- --- ----- --------------- -- ----------- --- ---- ----- -- 
--------- --- ---- --- --------------- ------------- ------ ---- ----- 
---------- -------------------- -- ------ --- ------- ----------- 

---------------- ----- ---------- ------- ----- ---- ------------- ------ 
-- --------------- --------- --- ---- --- ----- ---- ---------- ----- 

------------- ----- ---- -------- ----- ---------- ---- ----------- 

CERC agreed The investigator classified the patient death 
as Non sudden Cardiac  non arrhythmic  and not related to 
the implanted PCD Transvene System  The North American 
CERC committee reviewed the circumstances of this 

patient s death and agreed with the investigator s 
classification  

4 i 

(b)(4), (b)(6)
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20  Patient -------- 

PCD Serial Number  
Date of Implant  
unite of urea  h   
Death Classification  

----------------- 
--------- 
----------- 

Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

--------- --------- -------- --- ---- ---- --------- ------ --- ---- 

--------- --- ---- ------ ------------- ---------- ---- -------- 
--------------- ----- --------- --- --------------- ---- ----------- --- 

----- --------------- --- --------- --------- ---- ------------------ 

--------- ----------- ----------- ------- ---------- -------------------- 
----- ------------- ------ --------- ----- ---------- ---------- ---------- 
----- ---- ------ -- --------- ----------------- --- ------- -- ----- 

-------- ----- --- --- ------------------ ------ --------- -- ---- ------ 
--- ---- --------- ------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
-------------- ----- --------- ------ ----- --- -------- ------ -- 

---------------- ---------------- ---------- --- -------------------- -- 
------ --- -- ------------- ------ ------------- ------ ---- ------ ---------- 
--- ---- ------- --- ----------- ----- ------- ---------- --- ------ 
--------- ----- --- ----------- 

----- -------- ----- -- ------------------ ----------------- --------- --- 
---- ------ --- ------------ ----------------------- ---- ----- ---------- 
----- --------------- ---------- ------ ---- ---------- --- ------------- 
--- ---- ----- -------- ------------ ------ -- --- ------ ------- ---------- 
----- ----------- ----- ---------- --- --------------- ----------- --- ---- 
--- ----- ----- ------ --------- ---------------- ------- ----- --- 
---------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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Sensitivity 0 3 mV 

yn  npc 

VT NID 

VT Rx 4 1 OFF 

VT Rx 4 2 

VT Rx   3 

VT Rx  4 

FDI 330 ms 

VF NID 12 

VF Rx  1 18JISEQ 

VF Rx  2 34JISEQ 

VF Rx  3 34JISEQ 

VF Rx 4 4 34JISEQ 

----- -------- ----- ----------- ------ ------ ------ --- ---- ------- ------ 
-- ----------- -------------- ------------ ----- ------------- ------ 
--------- ---- ------------- ---------- ----------- - ----- --- ----------- 
------------- -------------- ----- ------------- ------------- ----- ------ 
--- --------------- ---------- --- ---- ------ ---------- ----- ---------- 
------------ ------------ ------ ------------- --------------- ------- 
------- --------- ------- ------------- ----- ------------- 

----- -------- ----------- ------- ---- ----- ------ ----- ----- 
------------- ------------ ------------- -------------- ---- ------------- 
--------- ------- ---------- ----- --------- --- ----- --- ---- 
----------------- -------- ----- ------ --------- ---------------- 
------------- ---- ----------- --- ------------- -------------- ------------ 

----- ---------- --- ---------- ------ ------ --------- ------- ------ 
----- ----- ------------- --- ------------- -------------- ------ --------- 
------------ --------- ----------- --- ------ ----- ---- ------------------ 
---------- -------------- ------------- ----- ------- ------------ ----- 
--------- ---------- ------ ---------- ----------------- ------------- --- 
-- ------ ------ ---- ------------- ----- -------------- -------- ---- ------ 

------------- ----- -------------- ---- -------- ------- 

(b)(4), (b)(6)
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----- ------ --------- ----- ---- ------------ ----- --- ---------- ----- 

------------- ----- --- ---- ---------- -------- ---------- 

The investigator classified this patient death as non sudden 
cardiac however it was related to an arrhythmic event  In 
addition  the investigator indicated that this death was not 
related to the implanted PCD Transvene System  The CERC 
committee reviewed the circumstances of this patient death 
and agreed with the investigator s classification  

  M 

(b)(4), (b)(6)
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21  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
----------- 
-- -------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

--------- --------- -------- ----- ---------- ------------------ --------- 
----------- ----------- ------- ---------- ----- ----------- -------------- 
-------------- ----- -- ------- -------- --------- ---- ---------- ---------- 
----- ---- ----- ---- --------- ---------------- ----- ---- --- ---- ------ 

--- --------- ---- -------- ----- ---- --- ----- -------------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- ------- 
------------- ----- ----- ----- ------------------ ----- -------- ----- 
------ ---------- --- ---- ---- ---- --------- ------------ ----- ------ 
---------- ------ -- ------- ---------- --- ---- ---------- ---------- 
--------- - ------ ----------- 

The programmed parameters at last known follow up are as 
follows  

Value 

0 6 mV 

400 

16 

off 

off 

off 

off 

340 

18 

34J 

34J 

34J 

34J 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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----- ---------- ----------------- -------- ------------------ ----- --- 

----- ------------- --- ----- ------- ---- ----- ----- --------------- 

----------- --- ---- ----- --------- ------ --------------- ------------- 

--- ----------- 

---- ------------ ---- -------- ----- ---------------- ----------- --- 

---------- ---------------- ----------- ----- ---- ------ ----- ---------- 

----- ----------- --- ---- ----- ----------- ---- ------ --- --- --------- 

----- ------------ ----- -- --------- --- ---- ----- ---------- ----- 

--------------- -------------- ------- ---------------- --- ---------- 

--------- ---- ------- ----- ---- --------- ------- --- -- ---- ----------- 

-- --- -------- 

----- -------- ----- ----------- --- ------ --------------- -- -- ----------- 

---------- ----- -------- ----- ---- ------------ ----- ---------- ---- 

----------- 

The investigator classified the patient death as Non  

Sudden  Cardiac and not related to the implanted PCD 

Transvene System  The North American CERC committee 

reviewed the circumstances of this patient s death and 

agreed with the investigator s classification  

(b)(4), (b)(6)
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22  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
-- ---- ------ 
-- -------- 
Non Sudden Cardiac 

------ -------- ----- --- ----- ---- ------ ------ --------- --- ----------- 
------------- -------------- ------------- ------ -- --------- --------- 
------- ---------- --- ---- ---- --------- ------ --- --------- --- ---- 
------ ------------- ---------- ---- -------- --------------- ----- 
--------- -------- ----- --------- ----- --- ----------- --- 
--------------- ----- ----- ---------- ------------------ --------- 
----------- -------------------- ------ --- ---------- ---------- --- ---- 
----- -- --------- ----------------- --- ------- ---- ----- ---------- 
------------------ ------ --------- -- ---- ------ --- --------- ----------- 
-------------- 

----- -------- ---------- -- ------ ------------- --------- -------- 
----------- --- ---------------- ----- --------- ---------------- 
----------- ----- --- -------- ------ -- ---------------- ---------------- 

---------- --- ----------------- -- ------ --- ------- ------------- ------ 

------------- ----- ----- ----- ---------------- ----- ------------- ----- 
------- ---------- --- ------ --- ---- ----------- ----- --- ----------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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-------- ---- ---- ---------- -- -------------- ------------ 

---------------------- -------- ----- ------ --------- ---------------- 
status was as follows  

Seeihvity 0 3 mV 

440 ms 

VT IlllD 12 

Burst 

CV 10JISIM 

CV 20JISIM 

CV 34JISIM 

330 ms 

18 

34JISIM 

34JISIM 

34JISIM 

34JISIM 

--- ---- ----- -------- ------------- -- ------ ------ --------------- ----- 
---- ------ ----- ----- ------------- --------------- ----- ---------- ----- 
---- ----- ----- ---------------- --- ----------- ---- -------- ----- 
--------------- -- ------ --- ----- --------------- ---- ----------- ----- 
----- --- ------ --------------- ---------- --- ---- ---------- --- 

---------- --- ------- --- --------- ---- ------------ --- --------------- 
---- ----------- ---- ---------- ------------------ ------ --------- ----- 
----------- --- ------------ ----- ----------- 

--- ---- ------ -------- ------------ ------ ---- ----- ---------- ----- 
--------------- ---------- --- ---- ---------- --- ------- ----- -------- 
----- --------------- --- --------------- ----------- --- ---- --- ---- 
------ ---- ---- ------ 

---- --------- ----- --------- --- ---- ------ ------------- ---------- ---- 

-------- ----- ----------- ---- --- ---------- --- ------------ --- 
--------------- ---- ----------- --- ----- --- ------------- --- 
------------- ------ --------- --------- ----- ------------------- ---- 
-------- --------------- -- ------ --- ----- ----------- --- ------------- 

 A  

(b)(4), (b)(6)

(b)(4), (b)(6)
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---------------- ---- --- ------ ----------- ----- --------------- 

---------- --- ---- ---------- --- ------------ ---- ---------- --- ----- 

------ ---------------- --- ------- -------- --- ---- ----- --- ----- ---- 

----------- -------------- ---- --------- --- ------------- ------------- 

-------- ------ --------------- ---------- --- ---- ---------- --- ------- 
--- ------- --- --------- ---- ----------- --- ------------- --------------- 

---- ---------- ----------- ------------------ ------ --------- --- 

------------ ----- ---------- ----- ---------------- ----- ------------- 

--------- ----- ----------- 

------------------ ----- ------- ------ --- ---- -------- ---- -------- ----- 

----------- ---- ------------- --- ------------- ------ --------- ------ 

-------------------- ----- ------------ ------------ --- --------------- 
--------- ----------- --- ----------- ---- -------- ----- ---------- 
---------- ------- --- ---- ------------- ---- -------- --------------- ----- 

----------- --- ----- --- --- -------- ------ ------------- -------- ------ 

---- ---------- --- --------- ----- ---------- --------- -------- ---------- 
------------ ----------- ---- ------------ ------------- ------------ ----- 
--- ----- -------- --------------- ------ -------------- ----- ----------- 
-------- ------ -- --------- ---------------- --- ---- ------------- 
-------------- ---- ------------------ ------- ------- ------------ ----- 
---- ------------- --- ------------- ------ -------- ---- ---- ---------- --- 
------------- ---------- ---------- ----- -------- --------- ---- ------ 
---- -------- -------- --- -- ------------- ----- ---------- --------- 
-------- ------------ --- --------- ------ ------------- --------------- 
----- ------ --- -------- ----- ------------ --------- ----- -------- 
------------- --------- ------------ --- -------------- --------- -------- 
----- --- ---- ------------- ------- --------------- 

----- ------ --------- ----- ------------ ----- ---------- --- ------------- 
---- ---------- ----- ------- --- --- -------------- -------- 
---------------- 

The investigator classified this patient death as non sudden 
cardiac and not related to the implanted PCD Transvene 
System  The CERC reviewed the circumstances of this 

patient death and agreed with the investigator s 
e l gs sgg  gp 

 l 

(b)(4), (b)(6)
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23  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
--------- 
----------- 
Non Sudden Cardiac 

------ -------- -- -- --- ----- ---- ------ ------ -- --------- --- --------- 
--------- -------- ----------- ------- ---------- -------------- 
------------ ------ --- ---------- ---------- --- ---- ----- --------- ------- 
---- ----- ---------- --------- ------------- ----------- ---------------- 
---- ----- ---- ----- ---- -------- ------- ------ ------------------ ------- 

------ --- --------- --- ---- ------ ------------- ---------- ----- -------- 
----- --- --- ------------------ ------ --------- -- ---- ------ --- 
---------- 

----- -------- ---------- ------ ------------- --------- ------------ --- 
----------------- -- ------ --- ----- ------------- ------ ------------- ----- 
------------- -------- ----- --------------- ---------- ------ ---- --- 
----- --- --------- ----- ----- --------- ----- ------------ --- ---- 
------ -------- ----- ------------- -------- ----- --------------- 
---------- ------ ---- ---- ---------- --- ---------------- --- --- -------- 
----- ------------------- ----------- 

--- ---- ------ --- ------------ ---- ------- ------------- ------------- 
----- --------------- ---------- --- --- --------- ------- ---- ---------- 
---------- --------- ------------- ----- ------------- ------------- ------ 
---- ----------- ----- ----------- ------ ---------------- ------- ----- 

---------- ------------------ ------ --------- ----------- ---------------- 
--------- ---- --------- ---------- ---- -------- --------------- -------- 
----- --------------- ----------- --- ---- ----- ------ --- --------------- 
---------- --- ---- ------ --------- ----- ------ --------- ---------------- 
------- -- ---- ---- ------------ ------ --- ---- ---------- ------- ----- 
--- ---------- 

(b)(6), (b)(4)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

 eneitivitji 0 6 mV 

TOl 

VT IIID 

VT Rx tl OFF 

VT 8x  2 OFF 

VT Rx AI OFF 

OFF 

370 ms 

VF IIID 18 

34J SEG 

34J SEQ 

34JISEQ 

34J SEQ 

----- -------- --------- ------------ --- ----- ------ -------------- 
--------- --- ---- ------ --- ---- ------- ---- -------- ----- --- 
-------------- -------------------- ---- -------- --------- --- ------ 
----- ----------- -- ---- ------ --- ---- ---------- -------- ----- 

-------- ----- -- -------------- ------------ ------- --------- ------ 
------------------- ----- -------- ------- ----- --- -------- ------ 
----------- -- ---- ------ --- ---- ---------- -------- 

---- ---------- ----- ------------- ---- ---- ------ -------- ----- 
------------- ----- -------- --------- --- ---- ------ -------- ----------- 
----- ------ ----- ------- ---------- --- ---- ---- ------- --------- -------- 
---- ---- --- --------- --- ---- ---- ----- ----- --------- ----- 
--------------- ---------- --- ---- ---------- --- ----------- --- ---- 
-------- ----------- ----- ------ ----- -- --------- ------- --- ---- ------- 
-- --------- -- --------- ----- ----- ------- ------- ----- --------- --- 
---- -------- ----------- ----- --- ----------------- ------- ------ -- ---- 
------ --- --------- ----- ----- ---- -------- --- ---- ---------- -------- 

The investigator classified this patient death as cardiac  
non sudden and not related to the implanted PCD 
Transvene System  The CERC reviewed the circumstances 
of this patient death and agreed with the investigators 
classification  

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

24  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
-- --------- 
-- --------- 
Non Sudden Cardiac 

--------- -- -- --- ----- ---- ------ ------ -- --------- --- --------- 

--------- ------- ----- ----------- ----------- ------------- 
--------------- ----- ---------- ------------------ --------- ---------- 
----------- ------- --------- ------ --- ------------- -------------- 
------------- ----- ---------- ---------- ---------- ----- ---- ------ -- 
--------- ----------------- --- ------- --- --- ------ --- --------- 
---------------------- -------- ------ ------------- -------------- 

------- -------- ----- - ----- ----- ----- ------------- ------------- ----- 
----------- ----- -------- ------- ------ ------------------ ------ ------ 

------ --- --------- ---- ---- ----------- --- --------------- ----- 
--------- --- ---- ------ ------------- ---------- -- -------- --- ------- 
----- ---- -------- ----------- ----------- ------- ----- --- 
--------------- ---------- --- ----------- --- ---- ---- --------- ------ --- 
---- --------- --- ---- ------ ------------- ---------- ---- -------- 
--------------- ------ --------- -------- ----- ------ ----------- --- 
--------------- ----- 

----- -------- ---------- -- ------ ------------- --------- -------- 
----------- --- ---------------- ----------------- ------------- ------ ---- 
----------- ------ ---- -------- ------- ---- --- ---------- ----- ----- 
------------- -------------- ----- ------------ ----- ------------- ------ 
---- ------ -------- ------------ --- ---- ----- --------- --- ----- ----- 
------------ ---- ----- ---------- ----- ----------- --- ---- --- ---- ----- 
--- ------- ---------------- ------- ---------------- --- ------------------- 

----------- -- --------- --- ------- ---------------- ------- 

---------------- --- ------------------- ---------- ----- ----------- --- ---- 
------ -------- -------- --------------- ---------- ---- -------- --- ------ 
---------- --------------- --------- ----- ----------- --- ------ ---------- 
---------- ----- ---------------- 

--- ---- ------ --- ------------ ---- ------- ------ ------ ------------- 
-------------- ------ ------- --------- --- ---- ------- --- ----- - ----- 
---- ------- --- ----------- ------- ------------- ------ ------------- 
-------- ------- ---- --------------- ---------- -------- --- ----------- ---- 

----- ---- ----------- ------ ---------------- --- ----------------- --- 
-------- ----- --- ----- ---- ----------- ------ ----- ---------------- --- 
----------------- --- --------- ------- ---- ------ --- ------------ --- ---- 

pG 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIG CONFIDENTIAL 

---------- ------- ---- -------- --------------- --- --------------- ---- 

--- ---- ----------- ----- ------ ---------------- ------- -- ---- ---- 
follow up prior to the patient s death was as follows  

Sensitive 0 3 mV 

TD  OFF 

OFF 

OFF 

OFF 

VT RxW OFF 

FDI 400 ms 

12 

34JISE4 

VF Rx  2 34JISEQ 

34JISEQ 

 ll 

(b)(4), (b)(6)
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25  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
----------- 
---------- 
Non Sudden Cardiac 

------ -------- -- -- --- ----- ---- -------- ------ -- --------- ----------- 
------------- -------------- ------------- ------ -- --------- --------- 
------- ---------- ----- ---------- ------------------ --------- 
---------- ----------- ------- ---------- ----------- -------------- 
------------ ----- ------------- ------ --------- ----- ---------- 
---------- ---------- ----- ---- ------ --------- ----------------- --- 
------- --- --- ---- ---- --------- ------ --- --------- --- ---- ------ 
------------- ---------- ---- -------- --------------- ----- 
--------------- ---- ----------- ----- ----- --------- --------- 

----- -------- ---------- -- ------ ------------- --------- -------- 
----------- --- ---------------- -- ------ --- ----- ------------- ------ 

------------- ----- ----- ----- --------- ----- ------------- ----- 
--------- ------ ----- --- -------- ------ ------------------- ---------- ----- 
--- ----------------- ------ ------- -------- ---- --------- ------------- 
----- ---------- ------ --------- -- ---- ------ --- --------- ----------- 
--------------- ----- ------------- -------- ------ ------------ ------ ---- 
------ ------------- --------- ---------- 

----- ---------- ------------ ----- ------------------ -------- ---- 
------------- --- ------------- ------------- ------ --------- ----- 
-------- --------------- -- ------ --- --- --------------- --------- 
----------- -------- ---- ------------- --------- ----- --- ---- --------- 
------ ---- --- --- -------- ------ --------------- ---------- ------ ---- 
---------- --- --------- ----- ------------ ----- ----------- ------ ---- 
----- ------ --------------- ---------- ------ ---- ---------- --- ------- 
----- ------ -------- ---------------- ------- -- ---- ---- ------------ 
------ --- ---------- ------- ----- --- ---------- 

 4r 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

0 3 mV 

TDl 400 ms 

VT MD 

n og e Burst 

VT Rx 02 CV 5 JISEQ 

VT IxD CV120JISEQ 

VT RxA CV134JISEQ 

FDI 320 ms 

VF NID 24 

Vf Rx  18J SEQ 

VF Rx42 34J SEQ 

34J SEQ 

34JISE4 

------ ------ ------ --- ---- ---------- -------- ---- -------- ----- 
----------- ------ ------------- ------------- --- ------------- ------ 
-------- ----- ------------ ------------ --- --------------- ---- 
----------- ----- -------------- ----------- ----- ---- ------------ 
------------ --- ----------- ----- ----------- -------- --- ---- ---------- 
------------- ------------- ------ --------- ----- ---------- ----- 
---------- ----- ----------- --- --- ------- --- ---------- ---- ---------- 
------------------ ------------------ --- ----- --- ----------- ---- 
------------ --- ---- ----------- ----- -------- --------- ------------ 
--- ----- ------ ------ -------- ----- ----- ---- ------------- ------ -- 
--------------- --------- ---------- 

---- ---------- ----- ------------- ----------- ---- ------ --------- ----- 
------------ ----- ---------- --- ------------- ---- ---------- ----- ----- 
-------------- -------- ------------------ 

The primary investigator classified this patient death as 
non sudden cardiac and not related to the implanted PCD 
Transvene System  The CERC reviewed the circumstances 
of this patient death and agreed with the investigators 
classification  

e 

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

26  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
--------- 
---------- 
Non Sudden Cardiac 

------ -------- -- -- --- ----- ---- ------ ------ -- --------- --------- 
------- ------------- ------ ----------- ------- ---------- --- ----------- 
---- -------- ----- -- --------- --- ------------- ------ --------- ---- 
---------- ---------- ------------- ----- ---- ----------- ------ --- 
--------- --- ---- ------ ------------- --------- ----------- ---- 

---------- --------- ----------------- ----- ------- ---- --- ---- ------ --- 
--------- ---- ---------- ------------------ ------ --------- ----------- 

----------------- 

----- -------- ---------- -- ------ ------------- --------- -------- 
----------- --- ---------------- -- ------ --- ---- ------------- ------ 

------------- ----- ----- ----- --------- ----- ------------- ----- ------ 
------ --- -- ------------- ------------- ----- ----- ------ ----- ----------- 
-------- --- ----------- ----- --------- ------ ----- --- --------- 

----- -------- ---- ---- ---------- -- ------ --- ---------- ------------ 
---------------------- ------- ----- --- ---- ------------- ------ -------- 
------------- ------------ ------------------ ----- -------- ----- 
---------- ---- -------- --------------- -- ------ --- -- ----------- --- ---- 
------ -- ----- ------- --------- ---- --- ---- ----------- ------ 
--------------- ---------- ------ ---- ---------- --- ------------- --- 
-- ---- -------- ----------- ---- ----------- --------------- ------ 

----------- --- --------- --- ---------- ------------- -------- 
------------- --- ---- ------ -------- ------------- ---- ---------- 
--------------- ------ ------- ----------- --- --- --------- --- ------------ 
------------- ------------- ------ -------- ------------- 

----- ------ -------- ---------------- ------- -- ---- ---- ------------ 
------ --- ---------- ------- ----- --- ---------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

 enetiiiity 0 3 mV 

TDl 

VT lElD 16 

VT Rid  Burst 

Vl Rx f2 Burst 

VT Rx D CV118JlSEQ 

VT Rx i  CVI34JISEQ 

roi 370 ms 

VF IIID 24 

34JISEQ 

34JISEQ 

34JISEQ 

34JISEQ 

----- -------- ----- ----------- ------ ------------- ------------- --- 
------------- ------ --------- ----- ---------- ------ ---------- ----- 
----------- --- --- ------- --- ---------- ---- ---------- ------------------ 
------------------ --------- ---------- ----- -------- --------- 
------------ --- ----- ------ ------ -------- ----- ----- ---- 
------------- ------ -- --------------- --------- ---------- 

---- ---------- ----- ------------- ----------- ---- ------ --------- ----- 
------------ ----- ---------- --- ------------- ----- -- -------------- 
----------- 

The primary investigator classified this patient death as 
non sudden cardiac due to end stage heart failure and not 
related to the implanted PCD Transvene System  The CERC 
reviewed the circumstances of this patient death and 
agreed with the investigator s classification  

Or 

(b)(4), (b)(6)
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27  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
---------- 
-- -------- 
Non Sudden Cardiac 

------ -------- -- -- --- ----- ---- ------ ------ -- --------- --------- 
------- ------------- ------ --------------------- ----- ---------- 
---------- ---------- ----- ---- ------ -- --------- ----------------- --- 
------- --- --- ---- ------ --- --------- ---- -------- ----- --- --- 
------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- -------- 
----------- --- ---------------- -- ------ --- ------- ------------- ------ 

------------- ----- ----- ----- --------- ----- ------------- ----- ------ 
------ --- -- ------------- ------------- ----- --- ----------- ----- 
--------- ------ ----- --- --------- 

--- ---- ------ --- ---------- ------------ ---------------------- -------- 
---- ----- ---------- ----- --------------- ---------- ------ ---- ---------- 
--- ------------ --------- ---- ------------- ---- -------- --------------- 
--- --------------- ----------- --- ---- --- ----- ----- ------ -------- 

---------------- ------- -- ---- ---- ------------ ------ --- ---------- 
------- ----- --- ---------- 

Air 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

0 3 mV 

TQl 400 ms 

VT IIIO 

V78x 8 Ramp 

VT Rx g2 Burst 

VT Rx AQ CV 15JISEQ 

VT Rx 4l CV 34JISEQ 

FDI 320 ms 

VF  ID 18 

VF RxP 34J SEQ 

VF Rx 42 34JISEQ 

VF Rx D 34JISEQ 

34JISEQ 

----- -------- ----- ----------- ------ ------------- ------------- --  
------------- ------ -------- ----- ----------- --- --------- ----- 
---------- ------ ---------- ----- ----------- --- --- ------- --- ---------- 
---- ---------- ------------------ ------------------ --------- 
---------- ----- -------- --------- ------------ --- ----- ------ ------ 
-------- --- -------------- ------ -- ------------- ----------- ---- ------- 
----- ---- ------------- ------ -- --------------- --------- ---------- 

---- ---------- ----- ------------- ----------- ---- ------ --------- ----- 
------------ ----- ---------- --- ------------- ----- -- -------------- 
----------- 

The primary investigator classified this patient death as 
non sudden cardiac due to end stage heart failure with 
associated pulmonary embolus  The death was also 
classified as not related to the implanted PCD Transvene 
System  The CERC reviewed the circumstances of this 
patient death and agreed with the investigator s 
classification  

Al 

(b)(4), (b)(6)
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28  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
--------- 
--------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- -------- ------ -- --------- --- 
--------- --------- -------- ----- ---------- ------------------ --------- 
----------- ----------- ------- ---------- ----------- -------------- 
------------- ----------------- ----- ------- ----- ----- ----- -- --------- 
--- ------------------- --------- ----- ----------- ----- --------- 
---------------- ----- --- --- ---- ------ --- --------- ---- -------- ----- 
--- --------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
---------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- --- --------- ------ -- 
----------- --- ---- ------ ---------- ------ -- ----- ---------------- 
-------- ----- --------- --------- --- -------- ----- ----- --- ---- 
------------ --- ---- -------- -------- ---- --------- ---------- ---- 
------ ---------- --- --------- ---- ---- --------- ------------ ----- --- 
---------- ------ -- ------- ---------- --- ------ ---------- ---------- 
--------- - --- ----------- 

The programmed parameters at last known follow up are as 
follows  

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

0 6 mV 

TDL 

VT Rx P1 Ramp 

VT Rx42 18J CV 

VT Rx 43 18J CV 

34J CV 

280 

18 

34J  Seq 

34J  Seq 

34J  Seq 

34J Seq 

----- ---------- ----------------- -------- ------------------ ----- --- 
----- ------------- --- -- ------- 

---- ----------- ---- -------- ----- --- ---- ---- --- -------- ------------- 
----------- ------------- --- ----- ---- ----- ------ --- ---- ----- ------ ------------ 

----- -------- --- ---- ------ ----- ------ --- ---- --------- 
-------------- --- ------ -------- --- ---- ------------- ------------ 
----------- ----- ----- ------ ----------- -- --------------- --- 
--------------- --- ---- ---- ----- ------- ----------- --- ----- ----- ----- 

---------- -------------- ----- ---------- --- --------- -------------- 
------- ---------- ----- -------- ----- ------------ -------- ----- 
--------- ------------- ------ -------------- --- --- --------------- 

---- ----------- ---- -------- ----- --- ---- ------ --------- 

The investigator classified the patient death as non sudden 
cardiac and not related to the PCD system  The European 
CERC committee reviewed the circumstances of this 
patient s death and agreed with the investigator s 
classification  

4 

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

29  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
---------- 
----- ------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 
----------- ------------- -------------- ----- --------- --------- -------- 
----- ---------- ------------------ --------- ----------- ------------ 
-------- --------------------- ------------- ------ --------- ----- --- 
---------- ---------- --- ----- ----- -- --------- ---------------- --- ---- 
--- ---- ------ --- --------- ---- -------- ----- --- --------- ----- 
-------------- ----- -------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
-------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- ---- 
------------- ----- ----- ----- ------------------ ----- -------- ----- 
------ ---------- --- ---- ---- ---- --------- ------------ ----- ----- 
---------- ------ -- ------- ---------- --- --- ---------- ------------- --- 
----------- ------ ----- --------- ------------- -- ---- ----- ------ -- 
---- 

The programmed parameters at last known follow up are as 
follows  

p   

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

Seiiitiiiity 0 3 mV 

Vbf   400 ms 

VT hllD 

VT Ai 41 CV 22J Seq 

VT Rx 4R CV 34J Seq 

YT Ax 4 3 CV 34J Seq 

VT Rx 44 CV 34J Seq 

FDI 360 ms 

YF DllD 12 

22J Seq 

34J Seq 

34J Seq 

34J Seq 

----- ---------- ----------------- -------- ------------------ ----- --- 
----- ------------- --- ---- ------- ----- --------------- ---- --------- 
--------- ---- ----- -------- ----------- -- ----------- --- ---- ------ -- 
--------------- ------------- ------ -------- --- ----- --------------- 
---- --------- --------- ----------- -- ----------- --- ---- ------ -- 
--------------- ------------- ------ -------- --- -- --------------- 
------------- ------ -------- --- ----- -- --------------- -------- ------ 
-------- --- 

------ -------- ----- -- ------ ------------ ----- ---- ---- --------- ------ 
----- ------------- ----- -------- ----- ------------ ----- ---------- --- 
-------------- 

The investigator classified the patient death as non sudden 
cardiac  Non arrhythmic  and not related to the implanted 
PCD Transvene System  The North American CERC 
committee reviewed the circumstances of this patient s 
death and agreed with the investigator s classification  

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

30  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
---------- 
--------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- ----- ---------- 
------------------ -------------------- ----------- ------- ---------- ----- 
---------------------- --------- ----- ------------- ------ -------- ------ 
--- ---------- ---------- --- ---- ----- -- --------- ---------------- --- --- 
--- ---- ------ --- --------- ---- -------- ----- --- -------------- 
--------- ----- --------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
---------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- -------- 
------------- ----- ------ ----- ------------------ ----- -------- ----- 
------ ---------- --- --------- ---- ---- --------- ------------ ----- ----- 
---------- ------ -- ------- ---------- --- --- ----------- 

The programmed parameters at last known follow up are as 
follows  

pP 

(b)(6)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

0 3 mV 

TDl 440 ms 

VT NlD 16 

VT Rx 41 Ramp 

VT Rx At  CV 2J Seq 

VT Rx 4 3 CV 10J Seq 

CV 34J Seq 

voi 330 ms 

IB 

34J Seq 

I C 4  eq 

34J Seq 

34J Seq 

----- ---------- -------------- ----- -------------- ------ --- 

----- ------------- --- ---- ------- --------- ----------------- --- ----- 
---------- ------ --------- ------ ------- ----- --- ------ ------------- 
----- -- ---- ------ --- ---- ------- --- ----- --- -------------- ----- 
---------- 

----- --------------- ---- --------- --------- ---- ----- -------- 
----------- --- ----------- --- ---- ------ --- --------------- ------------- 
------ -------- --- -- --------------- ------------- ------ -------- --- -- 
--------------- ------------- ------ -------- --- ----- -- ------------- 
----- --- ----- ----- --------------- ---- --------- --------- ----------- 
--- ----------- --- ---- ------ -- --------------- ------------- ------ 
-------- ---- -- --------------- ------------- ------ -------- --- ----- -- 
------------- ----------- ------ 

---- ------------- --- ------ ----- ------ ------ ---- ---- ------ -------- 
----- -------- ------- ---- ---------- ---- ----- ----- --- ----- ------ 
--------------- --- ---- -------- --- --------- ----------- --------- --- 
-------- ------------ ---------- ----- --- -------- -------------- ------ 
------ ------------ ------ ----- --- --------- ------ ----- 
--------------- --------------- --- --------- --- ----- --- 
------------------ -------- --------------- --- ----- ----------- --- 

p 

(b)(4), (b)(6)



WEDTRONIC CONFIDENTIAL 

--------- -- ------ -------- ------------ --- ---- ---- ---------- 

-------------- --------- --- ----- ---- -------- --- ------ --------- ---- 

------ ---- -------- ------- ----- --------- ----- -------- ---------------- 

----- --------- --------- --- ---- -------- ----- ------------- ----- ------ 

----- ------- --- ---------------- ------- ----- --------- ---- --------- 
------ -- ------- -------- 

----------- -- ----------------- ------------- ------ ---------------- 
--------- --------------- ------------- --------- -------- ----------- --- 
---- ----- ---- ------------ ------- ------------------ -- -------- ---- 

-------- ----- --- ------- ----- ---------------------- --------------- 

The investigator classified the patient death as Sudden 
Cardiac  Witnessed  and not related to the implanted PCD 
Transvene System  The North American CERC committee 
reviewed the circumstances of this patient s death 
reclassified the death non sudden cardiac  The implanting 
investigator agreed with the reclassification  

A 

(b)(4), (b)(6)
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31  Patient -------- 

PCS Seri at  Nun  her  
Date of Implant  
Date of Death  
Death Classification  

----- -- ---- -- ----- 

----------- 
----------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

--------- --------- ------- ----- ----------- ----------- ----- ----- 

---------- ------------------ --------- ----------- ----------- ------- 
---------- ----- -- ----------- -------------- ------------- ---- ---- ----- 
---- ----- ---- --------- ---------------- ----- --- --- ---- ------ --- 
--------- ---- -------- ----- ---- --- ----- -------------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- ------------------------ -- ------ --- --- 
------------- ----- -- ----- ------------------ ----- -------- ----- ------ 
---------- --- --------- ---- ---- --------- ------------ ----- ----- 
---------- ------ -- ------- ---------- --- ------ ---------- ---------- 
--------- - --- ----------- 

The programmed parameters at last known follow up are as 
follows  

Value 

Sensitivity 0 3 mV 

TDI 

VT MID 

VT Rx  1 OFF 

OFF 

OFF 

OFF 

FDI 320 

18 

34J Siml 

VF Rx  2 34J Siml 

VF Rx 03 34J Siml 

34J Siml   

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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----- ---------- ----------------- -------- --------------- --- --- 

------- -------------- ------------ --- ------- ----- ---------- 

------------ --- ----- ------------ ------------- --- ------ ------ --- 

---- -------------- ------------ -- ----- ------- ----- ---- ------- ----- 

------------ --- -- ------ ------------ ----------- --------- --- ---- ----- 

----------- ------- ---- ----- ---------- ----- --------------- ------------ 

------ --- -------- --------- ---------- ---- -- ----- -- -------- --------- 

--- ---------------- ----- ------ ----- ------------ ------------ ------- 

----- ------------ --- -- ----- 

---- ---------- ---- -------- ----- ------ ------ --------- --------- ---- 

------ ---- ---- ------ ------ ------------- 

Based on the information received  the investigator 
classified the patient s death as non sudden cardiac and not 

related to the PCD system  The European CERC committee 
reviewed the circumstances of this patient s death and 

agreed with the investigator s classification  

et 

(b)(4), (b)(6)



pO 
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D  Non Cardiac 

l  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
--- --------- 
--------- 
Non cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 
--------- --------- ------- ----- ----------- ------------- -------------- 
---------------- ----------- ---- -- ---- -------- ------------ --- ------ 
---------- ----- ---------- ------------------ --------- ----------- 
----------- ------- ---------- ----------- -------------- ------------- 

----------- --------- --- ---------- ------ --------- --- ---- ------- ------ 
---- ----- -------------------- ------ --- ---------- ---------- --- ---- 
----- --------- ---------------- ------- --- --- ---- ------ --- --------- ---- 

-------- ----- --- ----------- ----- ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- ----- --------- ------ ----- -- --------- -- ------ --- 
----- ------------- ----- ----- ----- ---------------- ----- -------- ----- 
------ ---------- --- --------- ---- ---- ------------ ------------ ----- --- 
---------- ------ ---- ------- ---------- --- ------ --------- ------- --- 
---------- ------------- --- ----------- 

----- ---------- ----- ----------- -------- ----- ------------- -------- 
----- ------------- --- ------ ------- ------ -------- ---- ---- 
------------- ----- --------------- ----------- --- ---- --- ----- 

4 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IgEDTRONIC CONFlDENTlAL 

The programmed parameters at last known follow up are as 

follows  

Seisitiiity  0 3 mV 

TDt off 

VT NID 

VT Rx   f off 

VT Rx 42 off 

VT Rx  f 3 off 

VT Rx 4 4 off 

FDI 320 

vi  bio 18 

VF Rx  1 34 J  Seq 

34 J  Seq 

34 J  Seq 

VF Rx  4 34 J  Seq 

----- -------- ----- ----- ------ ------ ----------- ---- --------- ---- 

------------------ -------------- -- ------ --- ------- ----------- 
------------ ---------- ------------ -------------- ----- ---------------- 
----- -------- ----- --- -- ------ ------ -------- ------- ---- ------- ---- 

------ ----- ----------- ---- ------------ ----- ------ ------------ ------ 
----- --------------- ----------- ----------------- ---------- ---- 
------------- ----- -------- -------------- ------------------ --- --- 
------ -------------- ------ ---- ------------ ----------- ----- -------- 

----- --- ------- 

The investigator classified the patient death as non cardiac 
and not related to the implanted PCD Transvene System  
The U S  CERC committee reviewed the circumstances of 
this patient s death and agreed with the investigator s 
classification  

ag a 

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

2  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
-------- 
---------- 
Non cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- ---------- 

------------- ------ --------- ----------- --------- ----- ----- -- ------- 

------- ---------------- ---- ----- --- ---------- ---------- --- ---- ----- 

--------- ---------------- --- --- --- ---- ------ --- --------- ---- -------- 
----- --- ----------- ----- --------------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

----------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- ----------- ----------- -- ------ --- ---- 

------------- ----- ------ ----- ------------------ ----- -------- ----- 

------ ---------- --- --------- ---- ---- --------- ------------ ----- ----- 

---------- ------ -- ------- ---------- --- --- ----------- 

----- ---------- ----------------- -------- ----- --------------- ------ 

-- ---- ----- ---------------- ---- ------ ----- ---------- ----- ----- 

----- --------------- --------------- ----- ----- -------------- --- ---- 

----- ------------- -- ----- ---- ----- ------------- --- ----- ------- 

------- ------ --- --------------- ----------- --- --------- ----- 
---------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

The programmed parameters at last known follow up are as 

follows  

0 3 mV 

TDl 350 ms 

16 

Ramp 

CV 34J SQI 

CV 34J Sgl 

CV 34J Sgl 

300 ms 

12 

34J Sgl 

34J Sgl 

VF Ax  3 34J Sgl 

34J Sgl 

----- -------- ----- ----- ------ ------ ----------- ---- --------- ----- 

-------- --------- ----- --- -- -------- ---- ---------- ----- ---- ------ 
---- ----- ---- --------- ------------ ----- --- -------- --------- 

The investigator classified the patient death as non cardiac 
and not related to the implanted PCD Transvene System  
The U S  CERC committee reviewed the circumstances of 
this patient s death and agreed with the investigator s 
classification  

(b)(4), (b)(6)



MEDTRQNIC CONFIDENTIAL 

3  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
--------- 
------ ------ 
Noncardiac 

------ -------- ----- -- --- ---------- ------ ------ -- --------- --- 

----------- ------------- -------------- ------------- ------ ----------- 

------- ---------- ---- ---------- ---------- ----- ---- ------ -- --------- 

----------------- --- ------- -- --- ---- ------ --- --------- ---- 

---------- ------------------ ------ --------- ----------- ---------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

----------------- -- ------ --- ------ ------------- ------ -------------- 
----- ----- ---------------- ----- ------- ----- ---- ------ ------ --- ---- 

----- --- ----------- ----- -------- -------- --- ---------------- ----- 

----- 

----- ---------- ------------ ----- ----------------- -------- ---- ---- 

------------------- --- ---- --------------- ---------- ----- -------- 
------------- ----- --------- --- ---- -------- ----- --------------- 
---------- --- ---- ---------- --- ------------- ----- ------ -------- 

---------------- ------- -- ---- ---- ------------ ----- ----- --- 
---------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

0 6 mV 

TDl 

vi aia 
OFF 

OFF 

OFF 

OFF 

340 ms 

18 

34JISEG 

34JISHl 

34JISE4 

34JISEQ 

-- -------- --- -------- ----- --------- ----- ---- ----- ----- ---- 

---------- ---------- ------------ ---- --------- ----- ----------- 
------------- --------------- ---- ----------- ----- ----------- ------ 
---- ---------- ------ ----- ----- --- ---- ----- ----- ---- ------ 
----------- -------------------- --- ----- -------- ----- -- ------ ---- 
------ -- ------- -------- --- ----- ---- ----- ---------- ---------- ------- 
---- --------------- 

----- -------- ----- ----------- --- --------- ------------ ------ 
------------- --- ------ -------- ----- ------------ ---------- --- ---- 
------ --- ---- -------- ---- ------ --------- ----- ---------------- ----- 
----------- ---- ---------- ------- ----- ---- ------------- ------ ----- 
----------- --- ------------- --------------------- - ---- ---- -------- - 
---------- --- ---------- ----- ------------- ----- ---- ------ -------- 
----- ---- ------------- 

The cause of death was reported as noncardiac secondary 
to renal failure by the investigator and not related to the 
implanted PCD Transvene System  The CERC committee 
reviewed the circumstances of this patient death and 
agreed with the investigator s classification  

e 

(b)(4), (b)(6)



MEDTRONIG CONFIDENTIAL 

4  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
------ ------ 
--------- 
Noncardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- ---------- -- 

----------- -------------- ------------- --------------- ----- --- 

------------ ---- ----- ----- -- --------- --- ------ -------- ------ 
----------- --- -------- ---- ---------- ---------- ----- ---- ----- ---- 

--------- ---------------- ----- --- --- ---- ------ --- --------- ---- 

-------- ----- --- -------------- ------ ---- --------- ------------- 

------ ---- ------ ----- -------------- ------ ----- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
---------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- --- 

------------- ----- -- ----- ------------------ ----- -------- ----- ------ 
---------- --- ---- ---- ---- --------- ------------ ----- ----- ---------- 
------ -- ------- ---------- --- --- ---------- ---------- --------- - --- 
----------- 

The programmed parameters at last known follow up are as 
follows  

4  

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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0 3 mV 

600 

VT NlD 16 

Burst 

Burst 

Burst 

Burst 

490 

18 

34J  SQ 

34J  SQ 

34J  SQ 

34J  SQ 

----- ---------- ----------------- -------- ----- ------------------ ----- 
--- ----- ------------- --- ------- ------- ------ -------- ---- ---- 

------------- ----- --------------- ----------- --- ---- --- ----- 

----- ----- ------------ ------ ---------------- --- ----- ------------ 
--------- ---------- ----- ----------- ----- ---------- ---- 

--------------------- ---- ----- -------------- ----------------- ---- 
----- ------------ ---- ----- ------- ------------- ----- ------- --- 
----------- ------------- -- ------- --- ---- ------------- ------- --- 
----- -------- ----- ------------- --------------- ----- ---------- 
------------- -------- ----- ------------ ----- ---- -------- ----- 
-------- ------ ---------- -------------- ---------------- ---- -------- 
------------- ---------- ----- --- ------------- --------------- ----- 

-------- ----- ------ --- -------------- ----- ------------ ------- ---- 
---------- --- -------------- ------------ ---- ------------ --- ------ 
-------------- ------------ ------- ---- --------- --- ------------ ----- 
------------ ----- --- ---------- --- -------- -------- ---- -------- ----- 
---------- ------------- --- ------- ----- ------ ----- ---------------- --- 
------ ---- ------ ---- ------- ---------- ----- ----- ----- ------- ------ 
------ ------------- --------- ----- ------ ----- ------------- ---------- 
------- --- -------------- ----------- ----- ------------ ---- ---------- 
--------- ------------ ---- ---- ---------- --- ------ --- ------------- 
--------- ------ ---------- -------------- ----- -------- ---------- 

zQ 

(b)(4), (b)(6)
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---------- -------------- ----- ---- -------- ------------ -- ------ ---- 

--- --- ----------- -------- ------------- ------ -- ------ ------------- 

------ ---- -------- ----- ---- --------- ---- --------------- ----- 

--------------- ------- ----- ----- ---- -------- ---------- ------ 

------------ ----------- -------------- ----- -------- --------- ---------- 

--------------------- -------- -------------------- --- ---- ------ ----- 

----------- ------- --------- ------ ----------- ----- ----- ------ ----- 

---- ------------- 

The investigator classified the patient death as noncardiac 

and not related to the implanted PCD Transvene System  

The U S  CERC committee reviewed the circumstances of 

this patient s death and agreed with the investigator s 

classification  

A 

(b)(4), (b)(6)
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5  Patient -------- 

PCD Serial Number  
Date of implant  
Date of Death  
Death Classification  

------ -- ------ ---- 
-- ---- ------ 
----------- 
Non cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

--------- --------- -------- ----- ---------- ------------------ --------- 

----------- ----------- ------- ---------- -------------- ------------- 

----------- --------- ----- -------------------- ------ --- ---------- 

---------- --- ---- ----- --------- ---------------- --- ---- --- ---- ------ 

--- --------- ---- -------- ----- --- ----------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

-------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- ------ 

------------- ----- ----- ----- ---------------- ----- -------- ----- 

------ ---------- --- ---- ---- ---- --------- ------------ ----- --- 

---------- ------ -- ------- ---------- --- --- ----------- 

----- ---------- ----------------- -------- ------------------ ----- --- 

----- ------------- --- ----- ------- ----- --------------- ---- --------- 
--------- ---- ----- -------- ----------- ----- --------- --- ----- 

--------------- ------------- ------ -------- ----- ------- ------ --- 

--------------- ----------- --- ---- ----- ---------- 

kl 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

The programmed parameters at last known follow up are as 

follows  

0 3 mV 

TDl 380 ms 

24 

Ramp 

Burst 

CV 34J Seq 

CV 34J Seq 

320 

18 

34J Seq 

VF Rx42 34J Seq 

VF RK 3 34J Seq 

VF Rx At4 34J Seq 

----- -------- ----- ------ ------------------- ----------- ----- ------ 

------ ----------- ---- --------- ---- ---------- ----- ---- ------ ---- 

----- ---- --------- ------------- 

The investigator classified the patient death as non cardiac 

and not related to the implanted PCD Transvene System  

The U S  CERC committee reviewed the circumstances of 

this patient s death and agreed with the investigator s 

classification  

4 

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

6  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
-- --------- 
-------- 
Non cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ------------- ------ --------- 

----- -------------------- --------- ---------------- --- ---- ---- ---------- 

---------- ----- ---- ----------- --- ---- ------ --- --------- ---- 

-------- ----- --- ------------ 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

----------------- ----- ------ ------ --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- ------ 

------------- ----- ------ ----- ------------------ ----- -------- ----- 

------ ---------- --- ---- ---- ---- --------- ------------ ----- --- 

---------- ------ -- ------- ---------- --- --- ----------- 

----- ---------- ----------------- -------- ----- ------------------ ----- 
--- ----- ------------- --- ----- ------- ----- --------------- ---- 

--------- --------- ---- ----- -------- ----------- ----- ----------- --- ---- 

------ ----- --------------- ------------- ------ -------- ----- -- 
-------------------- ----------------- ----- --- -- - ---- -- --- - -------------------- 

------------- ------ -------- ----- ----- -- ------------- ---------- ----- 
--------- ----- ---------- --- --- ------------- --------- ----------- 
------- ---- -------- ----- --- ---------- ----- ---- ------ ----- ------- 
------------------ - ----- --------------- ---- --------- --------- 
----------- -- ----------- --- ---- --- ------------- ------ -------- --- 

--- ---- ---- ------------ ----- -------- ------ --- ---- ------- 
------------- ----- -------- ----- -------- ------------ --------- ------ 
------------- --------- ----- -------- ----- ------------ ----- ---------- 
--- -------------- 

a j 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IVIEDTRONIC CONFlDENTlAL 

The programmed parameters at last known follow up are as 

follows  

0 3 mV 

TDl 520 ms 

VT NID 16 

VT Rx C1  Burst 

Burst 

CV 15J Seq 

CV 34J Seq 

320 

18 

34J Seq 

34J Seq 

34J Seq 

34J Seq 

The investigator classified the patient death as non cardiac 

and not related to the implanted PCD Transvene System  

The U S  CERC committee reviewed the circumstances of 

this patient s death and agreed with the investigator s 

classification  

gp 



MEDTRONIC CONFIDENTlAL 

7  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
----- ------ 
---- ------ 
Non Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- ---------- 

----------- ---- ----- --------- --- ---------- ----- ------------- ------ 

-------- ------ --- ---------- ---------- --- ---- ----- -- --------- 

---------------- --- --- --- ---- ------ --- --------- ---- -------- ----- 

--- --------- ----- --------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

---------------- ----- ------ ------ --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- -------- 

------------- ----- ----- ----- ------------------ ----- -------- ----- 

------ ---------- --- ---- ---- ---- --------- ------------ ----- ----- 

---------- ------ -- ------- ---------- --- --- ---------- ------------- --- 

----------- ------ ----- --------- --------------- ------------- ---- -- 

----- ----- ----- ----- ------------- -------------- ------ ---- 

------------- ---------- -------------- ---- -------- -------- ---- 

--------- -------- --------- 

----- ---------- ----------------- -------- ----- ------------------ ----- 
--- ----- ------------- --- ----- ------- ----- --------------- ---- 

--------- --------- ---- ----- -------- ----------- --- ----------- --- ---- 
------ --- --------------- ------------- ------ -------- --- ----- -- 
--------------- ------------- ------ -------- ---- ---- ----- --- 

--------------- ----------- --- ---- ----- ---------- 

------ ------ -------- --- ------ --- ----- ----------- --- ---- ---------- 
------ ------------- --- -- ------- ----------- ----- ------------- ---- 
----- ------------ ------ ------- ----- ------- --- --- --- ---------------- 
--------- ----- -------- ----- -------- ------------ ---- ---------------- 
----------- ----- ---- -------- ----- --------------- ----- -------- 
------------ ---------- ----- -------- ----- ------------ ----- ---------- 
--- -------------- 

4l 

(b)(6), (b)(4)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

The programmed parameters at last known follow up are as 

follows  

0 6 mV 

460 ms 

16 

Ramp 

CV 1J Seq 

VT Rx43 CV 5J Seel 

CV 34J Seq 

280 ms 

18 

34J Seq 

34J Seq 

34J Seq 

34J Seq 

The investigator classified the patient death as non cardiac 

and not related to the implanted PCD Transvene System  
The U S  CERC committee reviewed the circumstances of 
this patient s death and agreed with the investigator s 
classification  



MEDTRONIC CONFIDENTIAL 

8  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
---------- 
---------- 
Non cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

--------- --------- -------- ----- ---------- ----------- 
------------------ --------- ----------- ----------- ------- ---------- ----- 

----------- -------------- ------------- -------- ------- ----- ------ 

--------- ----- ---------- ---------- ---------- ----- ---- ----- 

--------- ---------------- ------- --- --- --------- ---- -------- ----- --- 

------------- 

------ -------- ---------- -- ------ ------------- --------- ------------ 
--- -- -------------- ----- --------- ------ ----- --- -------- ------ -- 

---------------- ---------------- ---------- --- -------------------- -- 
------ --- ----- ------------- ----- ----- ----- ------------------ ----- 

-------- ----- ------ ---------- --- ---- ---- ---- --------- ------------ 
----- --- ---------- ------ -- ------- ---------- --- ------ --------- 
------- --- ---------- ------------- --- ----------- 

The programmed parameters at last known follow up are as 
follows  

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IVIEDTRONIC CONFIDENTIAL 

0 3 mV 

350 ms 

8 

Burst 

CV 34J  Seq 

CV 34J  Seq 

CV 34J  Seq 

270 ms 

12 

34J  Seq 

34J  Seq 

34J  Seq 

34J  Seq 

----- ---------- ----------------- -------- ----- ------------------ ----- 

--- ----- ------------- --- ------ ------- ------ -------- ---- ---- 

------------- ----- --------------- ----------- --- ----- ----- 

--------------- ---- --------- --------- ----------- ----- --------- --- ---- 

--------------- ------------- ------ -------- -- -- 

----- -------- ----- ----- ------ ------ ----------- ---- --------- ---- 

----- ---------- ------ ----------- --- ---- ---------- ------ -- ----------- 
------ ----- ----- ----- ------ ------------ ------ ------ --------- ---- 
------------------ -------------- ----- ---- ---------- ------ ---------- 
---- ---------- ----- ------------- ----- ---- -------- ----- ---------- ---- 
----------- 

The investigator classified the patient death as non cardiac 
and not related to the implanted PCD Transvene System  
The U S  CERC committee reviewed the circumstances of 
this patient s death and agreed with the investigator s 
classification  

afar 

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

9  Patient -------- 

PCD Serial Number  ------------------ 
Date of Implant  ----------- 
Date of Death  ------ ----- 
Death Classification  Noncardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- --- ---- ---- --------- ------ --- 

---- --------- --- ---- ------ ------------- --------- ---- -------- ----- 

--------------- --------- ----- ---- --------- --------- ----- ---------- 
------------------ --------- ----------- -------------------- ------ --- 

---------- ---------- --- ---- ----- --------- ----------------- ------- ---- 

----- -------- ----- ------------- --- ------- ------- --------------- 

------------------ ----- -------- ------ --- ---- --------- --- ---- ------ 

------------- ---------- --- ---- ------ --- --------- ---- -------- ----- 

--- --- ------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

----------------- ----- --------- ------ ----- --- -------- ------ -- 

---------------- ---------------- ---------- --- -------------------- -- 

------ --- ----- ------------- ----- ----- ----- ---------------- ----- 

-------- ----- ------ ---------- --- ---- ---- ---- --------- ------------ 
----- --- ---------- ------ ---- ------- ---------- --- ------ --------- 
------- ------ ----------- 

----- ---------- ----------------- -------- ----- --------------- --- 
----------- ------------- -------------------- ----------- ----- -------- 
--------------- -- ------ --- ------- ---- ----------- ---- -------- ------ 
------------- --- ---- ---------- --- ------------ ----- ----- -------- 
---------- ---- ---------- --- ------------- --- ------- --- --------- ---- 
----------- ---------- ---- ---------- ------------------ ------ --------- 
----- ----------- --- --------- --------------- ----- ------------- 

--- ---- ------ --- ------------ ------ ---- ----- ---------- ----- 
--------------- ------------- ------ ---- ---------- --- ------------- 
----- -------------- --------- --- ----------- ---- -------- --- 
--------------- ---------- ----- ------ --------- ---------------- ------- 
----- --- ---------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IVIEDTRONIC CONFIDENTIAL 

Sensitivity 0 3 mV 

TDI 450 ms 

VT NID 20 

VT Rx  1 CV134J SEQ 

VT Rx  2 CV134J SEQ 

VT Rx 4 3 CV134JISEQ 

VT Rx  4 CV134JISEQ 

FDI 380 ms 

VF MID 18 

VF Rx  1 34J SEQ 

VF Rx t2 34JISEQ 

VF Rx  3 34J SEQ 

VF Rx 4 4 34JISEQ 

----- -------- ----- ---- ------------- ------ ---- ---------- ------ ---- 

------ --- ------------ ----- ---- ----- --------- ------------- --- -- 

--------- ------- ---- ---- ------------ ------------ ----- -------- 
------------- ------------- --- ----------- ----- ------------- --------- 

----- ------------------ ------------------- -------- ----- -------------- 
----------- ----- -------- -------------- ----- --- ----------- --- ---- 

------------ -------- ----- -------- ------- ----- ---- ------------- 
------ ----- --------------- --------- ----------- ---- ---------- ----- 

------------- ---- ----- ---- ------ ------------- --------- ------------ 

------ --- ---- ---------- -------- 

The investigator classified the patient death as 

perioperative  noncardiac and not related to the implanted 
PCD Transvene System  The CERC committee reviewed the 
circumstances of this patient death and agreed with the 
investigator s classification  

14 

(b)(4), (b)(6)



WEDTRONIC CONFIDENTIAL 

10  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
--------- 
-- ----- ------ 
Non Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

--------- --------- -------- ----- ---------- ------------------ --------- 

----------- ----------- ------- ---------- ----- ----------- -------------- 

------------- --- ---------- ---------- --- ---- ----- -- --------- 

---------------- --- --- ---- ----- ----- -------- ------------ ------ ----- 

------- --------- --- ---- ------ --- --------- ---- -------- ----- ---- --- 

----- -------------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

-------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- ------------------- --------- ---- ---- ------ 

--------- --------- ---- ----- -- ------------- --------------- -- ------ 

-- ------ --- -------- ------------- ----- ----- ----- ------------------ 

----- -------- ----- ------ ---------- --- ---- ---- ---- --------- 

------------ ----- ----- ---------- ------ -- ------- ---------- --- --- 

---------- ---------- --------- - --- ----------- 

zQ 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

The programmed parameters at last known follow up are as 

follows  

SiieittiiW h Q  Q 

TDl 360 ms 

VT AID 

vr rix xi CV  34J 

VT Rx P2 CV  34J 

VT Rx 4 3 CV  34J 

VT Rx 44 CV  34J 

FDI 300 ms 

VF  NID   18 

VF Rx 41 34J 

VF Rx  2 34J 

VF Rx 43 34J 

34J 

----- ---------- ----------------- -------- ----- ------------------ ----- 

--- ----- ------------- --- ------ ------- ---- ----- --- --------------- 

----------- --- ---- --- ---- ----- ---------- 

---- ------------ ---- -------- ----- ----------- ------ ----------- --- 

-------- ----- ------------- ------ -------- ----- ----- ---- ------- ------ 

-------- --- ---- ---------- --- ------------ ------ -- ---------- ---------- 

----------------- --------------- ----- ----------- -- --------- 

---------- ----- --- ----- ----- -- ------- ------------------- ---------- 

------ ------- ----------- ---- ----- -- -------------- ----------- 

--------- -------- ------ ---- ------- --- ---- ------ -- -------------- 

------- 

---- ---------- ----- ------------- ----- ---- -------- ----- ---- 

- ---- --- ---- ---------- 

The investigator classified the patient death as non cardiac 

and not related to the implanted PCD Transvene System  

The U S  CERC committee reviewed the circumstances of 

this patient s death and agreed with the investigator s 

classification  

14 

(b)(4), (b)(6)



MEDTRONIG CONF1DENTIAL 

11  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------- ----- 
-- ---------- 
---------- 
Noncardiac 

------ -------- ----- -- --- ---------- ----- ------ -- --------- --- 

--------- ------- ------------ --- ----------- ------- --------- ----- -- 

--------- --- -------------- ------------- ---------- ----- ---------- 
---------- ---------- ----- ---- ------ -- --------- ----------------- --- 

------- --- ----- ---------- ----- --- --- ------------------ ------ 

--------- -- ---- ------ --- ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

---------------- ----- --------- ------ ----- --- -------- ------ -- 

---------------- ---------------- ---------- --- -------------------- 

-------- ------------- ---------------- ---- -------- ----- ------------ 

--- -------- ------------- ------ --------- --------- ----------- ----- 

-------------- ----- -------- ----- -------- ------- -------- ----- ----- 

------------ ------------- ------ ---- ---------- --- ------ ------------- 

--- --- ------------------ ------ ---------- 

---- ------------- ---- ---- -------- ----- ------ ---- ---- -- -------- 

------------ -- -------- ------ --- ----- ------------ --- -------- 

-------------- --- ---- ------- ---- ------ ----- -------- ----- ------- 

-------- ------ ------------- ----- ----------- 

----- -------- ---------- --- ---- -------------- --- ---------- ---- ----- 
----- ------------ --- ------- -------- --------- ---------- --- ----------- 
-------- ----- ---------- ----- ---------- --------- ----------- 
------------ -- ------ ------- ----- --------- -------------- ----------- --- 

----- --- ------------- ------ --------- --- ----- ----------------- ---- 
----- ------------ --- ------------ --- ---- ----------- ------- ------ 
------------ --- ---- --------------- ------- ----- -------- ----- ----- 
---------- ------ ---- ----------- 

----- -------- ----- ----------- --- ---- ------ ---------- --- ---------- 
---- ------- ----- ------------ --- -------- --------- ---------- ------ 
-------- ---- ----- ------ ------- -------- ------ -------- ------------- 
--- ---- ------ --------- ----------- --- ------ ---- --------- ----------- 

-------- ------------- ------ ------------- ------ -- ------------- ----- 
------- ----- ---- ---- ----------- ------ ---- -- -------- ---- ------ 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IVIEDTRONIC CONFIDENTIAL 

device delivered 5 cardioversion therapies of 5 Joules each  

The PCD device programmed status was as follows  

80lDIb  0 6 mV 

iai 400 ms 

VT MlD 16 

CV 5JISEG 

CVl34JISEQ 

CVI34JISEQ 

CVI34JISEG 

300 ms 

1  

34JISEQ 

34JISEG 

VF Rx  3 34JISEQ 

VFRxW 34JISEQ 

----- ---------- --- ----------------- --------- ----- --- ------------- 

--------- --------- ------------- ----- ---------- ------ ------- --- ------ 

---- ------------- ----- -------- ---- ---- ----------- ------- ------ 

--------- ---- ------------- ---- -------- --------------- --- 

--------------- ----------- --- ---------- ----- -------- ----------- --- 

---- ---------- ------ ---- ------- --- ----------- ---- ------- 

----- ------ -------- ----- ------------ ----- ---------- --- ------------- 

---- ---------- ----- ------- --- --- -------------- -------- 

------------------ 

The cause of death was reported as non cardiac  
specifically respiratory arrest  by the investigator and not 
related to the implanted PCD Transvene System  The 
CERC reviewed the circumstances of this patient death and 
agreed with the investigator s classification  

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

12  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 

----------- 

------ ----- 
Non Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

--------- --------- -------- ----- ---------- ------------------ --------- 

----------- ----------- ------- ---------- ----------- -------------- 

------------- ------------- --------- --- ---------- ----- --------------- 
---- ---------- ---------- ----- ------ ----- ---- --------- ---------------- 

----- --- --- ---- ------ --- --------- ---- -------- ----- ---- --- ----- 

-------------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

---------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- -- 

------------- ----- -- ----- ------------------ ----- -------- ----- ------ 

---------- --- --------- ---- ---- --------- ------------ ----- --- 

---------- ------ -- ------- ---------- --- ------ ---------- ---------- 
--------- - --- ----------- 

4 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IHEDTRONIC CONFIDENTIAL 

The programmed parameters at last known follow up are as 

follows  

8iiisitiv itj  0 3 mV 

   fDl      

VT 5llD 

VY     4 A 1 OFF 

VT Rw  2 34J CV 

vt h   i 34J CV 

VT  Rx 4 4 34J CV 

FDI 300 

VF  NID 18 

VF  Rx P1 34J  Seq 

VF Rx  Z 34J  Seq 

VF Rx  3 34J  Seq 

VF Rx 44 34J Seq 

----- ---------- ----------------- -------- ------------------ ----- --- 
----- ------------- --- -- ------- 

---- ---------- ---- -------- ----- ---- --- ---- ----------- ----- ------- 

--- ------- ----- ------------ --- ------ --------- ------ --------- ------ 
--- ---- ---------- -------- ---- -------- ----- ------------- ---- --- 
-------- ------------ ----- ------ ----- --- ------------ ----- --- ----- 
--- --- -------- --------- ---- ------ ---- ---- ------ ------ ------------- 

Based on the information received the investigator 

classified the patient death as non cardiac and not related 

to the implanted PCD Transvene System  The European 
CERC committee reviewed the circumstances of this 

patient s death and agreed with the investigator s 
classification  

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

13  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
----------- 
---- ------ 
Non Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- --------------- ------------- 

------ --------- ----- -------------------- ------ --- ---------- ---------- 

--- ---- ----- -- --------- ---------------- --- --- --- ---- ------ --- 

--------- ---- -------- ----- --- ---------- -------------- ----- 

------------ ------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

----------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- ------- 

------------- ----- ------ ----- ------------------ ----- -------- ----- 

------ ---------- --- --------- ---- ---- --------- ------------ ----- ----- 

---------- ------ -- ------- ---------- --- --- ----------- --- --------- 

-- ----- ------------ ---------- --- -------- ----- -------- ----- 

----------- ----- 

z  

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

The programmed parameters at last known follow up are as 

follows  

Value 

0 3 mV 

TDt 360 ms 

VT NID 

VT Rx 41 CV 18J Seq 

VT  Ri  2   CV 18J Seq 

VT Rx 43 CV 18J Seq 

YT Ax 44 CV 18J Seq 

FDi 320 ms 

VF NID 18 

VF Ax 4 1 34J Seq 

VF Rx 42 34J Seq 

VF Rx43 34J Seq 

34J Seq 

----- ---------- ----------------- -------- ------------------ ----- --- 

----- ------------- --- ------ ------- ---- ----- --- --------------- 

----------- --- ---- --- ---- ----- ---------- 

---- ----------- ---- -------- --------- ----- --- ------------- -------- 

--------------- -------------- ----------- ---- ----- ---- --- ---- 

---------- ---- ---------- ----- ------------- ---- ----- ---- -------- 

------------- 

The investigator classified the patient death as non cardiac 

and not related to the implanted PCD Transvene System  

The U S  CERC committee reviewed the circumstances of 

this patient s death and agreed with the investigator s 

classification  

(b)(4), (b)(6)



MEDTROhllC CONFIDENTlAL 

14  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
--------- 
-- ---- ------ 
Non cardiac 

------ -------- ----- -- --- ----- ---- -------- ------ -- --------- -- 

--------- --------- -------- ----- ---------- ------------------ --------- 

---- ---- --------- ----- ------------- ------------------ ---------- ------ 

-------- ----- ----- ----------- ------ -------- ----- ---- ----- ---- 

----- ---- --------- ---------------- ----- -- --- ---- ------ --- --------- 

---- -------- ----- ---- --- ----- -------------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

----------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- ------------------------ -- ------ --- -- 

------------- ----- -- ----- ------------------ ----- -------- ----- ------ 

---------- --- --------- ---- ---- --------- ------------ ----- --- 

---------- ------ -- ------- ---------- --- ------ ---------- ---------- 

--------- - --- ----------- 

The programmed parameters at last known follow up are as 

follows  

Vslue 

SensMvity 0 3 MV 

TDI 400 

VT NID 16 

VT Rx 4 1 34J CV 

VT Rx 42 34J CV 

VT Rx  3 34J CV 

34J CV 

320 

18 

34J SIML 

VF RxP2 34J  SIML 

VF Rx 43 34J  SIML 

VF Rx44 34J  SIML 

   

(b)(6)

(b)(6), (b)(4)

(b)(6)



IVIEDTRONIG COIVFIDENTlAL 

----- ---------- ----------------- -------- ------------------ ----- ---- 

----- -------------- --- -- ------- 

---- ----------- ---- -------- ---------- --------- ------- --- ------ 

------ ------------ ----- ------ ------- ------ --- -------- ----------- 

-- ---- ------ --- ---- -------- ----- ------ ----- ---- ------ ------ 

------------- ----- -------------- ---------- ---- ------- --- ------- --- 

-- ---------- ------- -------- --- ------------- 

The investigator classified the patient death as non cardiac 

and not related to the PCD system  The European CERC 

committee reviewed the circumstances of this patient s 
death and agreed with the investigator s classification  

(b)(6)



IVIEDTRONIC CONFLDENTLAL 

15  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
-- -- -------- 
---------- 
Non cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ----------- ----- ----- ---------- ------------------ 

--------- ----------- ----------- ------- ---------- ----------- 
-------------- ------------- ----- --------- --- ---------- --- ---- ------ 

--- --------- ---- -------- ----- ---- --- ----- -------------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

----------------- ----- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- ------------------------ -- ------ --- -- 

------------- ----- -- ----- ------------------ ----- -------- ----- ------ 

---------- --- --------- ---- ---- --------- ------------ ----- ----- 

---------- ------ -- ------- ---------- --- ------ ---------- ---------- 
--------- - --- ----------- 

The programmed parameters at last known follow up are as 

follows  

Vslue 

Sensitivity 0 3 mV 

TOI 380 

VT NID 16 

VT Rx   1 Burst 

VT Rx 4 2 34J CV 

VT Rx   3 34J CV 

VT Rx 4 4 34J CV 

FDI 300 

VF NlD 18 

VF Ax t1 34J Siml 

VF Rx 42 34J Siml 

VF Rx 4 3 34J Siml 

VF Rx 0 4 34J Siml 

4l 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

----- ---------- ----------------- -------- ------------------ ----- --- 

----- ------------- --- -- ------- 

----------------- --- ---------- ----- -------- ------------- ---------- 

---- ----- ------ ------- ----------------- ------- ------ ---- 

--------------- --- ---- ------- --------- ---- -------- ---- ---- ------ 

----- ------------- 

The investigator classified the patient death as non cardiac  

The European CERC has reviewed this death  

(b)(4), (b)(6)





IVIEDTRONIC CONFIDENTIAL 

E  Deaths  Non standard Lead Configurations and Epicardial Implants 

Non Standard  

1  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
--------- 
----- ------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

--------- --------- -------- --- ---- ---- --------- ------ --- --------- --- 

---- ------ ------------- ---------- ---- -------- ----- --------------- 

----- --------- --------- ----- ---------- ------------------ --------- 

----------- ----------- ------- ---------- -------------------- ----- 

------------- ------ --------- ----- ---------- ---------- ---------- 

----- ---- ------ -- --------- ----------------- --- ------- ---- 

----- -------- ---------- -- ------ ------------- --------- -------- 

----------- --- -- ---- ------------ ------------ ------------ 

------------------- -------- ----- -------- ----- ---------- ----------- 

------ -- ------------- --------- ----------- ---- ----------------- 

--------- --------- ------- ---- --- ----- ------ ----- ----- 

----------------- -- ------ --- --- ------------- ------ ------------- ----- 

------ ----- --- ----------- -------- -- ---------- --- --------- ----- ----- 

----------- ----- ------ ------ ---- ------ ----- ---------------- ----- --- 

-------- ------ -- ---------------- ---------------- ---------- --- 

-- - ----------- ------ ----- 

----- ---------- ----- ----------- -------- ----- --------------- --- 

------- ------ -------- ----- ---------- ---------- ----- -------- ---- 

---- ---------- -- -------------- ------------ ---------------------- ----- 

--- ---- --------- -------- ----- ------ --------- ---------------- ------- 

----- --- ---------- 

p 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

Seaei1ivity 0 6 mV 

TQI 420 ms 

VT DID 

V1 Rx fl Ramp 

VT 8x D CVI34JISIM 

VTki iO  CVI34J SIIH 

VT8x A CVI34JISIM 

PDI 300 ms 

Vf  ID 12 

VF Ix W 34JISIM 

VF Rx f2 34JISIM 

34JISIM 

34JISIW 

----- -------- ---- ----- ------ ---- ---- -------- ------------ ------ --- 

----- ------ ---- ------- ---------------- --- ---- ------ --------- 

----------- ----- ---- -------- ----- --------------- --- --------------- 

------------- -------------------- ----------- ------ ---- ---- ------ ---  

------- --- ------ ------------- -------------- --- --- -------- ------ 

--------------- ------------- --- ---- ---------- --- ---------- ----- 
------------ --- ----------- ------ ------------- -------------- --- 

-------- ------ --------------- ------------- ------ ---- ---------- --- 

------ ----- -- -------- ------ ------------- ------ ---- ---------- --- 

------- --- --------- --- --------- ---- ------------ --- --------------- 
--------- ----------- ---- ---------- ------------------ ------ --------- 
----- ----------- --- --------- ---------------- 

--- ---- ------ --- ---- -------- ---- -------- ----- ------ ----------- ---  
------------- ---- ----------- --------- ------------- --------- ----- 
------------------ ---- -------- ------------- -- ------------- ----------- 
----- ------------- --------- ------------ --- ------- ----- ----  
------------- --------- ----- ------ --------- ----- ---- ------------ ----- 
--- ---------- ----- ------------- ---- ---- ---------- -------- ---------- 

The investigator classified this patient death as non sudden 
cardiac and not related to the implanted PCD Transvene 

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

System  The CERC reviewed the circumstances of this 

patient death and agreed with the investigator s 

classification  

q 



MEDTRONIC CONFIDENTIAL 

2  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
--------- 
---- ------ 
Noncardiac 

------ -------- ----- -- --- ----- ---- -------- ------ --------- --- 
----------- ------------- -------------- ------------- ------ --------- 
--------- -------- --- ---- ---- --------- ------ --- --------- --- ---- 
------ ------------- ---------- ---- -------- --------------- -- --------- 
-------- ----- -- --------------- ---- ---------- ----- ---------- 
------------------ --------- ----------- ----------- ------- --------- ----- 
--------------------- ----- ---------- ---------- ---------- ----- ---- 
------ -- --------- ----------------- --- ------- --- --- ---- ------ --- ---- 
--------- ------------- ---- ---------- ------------------ ------ 
--------- ----------- --------------- 

----- ------- ------ ------------- --------- ---------------- ------------ 
--- ----- -------- ----- ---------------- ----------- ---- ----------------- 
--------- --------- ------- ---- --- ----- ------ ----- ----- --------- -- 
------ --- ----- ------------- ------ ------------- ------ -- ------ ---------- 
--- ---- ---- ---- ------------ ------- ----- ----------- -- -------- --- 
------- ----- ---- ----- ------------ ----- -- ---------- --- ------ ----- 

---------- ----- ----- ---------- ----------------- ------ ---------- --- 
------------- ---- ---------- ---- ---------- ----- ------ ----- 
---------------- ------------ --- ----- -------- ----------- --- ----- ---- 

------------ ---- -------------- ------ ------ ----- --------- ------------- 
---------------- ------- ------ --- ----------- ------ --- --------- 
------------ ---- -------------- ---- ---- -------- ------- ---- --------- 
-------- -------- ----- --- ---- ------ ------------------ ------------ 

--------- ---- ---------------- --------- ---- -------- ------------- 

-------------- ------ -------------- ------- ----- ---------- --- ---- 
--------- --- ---- ------ ------------- ---------- --------- ------------- 
------------ --------- ---- -------- ------------- --------- ------------ 
--- ------- -------- --- -------------- ----------- --- ---- ------------ 
------ --------- ----------- ----- ---- -------- ----- -------------- 
-------- --------- ------------------ 

The investigator classified this patient death as 

perioperative  noncardiac and not related to the implanted 

e 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC GONFiDENTIAL 

PCD Transvene System  The CERC reviewed the 

circumstances of this patient death and agreed with the 

investigator s classification  

Rl 



MEDTRONIC CONFIDENTIAI 

Epicardial System 

1  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
---------- 
---------- 
Noncardiac 

------ -------- -- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- --------------------- ----- 

---------- ---------- ---------- ----- ---- ------ --------- 

----------------- --- ------- -- 

----- -------- ------------- -- ------ ------------- --------- ------------- 

----------- ---- ----------------- --------- --------- ------- ---- --- 

------ -- ------ --- ------ ------------- ------ ---------- ------ 

------------ ------ -- ------ --- ----- ---- -------------- --------- ---- 

------------- --- ---- ------ ------------- ---------- ---- -------- ----- 

--- ---- ---- -- ------ --- --- ----------- ----- -------- ------------ 

------------- ------ ------------- --------- -- ------ --- ----- ----------- 

--------- ------ ------------ ----- ----- ------------- ------ 

-------------- --------- ---- ------------- ---- ------ ---------- --- ---- 

----- --- ----------- ----- ------ ------------ --------- ----------- --- 

-- ----- ---------- -------------------- 

----- ---------- ----------------- -------- ----- ------------------ ----- 

---- -------- ----- ------------- ------ ---- ----------- ----- -------- 
--------------- ---- ----------- --- ------------- --------------- ------ --- 
------------- --- --- -------- ------ --------------- ---------- --- ---- 
---------- --- --------- 

----- ------ --------- ---------------- ------- -- ---- ---- ------------ 
----- ------ --- ---------- ------- ----- --- ---------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

0 3 mV 

TD 500 ms 

VT NlD 20 

VT Rx 01 Burst 

VT Rx 42 CV 5 J SIN 

VT Rx  3 CV134J SIN 

VT Rx  4 

r oi 

VF NID 

CV134J SIM 

320 ms 

12 

34J SIN 

34JISIN 

34J SIN 

34J SIN 

----- -------- ----- ----------- --- -- ------ ---------- ------ -- ------ 

------------ --- ------------- ------ ----- -------- ------------ --------- 

------------ --- -------------- ------- ----- ---------------------- 

--------------- ----- --- -------- ----- ------- ----- ------------ --- --- 

----- --- ----------- ---------- -------------- ----- ---------- 
-------------- ------- ----- ------ ----- ------ --- ----------- --- 

----------- ------------- ------ --- ------------- ---- ---------- ----- 

------------- ----- ---- ------ --------- ----- ---- ------------- 

The investigator classified this patient death as 

perioperative  noncardiac and not related to the implanted 

PCD Transvene System  The CERC reviewed the 

circumstances of this patient death and agreed with the 
investiaator s classification  

(b)(4), (b)(6)



MEDTRONIC CONFIDENTIAL 

2  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
--------- 
--------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ --------- --- --------- 

--------- -------- ----- ---------- ------------------ --------- ----------- 

-------------------- ------ --- ---------- ---------- --- ---- ----- 

--------- ----------------- --- ------- --- --- ---- ------ --- ---------- ---- 

---------- ------------------ ------ --------- ----------- ------------- 

----- --------------- 

----- -------- ----- ---------- ----------- ---- -- ------ ------------- 

---------- ----------- ---- ----------------- --------- --------- ------- 

---- --- ----- ------ ----- ---------------- ----- --------- --------- ----- 

------------- ----- ----- ------------------ ------ ------------ ----- -- 

------ --- -- ---- ------------- ------ -------------- ----- ------ ---------- 

--- ---- ----- ----- ---------- ------ ---- ----- ------------ ----------- 

----- ---------------- -------- ---- ------------- ------------ 

------ ------ ------ ---- ------ ------------- --------- -------------- ---- 

-------- ------------- ------------- ---- -- ------ ------------- ---------- 
--------- ----- --- ----------- ------- ------------- ------ ------------- ----- 

----- ----- ---------------- ----- ------------- ----- ------ ---------- --- 
---- ----- ----- ----------- ----------- ---- ----- ------------ ---------- 
---------- ----- --------- ---------------- --- ----- --- --------- 
---------- ---- ------------- ------------ ---- ---- ---- ----- 
-------------- ---- -------- ----- -------- --- -------- ---- 
----------------- ---------- ----- -------- ------------ ---------- -- 
------ ------- ------------ --------- ------ ----- ---- ------------- ------- 
--------------- ---------- ------ --- --------- ----- ------ --------- ---- 
-- ---------------- ------- ----- --- ---------- 

4 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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0 3 mV 

TDl 

VT   NID 

VT Rx   1 

VT Rx42 

VT Ax 3 

VT Rx44 

FDI 350 ms 

12 

VF Axe 34JISEQ 

 VF 
Rx42 34JISEQ 

34JISEQ 

34JISEQ 

----- ---------- ---------------- -------- ----- --------------- --- 

----------- ------------- -------------------- ----------- ------ ----- 
------ ----- --------- --- ---- ------ ------------- ---------- ---- -------- 
--------------- -- ----------- --- ------------- -------------- -------- 

------ ---------- --- ---- --- ---- ------ ---------- ------- --- ---- 

----------- ------ ------------- --- ---- ---------- --- ------ ------ 

------------- --- ---- ---------- --- ----- ----- ----------- ---------- ---- 

---------- --- ---- ------------- ------------ ------- ------ ----------- 
---- ---------- ------------------ ------ --------- ----- ----------- --- 
--------- ------------ ----- ----------- --- ----- --- ------------ ----- 
-------------- 

----- ----- ----- ---- -------- --------------- --- --------- --- 
------------- -------------- -------- --- ----- ---------------- ---- 

----------- ------- --- ------------ ---- ---------- ----------------- 
---------------- ----- ----- ---------------- ----- ---- ---------- ------ 
----- ----------- ---- --------- ----------------- ------- --------- 
--------- ---------------- ----- --------- ----------- ------ --------- 
----- ----------- ------- ------ --------- ---- ---------- -------- 
----------- ----- ----- --------- ---- --- -------- -------- ----------- 
----- ---- -------- ----- -------- ------- ----- -------- --------- 
-------------- ----- --------------- ----- ---------- ----- ---------- 

4 

(b)(4), (b)(6)
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---------- ------- ----- ---- ------------- ------ ----- ---- --- ---  

----------- ---- ---------- ----- ------------- ----- ---- ------ --------- 

----- ---- ------------ ---- ---- ---------- ---------- 

The ev st gator  c asa1 ed  thL  pat eat death as 

perioperative  non sudden cardiac and related to an 
ventricular arrhythmia episode  The investigator indicated 
that the patient death was not related to the implanted PCD 

System  The CERC reviewed the circumstances of this 

patient death and agreed with investigator s classification  

4l 

(b)(4), (b)(6)
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3  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
----------- 
------ ------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- --------------- --- ---- ---- --------- ------ --- 

--------- --- ---- ------ ---------- ---- -------- --------------- ----- 

--------- --- --------------- ---- ----- ----- --------- -------- ----- 

---------- ------------------ --------- ----------- ----------- ------- 

--------- ----- --------------------- ----- ---------- ---------- ----- 

---- ------ -- --------- ----------------- --- ------- ---- --- ---- ------ 

--- ---------- ---- ---------- ------------------ ------ --------- 
----------- ---------------- 

----- -------- ----- ---------- ----------- ---- -- ------ ------------- 

--------- ----------- ---- ----------------- --------- --------- ------- 

---- --- ----- ------ ----- ---------------- ----- --------- --------- 

------ ------------- ----- ---- ------------- ------ ------------- ----- 
----- ------------------ ------ --------------------- ---------------- --- 
---- ----- ----- ----------- 

----- -------- ------------- ------------- --- -- ------ ------------- 
--------- ------ ------ ------ --------- ----- ------------- ----- 
------------- ------ -------------- ----- ----- ---------------- ----- 
------------ ----- ---- ------ ---------- --- ---- ------------- 
-------------------- ----- ----- ----------- -- -------- --- -------- 
----- ------ ------------- -------------- ------- --- ---------- ----- ----- 
--------- ----- --------------- ---------- ------ --- --------- ----- 

-------- ------------ ---------- -- ----- ------- ------------ --------- 
----- ------ ---------------- ------- --- ---- ------ --------- ----- --- 
---------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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0 6 mV 

TO  450 ms 

VT fllD 

VT Rx P1 Ramp 

VT Axe Burst 

vr axed 

VT Rx44 

CV1341SIN 

CV1341S IN 

340 ms 

18 

34JISIN 

34JISIN 

34J  SIN 

34JISIN 

----- -------- --------------- --- --------------- --------- ----------- 

------ --- ---- -------- ----- -------- ------------ --------- ------------ 

--- ----- ------ ------ -------- ----- ---------------- ----- ------ 

--------- ----- ------------ ----- ---------- ----------- ----- ---- -------- 
----- -------------- -------- --------- ------------------ ---- ---------- 
----- ------------- ----- --- ---- -------- - ---------- 

The investigator classified this patient death as 

perioperative  non sudden cardiac and not related to the 
implanted PCD System  The CERC reviewed the 
circumstances of this patient death and agreed with the 
investigator s classification  

st 

(b)(4), (b)(6)
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4  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
-------- 
--------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- -------- ------ -- --------- --- 

----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ------- ----------- --------- 

---------- ------------ ----- ------- ----- ---------- ---------- ---------- 

----- ---- ----- ----- ------------ --- --------- --- 

----- -------------------- ----- ------------- ----- ------------ ----- --- 

----- -------- ----------- ---- --------- --------- ------- ---- --- ------ 

-- ------ --- ------ ----- ---------------- ------ ------- ----------- -- 

------ --- --- -------------- ------- ------ ----- ------------- -------- 

---- ------ ---------- --- ---- ----- --------- ----- ------ ----------- 

----- -------- ---------- -- -------- -------- ------ -- ----- ------- 
------------ ---------------- ----- --------- -- ------ --- ----- 

------------- ------ ------------- ------ ------- ---------- --- ------ 

----------- ------- --- ----------- ----- ------- ----- --------- ----- 

------------ ---- -- ---------- ---------------- ----- --------- -------- 

-------- --- ---------------- ------ ---- ------- ----- --------- ----- --- 
--------- 

----- ---------- ----- ----------- -------- ----- --------------- --- 

------------- ------ -------- ----- ---- ---------- -------------- 
----------- ---- ---------- ------- ----- ------------ --- -------------- 
--------- ----- -------- --------------- --- --------------- --------- 
----------- ------ --- ---- -------- 

----- ------ ------ ------------------ ----- ------------ ----- ---------- 
--- -------------- ----------- ------------- --- ---- -------- ----------- 
----- ---- -------- ----- ------------ -------- --- ------------ 
------------------ 

The primary investigator classified the death nonsudden 
cardiac  perioperative and not related to the implanted PCD 
system  The CERC reviewed the circumstances of this 

patient death and agreed with the investigator s 
classification  

9L 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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5  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------------ ----- 
-- --------- 
-- -------- 
Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

------------- -------------- ----- --------- --------- -------- ----- 

---------- ------------------ --------- ----------- ----------- ------- 
--------- ----- ----------- -------------- ------------- ----- ---------- 
---------- ---------- ----- ---- ------ --------- ------- -- 

------ -------- ---------- ------------- -- -------------------- ----- 
--------- ------------- --- ---- ---- --------------------- --------- 
--------- ------- ---- --------------- --- ------ ------ -- -------- 

-------- ------ -- ----- ------- ------------ ----- --------- ----- 
------------- 

--------- ---- --------- ------------ ----- -------------------- ----- 

---------- ------ ------------- ----------- --------- ---------- --- 
------------- ------------- --- ---- ---------- ------------- -------- -- 
------ --- -------- ------------- ------ ------------- ------ ---- ---------- 
--- ----- --- ---- ----------- --- ------------- -------- -------- --- 

---------- -------- ------------- ------------ ---- ------------ ------- 
----- --------- ----- ---------------- ------------ ----- -- ---------------- 
----------- --- -- -------- ----- ----------- 

------ ------ ----- -------------- ---- -------- --------------- ----- 
----------- --- ------------- --------------- --- ----- ------ ---- ------ 
---- ----------- ------ ---------------- ------- ----- ----- --------- --- 
----- ----------- ---- ------------- ----------------- ---- --- 

----------------- --------- ----- ----------- --------- ------- ------ ---- 

-------- --------------- -- --------- --------- --- ---- -------- ----- 
------------- ------ -- ------------- ------ --- ------- ----------- ------ 
--------- ----- ------------- ------ -- ------------- --------- ----------- 
---- -------- ----- ----------------- ----- ---------- ------ -- ------- 
------ --------- ---- --- ------- ----------- ---------------- ---------- 
------- ----- ---- -------- --------- --- ---------------------- 
--------------- ---- ---------- ----- ------------- ----- --------- --- 

----------- --- ------- -------------- ------------ ----- ----- ------ 
-------------- --- ---- ---------- -------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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----- ------ ------ ----------------- ----- ------------ ----- ---------- --- 

-------------- ----------- ------------- --- ---- -------- ----------- ----- 

---- -------- ----- -------------- -------- --- ------------ 
------------------ 

----- ---------- -------------- ------------ ----- -------- ------- --- 

----------------- ----- --------- ---------- ------------ ---- ------- 
----- ---- ------------- --- --- -------- --- ---- ------------ ------ 
--------- 

The CERC reviewed the circumstances of this patient death 
and agreed with the primary investigator s classification  
In addition  the death was classified as procedure related 
due to the fact the patient underwent both a 
nonthoracotomy and epicardial lead evaluation  

(b)(4), (b)(6)
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6  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
-- ----- ------ 
-- ----------- 
Noncardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ----------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- --------- ----- 

------------- ------ -------- ------ --- ---------- ---------- --- ---- 

------ - -------- ----------- 

------- -------- --- ---------- ---- -------- --- ------------- ---- -------- 
------- -- ---------------------- ------ --------- --------- --- 

---------------- ----- ------- ---------- -- -------- -------- ------ -- 

----- ------- ------------ ---------------- ----- --------- ----- 

------------- 

--------- ----- --------- --------- -- ------ --- --- ----------- --- ---- 

----- -- ----- ------ ---------- ------ -- ------ ---------- --- ---- --- 

------------------ ----- ----------- ----- ------ ------ ---- ------------ 

----- --------- ----- --- --------- 

-------------------- ---- -------- ---- ---- --------- --------------- 

----- ----- ------ --- --- ----------- --------------- ---- ----- ---------- 

--- ---- ---- -------- ---- ---------- ---- ---- ---- ----------- ----- 

------- ----- ------------ ---- ----- ---------- --- ---- ------ ----- --- 

----- ----------- ----------- ---------------------- -------- ----- ---- 

----------- ------------------ -------------- --- ------------ ------------ 

------------ --- ---------------- ------ ------------ -- ------ ------ --- 

---- ------ --------- ----------- --- ------------ --- ---- ---- ----------- 

----- ---- ------ --------- ------ ----- -- ------------ --- ---------- 
--------- ----- -------- ----- -------- ----- ------------------ ----- 
---------- --------- ----- -------- --- -------- --------------- 

----------- 

------- -------------- ------ ---- -------- --- -------- ----- ------------ 
----- --- ---------- --------- --- -------------- ---- ------ -------- ----- 

---------------- ------ ----- ----------- ----- ---------- ---- ----------- 
------ ----------- 

-------- ---  I  
----------- ----- --- ------- ----------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)

(b)(4), (b)(6)
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----- ------ ------ ----------------- ----- ------------ ----- ---------- --- 

------------- ---- ----------- ----- -------- --- ----- -------- ------ ---- 

----------- --- --- ---- ----- --- ----- -------- 

----- ---------- -------------- ------------ ----- -------- ------- --- 

------------- ----- ---- -------- --- ---- ------------ ------ --------- 

The CERC reviewed the circumstances of this patient death 

and agreed with the primary investigator s classification  
In addition  the death was classified as perioperative and 

procedure related due to cerebrovascular accident that 

occurred during surgical procedure  

(b)(4), (b)(6)
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7  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
---- ------ 
---- ------ 
Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

--------- --------- -------- ----- ---------- ------------------ --------- 

----------- ----------- ------- ---------- ----------- -------------- 

------------ ----- ------------- ------ --------- ----- ---------- 

---------- ---------- ----- ---- ------ --------- ------- ---- 

-- -------------------- --------- ----- ---------- ------------ --- ----- 

--------- -- ------ --- ----- ------------- ------ ------------- 
------------- ---- -------------------- ----- --------- ----- ------ 

---------- --- ---- -------- ------ ----------- ----- --- ----------- ----- 

---------- ---------- --------- --------- ------- ---- --- ----- --- --- 

------------ --------- ------------ ----- ----- -------------- 

----- -------- ---------- -- -------- -------- -------- ------ -- ------ 

------- ------------ ---------------- ----- --------- -- ------ --- ---- 

------------- ------ ------------- ------ ---- ------ ---------- --- ---- 

------- --- ----------- ----- --------- ------ ----- -- --------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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The PCD Device programmed status was  

Sensitivity 0 6 mV 

TDI OFF 

VT NID 

VT Therapy P1 OFF 

VT Therapy  2 OFF 

VT Therapy 43 OFF 

VT Therapy  4 OFF 

FDI 320 ms 

VF NID 18 

VF Therapy P1 34J SIM 

VF Therapy k2 34J SIM 

VF Therapy  3 34J SIM 

VF Therapy 44 34J SIM 

----- -------- ---- ----- ------ ---- -------- ----------------- ----- 

------- --- ------------- ------------- --------------- ------ ---- ----- 

---------------- ---------- --- ---- ------ ----------- --- ---- ----------- 

------ ------ -- ----- ------ ----- --------- --------- -------------- --- 

---- ----- ----- ---------------- ---------- ----- --------------- 

------------- -- -- --- ------- ---------------- ------- ------ ---- ------ 

--------- ------------ ----- ---------- --- ---- ---------------- ------- 

---- -------- --------------- ---------------------- --------------- -- 

---- --------- ------- ------ --------- ------ ---- -------- ----------- --- 

---- ------------ ------- ---- ----------- --- --- ------------- --------- 

-------- ------- --------- ----- ---------------- ------ -------------- 

--------------- --------- ---- --- -------------- --------- -------- 

------- --- -------------- --------- ------------- ------- --- ----------- 

--------- 

----- ------ -------- ----- ----------------- ----- ------------ ----- 

---------- --- ------------- ---- ----------- ----- -------- --- ----- 

-------- ---- ---- ----------- -- ----- ------ 
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----- ---------- -------------- ------------ ----- -------- ------- --- 

--------- --------- ----- ---- -------- --- ---- ------------ ------ 

--------- ----- -------- ----------- ---- ----------------- --- ----- 

-------- ------- ----- -------- ------ ---- ---------------- 

----------------- 

The CERC reviewed the circumstances of this patient death 

and agreed with the primary investigator s classification  

In addition  this death was classified as perioperative and 

procedure related due to both a nonthoracotomy and 

epicardial lead evaluation being performed  

(b)(4), (b)(6)
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8  Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
---- ------ 
---- ------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- 

----------- ------------- -------------- ------------- ------ --------- 

--------- -------- --- ---- ---- --------- ------ --- --------- --- ---- 

------ ---------- ---- -------- --------------- ----- --------------- ---- 

--------- ----- ----- --------- -------- ----- ---------- 

------------------ --------- ----------- ----------- ------- ---------- --- 

---------- ---------- --- ---- ------ -- --------- ----------------- --- 

------- --- --- ---- ------ --- --------- ---- ---------- ------------------ 

------ --------- ----------- ------------- ----- --------------- 

----- -------- ----- ---------- ----------- ---- -- ------ ------------- 

--------- ----------- ---- ----------------- --------- --------- ------- 

---- --- ----- ------ ----- ---------------- ----- --------- --------- ----- 

------------- ----- ---- ------------- ------ -------------- -- ----- 

------------------ ------ ------------ ----- ---- ------ ---------- --- ---- 

----- ----- ----------- ----- ------------ ---------- ----- --------- 

----- ----- ---------- ----- ---------- ---------- ---------------- 

-------- ---- ------------- ----------- --- ------ ---------- ----- 

-------------- --------- --- ---------- -- ------ ------------- --------- 

-------- ---- ------ ------------- --------- ----- ----- --- ---- 

-------------- -- ---- ------------- ------ -------------- ----- 

------------------ ------ ------------ ----- ---- ------ ---------- --- ---- 

----- --- ----------- ------ ---- ----- ------- ------------ --------- ---- 

----- ---------- --- ---- ------ --- -------- ----- ---------- --- ------ 

--------- ------ --- --------- ----- --- ---- ---------- ------------ 

----------------- -------- ---- -------------- --------- --- ---------- --- 

-------- -------------- 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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The final programmed status of PCD Device was as 

follows  

Sensitivity 0 3 mV 

TDI OFF 

VT NID 

VT Therapy  1 

VT Therapy f2 

VT Therapy  3 

VT Therapy f4 

FDI 320 ms 

VF NID 18 

VF Therapy  1 34JlSIN 

VF Therapy  2 34JlSIN 

VF Therapy  3 34JISIN 

VF Therapy 4 4 34JISIN 

--------- ---- ---------------- --------- ---- -------- --------------- --- 

--------------- ---- --- ---- ----------- ----- -------- ------------ 

--------- ------------ --- ------------- ------ -------- ----- ------- 

------------ --- -------------- 

The investigator classified this patient death as 

perioperative  non sudden cardiac and not related to the 

implanted PCD System  The CERC reviewed the 

circumstances of this patient death and agreed with the 

investigator s classification  

  

(b)(4), (b)(6)



  ye  



l  
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IV  Summary of Additional Implants 

A  Overview 

------ ----------- -------- -- ------ --- ------ ----------- --- ------ ---------- --- 

---- ------ --------- ------ ---- ------------- ----------------- ------ ---------- 

----- ---------- ----------- --- ----- ------- ---------- ---- ----- ---------- 

------------ --- ---- ---------- ------- -------------- ----- --- ------------ ----- 

---------- ----- ------ ------ ------------ --- ---- ------ ------ ----------- --- 

--------- ----- ----- --------- ----------- ------------------ --- ---------- ---- 

------- ----- ---- ----- --------- --- ---- ------ ----------- --- ---------- ---- 

-- ------ 

----- ------- --------- ---------- ---- ----- -------- ------------- -- ---- 

--------- ----- -------- ------ --------- --- ------ ---------- ----- -------------- 

--------- ---------- -- ----------- ---------- 

----- -------- ------------- --- - ------- ---------- --- ---- --------- ----- ----- 

------------------ ------ -------- ------ -- ------- ---- --- ------ ------- --- 

----- --- ---- ---------- --------- ---- ---------- ------------ ---- --------- 

----- ------------ ----------- ------------- -------------- --------- --- 

--------- --- --------- --------- -------- --------- ---------- ------- ----- ---- 

---------- ------------ ---- ------ --- ---- ---------- ----- ------ --  

--------------- ------ ------------ ----------- ---- ----- ---- ---------- 
------------ --- ------- ------------ ------- --------- ----- ---- ---------- 
------ --------- --- ------ --- ---- -------- ------------- ------ -- ------- 

---------- ---------- ---------- --- ------ ------- -------- ----------- -- ----- 

----------- --- ------ ---------- ------------ ------ -- -- --------- -------- 

------------- --- ---------- ------ ---- ---------- ------------ --- ----- ------ 

--- ------ -------- -------- --------------- ------ ---- --- ------------- 

-------------- --- -------- ------- ------ ---- ---------- ------- -------------- 

1 

(b)(4), (b)(6)
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757 

8894 8 

11 7 mo 

37 4 ma 

Number   o Male 610 80 6  

573 

1758 9 

3 1 mO 

12 5 mo 

147 19 4  

475 82 9  

98 17 1  

61 8 yrs 

1330 

10 653 7 mo 

8 0 mo 

37 4 mo 

1085 81 6  

245 18 4  

60 4 yrs 

281 37 1  

377 49 8  

99 13 1  

182 31 8  o 
347 60 6 10 

7 6  

463 34 8ok 

724 54 4  

143 10 8  

561 74 1  

Mean Ejection Fraction 688 35 6  

Defibrillation Pathway  

Sequential 574 75 3  

178 23 4  

Single 10 1 3  

Mean LED 16 0J 

 N  702  

Mean DFT 14 8J 

 N  316  

Spontaneous VT  

Number of Patients 

Number of Episodes 

Vo Success 

316 

986411 0027 

98 4  

Spontaneous VF  

Number of Patients 317 

1 95111 982 

9o Success 98 4  

One Yesr SCD Survival 99 5  

93 3  

453 79 1  1014 73 4 lo 

506 32 5  1194 34 3  

406 70 9  
163 28 44k 

4 07  

980 73 4  

341 25 5   

14 1 1  

17 0J 

 N  534  
16 4J 

 N   1236  

1 6 4J 

 N  180  

15 4J 

 N  496  

108 

1 48711 550 

96 Q  

424 

11577 

98 1  

110 

4681471 

99 4  

427 
2453 

98  6  

98 3  99 3  

93  4  o 93 0 k 

Table IVA 1  PCD Transvene System  Data Summary   Updated Pts  
 T 3vj   Z ti93 
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B  Complications and Observations 

---- ----------- --- ----- --------- -------- ---------- ---------- ---------- 

-------- ------ --------- ----- ----------------- ----- --------------- ------- --- 

---- ------------ ------------- ------------ -------------- 

------------------------- -- ---------------- --- ----------------- --------- ------- ------ 

----------- --------- --------- -------- ---- ------ --- -------- --- 
---------- --- ------------------- ---- -------- ----- --------------- 
---------- ---------------- 

---------------------- -- ---------------- --- ----------------- --------- ------- ------ 

----------- --------- --------- -------- ------- ------ ------ 
--------- ---------- ---------------- --- -------- ------- --- 
----------- --- ------------------- ---- --------- 

--- ---- ------ ---------- --- --- ----------- --- ------- ------ ------ ------ -- 

------ --- ----- ----------------- ---------- --- ----- ---------- ----- ----- 
--------------- ---------- --- ----- ---------- --- ---- ------ ------------- 
--------- -------- -------------- ------- ------ ------------- --- ---- 

---------- ----- -- --------- ------- -------- ----- -------------- --- -- 
---------------- ----- ------ ------------- --- ---- ---------- ----- -- --------- 
------- -------- ----- -------------- --- --- --------------- 

------- -------- ----- -------- ------------- ---- ---------- ------ ------------- 
--------- ----------------- ----- --------------- --- ----------- ---------------- 
--- -------- --- ------------- ---- ------------- --- ---------- --- -------- -- 
---------------- --- -------------- ----- ---------- ---- ------------ ------------ 
--- ---- ---------- ------- -------- ------------- --- ------ ----- ------------- --- 

---------- ------ ----- ------------------ ---------- ---- --------------- 
------------ ------ ---- ------ -- ---------------- --- ----- ----- ----- ------ 
--- -------------- --- ------ ---- ----- ------------ --- ----------------- --- 
--------------- ------ ----------- ----- ---------- ----------------- ----- 
--------------- ---- ------------- --------- -------- ----- ----- ------- ------ 
----- --- ---- --------- ----- ---------- ------- ----------------- ----- 
--------------- ---- ------------ --- ---- ------ -------- ----- ------------- 
---------- None of the reported complications or observations have 
resulted in a patient death  
(b)(4)

(b)(4)
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Table IVB 2  PCD Transvene System  Reported Complicationsl Observations  n    f330    211193 
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Table IVB 3  PCD Transvene System  Reported Observations   211193 

8 
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------- -------- ---------- -- ------------- --- --------- ------------------- ----- ------ ----------- --- ----- ----- --- ------ ----- --- --------- ----- --- ------- ------- --------- ---- ------------- --- ---------- --- -------- ---------------- --- -------------- ------------ ----- ---------------- ----- ---------- ---- ------------ ------ ---- ---------- ------- -------- ------------- --- ------ 

inplicationi 

Table IVB 4  PCD ------------- System  Lead Dislodgements - ----- - --- ------ --- --------   211 93 

------- ------ ------ -- ------ --- --- ----- ------------------ ----------  n ---------- -- --------- ----- --- ------- ------- --- ---- ----- ------------------ ---------- --- --- ------------- --------- ---- -- --------------- ---- --- ---  --------- --- -------- -------- ------ ------------------ ------ --------------- --- --------------- --------------- -------- ---------------------- -------------- ------ ------ ----------- -------- --------- ------------- --- -------- ------------------ ----------- ------------- -------- --------- ------------- --  --- --- ------- -------------- ----- ---------- --- ------------ ---- ----- ----- ------------- --- ----------- ---------------- ----- --------- 

------ ------------------ ---- ---- ---------- --- ---- ------ -------------- --------- ----- ------ ------ ---------- ------ ----- ----------- -------------- ----- ---- --------- --------- ---------- -------------- --------------- --------------- ------- --------- ----- ------ --------- --- ----- ----------- -------------- ------------ -- ------ ----- ---------------- ----- --- -- ------ ---- ---------- ------- -- --- ------------- ------------- ------ --------- ----- -------- ------ -- ----- ----------- ------ - ----------- ------------------ ----------- ---------------------- ---------- -- -- ---------- ----- ---- ------------ --- ---------------- --- ---- ---------- ------ ------ -------- ------ 

(b)(4), (b)(6)

(b)(4), (b)(6)

(b)(4)

(b)(4)(b)(4)

(b)(4)



 l 
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------ ---- --------- --------- --------- ----- --------- --- --- ------- ----------- 
-- --- ------------- --------------- -------------------------------- ----------- 
------------------- ----- ---------- --- ---------- ------ ------------- -------------- 
---------------- -------- ------ ------- --------- ------------------ 

C  Patient Deaths 

----- ---------- -------- --- -------------- --------------- --------------- ------- 
--------- --- --------- --------- ------- ----------- ---- ------ ----- 
--------------- --- ---- ---------- ------------ ----- ---- --- -------- --------- 
---- ---- ------------ --- ----------- ------------- --------------- ---- ---------- 
--- ----------- ----- ------------ --------- ------ ---- ---------- --- ---- --------- 
--------- ------- ---------- --- ---- ------ ------------- --------- -------- 
------------- ----- -------------- 

---- ----------- --- ---- --------- -------- ------ --- ---- -------- -------- ----- 
-------------- ------- ---- ------------ -------------- 

Non Cardiac  Deaths that occurred where the primary 
cause of death was determined to be 
non cardiac in nature  e g  stroke  
cancer  etc  

Cardiac  Deaths that occurred where the primary 
cause of death was determined to be 
cardiac in nature  

Non Sudden  Deaths that occur greater than one 
hour after the onset of symptoms   

Sudden  Deaths that occur within one hour of 
the onset of symptoms or where the 
death is unwitnessed  Sudden cardiac 
deaths were also categorized as being 
Witnessed or Unwitnessed  

Perioperative  Deaths that occur within thirty days of 
implant  

System Related  A death which results from a 
malfunction  operation not according to 
design specification  of a PCD System 
component  or as a result of a device 
induced arrhythmia  or an interaction 
between a PCD System component and 
the patient  

Procedure Related  A death which occurs as a result of a 
procedure required to implant  follow or 
test a PCD System  

I 

(b)(4)

(b)(4)
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---- -------- ----- ------------- ----------------- ------ ------ ----- ----- 
----------- --- --- ----------- --- -- ------------- ------------- --- ------ 
------------- --------- ---------------- ----- ------ -------------- ------ 
-------------- ----------- ------- --------- ---------------- ------ ------ 
---------- ----- --- -------- ------- ------------ -------- ----- ------------------ 
----- ---- ------ --- -------- ------------ --------- --------- ----- ---------- 
---------- --- ------ ---------- ----- --- ------------ ---------- ---- ------ 
--------- ----- -------- --- ---- -------- --- ------------- ----------------- ----- 
------ ----------- ----- -- ---- ------ ---------- ----- --- ---------- ---  
--------- ------ -------- --- ---- -------- 

------- ------ ------ -- ------ --- --- -------- -------- ---------- --- ---- ------ 
------------- --------- -------- -------------- ------- -------- --------------- 
----- ------ -------- -------- ------ ------ ------------ 

Classifications 

-- -- --- 

--- -- --- 

--- -- --- 

TOTAL 

Table IVC 1  

--- --- --- 

PCD Transvene System   Summary of Death 
Classifications --- - ------- - ---------  

None of the patient deaths were attributed to a malfunction of the 
PCD Transvene System  

----------- ---------- ---------- --- ---- ------ ------------- --------- ----- 
------ --- --- ---------- ----- ------ ------- ------------ ---- --------------- --- 
--- -------- ---- -------- ----- ------------- ------- ---- ---------- -- ------ 
------ ---- -------------- --- ----------- --- ------ -------- ---------- --  
-------- ---- ------ --------- ----- ------ -- ---- ------ --- ------- --- --- -------- 
--- -------- ----- ------------ ---- ----------- --- ---- ---------- ----------- 
-------- ---------- ----- ------ ----------- ---- -- ------ ------------- --------- 
---- ------- --- --------- -- ------------- --------- ---- ---- ----------- --- ----- 
----------- 

 2 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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------------ ----- ----- ---------- --------------- ---- ---- --------- ------- 
----------------- ---- ----------- --- ------- -------- ----- ----------- 

-------------- --------- ---------------- -------- ------ --- ---- ------------- --- 
----- ----- ---------- ------ ------- ----- --- --- -------- --------- --- ---- ----- 
---------- ----------- ----- ---------------- ------- ----- --------- --- -------- 
-------- ----------- -------- ------- ------ --- --------- ----- ----- ------------ 
-------- -- ---------------- ----- ----- ---- ---------------- ----------- ---- ---- 
------ --------- ------ ------------- ------ ------ - ----------- 

----- ----- ------ 

------ ------ ------ 

------- --------- ------ 

------ ------ ------ 

------ ------ ------ 

-- --- ------- ----- 

------ ------ ------ 

Table IVC 2  PCD Transvene System One Year Actuarial Survival   

211 193 

----- ---------- -------- --- ---- ------ ------------- --------- --- -------- ----------- 
-- -------- ---------- ------ ----- ----------- ----- --------- --------- ------- ---------- 
----- ---- ------ -------- ------- ---------- -- ------- ------ -- -- --------- 
---------------- ------- ------------ ------ ---- ---------- ---------- --- --------- -------- 
-------- -------- ------ ------ --------- ------- --- ---------- ---- ----- ---- -- ----- 
------ 

--- -------------- ---- ----- ------- ---- ---- ------ ---------- ------------ ----- 
----------- ---------- -------- -- --------- --- ---- ----- ------- -------- ------------- --- 
------------ ------------ ----- ---------------- -- ---- --- -------------- 
---------------- ----- ---------- ---- ----------- ------------ -------- ------------ 
------------- -- ------------ ------- --- ------- --- ------------ ---- ------------ --- ----- 
----------------- ---- ----- ------------ -------- ---- ------ ------------- ----- ---- 
------------ --- ----- ---------------- ---- ------------- ------------- ----- ----- ----- 
----------- ---------- -------- ----------- --- --- -------- ------- ---- ---- ------ ----- 
---------- ------ ----------- -- --------- ----- ----- 

(b)(4)

(b)(4)



p 
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V  Explants 

A  Transvene Lead Performance 

----- ------------- ------ --------- ---------- --- -- ------- -------------- ------- 

-- ------------ ------------------ ------- ------ ------ ----- -- ----------------- 

------- ------ ------- ------ ------ -- ------ --- ----- ------- -------------- 

------ ---- ------ ---- ---------- ----- ----- ------ ---- -------- --------------- 

----- --------- ------------------ ------- ------ ------ --------- 

--------------- ----- ----- ----------------- ------- ------ ---------- 

----------------------- ------------ ------ -- -------------- --------- ---------- 

--- --------- ---------- ----- ---------- ------------ --- ---------- ---- ---- ---- 

----- -- ----- --------- ----- ----- --------- ---- ---- ---- ------ 

-- -------- ------- ----------- ------ -------------- -------------- 

----------------- ---------------- ----- ----- ---------- --- ------------- --- 

--------- ----- ---------- ----- ----- ----- ---------- --- ------------- 

------------ --------- ------ -- -------- ----- ----- -------------- -- ------------ 

------------- ------ ----- ---- ----- ----- ------ ------ ------------ ------- 

------------ ----- ----- ------- --- --- ------ ------------ ------ ---------- 

------- -------------- -------- ---------- -- -------------- ------- ------ -------- 

---- ------------ ----- ----------- --- ---- -------- --- ---- --------- ------------ 

------------------ --- ---- ----------- --- ---- -------- --- ------------ ----- --- 

---- --------- --- ---- ------ ------------- ----- ------ ----- -------- 

---------------- --- --- ------------ --- ----- -- ----- ---- --------------- 

---------- ---- ----- --- ----- ------ ------------ ------ -- --------- --- ----- 

------- ----- ---- ---- ----------- ---- ------------- 

------- ---------- ----------- ----- ---- ----------- --- ---- ------ ----- --- ---- 

------------ -------- --- ---- ------- ----- ---- ----------- --- ---- ----------- --- 

---- ---- -------- --- --- ---- ----- ---- ---------- -------- --- -- ------- ------- 

------- ----- ---- ------------ ----------- --- ------------ ----- ---------- ----- 

---- ----- ----- ------ ------------- -------- ---- -------- ------ ----- -- 

----------- ------------ ---- ------------- ----- ------------ ----- ----- --- 

-------------- ----- --------------- --- ------------ ------------ -------------- 

---------- --- ---- -------- -------- --------- ----- ---- ----- --- ------ ----- 

---------- --- ---- ------ ------------ ----- ---------- ------ ----------- ----- 

------------ --------- ------------ --- ------------- ----------------- 

------------- --- ---- ------ ---- ----------- --- ----------- --------- ---- ----- 

--- ------ -- ---- ------ --- ------------ ------------ --- ---- ------ --- ---- ------ 

------------ ------- ----- --- ---- ------------ --------- 

6 

(b)(4)
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D ail d Anal is Res Its 

------------------------ 

---------- ------------ ------------------ ------- ----------- ------- ----- 
--------- ---- ----- --------------- ----- -------- --- ---- ----- -------------- 
--------- ---------- ------ ----- -------- --- ---- ----------- --- ---- ----------- 
--- ------------ ------------------ ---- ---- --- ---- --------- ------------- 
---------- ------ ----- ----- -------- --- ---- ------------ ------------ --------- 
-- ------ ---- ----------- --- ---- ----------- --- ----- ------------ ---- ---- 
-------------- 

----------- ---------- --------------- 

------ ----- ----------- --- ---- -------- --- ---- --------- ------------ ----- --- 
---- --------- --- ---- ------------ ------------- ----- ------ -------------- ----- 
----- ----- ----- --------- --- ---- ------------ ----- ------------ --- ---------- 
--- ---- ------------- ------ ---- --------- ----- ------ ------ ------ ------------ 
--- --- ------ ------- ------------------ ------- ------ --- ------------ 
----------- --- ---- ------- --- --------- --- ---- --------- ----- --- ---- -------- 
--- ---- ------- ----- ------------ ----- --------- --- ------ --- ------- --- 
--------- --- ---- -------- --- ---- ------- 

----------- 

------- --------- ------ ----------- ---- -- --------- ----- ---- ------- --- ---- 
------ -------- ----- ---- ---------- ----- --- ---- --------- ---------- ------- --- 
----- ------- ------ ------------ ------- ---- ------------- ------------- ------- 
------- ----------- ----- ---- ------ ----------- ------ ----------- --- ---- 
----------------- -------- -- ---------------- --- ------- --- ----------- ------- 
------------ ------------ --- ------------- ------ --- ------- ------------ 
--------------- 

------------- 

----------- --- ---- ------- --------------- ---------- --- ----- ----- ----- 
----------- ---- ----- --- ------ ----- --------- --- ---- ------------ -------- --- 
---------- -------- --- ---- ---------- -------- ---------- ----- ---- ------ ----- 
--------------- ----------- ----- --- ---- ------------ --------- ------- 
----------------- -- ------------- --------- --- ---- ----------- ----- ------ ----- 
--------- --- ---- ------- ------------ ---- --------- ------ ----------- ------- 
------------- --- --- ----------- --- ---- --- ----------- ---------------- ---- 
------------ --------- 

(b)(4)
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------------- ------ ---- ----------- ---------- --- ------ --------- --- ---- 
-------------- ------ ---- ----------- ------ ---- ----- --- ----- ------ ------- ---- 
--------- --------------- --- ----- ----- --------- ---------------- --------------- 
---- ------------ ----- --------- ----------- --- ---- ------ ------ ------------- 
----------------- --- ---- --------------- --------- ----------- ---------- 
-------------- --- ------ ---------------- ---------- ----- -------- ---- ---- 
------------ ------ ------------- --------- 

--- ----------- ---- ----------- --- ------ --- ---- --------- ------------ -- ---- 
--------- -------------- ------------ ----------- ---- ------- -------------------- 
----------- -- ---- --------- ------------ ----- ------ ----------- --- ---- ------ 
--- -------------- ---------- ---- --------- ----- --------- ------------ ------ --- 
---- ----------- ---------------- ----------- --------- ------ --- ------------ 
--------- --------- --------- --------- --- ---------- --- ---------- --- ----- ----- 
--- --------- --------- -------- ---------- ---- ---------- -------- --- ----- ---- 
----------- ---------------- ------------ -------- ----------- --- ------ --------- 
--------- ---------- ---- ------------- --- ----- ---- ----- ------------- ------ 
----- --- --------- --------- -- ----------- --- ---- ----- ---------- 
----------------- --- ----- --- --------------- -------- -------- --- -- ------------- 
---- ------ ----- ---- -------- ---------- ------- ------- --- ------------ 
---------- ------ ------ -------- --- --- ----------- -------------- ------ ----- 
-------- -------- --- -- ---------- ---- --------------------------------- ------ 
----------- ----- ----- ----- --- -------- ------ ---- ------- --- ---- ----- --- 
--------- ----------- 

-- ---- ------------ ------------ ----- ----------- ------ ----- ---- -------- --- 
----------- ---------- ----- ------- ----------- --- -------------- --------- --- 
---- ------- ------------- ---------- --- ---- ------ ------ ----- --- 
------------- --------- --------------- -- ----------- --- --- ----------- -- 
------------ ----------- ------- ---- ---------- -------------- --- ---------- 
-------- ------ ---------- --- --- ------------ ------- ---- -------- 
-------------- --------- ----------- --- ----------- ---------- --------- --- ------- 
-------- ---------- ----------- -------- --- ------------- --------------- ---- 
----------- ----------- -- ---- ------ --- ------------ -------------- ----------- 
----------------- ---- ---------- ------------ ------------ ---- ------ ------- 
----- ------- ----- ----------- -------- ------- ---- -------- --------- --- -------- 
------------ ---- ----- ---------- --------- ----- -------------- 
------------------- 

----- ------------ ------------ --- ---- ------ ----------- --- -------- ----- ----- 
----- ------------ ---------- --- -- ------ --------- --- ----------- ----- ------ 
------- --- ---- ------ ------------ --- ---------- --- ----------- ----- ---- 
--------------------------------- ----------- ------ ----------------- ----- ----- 
----- ------ ------ --------- --- ------ --------- --- ---- ------ ----- ------ -- 

(b)(4)
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-------- ---- ---- ---- ------ ------- ----- ----- ---------------- --- ---- 
------------ ----- ----- ------------ --- ------ -- ---- ----------- ---- ------- 
-------------------- ----------- 

----------- ------ -- ----- ------ - --------- -------- -------------------- ----------- --- 

---- ----- --------- --- ---- --------- --------- --- ---- ------ ----- --- -------- 
--- ---- ------------- --- ------ --- ------- ----- --------- -------- -------- 
------- ----------- --- ---- --------- ------------ ---- --------- --- ------ 
--------- ---------- --------- --- -- --------------------------------- ---- ------ 
------- ------------ --- ---- ------- ---- ---- ------ ------- 
--------------------------------- ------- ----- ---- --------------- ---- 
------------- --- -- ----------------- ----- --------- ----------- --- ---- --------- 
------------ ------ -------- --- ---------------- ------------ -- ----- --------- --- 
----- ----- ----- -- -------- ------- -------- ----- ------- --- ---- ------- --- -- 
------- --- --------- ----------- ------------ --- ---- ------------ 
---------------- ------- --- ----- ---- ----- ------ ----- ------------ ---- ------ 
---- ----- ----- --- --------- --- ------ ---------- --------- --- ----- --- -- ------- 

-------- ------ 

Conclusions 

---- -------- ------------- -------- -------- ----- ------- --- ------ ----- -------- 
--------------- ----- ---- ------- --- ---- ------------- ------ ------------ ----- 
-------- ---------- ---- ------- ---------- --- ---- ----- -------- ---- ----------- 
---- ------ -------------- --------------- --------- ----- --- ----- ---- ---- 
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See the Biocompatibility Table following this section  
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The biocompatibility testing performed on the non thoracotomy leads was 
in accordance with the Office of Device Evaluation  Division of 
Cardiovascularpevices Im I nta I P c m r a T in i n f r 

mi i f 1 k N ifi tion  em er 1   In this 
guidance  the following biocompatibility tests are stated as being considered 
necessary to satisfy the biocompatibility of the implanted materials  

----------- ------ 
--------------- ------- 
--------------- 
------- ----------- --------- 
------------------------------------ 
--------------- 
--------------- ------ 
---------------- 

Therefore  the above listed tests which were performed are considered 
adequate to assess the biocompatibility of the material used in the non  
thoracotomy leads  This testing performed is consistent with the 
biocompatibility testing that has been performed for all of Medtronic s 
pacing lead products  

In addition  the following rationale is provided as to why we did not 
perform specific tests of the Tripartite Biocompatibility Guidance for 
Medical Devices  

SUBCHRONIC AND CHRONIC TOXICITY 

----- --- ------------ ------------------ --- -------- ---- -- ----------- --- ------------ ---- 
------- ----- ---- ----------- ------ --- --------------- ------ -- ----------- ---- ------- -- 
--------- --------- --- ---------- ---- ------- --- -- --------- ------- ------- ---- ------- ----- 
-- -------------- ------ --- --- ---- --------------- -------- -------- --------- ------- 
--------- ----- ---- ------- ----------- ----- ------------------ --------- ------ ----- ------ 
-------------- 

------- ------ ----- --- --------- --- ------ -------------- ------ -- -- ----------- ------ 
-------- ---- --- --------- --------- ---------- ---- ----- --- ------------ -------- ------- --- 
------- ---------- --- ---- ---------- --- ---- -------- --- ----------- ----- --- ---- 
----------- ----- ------------ ------------------ --- ----- --- ---- -------------- --- ---- 
----------- ---- ------------- --- -- ------ ---------- -- --------- --- ---- ------ -------- 
------ ---------- ------------- ------ ------ --- - -- --------- ------ -------- --- -- 
--------- ------------- --- -- ------ ------- ----- --- ---- ----------- ----- ------------ 
--------- -------- ------- --- ---------- --- ----------------- --------- -------- ----- 
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-------------- ------------- --- ---------- -------- --- 
----------------- ---------- ------ ------- --- ------- 
------------- ----- ----- ------- --------- -- ----- --- 
--------- ------------ ------ ---- ---------- ------ -------- 
----- ---- ------------- --- ---- ---------- ----- ----- ----- 
----- 

2  Rati nale 

------- --------- -------- -- ------------- --- ---- 
------------ --------------- ------------- --- ------------ 
----------- ---------- 
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4  am 1 T st 
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5  Results 

----- ---------------- ---- ---- ------------- --------- -- 
--------- ----- --- ---------- ------- --- ------ --- ---- 
------------ --------------- ------------ ------------- 
------ ------- ------ ------------- ---------- --------- 
----- --- ---------- ----- -------- ---- -------- ---- 
----------- ------- ----- ----------- ---- ------------- 
-------------- 
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1  XE Y F THE AL TESTING 

The information presented in this section is an accumulation of several studies  
some of which FDA has previously reviewed in IDE submissions  G870102   
These studies demonstrate the safety of the Transvene lead Models 6963  6966 and 
6999 

A variety of non thoracotomy leads were evaluated in a series of four canine 
studies  Descriptions of the leads  as well as the study number s   1  2  3 or 4  
in which they were evaluated  are presented below  

Description  Non thoracotomy Leads 

R NARY SINUS SUPERIOR VENA CAVA LEADS 

M el 9  evaluated in Study No  4  is a silicone  unipolar  coronary sinus or 
superior vena cava lead with a 6 5 mm connector and platinum alloy electrode for 
delivery of cardioversion and defibrillation therapies  

Model 8 1  evaluated in Study Nos  2  3 and 4 is functionally equivalent to the 
Model 6963 except the 6881 has a 3 2 mm connector  

Model 10285  evaluated in Study No  1  is the temporary version of the Model 
696316881  

RI HT VENTRICULAR LEADS 

Model 6966  evaluated in Study No  4  is a polyurethane  tripolar  
extendable retractable  screw in lead with a 6 5 mm connector and platinum alloy 
electrode for delivery of cardioversion and defibrillation therapies  Additionally  
the 6966 has a 3 2 mm connector for pacing and sensing  

Model 6884  evaluated in Study Nos  2 and 3  is functionally equivalent to the 
Model 6966 except the 6884 has a 3 2 mm connector in place of the 6 5 mm 
connector for the cardioversion defibrillation electrode  

Model 10284  evaluated in Study No  1  is the temporary version of the Model 
696616884 

vi rg 



IxilJBE s c mxzz 
ANE S PAT H LEADS 

M 1 99  evaluated in Study No  4  is a silicone  unipolar  oval  
subcutaneous patch with a 6 5 mm connector and platinum alloy electrode 
coils that are partially embedded in the silicone patch for delivery of 
cardioversion and defibrillation therapies  Additionally  the patch is 
embedded with -------------------- ------- 

Mod 1 89  evaluated in Study Nos  2 and 3  is functionally equivalent to 
INC  MVElCi V  CXCCpt LllC  V895  Ll8S 8 3  2 lHlPfl CVR1CClOf  Rll l  18 CUVCFCCl  

with -------------------- ------- 

M 1 1 17  evaluated in Study No  3  is functionally equivalent to the 
6895 except it is embedded on the outer edge with -------------------- ------- 

Although model numbers differ  all leads in each of the three groups are 
functionally equivalent  The various model numbers reflect an evolution of 
temporary to transvenous lead development  as well as minor changes  such 
as the connector pin modification from 3 2 mm to 6 5 mm  

Additional devices were used to evaluate the non thoracotomy lead studies 
in canines  These are described below  

External Devices for Implant Support 

Model 5355 External Tach arrh thmia Control Device TCD 

The Model 5355 ETCD provides the same detection capabilities as the 
implantable Model 7217B PCD Device  Therapies are identical except that 
the maximum output energy is 40 joules  J  and automatic defibrillation and 
cardioversion are not available in the Model 5355  The Model 5355 ETCD 

provides measurement and display of output waveform parameters and 
ETCD status  an isolated electrogram signal  and passthrough connections 
of pacing and sensirig electrodes to exterrrm instrumeniaiion  

Model 2394 External Cardioverter Defibrillator CVD 

The Model 2394 ECVD instrument can deliver   1  a single stimulation 
pulse on one output channel  or  2  a pair of pulses  delivered individually 
on the two different output channels  Monophasic and biphasic pulses are 
provided  output capacitance can be varied between 10 and 150 microFarads 
 mf  depending on which external capacitor modules are used  and pulse 
width can be specified as a fixed duration  0 1 19 9 ms  or  tilt  

 10 90    
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between 50 and 1090 volts and may be delivered asynchronously  upon manual 
command  or synchronized with an intrinsic sensed event  

1 2 7 x rn ardioverter Defibrillator CVD 

The output stimulation parameters of the Model 2376 are very similar to those of 
the Model 2394 except for the following modifications  

All pulses are monophasic  truncated  exponential waveforms  
Output capacitance is fixed at 50 microFarads and pulse width is determined 
by a fixed pulse duration only  
Pulse output voltages can range between 50 and 1090 volts and may be 
delivered asynchronously  upon manual command  or synchronized with an 
intrinsic sensed event  

tud Meth s 

All canine studies were conducted according to the 1966 and 1970 Animal Welfare 
Acts  1985 NIH Laboratory Animal Use and Care Guidelines and GLP 
regulations  Adult mongrel canines were used for all studies  The dogs weighed 
20 kg or more  

Specific details of each study are presented in the following  Animal 

Studies Results  section  

Each study is briefly described below  Both acute and chronic studies were 
performed to assess the toxicity of the non thoracotomy lead system as well as its 
gt jlwty 

nyge t  ring 

Stud 1  Acute Toxicit Testin of Non thoracotom Leads 

The objective of this study was to quantify the amount and nature of shock induced 
damage to the myocardial tissue resulting from multiple  high energy defibrillation 
shocks delivered through transvenous defibrillation leads and a subcutaneous patch  
This information has previously been submitted to the agency in the Non  
Thoracotomy IDE  reference Document Control Number G8701021S23  FDA 
Approved October 4  1990  Lead models evaluated in this study are functionally 
equivalent to the Models 6963  6966 and 6999  Results of these studies revealed 
only minimal shock induced necrosis    0 1 0 5 percent by weight   which did not 
result in functional impairment of the cardiac tissue  Therefore  the use of the 
Model 6963  6966 and 6999 leads did not result in significant myocardial damage 
in canines and could be safely implanted in humans  

vms 
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2  M 1 1 8 4 nd 89 hroni adEv uati n 

The objective of this study was to evaluate the suitability of the lead system for 
human clinical use  Lead models evaluated in this study are functionally 
equivalent to the Models 6963  6966 and 6999  Study results demonstrate that the 
performance of the non thoracotomy lead system when used with the PCD and 
ETCD devices is in conformance with system design and expected operation  

d 3  Model 881 68 4 and 689 hronic Lead Defibrillation Stud 

This study is an evaluation of the chronic stability of the non thoracotomy lead 
system via the monitoring of defibrillation and pacing thresholds  In addition  
histopathological examinations have been performed to assess the amount and 
nature of shock induced damage to the myocardial tissue resulting from 
defibrillation shocks  Lead models evaluated in this study are functionally 
equivalent to the Models 6963  6966 and 6999  Results demonstrate stable pacing  
sensing and defibrillation thresholds over time  Additionally  histopathology 
analysis shows no cardiac tissue damage due to delivery of defibrillation shocks  

ud 4 Model 963 696 and 6999 hronic ad Defi rillati n tud 

This study is an ongoing evaluation of the non thoracotomy lead system to assess 
chronic defibrillation threshold stability  pacing thresholds  intracardiac sensing 
capabilities and tissue damage  Results indicate the lead system performs as 
intended  DFTs and pacing thresholds have remained stable throughout the study 
 40 weeks  and intracardiac sensing is appropriate  Additionally there is minimal 
localized trauma to the cardiac tissue   0 05 percent by weight   

Conclusion 

All of these canine studies have demonstrated that the non thoracotomy lead 
system  which includes the Model 6963 CSISVC lead  6966 RV lead and 6999 SQ 
patch lead  functions safely and is therefore appropriate for human use  

vms 



3l iti EiEC citMl  l 
2  IES RE ULTS 

In this section each study  1 4  is described in detail and includes the study 
objectives  methods  relevance and conclusions  

A brief abstract prefaces each chronic study report  
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Study No  1 

Acute Toxicity Testing 

e tive 

----- ----------- --- ----- ------- ----- --- ----------- --- ------- ----- --------------------- 
---------------- ---- --------- ----- -------- --- ------------------ ---------- --- ---- -------------- 
------- ----------- ------ ----------- --------------- ---------------- -------- ----------- ---------- 
--------------- ---------------- ------ ----- -- ---------------- -------- -------- --------- ------ 
--------- ------------ ---- ----- ---------- ------- -------- ----- -- ---------- -------- -------- ------ 
------- --- ------ ----------- ---- ------- --------- ---------- ------- --------- ------ ------------- 
------ --- ---- -------------- --- ---- -------- ------- -------- ------ ----- -------- ------ ----- ------ 
------------- ---------------- ------ ----- -- ----------------- ----------- ---------------- -------- 
------ ---- ----------- --------- ------ --------------- ----- --- ---- ------------ --- ---- 
------------- ----- ------------- ------- -- -------------- --- ---- ------ ------ --- ------ ------- 
--------- ----- ---- ------------- ------ ------ ----------- -- ------------ --- -------- --------------- 
---- ------ --------- --------------------- ---------- ----- ------------- --- --------- ------- ------ 

Stud Methods and Materials 

-------------- -------- ------ ---------- --------- ------ ------ ---------- --------- ------ --- --- 
--- ----- 

Defibrillator 

----- ---------------- ------ --- ------ --------- ------ ---- ------------- -------- ------ ----- ---- 
-------- ------ ---------- -------------------------------- ----- --------- ------ ----- ------ ---- 
-------------------- --------- --------- --- ------------ ----- --- ----- ----------- -------------- 
----------- ------------ -------- --- --- -------------- ----- --------- 

---- ---------------- ------- ---------------- ------ ---- -------- ------- ---- ---- --- ---- ------- ----- 
---- -- ----- -------------- -- ----- --- ----- --- ------- ----------- ----- ------- ------------- ----- 
---- ------- ---- ---------------- ------- ---------------- ------ ---- -------- ------- --- --- 
-------------- ----- -- ------ ------- ---------- ------ ------- ---- ------------ ------- 
---------------- ------ ---- -------- ------- --- --- -------------- ------- ------------ -- ------ 

------- ---------- ----- ---- ------ ------- ------------- ------ ------- 
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Lead System 

------- --------- ------ ---- -------- -------- -------------- ------------ ------- ------- ---- -------- 
-------- -------------- ------- -------------- ------ ---- ------------------ ----- ----------------- ---- 
-------- ------------ ------------- ------- -------------- ------ ---- ------------------ ----- 
---------------- ----- ---- ----------------- ----------- ---- --------------- ----- -------- 
--------------- --- ------ ------ --- ---- -------- ------ ------------ ------- ------ ----- ---- -------- 
------ ------- -------------- ----- -- ------------ --- ---- ------ --------------- -------- ------- 
-------- 

Protocol 

---- --------- ------ --------------- ------ ---------------- ---------- ----------- ----- 
---------------- ------------ ------ ---------- ---------- -------------- ------------ --- 
---------------- --------- ------ ------- --- ----------- -- ---------- ------- --- ------------- 

------------ ---- ------------- --- ---- ------------ ----- ---- ------ ---- --- ---------- ----- 
-------- ----- -------- --- ---- ------ ----- ----- ---- --------- ----- ----- ------------ ----- -------- 
-------- ------------- ----- --- ---- -------- ------------ ------------- ----- ------ ----- --------- 
----- ------------- ----- ---- ------ ----------- ----- ---------- ----- ---- ------ ------- 
--------------- ----- -------- -------- ----- ----- ------------- ----- ---- ----------- ------ ----- 
--- ----- ---- ---------- ------ ------ -------- ----- ------------- ------ ----- ---- ------- ----- --- ---- 
---------------- ----- ----- ----- ----------- --- ---- ------------- ----------- ---- ---- ------- ----- 
----- ---------- --------------- --- ---- ---- -------- ------------- ---- --------- ------------- 
------------- ----- --------------- --- ---- ------- ----- ------ ------ ----------- ------------------- 
----- ----------- ---- ------------- --- -- ---------------- --------- ---- ----------- ------ -------- 
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--- -------- -- -------- ------ ----- ------ ------------ ----- -- ----------- -------------- --------- 
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R ul 

Gross Pathology 

---- --------- ----- --------- ------------ -------- ---- --------- ---------- ------ ------ -------- 
--- ---- ------- ------- ------------- ---------- ------ ------------------ 

Histopathology 

----- ---------- ------------- ------ ---- ---- ----------- ----- ------ ----- ----------- --- ---- ---- 
----- ------ ------ -------- ----- ---- ------------- --------- --- ------ --- --------- ------ ---- 
------------ ------ ----- ---------- ----- --------- --- --------------- --- ----------- -------- --- 
------------ --- ---- ------------------ ---------------- ----- ---------- ------------- ------ ---- 
----------- ------ ----- ------------ --- ----------- ---------- ------------ --- ---- -------- --- ---- 
---- ------------- ----- ----- ----- ---------- ---------- --- ---- --------- ----- --------- --- 
------------------ ----------- --- --------- --------- --- ------ ------- --------- -- ------- --- ------- 
--------- 

umma nd onclusions 

---- --------- ------ ------------ ---- ------------- --------- ------------------ ---------- ------ 
------------ ----- ---------------- ------- ----------------- --- --- ---------- --- ------ --------- 
-------- ------ ----------- ----- -- -- ------ -- ------ --------- ----------- ------- ----- 
------------------- --------------- ---------- ------ ---------- ------------------ ---------- ----- ----- 
---- ----------- --- ------- --- ------------ -------------- --- ---- ---------------- ------------- 
---------------- ------ --------------- ------ -- ---------- --- --- --- - ------ ---- ------- --- 
------------- --------- ------- ---------- --- ---------- ---------------- ----- --- ---- ------------ 
--- ---- ------ ------ --- ------ ------- --------- --- ---- --------- --------------------- ------- ---- 
--- ---- --------- ------- ------ ----- ------ ------ ---- ------- --- ------------- --------- ------- 
---------- --- ---------- 
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Table VI B 1 a  

LEAD C MPARIS N 

The following tables provide side by side comparisons of the leads used in the 
acute toxicity studies and the leads used in the non thoracotomy lead clinical 
investigation  

Model 10285 Temporary 
Coronary Snus Lead 

Model 6963 Permanent 
------------ ------- ------ 

Outer insulation  ---------- ---------- 
Inner conductor  ------------- ---------- ------------- ---------- 
External coil electrode  --------------------- --------------------- 
External coil electrode length  -- ---- -- ---- 
Electrode Shadow area   ----- ------ ----- ------ 
Conductive surface area  ----- ------ --- ------ 
Lead diameter  ------ --- ------ --- 
Lead Length  --- ---- ----- ---- 
Pacingfsensing rings  --- ----------- ------ 

The shadow area is the surface area  or silhouette  covered by the electrode  

vi sf 
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Table VI B  1  b  

LEAD M PARISON 

Model 6966 
Permanent RV 

Lead 

Model SP2100 5 
Permanent RV 

------ 

Model 10284 
Temporary RV 

------ 
Outer insulation  ---------------- ----- ---------------- ----- ---------- 
Inner conductor  -------------- ---------- -------------- ---------- ---------- 
Exteraal coil  --------------------- --------------------- --------------------- 
Rx   coi3 efectrvae 
length  

--- ----- 
--- ---------- 

--- ----- 
--- ---------- 

--- ----- 
--- ---------- 

Electrode Shadow area   ----- ------ ----- ------ ----- ------ 
Conductive surface area  ----- ------ ----- ------ --- ------ 
Lead diameter  ---- ----- ---- ----- ---- ----- 
Lead length  ----- ---- --- ---- ----- ---- 
Pacinglsensing rings  --------------------- ------ - --------------------- 

  The Model SP2100 5 is a screw in lead where the screw acts as the pacing electrode  sensing is achieved from the screw to the defibrillation coil  

The shadow area is the surface area  or silhouette  covered by the electrode  
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Table VI B 2 

ho k Histo 

um I ive nin Leads Shock T Pl  ock P 2 V 1ta e En 
------ ---- 

-- ------------ 
-------- 

------------ -------- ---- --- 
------ ------- 

----- ------ - 

--- -------- 
-------- 

------------ ------- ------ 
------ ------ 

----- ------ - 

--- -------- 
-------- 

---------------- ----------- ------ ----- ----- - 

--- -------- 
-------- 

---------------- ---------------- ----- ----- - 

--- -------- 
-------- 

------------ ------------ 
---------- 

----- ----- - 

--- -------- 
-------- 

------------ -------- ------- 
------ ------- 

----- ----- - 

--- -------- 
-------- 

---------------- ------------- ------- 

------ - ---------- ------ -----  
---- - ----------- ------ 
---- - ------ ----------- 
---- - ------------ ------- 

----- ----- - 

------- ------- ---- -------- ------ 
------- ------- ---- -------- ------ 
------- ------- ---- -------- ------ ----- -- ----------- -------- -------- -------- -----------  --- ------ ------- ----- --- ---- ------ ---------- --- ------- -------------- --- ---- ---- ------- ----  
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Table VI B 3 

HO K INDU ED NECR IS 

nin H tWiht --------- 
-- ----- ---- - ------ 
-- ----- ---- - ------- 
-- ----- ---- - ----- 
-- ----- ---- - ------- 
-- ----- ---- - ----- 
-- ----- ---- - ----- 
-- ----- ---- - ---- --- 
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Study No  2 

Abstract 

d b ective 

------ ------- ----- ----------- --- ---------- ---- --------------- --- -- -------------- ------------ 
--------------------- ----- --------- ------------ --- -- -------- ------ ------ ------------- ------ 
-- -------- ------ ---------------- -------- ----- -- -------- ------ ----------- ----------------- ------ 
------ ----- ------ ------- ---- -------- ------ -------- --- -------- -------- ------- 

S ud Materials and Methods 

--------------------- ------ --------- --- ----------- 

-------- ------ ------------ ------- --- ----------- 
----------- ------- ------ --- --------- 

-------- ------ ---------- ------- -------------- ------ 
-------- ------ ----------------- ------- 

----------- -------- ------ -------- 
-------- -------- ------ 

Pulse Type  Sequential 

------ -------- ------------ ------ ------------ ------ --- ---- ------ ----------- ---- ------ ----- 
-------- --- -------- ------------- --------------- ---------- ------ ------------- -- ----- --------- 
--------- ----- --- --- ----- -------- ----- --------- ------- ---- -------- ------ --------- 
-------------- ----------- ------ ------------- ------ --- ------------ -------- -------- ------ -- ----------- --- --- --- -------- ----- ----- ---------- --------- ------ -------------- --------- ---- 
--------- --------------- ----- ------------ -------- ------------ ------------- -------------- ----- ---------- ------------- -------------- 

tud Results 

--------------- --------------- --- ---- -------- ------- ------- ------ ------- --- ----- --- ---- 
-------- -------- ------ ----- -------- ------ --------- ------ ----------------- ----- ---------- --- -- -------- ------ ----- ------ ------------ ----- ----------- --- -------- ----- ---------- ----------- 
----------- ----- ----- --- ------------ --- -------------- --------- -------- --- ---- --------- ---- ------ --------- ---------- ------ ------------ 
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tu R 1 v n   i nificance 

----- --------------------- ----- --------- ------ ------ ---- -------- ------ -------- ----- -------- 
-------- --- -- -------- -------- -- --------- ------------- --- ---- --------- --- -------- ----- --------- 
-- ------ ------------ 

------- -------- ----------- -------------- --------- --- --------- ---- --------------------- ----- 
--------- ------ ---- -------- -------- ------ --- -- --------- -------- ------ ------- ---- ------------ 
------ ------------ --- ----- -------- ------------- ------ ---- --------------------- ----- --------- 
----- ---- -------- -------- ------- 

vi sf 

(b)(4)



lZ ti Eil ll Ci II lZIJQIR 
Study No  2 

Model 6881  6884 and 6895 Chronic Lead Evaluation 

Intr uc n 

------ ------- ----------- ---- -------------- -------------- -------- ------- ------------- --- ---------- ---- --------------- --- -- --------------------- ----- --------- --------- ------- -------- 
------- ----- -------- ------- ------ ------- ---- -------- ------ -------- --- -------- -------- ------- ----- ---- ------------ --- ----- --------- ---- -------- --------- ----- 

tu M th and Materials 
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------ -------- ------ ------------ -------- ------ ------ ------------ ---- -- ------ -------- 
--------------- --- ---- ------ ------ ----------- --- --- ---------- ------- ------ ------ ------ --- ---------- ------------- -------------- ------ -------- --------- ----- --- --------- --- ------------- 
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--------- ---------------- ---------------------- -------- --------- ----- ----- ----------- ------ -- 
--------------- ------------- ----------- --------- ---------------- --- --------- -------- -------- 
------------- --- ---- ------- ----- --------- ----- ---- -------- ------ --------- 

--------- --- ---- --------------------- ----- --------- ------- ---- -------- ------ -------- ----- 
---------- ------ ----- -------- --- ------ --------- ----- -------- ----- ----- ------------ ------- ---- 
-------- ------ -------- ------ ----- --------- -------- ------------- ------ ------- --- ------------- 
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D fibrill ti n nd Pacin Thr sholds at Im lant 

----- ------------ --------------------- ---------------- ------ ------- ------ ------------ 
---------------- ------------- ----- -------------- -- --------- ---- ------- --- ---- ------ -------- ---- 
--- ------ ---------- --------- ------------- ----- ------- ------- ------------- -- --------- ---- 
----- -------- 

Lead Implant Summary Table 

Defibrillation Threshold 

Canine Lead 
No  Configuration 

Lead 

Model 

Stored 
Energy 

 Joules  

Delivered 

Energy 
PULSE1 

--------- 

PULSE2 

--------- 

Pacing and Sensing 

Pacing 

Threshold 

at 0 5 ms 
p W  

-------- 

R  
wave 

Amp  

------ 

------ ------- ----------- 
----------------- 
------------ ------- 

------ --- ----- --- --- ---- - --- 
------ 
------ 

------ ------ ----------- 

----------------- 

------------ ------- 

------ --- 
------ 
------ 

--- -- --- --- ---- --- 

------ ------- ----------- ------ -- ---- --- --- ---- - --- ----------------- ------ 
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M el ET D Testin rior t M el 7217B Im 1 nt 
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--------- --- ----------------- ----------------- ---------- ----- -------- ------ ------------- ------- 
---- -------- ------ -------- -------- ----- ---- -------- ------ ------- ----- -------- ---- ---- ------ 
--------- ------------ ------ ---- --------------------- ----- ---------- ---- ------ ------- -------  
------------ -------- 

Model 5355 ETCD Cardioversion and Defibrillation Therapy Summary 
 Right Ventricle  Subcutaneous  Coronary Sinus  
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No   
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Model 5355 ETCD Cardioversion and Defibrillation Therapy Summary 
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T tin f n  h ra t m d m wi M el 7217B P D 
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Model 7217B PCD Cardioversion and Defibrillation Therapy Summary 
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Model 7217B PCD Cardioversion and Defibrillation Therapy Summary 

Charge 
Therapyl TllllC 

Canine No  Monitor Joules Pulse Path  Sec  Comments 
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Chronic Defibrillation Thresholds in ----- ------- 

--- 

--- -- 

- --- 

--- 

-- 
-- -- -- -- --- --- 

----------- --------- 

- -------- --- ------------- 

--- --- --- --- 
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Chronic Defibrillation Thresholds in ----- ------- 
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---- 

--- 

--- --- 
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----------- --------- 

- -------- -- ------------- 

--- 

Chronic Defibrillation Thresholds in ----- ------- 

--- 
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---- ------ --------------- -- 
-------- -- --- ----- ----- -- 

- --- 

--- 

-- 
-- -- -- -- --- --- 

----------- --------- 

- ----------------- -- ------------- 

--- --- 

--- ------- 

--- --- 
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--- 
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----------- --------- 

- -- ------ --- ------------- 

--- --- 

Chronic Defibrillation Thresholds in ----- -------- 

--- 

--- 
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-- 
- --- 
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--- 
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----------- --------- 
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--- 
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Pacing and Sensing Measurements 

----- -------- ------ ---- ----- ----- ------ --- ---------- ---- ---------- --------- --------- 
------------- ----- ---- ------------ --------- -------- ------------- ----- ----- ------------- --- 
----------- ------ ----- ------------- ------ -------- ------------- ----- --- --- -------- ------- ------ 

------- --- ------- ----- ---------- ---- -------- ----- --- ------ --- ------------- ----- ----- ----- 

----------- -- ---------- ------ ----- ---------- --- ----------- ---- ----- ------------ ----- ------ 
------------ ---- ------ ----- ---- ---------------- ----- -------- ------------- --------- ---------- 
--- -------- ---- ----------- ------- ------ ------------ --- ---- ------ ------------ --------- ---- 

-------- --- ---------- -------- ------------- --------- ------------- ----------- ------- ----- 
----------- --- --- ------------- --- ---- ----------- ------- 

----- ------------ -------- -------- ------- --- ---- -------- -------- ------ ----- ---- ---- --- ----- 
----------- ---------------- ----------- --- ---- ---------- ----- -------- ---------------- --------- ---- 
----------- --- ---- ----------- ---------------- ----------- --- --- ------- ------- -------- --- ---- 
---------- --- -------- ------ ------ --- ----------------- ----------------- ------ --- ---------------- 
--------- -------------- --- ------ ------------- 

-------- ------------- ----- --------- ----------------- ----------- -------- ----- ------- ---- -------- 
--- -------- ---------- ----- ---- ----- -------- --------------- ---- ---------- --- ---- -------- 
------------- ------ ------ -------- ---- ----- -------- ---- -------- -------------- --- ---- ------- 
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Table VI B 11  Summary of pacing thresholds from Chronic NTL Lead Study  

The data was collected using the Model 6966 RV lead in an integrated bipolar 
configuration  The common defibrillation electrode  pacing anode  is designated 

in bold print  

Measured Pacing Thresholds 

Canine 
No  

Lead System Duration hnplant Mean Standard Peak 
Wee   -------- -------- Deviation  volts  

------ ---------------- --- ---- ---- ---- ---- 

- ------ - ------------------- - --- - ---- - ---- - ---- - ---- 

------ ----------------- --- ---- ---- ---- ---- 

------ ------------------- --- ---- ---- ---- ---- 

Pacing Thresholds for Model 6966 RV Lead 

---- 

---- 

- ---- 

---- 

--- ---- 

---- 

---- 

-- -- --- --- 
----------- ---------- 

--- --- --- --- 

----- ------ ----------- --- ----- -------- -- ------- -- ----- -------------- --- ---- ---------- 
----------- ----- ----- ---- ------ ------ ----------- -- ---------- -------------- ------------- ------ 
------ ------------ ---- ------- 

Vl 1 2  

(b)(4)

(b)(4)

(b)(4)
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Table VI B 12  Summary of sensing data from Chronic NTL Lead Study  The 

data was collected using the Mod-- 6966 RV Lead in a standard bipolar sensing 

configuration  Data designated as - ------ were greater than the sensing capabilities 

of the Model 5311 Pacing System Analyzer  

M r e in Am li d 

Canine No  Lead System Implant 

 volts  

Mean 

 volts  

Range 

 vol 
ts  

------ ---------------- ------ ------ ------ - ------ 

------ ----------------- ------ ------ ------ - ------ 

------ ---- ------------ -- --- - ------ - --- -- 

------ ----------------- ------ ------ ------ - ------ 

Sensing Amplitude for Model 6966 RV Leads 

------ 

- 
------ 

-- 
------ 

--- ------ 
-- 

---- 

---- 
-- -- -- -- --- --- 

----------- ---------- 

--- --- --- --- 

Gross Pathology and Histopathology 

------------------- ----- ---- ------ ---------- ---- ----- --- ----- ---------- ------------- --- ----- 

---------- ------- ----- --------- --------- ------ ---- ------ ------------ ---------- ----------- 

-------- ------- ----- -------- ---- ---------- ------ ---- ------------ ------------- -------- 

---------- ----------- ------ ---- ---- --- ---- ------------ ----- --------- --- ---- ----- ----- ---------- 

----- ------------ ----- ----- ----- ------------ --- --- ----- ----- ------ --- ------ ------ --------- 

----- ---------- ---------- ---------- --- ------ ------- ----- --- --------- -------------- --------- 

----------- --------- ---- ----- ------------- ---- ------ ------------- --- ---------- --- 

----------------- ------ ------ --- ------ ----- ---------- 
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(b)(4)

(b)(4)

(b)(4)

(b)(4)
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---------------- -------------- ------- -------- ---- ------- ------------ --------------- --------- 

----- --------- --------- --------- ---- ----- ------------ ----- ----------- --------------- --- ---- 

-------- ---------- --- ---- ------ ----- ------------- ------ -------------- --------- ---- ------------- 

------ -- ------ -------- ------------ --------- --------- ----- ----- --------- -------- --------- ------- 

---- ------ ----- ---------- --- ---- ----------------- ------- ------ ------- --------- ------ --- 

------------ ----------- ------------ --------- --- ---- --------- ---------- ---- --------- -------- 

-------- --- ---- --------- --------- ------ ------ ------------ --- ---- ------- --------- ---- ------ 

----- ------------- ------ -------------- -------------- -- --------------- --- ---- ----------- ------- 

----- -------- ------ ----- --- ---------- -- ------------ ------ --------- ----------- --- ------- 

-------- ------ --- ---------- ----- ----------- ---------- ---- ------- ----- ---- ----- ------- -- 

--------- ---------- -------- ------- ------ ------ ---- ----- ----- -------- ----- --------------- 
----------- --------- --- ----------- ------ ---- --------- ---------- ---- ----- ----- ---- ------- ---- 

------ -------------- ---- --------- -------- ------ ----- --------- ---------- ------ ------ ------------ 

---- ------ ------------- ---------- --- --------- ------------- ------ ------- --- ---- ------- 

----------- 

Discussion 

--------- ----- ---------- ------ ------ ------------ ----- ------------- ---- -- ------ --- -------- 

-------- ----- -------- --- ---- -------- ---------- ------------- ------- ---- ----- --- -------- ----- 

---------- ------ --- ------- ---- ------ ---------- -- ------------------ --- --------- ----- --------- 

--- --------- ----- --- ------- ----- --- --------------- -- ---- --- ------- -------- --- ----------- 

------------ --------- ----- ------------- ------ ---- ---------------- ----- --------- 

----- -------------- --------------- --- ---- ------ ----- --- ----------- -------- ---- --------- ------- 
--- ---- -------- ----------------- --- -- ----------- ------ ----- ----- ----- ----------- --- ----- 

--------- ----- ----- ---------- ---------------- ----- ----- ------------ -------- ----- ---- ---------- 

------ ------ -------- ------ ---------- --- --------- ---- ----- --- ---- ---- -------- ---- ------ ----- 

-------- ------- ------ ------ ------ -------- ---- -------- 

----------------- ------------- ------ -------------- --------------- ------------- ---- -------- 

----------- --- ---- ----- ----------- ----- ---- ---------- --- ---- ------- ---- ---- -------------- 

------------- ----- --------------- ---- --------- ---------- --- ---- ----- ----------- ---- ------------ 

-------------- ------ ------ --- ---- ------ ------- ------------ ------ --- ---- -------- ------ 

---------------- ---- ----------- --- --------- ---- --- ---- ----- --------- --- -- --------- --------- 

----- ------------ --------- -------- ----- ---------- --------- --------- --- ---- ----- ---------- 

------------- ----- -------- ---- -------------- --- ---- ------ --------- ----- ---------- --- ---------- 

-------- ------------- ----- --- ---- -------- --- ------ -------- ---- ------ ----- ----------- --- 

--------- -------- ---- ----- ---------- --- ------------ ---- ----------- ----- ---- ---------------- 

----- --------- ------------- -------- ----- ------ ----------- ------------- --- ---- ---------------- 

------------- --- ---- ------------ 
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(b)(4)

(b)(4)
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--------- ------ ----- ------- ---- --------- --- ------- ------ --- ----------- -------- --------- ------ 

------- ------ --- ---- ----------- --- -------------- --------- ---- ---- --------- ---- --- ---- -------- 

------- ------ ----- ------ ------ -------- --- -------------- ----- ------- -------- ----------------  

---- ------------- ----- --------- --- --- ----- ---- -------- ----- 

VI 12  

(b)(4)
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Appendix A  Follow up Time 

REEDIER lCOEllDiMU lK 4   

PCD TRANSVENE SYSTEM 

PAT1ENTS WlTH 6 MONTHS OF FOLLOW UP 
- ---- --------------- 

--- 

--- 

--- 

-- 

-- 
---------- ---------- ---------- ---------- ---------- 

-- --------- ---------- ---------- ---------- 

-------- ----- ----------- ---- -- ----------- ----------------- 
---------- ------ 

Figure 1  Distribution of Follow up Times for the 6 -------- 

Follow up 
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PCD TRANSVENE SYSTEM 

PATlENTS VllTH 12 MONTHS OF FOl LOVI UP 
--- ---- --------------- 

--- 

--- 

--- 

--- 

-- 

-- 
---------- ---------- --------- --------- --------- --------- ---------- ---------- 

-------- ----- ----------- ---- --- ----------- ----------------- 

------------- --------- 

-------------- --------- 

---------- --- ------ 

Figure 2  Distribution of Follow up Times for ---- --- 

Month FoIlow up 
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Appendix B  Compliance 

-------------- ------------- --- ---- ----------------- ------------ ----- ----- 

------------- ---------- --- ----- --- ------ --------------- ---- ------------- --- --- 

---------- -------------- ------- ---------- --- ----- ----- ------ ---- ------------- --- 

--- ---------- -------------- ----- ------- ---------- ----- ----- ----- ------ ---- 

------------- --- --- ---------- -------------- ----- ------- ---------- ----- ----- ----- 

------ ---- ------------- --- --- ---------- -------------- ----- ------- ---------- ----- 

----- ----- ------ ---- ------------- --- --- ------------ -------------- -------------- ---- 

------------- --- -- ------------ ----- --- --------- ------ ----------- ---- ---------- --- 

--------- ------- ----- --- ---- ------------ --- --------------- 

---- --------- ------ -------- --- ------ ------ ------------ --- ---------------------- --- 

---------------- --------- ----- ----------- --- -------------- --------- -------- 

----------- ----------- --- --------- -------------- --- ---------- ------ -------- --- 

-------------- ---------------- --- ---- ------- ------------ --------- --------- ---- 

------ ----- ------------- --- -------------- ------ ---- --------------- --- ----------- --- 

-------- ---- ------ --- -------------- --- ---- ------------ ---------- ------------- 

----------- --------- ------------ --- ---- --------- ----------------- ---- -------- 

------------ --- ---- ------------------ ------ ---- ---- ------------- ------ --- ---------- 

-------- ---- ----------------- 
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Appendix C  Complications and Observations 

PCD Transvene System Reported Complications and Observations and 

Corresponding Treatments 

All complications and observations reported as of June 24  1992 are presented 

in Tables Appendix C 1 and C 2  A total of 757 patients have received a PCD 

Transvene System  

Complications have been reported in 138 patients and clinical observations 

have been reported in 157 patients  The reported clinical complication incidence 

in this patient population is 18 2   138 757   The reported clinical 

observation incidence in this patient population is 20 8   157 757   

The following tables provide clinical summaries of the complications and 

observations reported in the PCD Transvene System patient population  
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8y Caieyory 
 6i 4192 

0 8  

8 2  

0 8  4 1  

2 0  

Infection Re ted 1 5  4 9  

12 4  Lead Reliteil 

0 5  

or   6 24192 
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Table Appendix C 2  PCD Transvene System Reported Complications and Observations   6 24 92 
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INCREASED DEFIBRILLATION REQUIREMENTS 

Complication -------- 2 28 92 314 92 ------ ------------- --------- ------------ ----------- --- ---------------- 

------ --- --------- ------ --- --- --------- -- ------ --- ------ ----- 

-------------- ------ ------------ ----- ----- ------------- ------ 

------------- -- ---------- --- ---- ------ ------------ ---- ----- ---------- 

----- --------------- ---------- ------ ---- ---------- --- ------------- 

----- --- ----- ------------- --- ---- ------ -------------- --- ---- ----- 

------------ ---- ---------- --- ------- ---- ---------- --- ----- --- ------ 

------- ---- --------- ------------- ------ ---- ---------- --- ------- 

--------- ------------ ---- ---------- --- ------------------ --- ---- 

----------- ---- ---------- --- ----- ---------- ---- ------------- 

------------ --- ----- ---- ----- ------------- --- ---- ------ -------------- 

--- ---- ----- ------------ ---- ---------- --- ------ --------------- 

---------- ---- ---------- --- --------- ------------ ---- ---------- ---- 

----------- ----- ----- ------ ------- -------- ----- --- ------ -------------- 

-------- --- ------ --------- ---------- ----- ------- --- --------- ---- 

--------- --- --- ------------ ---------------- ----- --------- ----- ----- 

--------- ------------ ----- -- ----- ------- --------- ------ ------------- 

---------------- -- ----- ---- ----- ----- --- ----- ---- ------ 

------------- --- ---- ------ -------------- ------ ------------ ------ ---- 

---------- --- ---------------- --- ----- --------- ---------- ------ ---- 

---------- --- ------- --------- ------------ ---- ---------- --- ------ 

------ ------------- ------- ------------ ---- ---------- --- ---------------- 

--- ---- ----- ---- ---------- --- ----- ---------- ---- ------------- 

------------ ----- ------------ --------- --- ---------- --- ---- ----------- 

--- ---- ----- ------------ ---- -------- --- ------- --- ------- ------------ 

--------- ----- -- ------- ----- ------------- ------ ----- ----- ---------- 

--------- -------- ------ ------ ---------- ------- -------- --- --------- 

-------- ----- ------------ ----- --- - ------ ----------- --------------- --- 

-------- --- ---- ---------- ---- ---------- ------------ --------------- ----- 

------------- - --------- ------ ------ ---------- ----------------- ---- ----- 

--- ------- ----- ------ --------- ---------- --------- ------- ----- 

----------- --- --------- --------- ----- ---- -------- --- ---- ------------ 

------ ---------- 

Complication -------- 2 5 91 318191 ------ ------ --------- ------------ ----------- --- ---- --------------------- 

---------- ----- ------ --------- ------ --- ----- --- ------ --- ---------- 

------------ ----- ---------------- ---------------- -- ----- --------------- 

---------- ----- --------- ----------- --- ---- -------------------- ---------- 

---- ------ ------ --- ----- 

Complication -------- 7 12 91 7 1 5 91 ------ ------ --------- ------------ ----------- --- ---------------- ------ 

--------- ------ --- ----- --- ---- ------ --- ---------- ------------ ----- 

---- ----- ------------------ ---------- --- --- --- ----- --------------- 

----- ---------- ----- ---- --------- ----- ----------- --- 

---------------------- -------- --------- ------ -- ------ --- ---- 
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Complication -------- 713 91 7 10 91 

Complication -------- 4 8 91 4 1 1 91 

Complicstion -------- 1 1 6 91 1 8 92 

Observation -------- 11 10 89 12111 89 

Observation -------- 913190 1113191 

Observation -------- 1 25 91 218 91 

Observation -------- 6126191 7 23 91 
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--------- ---------- ---------- -- -- ------- ------------ --------- -------- 

----- ----------- --- - ------ ------ --------- ----- --- ------------ 

---------------- ----------------- ----- ------ ------ --------- ------------ 

----------- --- ---------------- ----------- ---- -------- ------------ --- 

------ ------------ ---------------- ---------------- ------ ----- --------- 

--------- ------------------- --- --------------- --------- ----- ---------- 

--- ---------- ---- ------ ----- --- ---- ----------- ------- ----- 

---------------- ----- --------- ----- ------------- ----------- ------ --- -- 

------------ ----- --------- ------ -- ------ --- ----- 

--------- ------ -- --------- --- --------- --------- ------- ----- ------ 

------------- ------------ ------ --------- ------------ ----------- --- 

--------------- ------ -- --------- ------ --- ----- --- ------ --- ------------ 

----- ------ -- ---------------- ----- ----------- ------- --- --------------- 
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--------- ----- ----------- --- --- ------------ --------- ------ ----------- 
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--- --------- -- ------ --- --- ------------- ------ ------------- ------ -- 

------ --- ----- --- ------ --- ------------ ------ ----- ------------- --- ---- 

------ -------------- ----- --- -------- ---- --------------- ----------- ---- 

--------- ---- ------- ----- ---- --------------- ----------- ---- ----- ---- 

----------- ------ --------------- --- ---- ------- --- ------ --------- 

--- ---- -- -------- ------------ ------ ---- ----- ---------- ----- 

--------------- ---------- ------ ----- ------- ------ ------ --- --------- 

--- ------------- ----------- ---- --------------- ----------- --- ----- 

--------- 

------ ------ --------- ------------ ----------- --- ---------------- --- ---- 

-------- ----- ---- ---------- -------- ----- ------------------ ---------- --- 

---- ---------- --- ------ ---- ---------- --- ---- ---------- --- ------- 

----- ------------ ---- --------- ----- ----------- ----- ---- --------- ------ 

----- -- ---- ------- ----- --- ----------- --- ----- ----------------- 

---------- ---- -------- ----- ---------- --- ---- ------- --- ---- 

---------------- ----------- ------------- ----- --------- ---------- ----- 

------------- --- ---------------- ---------- --------- ------ -------- --- --- 

--------- --- ----------- ---------------- ----------------- ------- ------ 

------ --- --------- --- ------------- ----------- ---- --------------- 

----------- --- ----- --------- 

------ ------ --------- ------------ ----------- --- ---------------- ------ --- 

--------- ------ --- ----- --------- --------------- ----- ----------- --- ---- 

----- --------- -------- ---------- ---- ---------- --- ------ ---- 

------------- ------------ --------- ------- --- ----------- ---------------- 

----------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

------ --------- ------ --- --- --------- --- ------ --- ---------- ------------ 

----- ------------ ---------------- ---------------- ------ ------- ----- --- 

--------------- ---------- --------------- ------ ----- ------------ ----- 

-- ----- -------- ------------- -------------- ---------------- ---------- 
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INAPPROPRIATE VF THERAPY DELIVERY 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

-------- 11 129 90 1 2 1 4 90 ------ ------ --------- ------------ ----------- --- -------------- ------ ---- 

---- ----- ------- --------------- --- --------- ------ ----- --- 

------------------ --- -- ------- --------- -- ---- ------ ---------------- 

---- --------- ----- ----------- ----- --- -- ------- --------- ----- ----- 

---------- --- ------------------- ---- ------------- --- ---- ------ 

--------------- ---- ----------- ----- --------------- -- ----- ------------- 

-------- 7 31 91 9 19 91 --------- ---------- ---------------- ---- --------- ------------ --- ------ 

------------- ----------- ----- --- ------ -------------- ---------- ----- 

------- --- ----------- ------ ---------- ----- -------- ---- 

--------------- --- -------- --------- --- ---------------- ---- ---------- 

-------- 10 10 91 11111191 --------- ---------- ---------------- ---- --------- ------------ --- 

---------------- ---- ----- ----- ---------------- ------ ---- ------ 

------------------ ------ --- --- --- ------ ------------ --- -------------- 

-------- 2127 90 5 2 90 --------- ---------- ---------------- ---- --------- ------------ --- ------ 

------------- ----------- ----- --- ------ -------------- ----- ----- 

------------------ ------ ----- --- ----- ---- ----- ---- -------- ---- 

--------------- --- -------- --------- --- ---------------- ---- ---------- 

-------- 9 20 90 9127 90 --------- ---------- ---------------- ---- --------- ------------ --- ------ 

------------- ----------- ----- --- ------ -------------- ---------- ----- 

------- --- ---------- ------ --------- ----- ---- ----- ----- 

------------------ ------ ----- --- ----- ----- ----- -------- ---- 

--------------- --- -------- --------- --- ---------------- ---- ---------- 

-------- 10 22 90 6 1 1 191 --------- ---------- ---------------- ---- --------- ------------ --- ------ 

------------- ----------- ----- --- ------ -------------- ---------- 

------------ ---------- ------ ------------ --- --------------- 

-------- 1 31 91 5 3 91 --------- ---------- ---------------- ---- --------- ------------ --- ------ 

-------------- ----- -------------- ------ ---------------- ------ ----- 

------------------ ------ ------------ --- --------------- 

-------- 5 16 91 5 27 91 --------- ---------- ---------------- ---- --------- ------------ --- ------ 

------------- ----------- ----- --- ------ -------------- ---------- ------ 

------- --- ---------- ------ --------- ------ ------------ --- 

--------------- 

-------- 4 24 91 5 21 91 --------- ---------- ---------------- ---- --------- ------------ --- ------ 

------------- ----------- ----- --- ------ -------------- ---------- ----- 

---------------- ------ ------- --- ---------- ------ --------- ----- ---- 

----- ----- ------------------- ----- -------- ---- --------------- --- 

-------- --------- --- ---------------- ---- ---------- 

-------- 9 4 91 --------- ---------- ---------------- ---- --------- ------------ --- ------ 

------------- ----------- ----- --- ------ -------------- ----------------- 

------ ------- --- ---------- ------ ---------- ----- -------- ---- 

--------------- --- -------- --------- --- ---------------- ---- ---------- 
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Observation 

Observation 

-------- 4 5 91 9 39 91 --------- ---------- ---------------- ---- --------- ------------ --- ------ 

------------- ----------- ----- --- ------ -------------- ------------ 

--------- --- ------- --- ----------------- --- ---------- ------ --------- --- 

------ ---------------- -------------- 

-------- 6 27 91 7 19 91 --------- ---------- ---------------- ---- --------- ------------- --- ------ 

------------- ----------- ----- --- ------ -------------- ------------------- 

------ --------- ----- ----------- ------ ------------ --- --------------- 

Observation -------- 1116 91 11 11 91 --------- ---------- ---------------- ---- --------- ------------ --- ------ 

-------------- -------- ----- ---------- --- ----- ----- ------------------ 

------ ------------ --- --------------- 

All 

(b)(4), (b)(6)(b)(6)
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INAPPROPRIATE VT THERAPY DELIVERY 

Observation 

Observation 

Observation 

Observation 

-------- 1 114 92 1 22 92 ---------------- ---- --------- ---------- ------------- --- ------ -------- 

------ ------ ------------- ------------ ----- ------------------ ------ 

------------ --- --------------- 

-------- 1 27 92 ---------------- ---- --------- ---------- ------------ --- ------ 

-------------- ---------- --- ----- ----- ------------------ ------ 

------------ --- --------------- 

-------- 1 29 92 ---------------- ---- --------- ---------- ------------ --- ------ 

--------------- ---------- --- ----- ----- ------------------ ------ 

------------ --- --------------- 

-------- 1 1 1 6 90 1 1  28 90 ---------------- ---- --------- ---------- ------------ --- ------ 

-------------- -------- -------------- ------ ---- ---------------- ------ ----- 

----- ------------------ ------ ----- ---- --- ----- ---- ----- ---- ---------- 

------------ ----- ---------- ----- -------- ---- ----- -------------- 

----------- --- ---- -------- ------ ------ ---------------- ---------- ----- 

---------- 

Observetion -------- 1 1 129190 9 24 91 

Observation -------- 2114191 1 3 92 

Observation -------- 2127 91 3 4 91 

Observation 

Observation 

Observation 

Observation 

Observation 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

----- ------------------ ----- ---------- ------------ ---------- ------ 

------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------- ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------------- ------------ ---------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------- -------- ------ ------------ --- --------------- 

-------- 217191 ---------------- ---- --------- ---------- ------------ --- ------ 

--------------- ----- ------------------ ------ ------------ --- --------------- 

-------- 7 24 91 ---------------- ---- --------- ---------- ------------ --- ------ 

--------------- ------------------- ------ --------- ----------- ------ 

---------- --- ----- --------- --------- ----- ------------ --- --------------- 

-------- 8121 91 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ------------ ------------------- ------ --------- 

----------- ------ ------------ --- --------------- 

-------- 10 3 91 ----------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------- ------------ ---------- ------ ------------ --- --------------- 

-------- 1 1  8 91 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

------------------- ------ --------- ----------- ------ ------------ --- 

--------------- 
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Observation -------- 11 7191 1213 91 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

-------- 1 1 26 91 1 1 28191 

-------- 12 20 91 2 17 92 

-------- 1 17 92 2126 92 

-------- 10131 189 8 31 190 

-------- 1 1 21 189 2125 90 

-------- 11 10189 2 23 90 

-------- 2115190 

-------- 3 6 90 6 21 90 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- ----- 

------- ---------- ------------- --- ------- --- --------- ------------- 

------------ --------------- ------ --------- ---------- ---------- ----- 

------------- 

---------------- ---- --------- ---------- ------------ --- ------ 

-------------- ---------- --- ----- ----- ------------------ ------ 

------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 

-------------- ---------- --- ----- ----- ------------------ ------ 

------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 

-------------- -------- ----- ---------- --- ----- ----- ------------------ 

------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

------------ -------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------- ------- --- ---------- ------ ---------- --------- ----- 

--------------- ---- ------------- --- --------- ---------- ----- ---- ------ 

-------- ----- ---------------- -------------- ----- ---- -------- --------- 

------------ --- ------------- --------- 

---------------- ---- --------- ---------- ------------ --- ------ 

-------------- -------- -------------- ------ ---- ---------------- ------ 

---------- ------------ ----- ---------- --------- ---- --------------- 

-------------- ----------- --- ---- -------- ------ ---------------- ---------- 

----- -------- --- ---- ------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------- -------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 

-------------- -------- -------------- ------ ---- ---------------- ------ ----- 

----- ------------------ ------ ----- ---- --- ----- ----- --------- ---- 

--------------- -------------- ----------- --- ---- -------- ------ 

---------------- ---------- ----- -------- --- ---- ------- 

-------- 9 27 90 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ------------ ------------------- ------ --------- 

----------- ------ ------------ --- --------------- 

-------- 4 17 90 ---------------- ---- --------- ---------- ------------ --- ------ 

-------------- -------- -------------- ------ ---- ---------------- ------ ------ 

--------- ------ --------- -------- --- ------- ------------ ------ ----- ------ 

------------ --- --------------- 

-------- 5 3 90 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------- -------- ------ ------------ --- --------------- 
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Observstion -------- 8 30 90 912191 

Observation -------- 10122 90 6 11 91 

Observation -------- 1015190 5113191 

Observation -------- 11 12 90 11 19 91 

Observation -------- 2 28 91 4 9 91 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

-------- 11 28190 1 8 91 

-------- 1 2 3 90 1 19 91 

-------- I 131 91 5 3 91 

-------- 3 25 91 516191 

-------- 3 27 91 2126 92 

-------- 4 9191 7118  91 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- ---------- --- ----- ------------------- 

------ --------- ----------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------- -------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 

-------------- -------- -------------- ------ ---- ---------------- ------ ----- 

----- ------------------ ------ ----- ---- --- ----- ----- --------- ---- 

--------------- -------------- ----------- --- ---- -------- ------ 

---------------- ---------- ----- -------- --- ---- ------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ------------ ------------------- ------ --------- 

----------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 

-------------- -------- -------------- ------ ---- ---------------- ------ ----- 

----- ------------------ ------ ----- ---- --- ----- ----- --------- ---- 

--------------- -------------- ----------- --- ---- -------- ------ 

---------------- ---------- ----- -------- --- ---- ------- 

---------------- ---- --------- ---------- ------------ --- ------ 

-------------- -------- -------------- ------ ---- ---------------- ------ ----- 

------ ------------------ ------ ----- ---- --- ----- ----- --------- ---- 

--------------- -------------- ----------- --- ---- -------- ------ 

---------------- ---------- ----- -------- --- ---- ------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------- -------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 

-------------- -------- -------------- ------ ---- ---------------- ------ ----- 

----- ------------------ ------ ----- ---- --- ----- ---- ------ ------------ --- 

--------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------- -------- ------ ------------ --- --------------- 

----------------- ---- --------- ---------- ------------ --- ------ 

-------------- ---------- --- ----- ----- ------------------ ------ 

------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ 

-------------- -------- -------------- ------ ---- ---------------- ------ ----- 

-------------- --------- --- ------- --- ----------------- --- ---- ------ 

-------- ---------------- ------------- --- ---- ---------- ------ ---------- 

-------- 3 19 91 3 25 91 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------- -------- ------ ------------ --- --------------- 
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  DO 

Observation -------- 6117 91 7123191 

Observation -------- 2 27191 

Observation -------- 3113191 9 27 91 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observstion 

Observation 

Observation 

-------- 5 16 91 6 1 8 9 1 

-------- 4 29 91 5 3 91 

-------- 4124191 5121 191 

-------- 718 91 1 1 1 91 

-------- 4 S 91 9 30 91 

-------- 7 22 91 1 10 92 

-------- 9125 91 

-------- 6127191 7 19 91 

---------------- ---- --------- ---------- ------------ --- ------ 

-------------- -------- ------------- ------ ---- ---------------- ------ ----- 

----- ------------------ ------ ----- ---- --- ----- ----- --------- ---- 

--------------- -------------- ----------- --- ---- -------- ------ 

---------------- ---------- ----- -------- --- ---- ------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ------------ ------------------- ------ --------- 

----------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------- ----- --------------- --------- ----- -------- ------ ------------ 

--- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------- --------- ----- -------- ------ ------------ --- --------------- 

---------------- ---- --------- ------------ --- ------ -------------- -------- 

-------------- ------ ---------------- ------ ------------------- ------ 

--------- ----------- --- --------- ----- --------- --------- ------ 

------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- -------- ----- ---------- --- ----- 

---------- ----- --------------- --------- ----- -------- ------ ------------ 

--- --------------- 

---------------- ---- --------- ------------ --- ------ -------------- -------- 

-------------- ------ ---------------- ------ ------------------- ------ 

--------- ----------- --- --------- ----- --------- --------- ------ 

------------ --- --------------- 

---------------- ---- --------- ---------- ------------- --- ------ ------------- 

------ ------ ------------- ------------ ------------------- ------ --------- 

----------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ------------ ----- ------------------ ------ 

------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ------------ ------------------- ------ --------- 

----------- ------ ------------ --- --------------- 

---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ----------- ---------- --- ----- ------------------- 

------ --------- ----------- ------ ------------ --- --------------- 

-------- 10 25 91 1 23 92 ---------------- ---- --------- ---------- ------------ --- ------- 

-------------- ---------- --- ----- ----- ------------------ ------ 

------------ --- --------------- 

-------- 9126191 ---------------- ---- --------- ---------- ------------ --- ------ ------------- 

------ ------ ------------- ------------ ------------------- ------ --------- 

----------- ------ ------------ --- --------------- 
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LOSS OF CAPTURE 

Complication -------- 2 14 92 2 18 92 

Complication -------- 8 30 91 9 3 91 

Complication 

Complication 

Complication 

Complication 

Observation 

Observation 

Observation 

Observation 

Observation 

-------- 1 1 16191 

-------- 12 26191 1 7 92 

-------- 9 13190 9121 90 

-------- 8 26 91 8 30 9 1 

-------- 2110192 311 1 92 

------ --- --------- ------- ----- --------- ----- ------- ---- --- ---------- 

------ -------------------- --------------- ---------- ----- ---- ----- 

--------------- ------ -------------- -------- ----- --------- --------------- 

------------- 

----------- -------- ------------- ------ ------- -- ---- -------------- 

------------ ------ --------------- ----- ---------- ----- ---- ---- ----- 

----- --------------- ------ ---------------- --- -------- ------------- 

------ --- --------- --------------- ----- --------- ----- ------- ---- --- 

---------- ------ -------------------- --------------- ---------- ----- ----- 

---- ----- --------- ------- ------------ ------ ---------------- --- -------- 

------------- 

----------- -------- ------------- ------- -- -------------- ------------ 

------ ---- ----- --------- ------- ------------ --- -------- ----- 

---------------- -------- ------ -------- ------------------ ----------- 

--------------------- --- ------------ - -------- -------- ----- -- 

-------------- ---------- -- ----- ------ --------- ----- ---------- 

----------- --- -------- --------- -------- --- -------- ------ ------ 

-------- ------------- ---- ---- ---------- --- ----- --------- -------------- 

------- ---------- ---- ---------------- ----- -- ----- ------ ---------- 

----------- ------ --- ---- -------- ------ ------ 

------ --- --------- ----- --- ------------- -------- -------- ------ --- ------ 

----- ----- ------------ --- ------- ---- ------- -- -------- ------ ------ 

------------- ----- ------------- --- ---- ------ -------- --------- -------- 

----------- ----- ---- -------- --------- ------ ------------ --- ----- --- 

--------- 

------ --- --------- -- ---- -------- ----------------- ------- -- --------- 

---- --------------- ---------- ------ ---- ----- --------------- --- 

------------- -------------- -------- ---------------- 

-------------- ----- --- --------- ------------ --- ------------- --- 

---------- ------------- ------ --------- ---------------- --- --------------- 

--- --------- ------ ---------- ----- -- ----- ------------- ----- --- --------- 

----- ----------- 

-------- 8121 91 -------------- ----- --- ---------- -------- -------- ---------------- --- ---- 

-------- ------------- ----- ------ ------------ --- --------------- 

-------- 12123I91 1 8192 ------ --- --------- -- ---- -------- ------------- ----- ------- -- --------- 

---- -------------- --------- ---------- ------ ---------------- --- -------- 
----------- -- 

-------- 10 31 89 11 22 90 -------------- ----- --- --------- ------ ------- ------- ----------- -- ---- 

-- ------- --- ---- ----- -------- -------- ---------------- --- ---- -------- 

------------- ----- ------ ------------ --- --------------- 

-------- 1 19 90 ------ --- --------- --------------- ------------ --- --------- ---------- 

---------- ------ ------------ ------ ------------ --- --------------- 
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Observation 

Observøtion 

-------- 5 28 91 712191 ------ --- --------- --------------- ------------ --- ----- -------- 

--------------- --------- --- ------- --- ---------- ---------------- --- ---- 

----- --------- ---- ----------- ----- ----------- ---------------- ------ 

----- -------- -- ---- ------------- ------------- 

-------- 10 23 91 10 28 91 -------------- ----- --- --------- -- ------ ---------------- -------- 

-------- ---------------- --- ---- -------- ----------------- ------ 

------------ --- --------------- 

A17 

(b)(4), (b)(6)(b)(6)



zi zir s   EEi rx lit    s 

OVERSENSING 

Observation -------- 12 30 91 2 10 92 --------------- --- -- ------- --- ------ --------- --------------- ------ 

------------- ---------------- --- ---- ------ ------ ---------------- 
------------- -- ---- ----- ----- --- ------------------- ----------- 

Observation -------- 1110 92 2114192 --------------- --- -- ------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- --- ------------ -------- ------ ----- ---- --- ----- 

----- 

Observation -------- 2124 92 418192 --------------- --- -- ------- --- ------ --------- ------ ---------------- 
------------- --- ---- ------ ------ ---------------- ------------- -- ---- ----- 

----- --- ------------------- --------------- 

Observation -------- 11 19 90 216191 --------------- --- -- ------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- --- ------------ -------- ------ ----- ---- --- ----- 
------ 

Observation -------- 217191 

Observation -------- 7 10 91 7 1 5 91 

Observation -------- 811 91 412192 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

-------- 8112 91 8 21 191 

-------- 9 14 91 9 9 91 

-------- 9113 91 2 3192 

-------- 10123 91 10 30191 

-------- 1 1 15191 1 2 9 91 

--------------- --- -- -------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- --- ------------- ------ ---- ----- --- ---- ----- 

--------------- --- -- ------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- ------------ ------ ----- ---- --- ----- ----- 

--------------- --- -- ------- --- ------ --------- -- ---------------- 
------------- --- ---- ------ ------ ---------------- ------------- -- ---- ----- 

----- --- ------------------- -------------- 

--------------- --- -- -------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- --- ------------- ------ ---- ----- --- ---- ----- 

--------------- --- -- -------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- --- ------------- ------ ---- ----- --- ---- ----- 

--------------- --- -- ----- -- -------- -------- ------ --------- ----- ----- 

---------- ------ ----------------- ------------- --- ---- ------ 

-------------- --------------- --- -- ----- -- -------- -------- ------ 

--------- ----- ----- ----------- ------ ----------------- ------------- --- ---- 

------ 

--------------- --- -- ------- -------- ------ --------- -- ------------- --- 
---- ------ ------ ---------------- ------------- -- ---- ----- ----- --- 

------------------- ----------- 

-------- 10 31  91 1 1 1 91 --------------- --- -- ------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- ------------ ------ ----- ---- --- ----- ----- 

-------- 1 1 26 91 1  9 92 --------------- --- -- ------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- ------------ ------ ----- ---- --- ----- ----- 

-------- 11 25 91 11 27191 --------------- --- -- ------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- ------------ ------ ----- ---- --- ----- ----- 

A18 

 l 

(b)(4), (b)(6)(b)(6)



RiliEiIRll lilRlliEti lK     

Obsewstion 1219191 --------------- --- -- ------- -------- ------- --------- -- ------------- --- 

---- ------ ------ ---------------- ------------- -- ---- ----- ----- 

------------------- ---- -------------- 

Observation --------------- --- -- ------- -------- ------ --------- ----- ---- ---- 

--------- -------------------- 

Observation 1 4 92 -------------- --------------- --- -- -------- -------- ------ --------- ----- 

---- ---- --------- -------------------- 

Observation --------------- --- -- ------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- ------------ ------ ----- ---- --- ----- ----- 

Observation 4 18 91 4125191 --------------- --- -- ------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- --- ----- ----- ---- ------ 

Observation 4 24 91 5 1 5 91 -------------- --------------- --- -- -------- -------- ------ --------- -- -- 

------------- ------- --- ---- ------ ------ ---------------- ------------- -- 

---- ----- ----- --- ------------------- ----------- 

Observation --------------- --- -- -------- -------- ------ --------- ----- ---- ---- 

--------- -------------------- 

Observation 9 1 7 91 --------------- --- -- ------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- ------------ ------ ----- ---- --- ----- ----- 

Observation 8 23 91 8 28 9 1 --------------- --- -- ------- ----- ------ -------- -------- ----- ---------- 

------ ------------------- ------------ ------ ----- ---- --- ----- ----- 

A19 

p 

(b)(4), (b)(6)(b)(6)



RiiiKil 3 40IEEK E4   

UNDERSENSING 

There have been no reports of undersensing in VF  VT or sinus rhythm  

A20 



Kl3 ti EiEK CiEXi3KE 

SKIN EROSION 

Complication -------- 2122191 4 17 91 ------ --------- ------- -- ---------- ----- -------- ------------ -------- 
----------- ------ ------------ --- ----- ---------- 

Complication 

Observation 

-------- 9 17 91 1 22 92 ------ --------- ----- ------------- ------- -- ---- ------- ----- ---- ------- ----- 

----------- ----- -------- -------- ------ -------------- ------ ------------- 

--------- ---------- --- ----------- -------- ----- ------ -------- --- ------------- 

------------- -- ---------- 

-------- 9 24 91 1212191 ------ --------- ------- -- ---------- ----- --------- ----- ----- ----------- ----- 

------- ------------- --- ------ --------- --------- ------ ------------- ------ 

------------ --- --------------- 

A21 

   

(b)(4), (b)(6)(b)(6)



IXiti Eill C COEliMii E  ass 

POCKET INFECTION 

Complication -------- 1 2 23 91 2 1 9 92 

Complication -------- 215192 3 20 92 

Complication -------- 211 1 191 3 20 91 

Complication -------- 2 26 91 5 1 6 9 1 

Complication ------ -- 7 1 8 91 8 11 91 

Complication 

Complication 

Complication 

Complication 

-------- 7131191 

-------- 8 9 91 8 30 91 

-------- 2 2190 9 8 90 

------ ------------- --------- ------------ ----------- --- ---------------- 

------- --- -- ------------- ----- -- ----- ---------- ------------ -- --------- 

-------------- --------- ---- -- --------- --- ---------- ----------- --------- 

------------ ----- -------- -------- ------ ------------ ---------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

------- --- -- ------------- ----- -- ----- --------- ------------ -- ---------- 

--------- ----- ------------- --------- ------------- ------------ --------- 

------------ ---- -------- ------------ ------ --------- ------------ ----- 

-------- -------- ------ ------------ ---------- 

------ ------ --------- ------------ ----------- --- ----------------- ------- --- 

--- ------------- ----- -- ----- ---------- ------------ -- --------- 

-------------- --------- ---- --------- --- ---------- ----------- --------- 

------------ ----- -------- -------- ------ ------------ --------- 

------ ------ --------- ------------ ----------- --- ---------------- ------- --- 

-- ------------- ----- -- ----- --------- ------------ -- --------- 

-------------- ----- ----------- -------- ----- --------------- --- ----- 

---------------- ----- ---------- -------------- --- ----- --- -- --------- -- 

-------- -------- ----- ---------- ------------- --------- ------------ ----- 

-------- -------- ------ ------------ --------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

------- --- -- ------------- ----- -- ----- ---------- ------------ -- ---------- 

-------- ------------- -------- ------------ --------- --- ------ ------------- 

--------- ----- ------------ ------ ------------ ---------- --------- 

------------- ---------- -- ------ ------------- ---------- 

------ ------ --------- ------------ ----------- --- -------------- ------- --- -- 

------------- ---- -- ----- ---------- ------------ -- --------- -------------- 

--------- ------------ ----- -------- -------- ------ -------------- --------- 

--------------- ---------- -- --------- ------ ------ ---------- 

------ ------ --------- ------------ ----------- --- -------------- ------- --- 

--- ------------- ----- -- ----- ---------- ------------ -- --------- 

-------------- --------- ------------ ----- -------- -------- ------ 

------------ --------- 

------ ------ --------- ------------ ----------- --- -------------- ------- --- -- 

------------- ----- -- ----- ---------- ------------ -- --------- -------------- 

----- -------------- -------- ------------- --------- ----- ------------------- 

----------- --- --------- --------- ----- ------------ ----- -------------- ----- 

-------- ----- -------- ------ ------------ ---------- ----- ------ -------- 

----- --------------- ----------- ---- ----------- ---- ---- --------- ----- 

------------ ---- ------- ------ --------- ----- ------------- 

-------- 3112190 10 8 90 ------ ------ --------- ------------ ----------- --- -------------- ------- --- 

--- ------------- ----- -- ----- ---------- ----------- -- --------- 
-------------- --------- ------------ ---- -------- -------- ------ 

------------ ---------- 

A22 

(b)(4), (b)(6)(b)(6)



IXiti Eil 4 DIPl Wii E 4    

Complication -------- 512190 9 5 90 ------ ------ --------- ------------ ----------- --- ---------------- ------- --- 

--- ------------- ----- -- ----- ---------- ------------ -- --------- 

-------------- --------- ------------ ----- -------- -------- ------ 

------------ ---------- 

Complication -------- 5 10 90 8 1 2 90 ------ ------ --------- ------------ ----------- --- ---------------- ------- --- 

-- ------------- ----- -- ----- ---------- ------------ -- --------- 

-------------- --------- ------------ ----- -------- -------- ------ 

------------ ---------- ------- ------------ --------- -------- ---------- -- 

----- ------ ------ ---------- 

Complication -------- 4 2 91 5 7 91 ------ ------ --------- ------------ ----------- --- ---------------- ------- --- 

--- ------------- ----- -- ----- ---------- ------------ -- --------- 

-------------- --------- ---------- -------- ------ ------------ --------- 

--------- ------------ --- ----------- ----- ---- -------- ----- ------------- 

Complication -------- 4 25 91 8 12191 ------ ------------- --------- ------------ ----------- --- ----------------- 

----- ----- ---------------- ----- ------------ ------ - ------ --- -- 

------------- ------------- -- ---------- ------- ----- --- --------- --- ----- 

---------------- --- ----- --------- --------- ------------- -------- 

----------- -------- ---------- --------- --- ---- ------- --------- --------- 

----- -------- ------ ------------- ----- ----- ---------- - --------- ------ 

------------- ---------- 

Complicstion -------- 1019191 ------ ------------- --------- ------------ ----------- --- ---------------- 

------- --- -- ------------- ----- -- ----- --------- ------------ -- ---------- 

--------- ---- --------- ------ --------- ----- ---------- --------- ---------- 

--------- ------------- -------- ----------- ----- ---------- --------- --- ---- 

------ ------------- ---------- 

Complication -------- 10 21 91 1 15192 

Observation -------- 2 24 92 4 7 92 

Observation -------- 3 1 6 92 4 1 6 92 

Observation -------- 2 22 91 3 28 91 

Observation 

Observation 

-------- 6128191 

------ ------------- --------- ------------ ----------- --- ---------------- 

------- --- -- ------------- ----- -- ----- ---------- ------------- --------- 

------------- ----------- -- ---- ------- ---- ----- ---------- ---------- 

--------------- ----- ------------ ------ -------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

------- --- -- ----- ---------- ----- --- ------------- -- --------- 

-------------- --------- ------------- -------- ----------- -------- ----- 

--------------- -------- ------ ------------ ---------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

------- --- -- ------------- ----- -- ----- --------- ------------ -- --------- 

-------------- --------- ------------- -------- ----------- -------- ----- 

--------------- -------- ------ ------------ ---------- 

------ ------ --------- ------------ ----------- --- -------------- ------- --- 

--- ------------- ----- --- ----- ---------- ------------ -- --------- 

------------- ----------- --- ------ --------- ------------- --------- 

------------- -- ------------- ----- -- ----- ---------- ------------ ----- ------ 

-------- ------------- --------- ------------- ----------- -- -------- -------- 

----- --------------- -------- ------ ------------ ---------- 

------ ------ --------- ------------ ----------- --- ---------------- ------- --- 

-- ------------- ----- -- ----- --------- ------------ -- ---------- --------- 

-------- ------ ------------ --------- ------ ------------ --- ------------ 

-------- 7 29 91 8 29 91 ------ ------ --------- ------------ ----------- --- ----------------- ------- --- 

-- ------------- ----- -- ----- --------- ------------ -- ---------- ----- 

-------- ---- -- --------- --- ---------- --------- -------- ------ ------------ 

--------- ------ ------------ --- ------------ 

A23 

(b)(4), (b)(6)(b)(6)



IZiti Ei3 C PATE iEIk Ellcey 
ReealiitxmlOutcame 

O eivation 

Observation 

Observation 

Observation 

-------- 8 28 91 9124191 ------ ------------- --------- ------------ ----------- --- ---------------- 

------- --- --- ------------- ----- -- ----- ---------- ------------ -- 

---------- --------- ------------- -------- ----------- -------- ----- 

--------------- -------- ------ ------------ ------ ---------- 

-------- 10 31 89 11 28 89 ------ ------ --------- ------------ ----------- --- ---------------- ------- --- 

-- ------------- ----- -- ----- ---------- ------------ -- --------- 

-------------- --------- ---- --------- --- ---------- --------- ------ 

------------------------ ------------ --- ------------- ---------- --------- 

-------- ------ ------------- ------ ------------ --- -------- ------------ 

-------- 4125191 8 9191 ------ ------ --------- ------------ ----------- --- ----------------- ------ --- 

--- ------------- ----- -- ----- ---------- ------------ -- ---------- 

--------- -------- ------ ------------- ------ --------- ------ ------------ --- 
------------ 

A24 

(b)(4), (b)(6)(b)(6)



EiUEiE I XOHliMUEI14    

SEROMA 

Complication 

Complication 

Complication 

Complication 

Complication 

Observation 

Observation 

Observation 

Observation 

Observation 

Observstion 

Observation 

Observation 

Observation 

Observation 

Observation 

A25 

n  

(b)(4), (b)(6)(b)(6)



glg glg g g g gg gQoG 

HEMATOMA 

Dbsiniation 

Complication 

Complication 

Complication 

Complicstion 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

Observstion 

Observation 

Observation 

Observation 

Observation 

Observation 

Observation 

A26 

gv 

(b)(6) (b)(6), (b)(4)



E  liEE 4 40IEllEIR lK 4sv 

PNEUMOTHORAX 

ReeolutionlOutcoma 

Obaeniithn 

Complication 

Complication 

Observation 

-------- 11 6191 11 8191 

-------- 11 23 90 11 30 90 

------ ------ --------- ------------ ----------- --- ---------------- ---- ----- 

------------ ---- -- ------ ------------- ------------ --------- ------------- 

------ ----- ----- ----- --- ---------- ------- ----- ----- -------- ---- 

------------ --- ------------------ --------------- ------------- ---- 

---------------- --- ---- ------ 

------ ------ --------- ------------ ----------- --- ------------- ----- ----- 

------------ ---- -- ---- ------------- ------------ ------------------ 

------------- --- ---------------- -------- ----- ---------- ------ ----- 

------------- ---- ------------- 

-------- 10 16 90 10 22 90 ------ ------ --------- ------------ ----------- --- ---------------- ----- ----- 

------------ ---- -- ---- ------------- ------------ ---- ------------ ----- 

---------- ---- ------------- 

A27 

(b)(6) (b)(6), (b)(4)



3l ill gjig if gig3 gI  5  488 

PACEMAKER SYNDROME 

Observation -------- 11 27190 5 16 91 --------- ----------- ------------- --- ------------- ------------ ------ ------ 

--------- ---------------- ---------- ----- ------------ --- ------- ---- 

------------ --------------- --- ---------- ---------- 

Observation -------- 11 26191 2 19 92 --------- ----------- ------------- --- ------------- ------------ ------ ------ 

--------- ---------------- ---------- ----- ------------ --- ------- ---- 

------------ --------------- --- ---------- ---------- 

A28 

gV 

(b)(6) (b)(6), (b)(4)



IXiti Eil 4 C EtliMli E 

RIGHT VENTRICLE PERFORATION 

Complication -------- 1 1 5 90 1 1 7 90 

Complication -------- 818 91 8 8191 

Complication -------- 10 31 91 11 29 91 

Complication -------- 715 91 7 5 91 

Complication 

------ ------ --------- ------------ ------------ --- ---------------- --------- 

----- -- --------- --- -------- ----- ----- --- -------- ---------- --------- 

--------- ------------ ------ ----------- -------------- ----- ------------ ---- 

----- --- ---------- ------ ------------- -------- ------------ ----- 

------------- ----- --- -------- ----- ------- --- ------- -------------- 

--------- ---------------- ------------- --------- ------------- ----------- 

----- --- ---------- ------------- ------- --- ---------- ------------- ------ 

------------- --------- ------------- ---------- ---- -------- -------- ---- 

--------- ------- ---------- 

------ ------ --------- ----------- --- ----------------- ----------- 

---------------- ---- --- ---- ------ ------------- ----- ----- ---------- --- 

-------- ------------- -------- ------------- --------- --------------- -- 

------ --- ------- ---------- ----- ------ ----------- -------------- ----- 

------------- -- --------------- ----- ------------- ----- ---- -------------- 

----------- -- ------ ------------- --------- ----- ------------- ----- 

-------------- ----------- ----- ---- -------------- ----- -------- --- ---- 

---------- ---------------- ---------- ----- ---- ----- --- - ---------- ----- 

------ 

--------- ----- ----------- ---- -- ------ ------ --------- ----------- ---- ---- 

------ --------- ---------- ---- ----- --------- ------- ---- --- ------- ---- 

------------- ---------- ----- ----- ------- ------------ ---------------- ----- 

--------- ------------- ---- ------------ ---- ----- ---------------- ----- 

--------------- --- ------------ --- ------- ------------- --------------- 

---------- ----- ----- ----- ---------------- ---- ------------- ---- -------- 

----- ----------- ------ ------------- --- ------ ----- ----- ----------- --- 

-------- ----- ---- -------------- ----- ------------- --- --------- -- ----- 

------- ----- ---- ---- ----- ----- ------------ ---- --------- ----- ---- --- 

--- ---- ----- ----- --- ---- ---- -------- ----- ---- ----- ----- ------------ 

----- ----- ------------ ------------- ------ ------ ------------- --------- 

------------ --------- -------------- 

------ ------ --------- ------------ ----------- --- -------------- ----- ---- 

--------- --- ---------- ---- ----- ---- --- --- --- --------- --------------- -- 

------ --- ------- ---------- ----- ------ ----------- -------------- ----- 

------------- ----- ---- ----- ----- --------------- ----- --------- 

------------ ------------ ----- -------- --------------- ---------- -- ------ 

------ ---------- 

-------- 8126191 9 2 91 ------ ------ --------- ------------ ----------- --- ---------------- --- ------ 

--- --------- ---------- ----------------- --- ---- ----- ---------- --- ------- 

--- -------- ----------- -------- ----- --------- ------------- --------- 

------------- --------- ------------- ----- ---------- ---------- ----------- 

---- ------------- 

A29 

(b)(6) (b)(6), (b)(4)



rz  z     imiv  m 4  
SUBCLAVIAN VEIN THROMBOSIS 

Implant 

Complication -------- 11 8 91 1 29 92 ------ ------------- --------- ------------ --- -------- 
----------- --- ---------------- ---------- ---- -- ---- 

------------- ------------ ----- -------- ----- --------- 

-------- ------------- ---------- --- ---- ------ --------- 

-------- ------ ------ -------- --- ---------------- -------- 

--------- ------------ --- ------------- ------ ------------- 

--------- ------------ ----- ----------- --- ------ ------------- 

---------- ------------- ------ ---- ----------- 

Obs e rvatio n ----- --- 215192 3 5 92 ------ ------------- --------- ------------ ----------- --- 

---------------- ------------ ---- -- ---- ------------- 

------------ ----- -------- ----- --------- -------- 
------------- ---------- --- ---- ------ --------- -------- 

------ ---------------- --------- 

Observation -------- 12 26 91 4 6 92 ------ ------------- --------- ------------ ----------- --- 

------------- ------------ ---- -- ---- ------------- 

------------ --- ------ -------- ------------ ------ 

---------- --- ---- ----- ------- -------- ----- 

------------------ ---- --------- ----------- 

Observation -------- 10 5 90 1 11 91 ------ ------------- --------- ------------ ----------- --- 

---------------- ------------ ---- -- ---- ------------- 

------------ --- ------ -------- ------------ ------ 

---------- --- ---- ----- -------- ----------------- --------- 

---------- ------ ------------ --- ------------- 

A30 

(b)(6) (b)(6), (b)(4)



(b)(6) (b)(6), (b)(4)



EiUEE X XiEP0iEU E6Pees 

SUBCUTANEOUS PATCH CRINKLING 

Complicstion 1 1 26 90 

CompIication 

Complication 

Complication 

Complication 

Complication 

Complication 

Observstion 

Observation 

Observation 

Observation 

Observøtion 

--- ------ --- ---------- ------------ ----- - ---- ----- 

-------------------- ---------- --- ----- ------- ------ 

---------- --------- --- ---- -------- --------------- ---------- 

---- ---------- --- ---- -------- 

4125191 5 2I91 ---- ------ ------ ---- ------- ---------- ------ ------------- 

------------ ---------------- ----------------- --------------- 

---------- ---- ---------- --- ---- -------- 

5 17 91 6 25191 ---- ------ ------ ---- ------- ---------- ----- --- ---------- 

----------- --- -------- --------------- ---------- ---- ---------- 

--- ---- -------- 

---- ------ ------ ---- ------- ----------- --------------- 

---------- ----- ----- ---- ------- ------------- 

6 28191 10 24 91 ---- ------ ------ ---- ------- ----------- ---- ---- 

------------- ------ ------------- --- ------------- 

---------------- ----------- --------------- ---------- ----- 

----- ---- ------- ------------- 

1 129 92 415192 ---- ------ ------ ---- ------- ----------- --------------- 

------------- ----- ----- ---- ------- ------------- 

---- ------ ------ ---- ------- ----------- --------------- 

---------- ---- ---------- --- ---- -------- 

2 1 1 92 3127192 ---- ------ ------ ---- ------- ----------- ---- ------------- 

------------- ------ ------------- ---------------- -- ----- ---- 

-------------- ----------- 

11 19 90 6 26 90 --------- -------------- -- ---- ------- ----- ------- ------ 

--------------- ----------- --- ---- -------- -------- -------- 

------------ --- --------- --------- --------------- ---- 

---------- ----- --------------- ---------- -- ---- ---------- 

------ - ------ ---- ---------- --- ---- ------- -------------- 

12 11191 --------- ------------ ------ ---------- -------- ------------- 

------- ------ ---------- ----------- --- ---- -------- ---- ---- 

------------- ------------- ----- --- ---------- --- ---- ------- 

-------------- 

6 1 90 9 17 90 ------- ------ ---------- ----------- --- ---- -------- ---- 

---------- ----- ------------- ---------- -- ---- ---------- 

------ - ------ ---- ---------- --- ---- ------- -------------- 

4125191 512191 --- ------ --- ---------- ------------ ----- - ---- ------------- 

------------- ----- ---------- ---- ---------- --- ------ ---- 

------------- ------------ ------- ------ ---------- ----------- 

--- ---- -------- ---- ----- ---- ----------- ---------------- --- 

---- ----- --- ---------- --- ---- ------- -------------- 

A32 

c  

(b)(6) (b)(6), (b)(4)



RitiIZiE C COP iM3llE4  

LEAD DISLODGEMENT 

Ib  

Complication -------- 1 15 92 

Complication -------- 12123191 2119192 

Complication -------- 1 23 92 2 7 92 

Complication -------- 313192 3 6 92 

Complication -------- 3 1 6 92 

Complication -------- 11 21 89 11 30 89 

Complication -------- 11 7 90 

Complication -------- 10 26 90 11 5 90 

------ ------------- --------- ------------ ----------- --- ---------------- 

--- ---- ------ --- ---------- ------------ ------ ---- ----- ---- ------------- 

--------------- --- ------ --------- ----- --- ---------------- --- ------ ----- 

--------- -------- ------------ --------- --- ---------- -------- -------- 

----------- -- ---- ----- -------- ----- --------- --- ------------ ---- ------ 

------ ------------- --------- ------------ ----------- --- ---------------- --- 

----- -------- ------------- -------- ------------- ----- --- --------- ----- 

------ ------ ----------- ----- ---- ---- ----- -------- ----- ------------- --- 

----------- ---- -------- ----- ----- ------------- -- -------- ------------ 

----- -------------- --------- --- --------- ---- ------- ------------ --------- 

----- ------ ---- -------- ------ --------------- 

------ ------------- --------- ------------ ------------ --- ---------------- 

--- ------ --- ---------- ------------ -------------- ----- --- --------- ----- 

---------------- --- ------- --------- -------- ------- ------ ---------- 

---------------- --- ---- ----- --------- -------- --------------- ---------- 

----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- --------------- --- 

------ --- ------------ ------ -------- --- ------------- ----- ---------------- 

------- ------ ---------- ----- ----------- ------ ----- --------- ------- ----- 

------------ ----- ------ --------- --------------- ---------- ----- ----- 

---------------- 

------ --------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ----------- --- --------- 

-------------- --- ------------- ----- -- ----------------- --- ---- ----- 

----------- ------------- -------- --- ------ ------------- ----- ------------- 

------- ----------- --- ----------------- --------------- ---------- ---- 

----------------- ---------- ------ -- ----- ----- --------- ---- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ---- ----- --------- -------- --- --------- -------------- 

-- ------------- ------ --- ----------------- ----------- --- ------------ 

----- --- --------- ----- ---- ----- ----- ------------ --- ------ --------- ------ 

--------- ----- ----- ------------ --------- --------- ----- ---------- --------- 

----- -- ---- ------ ------ ---- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ----- ---------- --- ------------ ---- ------ 

Complication -------- 11 16 90 12 11 90 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- ----- -------------- --- 

----- --- ---------- --------------- ---------- --- ------------ ---- ------ 

A33 

(b)(6) (b)(6), (b)(4)



Riii Eil 3 liEElEEtI iKae4 

Observation -------- 1 1  28 90 1 10 91 

Complication -------- 212191 212191 

Complication -------- 2 26 91 

Complication -------- 7 2 91 

Complication -------- 7119 91 9 26 91 

Complication -------- 7123191 7 29 91   

Complication -------- 7 3191 9 9191 

Obsewation -------- 7 31 191 9 4 91 

Complication -------- 3 30 92 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- -------- ----- ------ --------------- --- ------ 

------- ----- --------------- -------------- ---------------- ---------- ------ 

----- ------------- ----- --- -------------- ----- ----------- 

------ ------------- --------- ------------ ------------ --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- --------------- --- ------ ------ 

----------- ------ ---- ------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ----------- ----- ----------- ----- ----- ---- ----- 

-------------- --------- ------------ ------------- -------- ----------- -------- 

---------- --------- --- ---- ------ ------------- ---------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- -------- ----- 

------- ----- -------- -- --- -------- ------ ---------- ---- -------------- --- 

---------- ---- ---------- -------- ---- ----------- -- ----------- ---- 

-------- ----- ---------- --- ---------- ------ --- ---------------- --- ------ 

--------- ------------- -------------- ------ ----- ------ ----- ------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- ------ -------- 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- --------------- 

----------------- --- ---- ----- --------- ------- --------------- --- ------ --- 

----- --------- ------------- ----- ------ -------------- ----------- ----- 

-------------- --- ------ ---- ----- ---- ----- ---- -------------- ---- ------ 

----- --- --------- --------- ----- ---------------- ----- ---- ----------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------- ----- -------- ------ 

-- ---- ----- --------------- --- ------ ------- ------------ ---- ------ ----- 

--- --------- --------- ----- --- -------------- ----- ----------- --------- 

------------ ------------- -- -------- ----------- -------- ---------- --------- 

--- ---- ------ ------------- ---------- 

------ ------------- --------- ------------ ----------- --- -------------- 

------- ------ ------- -------------------- ----------- ----- ---- ---- ----- 

--------- ------- ----- ------------ ----- ---- ------ --------- --------------- 

---------- ----- ----- ---------------- --------- ------------ ------------- -- 

-------- ----------- -------- ---------- --------- --- ---- ------ ------------- 

---------- 

Complication -------- 8 28191 1 0 9 91 ------ ------------- --------- ------------ ----------- --- ---------------- 

--------- ---------- ---------------- ---- --------- ------------ --- 

---------------- --- ---- ----- --------- ------- --- ---------- ------ ------- 

--------------- ---------- ----- ----- ---------------- 

A34 

(b)(6) (b)(6), (b)(4)



Riti Eil 4 P WliMli E4  

Complicstion -------- 8 26 91 

Complication -------- 811 5191 

Complication -------- 8 26 91 

Complication -------- 8 28 91 

Complication -------- 8130191 

Complicstion -------- 9 3 91 

Complication -------- 9 3 91 

Complication -------- 913191 

Complication -------- 9 6191 

Complication -------- 9 1 1 191 

Complication -------- 9 1 6 91 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- ---- ------ --------- 

--------- ----- ------ --------- --------- --------------- ---------- -------- 

--------- ------------- ------------- ------ ---------- --------------- 

---------- ----- ----- ---------------- 

8 19 91 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

9 5 91 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ------------ --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

---- ----- ----- --- ---------------- ------------ -------- -- --------- ------ 

---- ----- -- ---- -------- ------------ --------- ----- ----- --------------- 

---------- ----- ----- ---------------- 

9 3 91 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- --------------- --- ----- --- 

---------- --------------- ---------- ----- ----- ---------------- 

9 6 91 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- --------- 

------------ ------------- -------- ----------- -------- ---------- --------- --- 

---- ------ ------------- ---------- 

9 9 91 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- ---- ----- ---------- ----- ---------------- ------------- ------ ---- 

---------------- ---------- --------------- ----- ------------- --- ------------ 

------ 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

Complication -------- 10 1 91 1018 91 ------ ------------- --------- ------------ ----------- --- ----------------- 

---------------- --- ---- ----- --------- ------- --------------- --- 

---------------- --- ------ --------- ----- ------------ ------------ --- 

-------------- --------------- --------------- ---------- ----- ----- 

---------------- 

A35 

(b)(6) (b)(6), (b)(4)



IX FEilK 5 EtliWlK 4ee Il 

Observation -------- 10 10191 11 11 91 

Complication -------- 10 11 91 10 15 91 

Complication -------- 10 23191 10 30 91 

11 8 91 

Complication -------- 10124 91 1216 91 

Complication -------- 10130 91 11 20 91 

Complication -------- 10131 91 11 16191 

Complication -------- 1 1 1191 

Complication -------- 1117191 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- ---- --------- -------- --- ---------------- ---------- -- ----- ------ 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- ----- ------------- ------ ---- ------------ ----------- ----- --- ---- 

---------------- ---- ----- ---- ---------- ----- ---------- ---------------- 

----- ----------- --------------- ----- ---------- ----- -- ----- ---- ----- 

--------- ------- ----- ------------ ------ -------------- ---- ----------- ----- 

--------------- 

------ ------------- --------- ------------ ----------- --- ----------------- --- 

------------- ----- ---- ------ --------- ------- ----- ------- --- --- 

------------- ------ ----- --------------- ----------- --------------- 

------------ -- --------- ------ ----- -------------- --------- --- --------- 

---- ------- ------ --------- ----- --------- ------ - ------ ------------ 

---------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --- ----- --------------- --- 

------ ------- --------------- ----- ---------- ---- ---------------- --- ------ 

----- ----- -------------- ----------- ----- -------------- --- ---- ----- 

---------------- 

--------- ----- ----------- ---- ------ ------------- --------- --------- 

----------- --------- --------- ------- ---- --- ------ ----- ---- ----- 

--------- ------- ----- ---- --- ------- ---- ------------- ---------- ----- -- 

----- ------- ------------ --------- ----- ------------- ----------------- --- 

---- ----- --------- ------- --------------- --- ----------- --- -------------- 

------- ------------- ---- ----- ----- --------------- --- ------------- ---- 

------------ -------- ------------ ------ ------------- --- ----------- --- 

-------- ----- ------ ------ -- ---- -------------- ----- ----------- ---------- 

------- --- -- ------------- ------- -------- ----- ----------- --- ---- ------ --- 

--------- ---- --- --- ---- ---- ----- ----- ------- --- ------ ------------- ---- 

--------- ----- ---- --- --- ---- ----- ----- --- ---- ---- ------------- -------- 

----- ---- ----- ----- ------------ ----- ---------- ------ ----- ------------ 

------------- ------- 

------ ------------- --------- ------------ ----------- --- ----------------- --- 

----- -------- ------------ ------ ------ ------ ---------- ------ ----- 

--------- ------- ----------------- --------------- ---------- ----- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- --- ---- ----- ----- 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

---------------- 

Observation -------- 11 26 91 12 2 91 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- -------------- --- 

------ ------- ----- ------------- ------ ---- ------------- ----- -------------- 

----------- ----- --------------- ----- -------------- --------- --- -------- 

-------- -- ----- ------ ----- --- -------------- ----- ----------- 

A36 

(b)(6) (b)(6), (b)(4)



R ti EiEII COEEEti E48  

Complication -------- 1 1 1 4 91 1 1 1 8 91 

Complication -------- 11 19 91 11 27 91 

Complication -------- 11 26191 11129 91 

Complication -------- 12 5 91 1 9 92 

Observation -------- 11 27191 1 10 92 

Complication -------- 12 9 91 

Complication -------- 12111 91 1 14192 

Observation -------- 12 12 91 12116 91 

Complication -------- 12 26 91 117 92 

Complication -------- 12 20 91 1 14192 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ --------- ------- ----- --------- ------ ------- 

----------------- ---------------- --- -------- --- ------------- -------- --- 

------------- ----- ------------- -------------- -------- -------- ------ --- 

---------- ------------ ------ --------------- ---------- ---- ---------------- 

--- ------ 

------ ------------- --------- ------------ ------------ --- ---------------- 

----------------- --- ------ ----- --------- ------- --- ---- ------------- 

------- ---------- ------ ----- -------------- --- ------ ------- 

--------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- ---- ------ 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

--------------- --- ---- ------- ---- ---------- ----- --------------- ---------- 

------ ----- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- ----- --------- ------- ----- ------ ----- --------- 

------- --------------- --- ------ ------- --------------- ---------- ----- 

------ ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- ----- --------- ------- --------------- --- ----- --- 

--------- -- ---- -------- -------- ----- ------ ------- --------- -- 

----------- ------- -------------- 

------ ------------- --------- ------------ ----------- --- ---------------- --- 

------ -------- ------------ ------ ------ ------ ---------- ------ ----- 

--------- ------- ----------------- --------------- ---------- ----- ------ 

----- ------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- ---- ------ ----- 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- --- ------ --------------- --- 

------ ------- --------- ---------------- -------- --- ----- ---------------- 

--------- ----------- -------------- --- ---- ----- ----- --------- ----- ---- 

------------ 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- --------------- ---------- ----- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ---- ----- --------- ------- --------------- --- ----- --- 

---------- --------------- ---------- ----- ----- ---------------- 

Complication -------- 11 26 90 12 13 90 ------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- 

------------- ---------------- -- ------ --- ---------- ------------ ------ 

--------------- ---------- ----- ----- ---------------- --------- --------------- 

------------- --------- -- -------- ----- ---- ------- ---- -------- ---------- 

--------- ---------- 

A37 

(b)(6) (b)(6), (b)(4)



Riti Kil 4 4 IKiEli E4 8 

Complication -------- 10 3 89 

Complication -------- 1 1 19 90 3 1 5 90 

Observation -------- 9127190 

Complication ----- --- 5 4 90 

Complication -------- 5 25 90 

Complication ------ -- 8 31 90 

Complication -------- 911 3 90 

Complication -------- 10 5190 1 11  91 

Complication -------- 11 13190 3114 91 

Complication -------- 11 28 90 1 8 91 

Complication -------- 2 5 91 

------ ------------- --------- ------------ ---------------- ---- ------------ 

------------ -- ----- ---- ---- ---- ----- --------- ------- ---------- ------ 

------ ------ --------- --- ------- ---------------- ----- ------ 

---------------- --------------- ---------- ----- ----- ------------ -------- 

----- ----------- ------- --------- ------------ ------------- -- -------- 

----------- -------- ----- -------- ------ ------------ --------- ----- ---- ---- 

--------- --------- --- ---- ------ ------------- ---------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ----------- ----- ----------- ----- ----- ------ ----- 

-------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---- ------ ----- --- --------- --------- ----- 

---------------- ----- ---- ----------- --------- ------------ ------------- 

-------- ----------- -------- ---------- --------- --- ---- ------ ------------- 

---------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 
- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ---------- -- ----------- ---- --- 

---------- ----- --------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- --------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

Complication -------- 11123190 1214 90 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 
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Observation -------- 2 14191 

Observation -------- 4115 91 

Complication -------- 411 1 91 

Complication -------- 4 2 91 

Complication -------- 5 13 91 

Complication -------- 3 1 3 91 

Complication -------- 4 29 91 

Complication -------- 6 7 91 

Complication -------- 6 12 91 

Compfication -------- 918 91 

Complication -------- 8 16191 

------ ------------- --------- ------------ ----------- --- -------------- ---- 

------ ------- ---- ---- ----- --------- ------- ----- ----------- -- ----- 

----- ------------- ------ -------------- ---------------- ---------- 

---------------- ----- --- -------------- ----- ----------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- ----------------- -------- ------ ------------- ------ -------------- 

----------- ----- -------------- --- ---- ----- ---------------- ----- ---- 

----------- 

5 3 91 ------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ----- --- 

--------- -------- ------ --------- -------- -------- ------------------ ----- 

-------------- ---------- ---- ---------------- --- ------ 

4 1 6 91 ------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- --------- 

------------- ------------ ------------ --- ----------- --- ---------------- 

------- ----- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- -------- 

--- ------------- -- ------ ---------- ------------ ------ --------------- 

---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- ----- --------- -------- -------- ------------ ------ 

--------- -------------- --- ---------- -------- ----- ------ ------ ---------- 

---------------- --- ---- ------ --------------- ---------- ----- ----- ---- 

----- -------------- 

8 8 91 ------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

8 14 91 ------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- --------------- --- ------ --- 

----- --------------- ---------- ----- ---- ----- --------------- --- ------ ----- 

------ ------------- ------------- --- ---- -- ---- ------ ------------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- --- ------ ------------- 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ------ ----- --------------- --- ----- --- 

---- ------- -------- --- ------- --- --------- ----------- ---------------- 

----------- 

------ ------------- --------- ------------ ------------ --- ---------------- 

----------------- --- ------ ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ------ ----- ---------------- --------- 

--------------- ------------- - ------------- -- ---- ------- ---- -------- 

---------- ------------- 
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Complication -------- 5 24 91 

Complication -------- 5 17 91 

Complication -------- 4 7 91 

Observation -------- 6 20191 

Complication -------- 7 8191 

Observstion -------- 8 23 91 

Complication -------- 8 29 91 

Complication -------- 4 25 91 

Complication -------- 10 2 91 

8 1 2 91 ------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- ---------- ---------------- ---------------- --- ------------ 

--------------- -------------- ---------- ----- ------ ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ---- ----- --------- ------- -------------- --- ------ --- 

----- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- --------- ------------- ----- ------ ------------- ----------- --- 

---------- ---- ----- ---------------- ----- ---- ----------- 

10 8 91 ------ ------------- --------- ------------ ------------ --- ----------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- ---- ----- ---------- ----------- ------------- ---------- ----- ---- 

---------------- --------------- ---------- ----- ----- ---------------- 

------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- ------------ ---- ------ ----- --- --------- -------------- --- ---- 

---------------- ----- --- -------------- ----- -------------- 

------ ------------- --------- ------------ ----------- --- ---------------- --- 

------ --- ---------- ------------ ------ -------- --- ------------ ----- 

------------- --------------- ------------ --- ------ ----- --------- ------- 

----- ----------------- ------------ --------- --- --------- ---------------- 

----- --------- --- --- ------------ --------- 

------ ------------- --------- ------------ ----------- --- -------------- 

----------------- --- ---- ----- --------- ------- ----- ---- ---- ----- 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

---------------- 

------ ------------- --------- ------------ ----------- --- ----------------- --- 

----- -------- ------------- -------- --- ------------- -------- ---------- ---- 

----- ----- --- --------- -------- ------- ------ ---------- ------ ----- 

--------- ------- ----------------- --------------- ---------- ----- ----- 

---------------- 

Complication -------- 9 19 91 ------ ------------- --------- ------------ ----------- --- ----------------- 

----------------- --- ------ ----- --------- ------- ----- ---- ------ -------- 

--------------- -------- ------ --- ---------- ------------ ------ 

--------------- ---------- ----- ----- ---------------- 

Observation -------- 8 23 91 ------ ------------- --------- ------------ ----------- --- ---------------- 

----------------- --- ------ ----- --------- ------- --------------- --- ------ 

------- ------------ ----------- ----- ------ ----- --- --------- -------- 

----- --- -------------- ----- ----------- 

Complication -------- 4129 91 5 6 91 ------ ------------- --------- ------------ ------------ --- ----------------- 

----------------- --- ------ ----- --------- ------- ----- ------ ----------- 

--------------- --- ------ ------- --------------- ---------- ----- ----- 

---------------- 
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Complication -------- 7 18191 8115191 ------ ------------- --------- ------------ ----------- --- ----------------- --- 

------ --- ---------- ------------ ----- - -------- --- ------------- ---------- 

--------- --- ---- ----- --- ---------------- --- ------ ----- --------- -------- 

--------------- ---------- ---- ----- ---------------- 
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EARLY DEVICE EXPLANT 

ate Date 

Complication -------- 3 19 92 3123192 ------ --------- ----------- -------- --- ------- -------- ----- ------- ---- --- 

-------- --- ---- --- ----------------- --- ---------- ----------------- 

--------------------- --- --------- -------- ----- --------- ------ --------- 

------ ---------- ----------- --- ----- ----------- 

Complication -------- 1117 90 2 13 91 --------- ------------ ---- ------- ----- ----------- --------- --------- 

---------------- ---- ------ --- ---------- ------ ---------- --------- 

-------------- 

Complication -------- 1 1 29 90 1 4 91 --------- ---------- ---------------- ---- --------- ----- --- -------------- 

------- ------- -------------- -- ----------- -------- ------ ------- ----- 

------------------- ------ ---- -------- ----- ---- ----------- ----- ------ 

--------- ----- ------------ ----- ---------- ----------- ----- ----- ----- -- 

--------- -------- ----- --- -------- -------- ----------- ---------- ---- 

------------- ------- ---- --------------- ----------- -------- ----- --- ---- 

------ -------- --------- --------- ----- ------------ ----- ---------- --------- 

-------------- 

Complication -------- 1 1 25 91 1 30 92 --------- ---------- -- ------ ------------- --------- --------- -------------- 

--- ------ --- ------------ ----- ----- -------- ------------ ------ ---- ---------- 

----- ---- --------- ------- --- --------------- ----- --------- ---------- 

--------- --- ---- ------ ---------- ----------- ----- ---- -------- -------- 

------ ---------------- ----- ----------- ---------- --------- ------------ ----- 

-------- ---------- --------- ------ --------- --------- -------------- 

----------- --- -------- ----------- --------- -------- --- ---- ---------------- 

----- ----- -------- --------- -- --------- --- ---- ------------------ --------- 

--- -------- ---- ------ --------- ----- ---------------- 
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Appendix D  Patient Deaths 

PCD Transvene System Death Summaries 

There have been 34 reported patient deaths in patients who were 

screened for a PCD Transvene System implant as of June 24  1992  A 

description of each of these deaths is provided in the following 

discussion  

There are twenty two  22  patient deaths in patients who received a 

PCD Transvene System  Three of these deaths were classified as 

sudden cardiac  sixteen were classified as non sudden cardiac  and the 

remaining three patient deaths were classified as noncardiac  There 

were 5 perioperative patient deaths in this group  

There have been two  2  patient deaths in patients who have received 
 Other Lead Systems   One death was classified as non sudden cardiac 

due to CHF and septicemia and the other was classified as perioperative  
noncardiac due to sepsis  

There have been eight  8  patient deaths in patients who were screened 

for a PCD Transvene System but ultimately received a PCD Epicardial 

System  Two of the deaths were classified as sudden cardiac  four were 

classified as non sudden cardiac and the remaining two deaths were 

classified as noncardiac  All of the patient deaths were classified as 

perioperative  

There have been two  2  patient deaths in patients who were screened 

for a PCD Transvene System who did not meet the implant criteria and 

received no PCD System  Both of these deaths were classified as non  

sudden cardiac and neither occurred in the perioperative period  

All of the patient deaths have been reviewed by a committee 

compromised of PCD Device investigators and other physicians  Clinical 

Event Review Committee   The primary purpose of these reviews was 

to determine whether the PCD device system was related to the deaths 

that have occurred  and if so what changes are required to prevent such 

events in the future  

There have been no patient deaths reported secondary to ineffective 

defibrillation of a spontaneous episode of VF  lead dislodgement or lead 

fracture  
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Patients Received PCD Transvene System 
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Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------------------ 
----------- 
----------- 
Noncardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- ----------- 
------------- --------------- --- ---- ---- --------- ------ --- ---- --------- --- 
---- ------ ------------- --------- ---- -------- ----- --------------- --------- 
----- ---- --------- --------- ----- ---------- ------------------ --------- 
----------- -------------------- ------ --- ---------- ---------- --- ---- ----- 
--------- ----------------- ------- ---- ----- -------- ----- ------------- --- 
------- ------- --------------- ------------------ ----- -------- ------ --- ---- 
--------- --- ---- ------ ------------- ---------- --- ---- ------ --- --------- ---- 

-------- ----- --- --- ------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- ----- --------- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- ----- ------------- 
----- ----- ----- ---------------- ----- -------- ----- ------ ---------- --- ---- 
---- ---- --------- ------------ ----- --- ---------- ------ ---- ------- ---------- 
--- ------ --------- ------- ------ ----------- 

----- ---------- ----------------- -------- ----- --------------- --- ----------- 
------------- -------------------- ----------- ----- -------- --------------- -- 
------ --- ------- ---- ----------- ---- -------- ------ ------------- --- ---- 
---------- --- ------------- ----- ----- -------- ---------- ---- ---------- --- 

------------- --- ------- --- --------- ---- ----------- ---------- ---- ---------- 
------------------ ------ --------- ----- ----------- --- --------- --------------- 
----- ------------- 

--- ---- ------ --- ------------ ------ ---- ----- ---------- ----- --------------- 
------------- ------ ---- ---------- --- ------------- ----- -------------- 
--------- --- ----------- ---- -------- --- --------------- ---------- ----- ------ 
Device programmed status was as follows  
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Sensitivity 0 3 mV 

TDI 450 ms 

VT NID 20 

VT Rx 41 CV134JISEQ 

VT Rx  2 CV134JISEQ 

VT Rx 4 3 CV134JISEQ 

VT Rx 4 4 CV134JISEQ 

FDI 380 ms 

VF NID 18 

VF Rx 4 1 34J ISEQ 

VF Rx 4 2 34JISEQ 

VF Rx 0 3 34JISEQ 

VF Rx  4 34JISEQ 

----- -------- ----- ---- ------------- ------ ---- ---------- ------ ---- ------ 
--- ------------ ----- ---- ----- --------- ------------- --- -- --------- ------- 
---- ---- ------------ ------------ ----- -------- ------------- ------------- --- 
----------- ----- ------------- --------- ----- ------------------ ------------------- 
-------- ----- -------------- ----------- ----- -------- -------------- ----- --- 
----------- --- ---- ------------ -------- ----- -------- ------- ----- ---- 
------------- ------ ----- --------------- --------- ----------- ---- ---------- 
----- ------------- ---- ----- ---- ------ ------------- --------- ------------ 

------ --- ---- ---------- -------- 

The investigator classified the patient death as perioperative  
noncardiac and not related to the implanted PCD Transvene 
System  The CERC committee reviewed the circumstances of this 

patient death and agreed with the investigator s classification  
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Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------ -------- ---- 
---------- 
--------- 
Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- ----------- 
------------- --------------- --- ---- ---- --------- ------ --- ---- --------- --- 
---- ------ ------------- --------- ---- -------- ----- --------------- -- 
----------- --- --------------- ------------- --------------- ----- ---------- 
------------------ --------- ----------- ----------- ------- --------- ----- 
------------- ------ --------- ----- ---------- ---------- ---------- ----- ---- 
------ -- --------- ----------------- --- ------- ---- ----- -------- ----- --- --- 
------------------ ------ --------- -- ---- ------ --- ---------- 

----- -------- ---------- -- ------ ------------- --------- ----- ----------- --- 
-------------- ----- --------- ------ ----- -- -------- ------ -- ---------------- 
---------------- ---------- --- ------------------------ -- ------ --- --- 
------------- ------ ------------- ----- ------ ----- ----- ---------------- ------- 
------------- ----- ------ ---------- --- ---- ---- ---- --------- ------------ ----- 
----- ---------- ------ ----- --------- ---- --- ---------- ----- ----------- ----- 
---------------- ----------------- ---- ------------- --------------- 

----- ---------- ----------------- -------- ----- --------------- --- ----------- 
--------- ----------- --- ----- --- ---- ---------- --- ---------------- ---- 
--------- ---- ------ ------------- ------ -- ------ ------------- ------------ ----- 

-------- --------------- --- ----------- --- ---- ----- ------ --------------- 
---------- --- ---- ---------- ---- -------- ----- ----- ----------- --- ---- ----- 
------ --------------- ---------- --- ---- ---------- --- ------------- --- 
----------- ---- -------- --------------- -- ----------- --- ------ ------------- 
----- ---------- --- ---- ---------- --- ---------------- ---- ---------- ----- ------ 
--------- ----- ----- ------------------ --- ---------- ----- ---------- --- 
---------------- ---- ---------- 
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--- ---- ------ --- ------------ ------ ---- ----- ---------- ----- --------------- 
---------- ------ ---- ---------- --- ---- --------- --- ----------- ---- ----- ----- 
---------- ----- --------------- ------------- --- ---- ------ ---------- ----- ------ 
Device programmed status was as follows  

Sensitivity 0 3 mV 

TDI 490 ms 

VT NID 12 

VT Rx 4 1 Burst 

VT Rx 4 2 CV15JISIM 

VT Rx  3 CV134JISIM 

VT Rx  4 CV134JISIM 

FDI 320 ms 

VF MID 18 

VF Rx 4 1 1 8JIS I M 

VF Rx 42 34JISIM 

VF Rx 43 34JISIM 

VF Rx 0 4 34JISIM 

----- ---------- ------- ----- --------------- ----------- --- ---------------- --- 
---- -------- ----- ------------- ------ --- --------- ----- ------- --- ------------- 
---- ----------- ----- -------- --- ----- ---------- ---- ---- ----------- --- --- ----- 
-------------- ---- ----- --- ----------- --- ---- ------- 

------- ------------ ------ ---- ---------- ---- -------- ----- --------------- --- 
------------ --- ----------- --- --------------- ---- ----- -- --------- --- 
--------------- ----- --- ---- ----- --- ----- --- ----------- ------ 
--------------- -------- --- ---- ---------- --- -------- ----- ----- --------- 
---------- ---- ---------- --- ------------------ ----- --------- --- ---- ----- 
--------------- ---------- --- ---- ---------- --- ------------- 

----- ---- --------- ---------- --- ---- ------ --------- ----- ---- ----- ---- 
------- -------- --- ---- --------- ----- ----- ----- ---- ---------- --- -------- 
--------------- ------------- ----- --------- ----------- ---- ------- -------- --- 
---- --- ----------- ----- ---- ---------- --- --------- ------ ----- ----- ------- 
----- --- ---------- ------------- ---- ---- ---------- -------- ---------- 
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The investigator classified this patient death as perioperative and 
sudden cardiac  The relationship of the death to the implanted 
PCD Transvene System was classified as unknown  The CERC 
committee reviewed the circumstances of this patient death and 
agreed with the investigator s classification  
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Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
----------- 
----------- 
Sudden Cardiac 

------ -------- ----- -- --- ----- ---- -------- ------ -- --------- --- ----------- 
------------- --------------- --- ---- ---- --------- ------ --- ---- --------- --- 
------ ------------- ---------- ---- -------- --------------- ----- --------- --- 
--------------- ---- ----- --- ----------- --- --------- -------- ----- ---------- 
------------------ --------- ----------- -------------------- ----- ------------- 
------ --------- ----- ---------- ---------- ---------- ----- ---- ------ -- 
--------- ----------------- --- ------- ---- ----- -------- ----- --- --- 
------------------ ------ --------- -- ---- ------ --- ---------- 

----- -------- ---------- ---------- -- ------ ------------- --------- -------- 
----------- --- ----------------- ----- --------- ------ ----- --- -------- ------ 
-- ---------------- ---------------- ---------- --- -------------------- -- ------ --- 
----- ------------- ------ ------------- ----- ------ ----- ------------------ ------ 
------------- ------ ---- ----- --------- ------------ --- ---- ------ ---------- 
---- ----- --------------- ------------- ------ --- --------- 

----- -------- ------------- ---- ----- ----- --------- ---------------------- 
------- ----- ------ ----- ---- --------- ------------- ------ ------------- --- ---- 
------ ------------- ------ ------------ -- ---------- --- ---------------- 
----------------- --- ---- ----- ---------- ---- ---------- --- ----- 
---------------- --- ----------- ----------- ---- ---------- ---- ------------- ----- 
---------- ---- ------------- ------------ --- ---- --------- ---------- ---- 
---------- --- ----- ------------------ --- ---- ----- --- ----- ----- ---- 
---------- ----- ----- ---------- ---- ------------- ------------ ------- ----- --- 
----------- --- ----- ----------------- ----- -------- ----- ------------ ---- -- 
--------- ----- ------ ---------- ---------------- --- --- ------ ------------- 
--------- -- ------------- ---------------- ------- ---- --- ----------------- 
------- ----- ------------- ---- ----- ---- ------------ ----- ------------ ------ 
------ ---------- 

----- -------- ------------- ---- --------- ----- --------- ---------------------- 
------- ----- ------ ----- --------- --- ---- ------ ------------- ---------- ----- 
------- ---------------- --- ---- ------ --------- ----------- -- -------- ---- ------- 
------ --------- ------------ ----- ------------ ----------- ------- ----- ------ --- 
--------- --- ----------------- ---- ----- ---- ------ --------- --- ---- ---------- 
--- ---------- ---------------- ------ ---- ----- ---- -------- ----- -------- ---- 
------- ----- --------- ------ ---- ------ --------- ----------- ---- -------- ----- 
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--------------- ------------------ ----- ---- ------------- ------ -------------- 

-- ------ --- ----- ------------- ------ ------------- ------ ---- ------ ------------- 
---------- --- ---- ----- ------------ ---- ----- --------------- ---------- ------ 
---- ---------- ---- ------------- --- ---- --------- ------------ ------ ---- 
---------- --- ----- ---------------- --- --- --------- ---- ---------- --- 
------------ ----- ---------- ---- ------------- --------------- ----- ---------- 
--- ----- ---------- ---- ---------- --------- ----- ------ ------------- ------ -- 
------ ----------- ------- -------- --- ------ --------- ---- -------- ----- 
------------ ---- --------- ----- ----- ----- ------------- --- -- ------ ------------- 
---------- 

--- ---- --------- --------- ------------- ---- ------ ------------- ---------- ----- 
------------------ ------------ ------ -------- --- ---------- ---- ---------- 
--------- ------ --- --- -------- ----- ---- ------ ----------- -------- ----- 
------------ ----- -------------- --------- --- --------- ---- ------ ------------- 
--------- ----- --------- -- ----- ------- ------------ --------- ----- ------ ------ 
---- ------------ ---------------- ----- --------- ----- --- --------- --- ---- ------ 
------------ ------ ---- ----- --------- ------------ --- ---- ------ ---------- ---- 
----- --------------- ---------- ------ --- --------- 

----- -------- ------------- ---- ------ ---------------------- ------- --- ------ 
----- ---- ------- --------- ------------- --- ----- ------ ---- ---------- --- ---- 
------------ ------------ ----------------- ----- --------- ----- ------------- -- 
------ --- ------ ---- ------------- ------ -------------- --- ---- ----- 
------------ ---- ---------- --- ----- ---------------- --- --- -------- ----------- 
---- ---------- --- ------------------ ----- ---------- ---- ------------- 
------------ --- ---- --------- ------------ ---- ---------- --- ----------------- 
----- ------------- --- ---- ------ ------------ ---- ---------- --- ----- 
---------------- --- --- -------- ----------- ---- ---------- --- ------------------ 
----- ---------- ---- ------------- ------------ -------- --- ------ -------- ----- 
---- -------- --------- ------------- ----- ------------- ------- -------- --- ---- 
------ -- ----- ----------------- ----- ---- ------ --------- --- ------------ 
----------- ---- -------------- --------- --- ------------ ---- -------- ------ 
---------- ------- ---- ----------------- -------- ----- ------ --------- 
---------------- ------- ----- --- ---------- 
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Sensitivity 0 3 mV 

TDI 450 ms 

VT NID 12 

VT Rx  1 Ramp 

YT Rx 4 2 CV 34JISINGLE 

VT Rx  3 CV134JISINGLE 

VT Rx 4 4 CVI34JISINGLE 

FDI 300 ms 

VF NID 12 

VF Rx 4 1 34 J ISING LE 

VF Rx 4 2 34JISINGLE 

VF Rx 43 34JISINGLE 

VF Rx 4 4 34J S INGLE 

------------------ ----- ------- ----- ------------ ------ ---- ----------- ---- 

-------- ----- -- ------- ----- ------------- ------------- --- ------ ----- ----- 
---------- --------- -------- ------ ---- ------ ---------- ------- -------- --- ---- 
--------- ---- -------- ----- --- -- ------- ----------- --------------- ----- ----- 
----- ------------- ------- -------- --- ---- ------------- ------- ---- ------ 
----- ----- ----- ------ ---- --------- ---- ----- ------ ---------- ----- 
------------ ----- ------- ---------- ------------ ------------ ----- 
---------------- --- ---- ------------- ------- ------------ ----- -------- --- 
------------ ---- ------------- --------------------- ----- ------------- -- 
--------- ------ ------ ---------- ------------------ --- --------------- ----- ------ 
--------- ---------- 

----- ------ --------- ----- ------------ ----- ---------- --- ------------- ---- 
----------- ----- ---------- --- ---- -------- ----------- ----- ---- ------ --------- 
----- -------------- -------- --------- ------------------ ------------ ----- --- ---- 
-------- ---- ------- ------------ ---- -------- -- -------------- -------- 
----------- ---- ---------- ----- ------------- ---- ---- ---------- -------- 
---------- 

-- ------ ---------------- --- ---- -------- ----- ----------- ------- ----- --- 
----------- --- -------- --- -------- ---- --------- --------- ----- ------ ------- 
----- ---- --------- ------- ----- ------ ----------- ------- ------------ ---- 
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-------- ----- --------------- -- ------ --- --- ---- ----------- ----- -- ---- 
----------- --------- --- ---- --------------- ---- ----------- ------ ---- 
--------------- ------------- --- ---- ------ --------- ----- --- ----- ---- ---- ---- 
--------- ----- ---- ------------- -------------- ----- ------------ ---- 
----------- ----- ------ --------------- ---------- --- ---- ---------- --- 
---------- 

---- ------ ----------- --- ---- ------ -------------- -- ------- --------------- 
---------- --- ---- ---------- --- ------------------ ----- ----- --------- 
----------- ---- ---------- --- ------------------ ----- ---- --------- ---------- 
--- ---- ------ --------- ----- ---- ------ ----------- --------- ------ ----- - ----- 
----- ----- -------- ------ ---- ---- --------- ------ -- ------- --------- ----- 
---- ---------- --- ------------------ ----- ------------- 

The investigator classified this patient death as perioperative  
sudden cardiac and not related to the implanted PCD Transvene 
System  The investigator felt that the patient s death was related 
to her severe left ventricular dysfunction  The CERC committee 
reviewed the circumstances of this patient death and agreed with 
the investigator s classification  
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Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------ ----------- 
--------- 
----------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- --------- 
--------- -------- --- ---- ---- --------- ------ --- ---- --------- --- ---- ------ 
------------- ---------- ---- -------- --------------- ----- --------- --- 
--------------- ---- ----------- --- ----- --------------- --- --------- --------- 
---- ------------------ --------- ----------- ----------- ------- ---------- 
-------------------- ----- ------------- ------ --------- ----- ---------- 
---------- ---------- ----- ---- ------ -- --------- ----------------- --- ------- -- 
----- -------- ----- --- --- ------------------ ------ --------- -- ---- ------ --- 
---- --------- ------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
--------------- ----- --------- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- -- ------ --- -- ------------- 
------ ------------- ------ ---- ------ ---------- --- ---- ------- --- ----------- 
----- ------- ---------- --- ------ --------- ----- --- ----------- 

----- -------- ----- -- ------------------ ----------------- --------- --- ---- 

------ --- ------------ ----------------------- ---- ----- ---------- ----- 
--------------- ---------- ------ ---- ---------- --- ------------- --- ---- ----- 
-------- ------------ ------ -- --- ------ ------- ---------- ----- ----------- ----- 
----------- --- --------------- ----------- --- ---- --- ----- ----- ------ --------- 

programmed status was as follows  
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Sensitivity 0 3 mV 

TDi OFF 

VT NID 

VT Rx  1 OFF 

VT Rx  2 

VT Rx   3 

VT Rx 44 

FDI 330 ms 

VF NID 12 

VF Rx t1 I 8JISEQ 

VF Rx 42 34JISEQ 

VF Rx 4 3 34JISEQ 

VF Rx P4 34JISEQ 

----- -------- ----- ----------- ------ ------ ------ --- ---- ------- ------ -- 
----------- -------------- ------------ ----- ------------- ------ --------- ---- 
------------- ---------- ----------- - - ---- --- ----------- ------------- 
-------------- ----- ------------- ------------- ----- ------ --- --------------- 
---------- --- ---- ------ ---------- ----- ---------- ------------ ------------ 
------ ------------- --------------- ------------- --------- ------- ------------- 
----- ------------- 

----- -------- ----------- ------- ---- ----- ------ ----- ----- ------------- 
------------ ------------- -------------- ---- ------------- --------- ------- 
---------- ----- --------- --- ----- --- ---- ----------------- -------- ----- 
------ --------- ---------------- ------------- ---- ----------- --- ------------- 
-------------- ------------ ----- ---------- --- ---------- ------ ------ --------- 

------- ------ ----- ----- ------------- --- ------------- -------------- ------ 

--------- ------------ --------- ----------- --- ------ ----- ---- ------------------ 
---------- -------------- ------------- ----- ------- ------------ ----- --------- 
---------- ------ ---------- ----------------- ------------- --- -- ------ ------ ---- 
------------- ----- -------------- -------- ---- ------ ------------- ----- 
-------------- ---- -------- ------- 
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----- ------ --------- ----- ---- ------------ ----- --- ---------- ----- 

------------- ----- --- ---- ---------- -------- ---------- 

The investigator classified this patient death as non sudden 
cardiac however it was related to an arrhythmic event  In 
addition  the investigator indicated that this death was not related 
to the implanted PCD Transvene System  The CERC committee 
reviewed the circumstances of this patient death and agreed with 
the investigator s classification  
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Patient -------- 

PGD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
---------- 
--- ------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ --------- --- ----------- ----- 
----------- ------- --------- ----- -------- -------------------- --- ----- --- 
-------- --------- -------------- ------------- --------- ----- ----- ------ 
-------- ------ -------- ---------- ----- ---------- ---------- ---------- ----- 
---- ------ -- --------- ----------------- --- ------- -- ------ --- --------- --- ---- 
------ --------- ---- -------- ----- ------- ------ ------------------ ------ ------ 
----------- ---- -------- ----- --- --- ------------------ ------ --------- -- ---- 
------ --- ---------- ----- --- ---- ---------- -------- --------- -- 
-------------------- ----- --------- ----- ----------- --- ----- --------- 

----- -------- ---------- -- ------ ------------- --------- -------- ----------- --- 
-------------- ----- ------ ------------- ----- --------- ------- ----- 

------------- ------- ------ ----- ---------- ------------ --- ------- ---- ------ 
----- ---- ---------------- ----- -- ------- ------------- ------------ ---- ----- 
--- ------ ---------- ------ ----- ----- ---------------- ----- ------- ------ ---- 
-------- ------ ----- --------- -- ---- -------------- ------------ ---- -------- 
------ ------- --------- --- --------- -- ----- ---- -------- ------ ----- --------- 
--- --------- --- ----- ---------------- ---------- ------------ ----- 
-- ------ ------- ----- 

-- ------ --- ---- ------------- ------ ------------- ---------- ---- -------- ------ 
-------- ------ ---- ---- ---- ----- -- -------- ------- ------------- --- 
-------------- ---- ---------- ------------- -------------- --------- ------ 
------------- -------------- --------- ----- ----------- --- ---- ----- 
---------------- ----- ----- --------- ----- ------------ --- ---- -------- 
-------- ------ ----- ----- ------ ---- ------------ ----- -------------- ------ 
--------- ----- --------- -------- --- ------------ --- ----- --- ------- -------- 
----------- ----------- ------ ---- ------ --------- --------- ---------- 
----------------- ----- ------------ --------------- ----------- ---------- ------ 
---------- ------- ----- --------- -- ----- -------------- ----- ---- -------- 
------------- ----- ------------ --- --------- ----- --- ------- ----- ------ ------ 
--- -------------- ------------- --------------- ------ ---- ---- ------ ----- 
-------------- ---- -- ----- ------ ----- ----- ------------ ------- ---- ----- 
---------------- --- -------------- ----- --------------- --- -------- 
---------------- ------------ ----- --- ---- ---------- ------------- ------- ---- 

------------ ----- ------------- --------- -------------- ----- -------- 

-------------- ----- ------ -------- --------- ----------- ----- ----------- ------ 
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-------------- ---- ---- ------------- ----------------- --------- ----- 
-------------- ------- ----- ---- ----- ----- --- ------------- ---- ----- --------- 

-------------------- ------ ---- ---------- ------- ----- ------------- 

----- ---------- ----------- ----- ------------- ------ ---- ----- --- ------- 
------ --- ------------- ------ ------- --- --------- ----- --- ---------- -------- 
------ ---- ------ -------- ---------------- --- ------ ------- ------ -- ----- --- --- 

------ ----- ------------- --- ---- ------ ----------------- ------------- -------- 
------ ----- --------- ----- ------- ---------------- -------------------- 
-------------- ----------- --- ---------------- ---- ------ -------- ------------- 
------ ------ --------- ---- ----- ----- ---- --------------- ----------- ------ ---- 

---------- -------------- ---------- ---- ------------- ------ ---------- ------ 
------- --- ------- 

----- -------- ----- ------------- -------- ------ ------ ---------- ----- 

----------- ---------------- --------- ------------ ----- ------------------ --- 
------- ----- ---------- --- ----- ----------------------- --------------- 
---- -------- --- ----------- --- ---------- ----- ------------- 
----------------------------- ----- ------------ --- --------- ------------- ----- 
------- ---- ----- --- ---- ---------- ------ --------- -------------------- ----- 
------- --- ---- -------------- -------------- ----- ---- -------------- ----- 

-------- --------- ------ ------------ --------------- ------------ -- -------- 
--- -------- ----- -- ---- ------ --- ---- ---------- ------- --------- ----------- 
----- ----------- ------ ---------------- ------- 

----- ------ -------- ----- ------------ ----- --- ---------- ----- -------------- 
----- ---------- ------------ -- -------------- --- ---- ------ ----------- --- ---- 
---- ------ ---------------- --- --------------------- ----- ------------ 
-------------- ---- ------ ----------- -------- --- ------- ------- --- 
------------- 

----- -------- -------- ------ -------- ----- ------------ ----- ---------- ---- 
---------- ----- ----- ------- --- --- -------------- -------- ------------------ 

The investigator classified this patient death as periopertive  non  
sudden cardiac and related to the implanted PCD Transvene 
System  The CERC reviewed the circumstances of this patient 
death and felt that the death was related to the implant procedure 
and not the implanted PCD Transvene System  
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Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
------------ 
----------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ----- ------ -- --------- --- ----------- 

------------- ------------ --- ----------- ------- ---------- ------------- ---- 

-------- ----- -- --------- --- ------------- ------ -------- ------ --- ---------- 

---------- --- ---- ----- --------- ----------------- ------- ---- --- ---- ---- 

--------- ------ --- ---- --------- --- ---- ------ ------------- ---------- ---- 

-------- ---- ---- ------------- ----- ----------- --- --------------- ---- --- 

--------- --------- --- ---- ------ --- --------- ---- ---------- ------------------ 

------ --------- ----------- ----------------- ----- ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

---------------- ----- --------- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- ------------------------ -- ------ --- ----- 

------------- ------ ------------- ----- ----- ----- ---------------- ----- -------- 

----- -------- --------------- -- ------ --- --- --------------- --------- 

----------- -------- ---- ------------- --- ------- --- ------ --------------- ---- 

----------- ----- ------ ------------- ------------- --- ---- ---------- --- 

--------- ----- -------- ----- --------------- ----- --------- --- ---- -------- 

----- --------------- -------- ------ ---- ---------- --- ------------- ----- ------ 

-------- ---------------- ------- -- ---- ---- ------------ ----- ----- --- 

---------- 
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CV134JISIM 

----- -------- ----- ----------- ---- ------------- --- ------------- ------------- 

------ --------- --------- ------------- ------------ --- ---- ------------- ---- 

-------- --------- ------------ --- ----- ------ ------ --------- --- ---- ------ 

--- ---- -------- ---- ------ --------- ----- ---------------- ----- ----------- ---- 

-------- ---- ---- ------------- ----- --------- ----------- --- -------------- ------ 

---- -------- 

----- ------ -------- ----- ------------ ----- ---------- --- ------------- ----- -- 

----------- -------------- ----------- 

The cause of death was reported as non sudden cardiac 

secondary to end stage heart failure by the investigator and not 

related to the implanted PCD Transvene System  The CERC 

committee reviewed the circumstances of this patient death and 

agreed with the investigator s classification  
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Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
----------- 
--------- 
Noncardiac 

------ -------- ----- -- --- ---------- -------- ------ -- --------- --- ----------- 
------------- ------------ --- ----------- ------- ---------- ----- ---------- 
---------- ---------- ----- ---- ------ -- --------- ----------------- --- ------- --- 

--- ---- ---- --------- ------ --- ---- --------- --- ---- ------ ------------- 
---------- ---- -------- --------------- ----- ----------- --- --------------- ----- 

--- ---- ------ --- --------- ---- ---------- ------------------ ------ --------- 
----------- --------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

----------------- ------ ----- --------- ------ --- --- --------- -- ------ --- -- 

------------- ------ ------------- ----- ----- ----- ---------------- ----- -------- 
----- ------ ------ --- ---- -------- ---- ------------ ----- ----- ---------- ------ 

------ ----------- -------- ------------------ --- ----------- 

----- -------- --------------- -- ------ --- --- --------------- ---- ----------- 

-------- ---- ------------- --- ------- --- ------ ------------- ------------- ---  

---- ---------- --- --------- ----- ----- ------ --------------- ---------- --- ----  

---------- --- ------------------- ----- ------ -------- ---------------- ------- 

-- ---- ---- ------------ ----- ----- --- ---------- 
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0 6 mV 

VF Ax 3 34JISEQ 

------ --------- ----- --------- --- ---- ------ ------------- ---------- ---- 

-------- ----- ----------- ---- ------------- --- -------------- --------------- 

------------- ----- ----- ------- --- ------ -- ------ -------- ----- --- ---- 

---------- ------------------ ------------ --- -------- ----- ------------- ----- 

---- -------- ----- -------- ------ ----------- ---------- ----- ------------ ---- 

----- -------- ----- -- ---- -------------- --- -- ---------- 

------------------ ----- -------- ------ --- ---- ---------- -------- ---- ----- 

----------- --- -- ------ ---------- ---- ------------- --- ---------- --- --------- --- 

---- ------ ---------- ----- -------- ----- ------------- ----- ------- --- ------ 

--------------- ---- ----------- ----- ------ --------------- -------- --- ---- 

---------- --- --------- ----- ---- ---------- --- ------------------- ----- ------ 

--------- ---------------- ------------- ------ ---- ---------- ----- ---- -------- 
----- ------------ --- --- ------------------ ------ ---------- 
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----- -------- --------- -- ------- --- ---- ------- --- ---- ------ ------ --- ---- 

-------- ---- -------- ----- --------------- --- ---------- --- ---- ----- 
------------- ----- ----- ---------- --- --- ---------- --- ---- ----- -------------- 

------- ---- ---- -------- - --------- --- ---------- ----- ------------- ----- ---- 

------ --------- ----- ---- ------------- 

The cause of death was reported as noncardiac secondary to brain 

carcinoma by the investigator and not related to the implanted 

PCD Transvene System  The CERC committee reviewed the 

circumstances of this patient death and agreed with the 

investigator s classification  

A63 

(b)(4), (b)(6)



E ti Eil l 4 II iMti Eg 4 
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------- ---------- 
----------- 
------------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ----- ------ -- --------- --- --------- 

--------- -------- ----- ---------- ------------------ --------- ----------- 

----------- ------- --------- ----- --------------------- ---- ---------- ---------- 

----- ---- ------ -- --------- ----------------- --- ------- --- --- ---- ------ --- 

--------- ---- -------- ----- --- --- ------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

---------------- -- ------ --- ------ ------------- ------ -------------- ----- ----- 

---------------- ----- ------- ----- ---- ------ ------ --- -- ------------- 

------------- ----- --- ----------- ----- ------ ------------- --------- --------- 

--------- ----- ---- ----- --- ----- --------- ------ ----------- --- ---- ------ 

--------------- ------------- ------ ---- ----- ----- ------------ --------- --- ---- 

----- ---------- ----- --------------- ------------- ------ ----- 

A64 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



R UEE lC X II0RIK IK    
----- -------- --------------- --- --------------- --------- ----------- ------ --- 

---- -------- ----- ------ -------- ---------------- ------- -- ---- ---- --------- 

--- ----- ----- --- ---------- 

CV134JISEQ 

VF Rx A 1 1 SJISEQ 

34J SEQ 

----- -------- ----- ----------- ---- ------------- --- ------------- ------------- 

------ --------- --------- ------------- ------------ --- ---- ------------- ---- 

-------- --------- ------------ --- ----- ------ ------ --------- --- ---- ------ 

--- ---- -------- ---- ------ --------- ----- ---------------- ----- ----------- ---- 

-------- ---- ---- ------------- ----- --------- ----------- --- -------------- ------ 

---- -------- 

----- ------ -------- ----- ------------ ----- ---------- --- ------------- ----- -- 

----------- -------------- ----------- 

The cause of death was reported as non sudden cardiac 

secondary to end stage heart failure by the investigator and not 

related to the implanted PCD Transvene System  The CERC 

reviewed the circumstances of this patient death and agreed with 

the investigator s classification  

A65 

(b)(4), (b)(6)

(b)(4), (b)(6)



R UEiER X EXEE Es e 
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
----------- 
-- ----------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- -------- ------ -- --------- --- ----------- 

------------- --------------- ----- ---------- ------------------ --------- 

----------- ----------- ------- --------- ----- ------------- ------ --------- ----- 

---------- ---------- ----- ---- ------ -- --------- ----------------- --- ------- --- 

- ---- ---- --------- ------ --- --------- --- ---- ------ ------------- ---------- 

---- -------- --------------- ---- ---------- --- --------------- ----- --- ---- 

------ --- ---- ------ ------------- --------- ---------- ---- -------- ----- ---- 

------------- -- --------- ------------ ------------ ----- --- ---- 

------------------ -------- ----- ---------- ------------------ ------ --------- 

----------- --------------- -- ---- ------ --- ----------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 

----------------- -- ------ --- ----- ------------- ------ -------------- ----- ----- 

---------------- ----- ------- ----- ---- ------ ------ --- -- ------------- 

------------- ----- --- ----------- ----- -------- -------- --- ---------------- 

----- - ---- 

--- ------ ---- ------ --- ---------- ------------ ----- ------ -------- ------------ 

------ ---- ----- ---------- ----- ----- --------------- ---------- ----- ---------- 

--- ---- ---------- --- ------------- --- ----------- ---- -------- --------------- 

----- --------------- ---- --------- ------ --- ---- ------- -------- ----- 

--------------- ---------- --- ---- ---------- --- ------------- ----- -----  

-------- ---------------- ------- -- ---- ---- ------------ ----- ----- --- 

---------- 

A66 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



R tiEilR CilEiElti E   II 

0 3 mV 

TOI OFF 

OFF 

----- -------- --------- -- -------- --- ---- ------- ------ --- ---- -------- ---- 

-------- ----- --- ---------- --- ---- ----------- --- -------- ----- ----- 

---------- --------- ---- ------------ --- ---- ------ --- ---- -------- ---- ------ 

--------- ----- ---------------- ----- ----- ------ -------- ----- ---- ------------ 

----- --- ---------- ----- -------------- 

The cause of death was reported as non sudden cardiac 

secondary to end stage heart failure by the investigator and not 

reiated to the impianted PCD Transvene System  The CERC 

committee reviewed the circumstances of this patient death and 

agreed with the investigator s classification  

A67 

(b)(4), (b)(6)



R ii EiE ll CiEEEIK lM    
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------- ------- 
--------- 
----------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ------ ------ -- --------- --- --------- 
--------- ------- ----- ----------- ------- ---------- ---- ---------- ---------- 
----- ---- ------ -- --------- ----------------- --- ------- ---- --- ---- ------ --- 
--------- ---- -------- ----- --- --- ------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
---------------- -- ------ --- ------ ------------- ------ -------------- ----- ----- 
---------------- ----- ------- ----- ---- ------ ------ --- ---- ----- --- 
----------- ----- -------- -------- --- ---------------- ----- ----- 

--- ---- ----- -------- ------------- -- ------ ------ --------------- -- 
---------------- --- ---- ------ ------ ----- -------------- --------- --- 
----------- -- ---- -------------------- --- ------------ -- ---- ------ ----- ----- 
------------ --- ---- ------ ------------ -------- --- ---- -------- --- ----- 
------------- -- ---------- --- ---------- -- -------------- -------- --- ---------- 
-------- --- -------- --- ---- ----- -------- ------------ ------ ---- -------- ---- 
---- ---------- --- ---------------------- -------- ----------- ---- -------- ----- 
--------------- ---- ----------- --- --------------- ---- ----- ------ --- 
--------------- ---------- ------ ---- ---------- --- ------------- 

A68 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IRiliEilX4 tiPEiElli IM   0 
The PCD device programmed status at the last follow up visit was 
as follows  

------ --- ------------ ---- -------------------- ---- -------- ----- ----------- 
--- --------- ------------ ---- ------------- --- ------------- ------------- ------ 
--------- --------- ------------- ------------ ---- -------- --------- 
------------ --- ----- ------ ------ --------- --- ---- ------ --- ---- -------- ---- 
------ --------- ----- ---------------- ----- ----------- ---- ---------- ------- 
----- ---- ------------- ------ ----- ----------- --- ------------- 
--------------------- - ----- ------ -------- ----- ------------ ----- ---------- 
----------- ----- ---- -------- ------------- -------- --------- ------------------ 

The cause of death was reported as non sudden cardiac 
secondary to end stage heart failure by the investigator and not 
related to the implanted PCD Transvene System  The CERC 
committee reviewed the circumstances of this patient death and 
agreed with the investigator s classification  

A69 

U  

(b)(4), (b)(6)



IZiti EilR4 lily iEltJ i f0 
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death   
Death Classification  

----------------- 
--------- 
------------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ------ ------ -- --------- --- ----------- 
------------- --------------- ----- ---------- ------------------ --------- 
----------- ----------- ------- --------- ----- ------------- ------ --------- ---- 
---------- ---------- ----- ---- ------ -- --------- ----------------- --- ------- -- 
--- ---- ---- --------- ------ --- --------- --- ---- ------ ------------- ---------- 
---- -------- --------------- --------- ----- --- ----------- --- --------------- 
----- ---- ----- --- ---- ------------- ------ --- ---------- ---- -------- 
----------- --- ----------- --- ------ ----------- ------------------ -------- --- 
---- ------ --- --------- ---- -------- ----- --- --- ------------------ ------ 
---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- -- ------ --- --- ------------- ------ -------------- ------ ----- 
------------------ ------ ------- ----- ---- ------ ------ --- -- ------------- 
-------------------- ----- ----- ----------- ----- ------ ------------- --------- 
--------- --------- ----- ---- ------ ----------- ------------- --- ---- ------ 
------------- -------- ------ --------------- ---------- ------ ----- ------ ---- 
------ ----- ---------------- --- ----------------- ----- ----------- --- ---- ------ 
--------------- ---------- ------ ------------ 

----- -------- ----------- --- ---- ---------- ------ ---- ------ --- ---- ------ 
------------- --------- --------- ---- ---- ------ --- ---- -------- ----- -------- 
------------- --- ---------------------- ------- ------- ----- ---------------- --- 
---- ------ --- ----- -------- ---- -------- ----- --- ------------ ---------- ----- 
--------- --- ---- ----- ---------- -------- ----- --------------- ---------- ------ 
------ ----------- ----- ------------- 

----- --------- --- ---- ------ ------------- ---------- ---- -------- 
--------------- ---------- ----------- --- ---------- ----- -------- --------------- 
-- ------ --- ---- ----------- --- ------------- --------------- --- ------ 
--------------- -------- ------ ---- ---------- --- --------- ----- --- ----------- 
------ --------------- -------- ------ ---- ---------- --- ------------------- --  
----------- ---- -------- ----- --------------- --- ----------- --- ---- -------- 
------ --------------- ---------- ------ ---- ---------- --- ------------- ----- 
-------------- --------- --- ------------- ---- ---------- --- ------ ------- --- 
----------------- --- ------- ------ ------ -------------- --- ---- --------------- 
---- ----------- ------- ----- --- ----------- --- --------------- --- ---- ---- 

A70 

(b)(6)

(b)(6), (b)(4)



E li EiE I PiHliElti EP   
II 

episodes by the pacing therapy  

--- --------- --- --------- ---- ---------- ----------- --- ---------- ---- -------- 
------------- -- --------- ---------- ------------ --- ---------- --- 
---------------------- ------------ -------- ------- ----- --------- 
-------------- ------- ------------- ----- --------- ------------- ---------- 
------------ ------------- --------- -------- ---- -------- ---------- ----- ------ 
--------- ----- ---------------- ----- -- ---- ------ --- ---- ---------- ------- 
----------- ------ ------ --- ----------- --- --------- ------------- ------ ---- 
---------- -------- ---- ---- -------- - ---------- --- ---------- ----- 
------------- ----- ---- ------ --------- ----- ---- ------------- 

The PCD device programmed status at the time of the patient s 
death was as follows  

----- ------- --- ------- ----- ---------- --- -------------- --------- 
------------ --- ----- ------ ------ -------- --- ---- -------------- ----- ---- 
-------- --- ---- ------------ ------ ------------- ---------- 

The CERC reviewed the circumstances of this patient death and 

A71 

ge 

(b)(4), (b)(6)

(b)(4)



lRili EillI tilZIliElli E4   
classified this patient death as perioperative and procedure 
related  The CERC also indicated that the increased frequency in 
spontaneous VT VF episodes may have been related to the 
increased number of inductions during the implant procedure  

A72 



Eit Eil l CiRliEIti gz  
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
----------- 
-- ----- ------ 
Noncardiac 

------ -------- ----- -- --- ---------- ------ ------ -- --------- --- ----------- 
------------- -------------- ------------- ------ ----------- ------- ---------- 
---- ---------- ---------- ----- ---- ------ -- --------- ----------------- --- ------- 
-- --- ---- ------ --- --------- ---- ---------- ------------------ ------ --------- 
----------- ---------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- -- ------ --- ------ ------------- ------ -------------- ----- ----- 

---------------- ----- ------- ----- ---- ------ ------ --- ---- ----- --- 

----------- ----- -------- -------- --- ---------------- ----- ----- 

----- ---------- ------------ ----- ----------------- -------- ---- ---- 
------------------- --- ---- --------------- ---------- ----- -------- 
------------- ----- --------- --- ---- -------- ----- --------------- ---------- --- 
---- ---------- --- ------------- ----- ------ -------- ---------------- ------- -- 
---- ---- ------------ ----- ----- --- ---------- 

Psrsmeter 

Sensitivity 0 6 mV 

TDl OFF 

VT NID OFF 

VT Rx gt1 OFF 

VT Rx 42 OFF 

VT Rx 43 OFF 

VT Rx  4 OFF 

FD  340 ms 

VF MID 18 

VF Rx 4 1 34JISEQ 

VF Rx At  34JISEQ 

VF Rx 4 3 34JISEQ 

A73 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



Riti Eil 3 liIHEiElti E 684 

-- -------- --- -------- ----- --------- ----- ---- ----- ----- ---- ---------- 
---------- ------------ ---- --------- ----- ----------- ------------- 
--------------- ---- ----------- ----- ----------- ------ ---- ---------- ------ 
----- ----- --- ---- ----- ----- ---- ------ ----------- -------------------- --- ----- 

-------- ----- -- ------ ---- ------ -- ------- -------- --- ----- ---- ----- 
---------- ---------- ------- ---- --------------- 

----- -------- ----- ----------- --- --------- ------------ ------ ------------- --- 

------ -------- ----- ------------ ---------- --- ---- ------ --- ---- -------- ---- 
------ --------- ----- ---------------- ----- ----------- ---- ---------- ------- 
----- ---- ------------- ------ ----- ----------- --- ------------- 
--------------------- - ---- ---- -------- - ---------- --- ---------- ----- 

------------- ----- ---- ------ -------- ----- ---- ------------- 

The cause of death was reported as noncardiac secondary to renal 

failure by the investigator and not related to the implanted PCD 

Transvene System  The CERC committee reviewed the 

circumstances of this patient death and agreed with the 
investigator s classification  

A74 

(b)(4), (b)(6)



IRiti Eil 3 Pi K  iBItI K sos 
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------- ------- 
------------ 
------------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ------ ------ -- --------- --- ----------- 
------------- --------------- ---- ------------------ --------- ----------- 
----------- ------- ---------- ------------- ------ -------- ----- ------- 
----------- ---- ---------- ---------- ----- ---- ------ -- --------- 
----------------- --- ------- --- --- ---- ---- --------- ------ --- --------- --- ---- 
------ ------------- ---------- ---- -------- --------------- ------ 
--------------- ---- ----------- --- ---- ------ --- --------- ---- -------- ----- 
--- --- ------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
----------------- -- ------ --- ---- ------------- ------ -------------- ----- ----- 
---------------- ----- ------- ----- ---- ------ ------ --- ---- ----- --- 
----------- ----- -------- -------- --- ---------------- ----- ----- 

--- ---- ------ --- ---------- ------------ ---------------------- -------- ----- 
------------- --- ---- ------ -------------- --- ------ ------- ---- ---- ------- 
-------- ----- ----- ---- ----- ---- --------- ----- ---------- --- ---- ------ 
--------- --- ----- --- ---- ----- ---------- ---- ---------- --- ----- 

---------------- --- -- --------- ----- ---------- --- ----- --------- -------------- 
---- ---- --- ---- -------- ----- --------------- ---------- --- ---- ---------- --- 
------------- --- ---- --------- ---------- ---- ----- ------- -------------- --- 
---- --- ---- ---------- --- ----------- ----- ----- --------------- ---------- --- 
---- ---------- --- ------------- -------- --- ----- --------------- ---- ---------- 
--- ----- ---------------- --- ------------ 

--- ---- ----- -------- ------------- ---- -------- ----- --------------- 
---------------- ---- ----- ---- --------- ------------ --- ------ ------------- 
------ -- ------ ------------- ------------ --- ----- ------ ---- -------------- 
--------- --- ------------- ------ ---- ----- ----- ----- --- --------- -------- 
----------- --- ------ ------------- --- --------- --- ---- ------ ---------- 

------ -------- ------ ---- -------- ------------ ------- ------ ------------- --- 
---------------- ---------- -- ----- ---- --- ---- -------------- ----- ----- ----- 
------ ------ ----- --- ---------- --- --------- ------------ --- ------ 
---------------- ----- ------------ --- ------------------ ---- ---- ------ ----- --- 
---------- ----------- ---- -------- ---- ------------- ----- ------------- --------- 
---------------------- -------- 

A75 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



Eiti Eil I PiE ills Elbow 
The PCD device programmed status at this time was as follows  

34JISEQ 

34JISEQ 

34JISEQ 

-------- --------------- ----- ------ --- ---- -------- ---- -------- --------------- 
-- ------ --- ------- ----------- --- --------------- ---- ----- ----- ------ --- ---- 
----------- ------ ---- -------- ------ --------------- ---------- --- ---- 
---------- --- ------------------ ----- ------------ ------ ----------- ------ ---- 
-------- ------ --------------- ---------- --- ---- ---------- --- ------------- 

--- ---- ------- ------ --- ---- -------- ---- ---------- ---- --------- ------ 
----------- ----- ------ --------- ----- ----------- --- -------------- ------ 
----------- ------------ ---- -------- ----- ------- ------------ ----- 
------------- --- --------- --- --------- ---- ------------ --- ---- --------- 
---------- ----- ---------- ---- --------- -------------- ------ ----- -------- 
----- ---------- ----------------- ----- ----------- ----- ---------- ------ 
--------- ----- ------ -------- ------ --- ------- ---- ---- ---------- ---------- --- 
---------- ----- ------------- ----- ---- ------ -------- ----- ---- ------------- 

The cause of death was reported as non sudden cardiac 
secondary to intractable VT by the investigator and not related to 
the implanted PCD Transvene System  The CERC reviewed the 
circumstances of the patient death and agreed with the 
investigator s classification  

A76 

4 

(b)(4), (b)(6)



 ZitIKiEII 4 E iHti ElP  I 
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 
------------ 
-------- ----- 
Non Sudden Cardiac 

------ -------- ----- -- --- ---------- ------ ------ -- --------- --- ----------- 
------------- --------------- ---- ------------------ --------- ----------- 
----------- ------- --------- ----- ------------- ------ --------- ---- ---------- 
---------- ----- ---- ------ -- --------- ----------------- --- ------- ---- --- ---- 
---- --------- ------ --- --------- --- ---- ------ ------------- ---------- ---- 

-------- --------------- ------ --------------- ---- ----------- --- ---- ------ 
--- --------- ---- -------- ----- --- --- ------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
---------------- -- ------ --- ----- ------------- ------ -------------- ----- ----- 
---------------- ----- ------- ----- ---- ------ ------ --- ---- ----- --- 
----------- ----- -------- -------- --- ---------------- ----- ----- 

----- ------ --- ---------- ------------ ---------------------- ------- ----- ------ 
----- ------ ----- --------- --- ---- ------ ------------- --------- ------ ----- 
------------- --- ----- --- ---- ----- ---------- ---- ---------- --- ----- 

---------------- --- ----------- -------- --------------- ---------- ---- ---------- 
--- ---- --------- ---------- ---- ---------- --- ----- ---------------- --- 
----------- -------- ----- ---------------- ---- ---- ----- --------------- 
---------- --- ---- ---------- --- ------------- -------- --- ---- -------- --  
----- -------- ---- ------ -------- ----- ---------------- --- ---------- 

A77 

 i 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



lz tj gig g gipl 3IKElbas II 

----- -------- ----- ---- ------------- -- ----- ------ ----- --- ------------- --- 
------------- ------ --------- ------ ---- ----- ----- ------ ---- ---------- 
------------ ------------ ----- ------------- --------- ----- -------- --- --------- 
--- ---------- ---- ---------- ------------ --- ---- ------ --- ---- ------- ---- 
-------- ----- ----------- ------------ ----- ------------ --------- --------- 
----------------- ------ --- ---- ------- ---- -------- --------------- --- 
--------- --- ---- ----- ----- --------------- -------- --- ---- ------ --------- ---- 
---------- --- ------------- ------- ----- ---------- ---- -------- ----- ------- 
----------- ------------ ---------- ----- -------- ------------- --------- 
------------ ---------------- -------- ---- ------------- ------ -- --------- 
---------- ----- ------ -------- ----- ------------ ----- ----- ------- --- --- 
-------- --------- ------------------ 

----- ------- --- ------- ----- ---------- --- ----------------- -------------- 
--------- ------------ --- ----- ------ ------ -------- --- ---- -------------- 
----- ---- -------- --- ---- ------------ ------ ------------- ---------- ----- 
-------- ----------- ---- ----------------- --- ---- -------- ------- ----- -------- 
------ ---- ---------------- ----------------- 

A78 

(b)(4), (b)(6)



Eiti Eil 3 CiIR iElti E    
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------ -- ----- ----- 
------------ 
----------- 
Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- ----------- 
------------- --------------- --- ---- ---- --------- ------ --- --------- --- ---- 
------ ------------- ---------- ---- -------- ----- --------------- ----- ----------- 
--- --------------- ----- ----- ---------- ------------------ --------- ----------- 
----------- ------- ---------- ------------- ------ -------- ----- ------- 
----------- ---- ---------- ---------- ----- ---- ----------- ----------- ---- 
--------- ----------------- ----- ------- ---- --- ---- ------ --- ---------- ---- 
---------- ------------------ ------ --------- ----------- ---------------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
-------------- ------------ ----- ---------- --------- ------------- ------ 
---------- --- ------- --- ------------ -- ----- --------- ----- ----------- 
----------- ---------------- ----------- ----- ------------ ----- --------- ----- 
-- ------ --- --- -------- ------ -- ---------------- ---------------- ---------- --- 
-------------------- --- ---- ----- ----------- ------------- -- ------ --- -- 
------------- ------ ------------- ----- -- ----- ------------------ ------ 
------------- --- ----- ------------- ------ ------ ------ ---- ------------- ------ 
---- ------ ---------- --- ---- ---- --------- ----- --------- ----- ----- 
----------- --- ---- --------- ----------- ------------- ------ ------------- 
------ ------------- ------ ----- ----- ------------------ ------------- --- ----- 
------ ------ ------ ----- ------------- ------ ---- ------ ---------- --- ---- ----- 

--------- ----- --- ----------- -- -------- --- -------- ----- ---- ----- 
----------- ------------- ------ ------------ --- ----- ------- 

----- -------- ----- --- ------------- ----------------- --------- --- ---- ------ 
--- ------------ ---------------------- -------- ---- ----- ---------- ----- ------- 
----- --- ---- ------- ------- --- ---- ---------------- ----------- --------- ----- 
---------- --- ----- --- --- ----- ----------- ---- ------------- ----- 
--------------- ---------- --- ---- ---------- --- ------------- ----- ------ 
--------- ---------------- ------- ----- --- ---------- 

A79 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IRitIKiE C CiEXEIK E s o 

440 ms 

16 

--- ---- ----- -------- ------------- ---------------- --- ---- ------ --------- 
----------- ----- ---- -------- ----- --------------- ---------- ----------- --- 
------------- -------------- --- --- ----------- ---- ---------- --- ------------- 
----- ------------- ----- --- ---- ---- --------- ---- ---------- --- ------------- 
----- ------------- ----- -------- ----- ----------- ----- -- ---------- ------ 
----------- ----------------- 

-------- --------------- ---- -------- ------------ --- ------------- ----------- --- 
------------- -------------- ----- ------ --------------- ---------- --- ---- ------ 
---------- ----- -------- ----------- ------- ---- --------- ---- ----- --- ---- 
--------- ----- --------- ----- ---- ------ --------- --- ---------------- ------ ----- 
--- -------- ---- ----- --------------- ------- --------- -------------- ------ ---- 
--------- ---- ------ --------- ----- ---------------- ------- ------------------ 
------- ---------- ------ ---- -------- --------------- --- --------- --- 
------------- -------------- ----- ---------- 

----- ------ --------- ----- ---- ------------ --- ----- --- ---------- ------------- 
---- ---- ---------- -------- ---------- 

The investigator classified this patient death as perioperative  
sudden cardiac and not related to the implanted PCD Transvene 
System  The CERC reviewed the circumstances of this patient 
death and agreed with the investigator s classification  

A80 

(b)(4), (b)(6)



II g3iggig g gi g gltj lgs41 
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------- ----- ----- 
------------ 
----------- 
Noncardiac 

------ -------- ----- -- --- ---------- ----- ------ -- --------- --- --------- 
------- ------------ --- ----------- ------- --------- ----- -- --------- --- 
-------------- ------------- ---------- ----- ---------- ---------- ---------- 
----- ---- ------ -- --------- ----------------- --- ------- --- ----- ---------- 
----- --- --- ------------------ ------ --------- -- ---- ------ --- ---------- 

----- -------- ---------- -- ------ ------------- --------- ------------ --- 
---------------- ----- --------- ------ ----- --- -------- ------ -- ---------------- 
---------------- ---------- --- -------------------- 

-------- ------------- ---------------- ---- -------- ----- ------------ --- 
-------- ------------- ------ --------- --------- ----------- ----- -------------- 
----- -------- ----- -------- ------- -------- ----- ----- ------------ 
------------- ------ ---- ---------- --- ------ ------------- --- --- 
------------------ ------ ---------- 

---- ------------- ---- ---- -------- ----- ------ ---- ---- -- -------- ------------ 
-- -------- ------ --- ----- ------------ --- -------- -------------- --- ---- 
------- ---- ------ ----- -------- ----- ------- -------- ------ ------------- ----- 
----------- 

----- -------- ---------- --- ---- -------------- --- ---------- ---- ----- ----- 
------------ --- ------- -------- --------- ---------- --- ----------- -------- 
----- ---------- ----- ---------- --------- ----------- ------------ -- ------ --- 
---- ----- --------- -------------- ----------- --- ----- --- ------------- ------ 
--------- --- ----- ----------------- ---- ----- ------------ --- ------------ --- 
---- ----------- ------- ------ ------------ --- ---- --------------- ------- ----- 
-------- ----- ----- ---------- ------ ---- ----------- 

----- -------- ----- ----------- --- ---- ------ ---------- --- ---------- ---- 
------- ----- ------------ --- -------- --------- ---------- ------ -------- ---- 
----- ------ ------- -------- ------ -------- ------------- --- ---- ------ 
--------- ----------- --- ------ ---- --------- ----------- -------- ------------- 
------ ------------- ------ -- ------------- ----- ------- ----- ---- ---- 
----------- ------ ---- -- -------- ---- ------ -------- ----------- -- 
----------------- ----------- --- -- -------- ------- ----- ------ -------- 
---------------- ------- ----- --- ---------- 

A81 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



Riti Eil C PiEEiElli Elh4  

----- ---------- --- ----------------- --------- ----- --- ------------- --------- 
--------- ------------- ----- ---------- ------ ------- --- ------ ---- ------------- 
----- -------- ---- ---- ----------- ------- ------ --------- ---- ------------- ---- 

-------- --------------- --- --------------- ----------- --- ---------- ----- 

-------- ----------- --- ---- ---------- ------ ---- ------- --- ----------- ---- 
-- ------ 

----- ------ -------- ----- ------------ ----- ---------- --- ------------- ---- 
---------- ----- ------- --- --- -------------- -------- ------------------ 

The cause of death was reported as non cardiac  specifically 
respiratory arrest  by the investigator and not related to the 
implanted PCD Transvene System  The CERC reviewed the 
circumstances of this patient death and agreed with the 
investigator s classification  

A82 

(b)(4), (b)(6)



IXiti KEC PiEEIKEIl s4a 
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------- ---------- 
------------ 
----------- 
Non Sudden Cardiac 

------ -------- ----- --- ----- ---- ------ ------ --------- --- ----------- 
------------- -------------- ------------- ------ -- --------- --------- ------- 
---------- --- ---- ---- --------- ------ --- --------- --- ---- ------ ------------- 
---------- ---- -------- --------------- ----- --------- -------- ----- --------- 
----- --- ----------- --- --------------- ----- ----- ---------- 
------------------ --------- ----------- -------------------- ------ --- ---------- 
---------- --- ---- ----- -- --------- ----------------- --- ------- ---- ----- 

---------- ------------------ ------ --------- -- ---- ------ --- --------- 
----------- -------------- 

----- -------- ---------- -- ------ ------------- --------- -------- ----------- --- 
----------------- ----- --------- ---------------- ----------- ----- --- -------- 
------ -- ---------------- ---------------- ---------- --- ----------------- -- 
------ --- ------- ------------- ------ ------------- ----- ----- ----- 
---------------- ----- ------------- ----- ------- ---------- --- ------ --- ---- 
----------- ----- --- ----------- 

A83 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



Eiti Eil I PiE iEltlE 44 
-------- ---- ---- ---------- -- -------------- ------------ 

---------------------- -------- ----- ------ --------- ---------------- ------- ----- 
--- ---------- 

VT Ax 41 Burst 

C V 34 J IS I M 

VF Rx 02 34JISIM 

34JISI M 

--- ---- ----- -------- ------------- -- ------ ------ --------------- ----- ---- 
------ ----- ----- ------------- --------------- ----- ---------- ----- ---- ----- 
----- ---------------- --- ----------- ---- -------- ----- --------------- -- ------ 
--- ----- --------------- ---- ----------- ----- ----- --- ------ --------------- 
---------- --- ---- ---------- --- ---------- --- ------- --- --------- ---- 
------------ --- --------------- ---- ----------- ---- ---------- 
------------------ ------ --------- ----- ----------- --- ------------ ----- 
----------- 

--- ---- ------ -------- ------------ ------ ---- ----- ---------- ----- 
--------------- ---------- --- ---- ---------- --- ------- ----- -------- ----- 
--------------- --- --------------- ----------- --- ---- --- ---- ------ ---- ---- 
------ 

---- --------- ----- --------- --- ---- ------ ------------- ---------- ---- 
-------- ----- ----------- ---- --- ---------- --- ------------ --- --------------- 
---- ----------- --- ----- --- ------------- --- ------------- ------ --------- 
--------- ----- ------------------- ---- -------- --------------- -- ------ --- ----- 
----------- --- ------------- --------------- ---- --- ------ ----------- ------ 

A84 

(b)(4), (b)(6)

(b)(4), (b)(6)



RitiEil K PiMliEli Es4  
--------------- ---------- --- ---- ---------- --- ------------ ---- ---------- --- 
----- ------ ---------------- --- ------- -------- --- ---- ----- --- ----- ---- 
----------- -------------- ---- --------- --- ------------- ------------- -------- 
------ --------------- ---------- --- ---- ---------- --- ------- --- ------- --- 
--------- ---- ----------- --- ------------- --------------- ---- ---------- 
----------- ------------------ ------ --------- --- ------------ ----- ---------- ----- 
---------------- ----- ------------- --------- ----- ----------- 

------------------ ----- ------- ------ --- ---- -------- ---- -------- ----- 
----------- ---- ------------- --- ------------- ------ --------- ------ 
-------------------- ----- ------------ ------------ --- --------------- --------- 
----------- --- ----------- ---- -------- ----- ---------- ---------- ------- --- 
---- ------------- ---- -------- --------------- ----- ----------- --- ----- --- --- 
-------- ------ ------------- -------- ------ ---- ---------- --- --------- ----- 

---------- --------- -------- ---------- ------------ ----------- ---- ------------ 
------------- ------------ ----- --- ----- -------- --------------- ------ 
-------------- ----- ----------- -------- ------ -- --------- ---------------- --- ---- 
------------- -------------- ---- ------------------ ------- ------- ------------ 
----- ---- ------------- --- ------------- ------ -------- ---- ---- ---------- --- 
------------- ---------- ---------- ----- -------- --------- ---- ------ ---- 

-------- -------- --- -- ------------- ----- ---------- --------- -------- 
------------ --- --------- ------ ------------- --------------- ----- ------ --- 
-------- ----- ------------ --------- ----- -------- ------------- --------- 
------------ --- -------------- --------- -------- ----- --- ---- ------------- 

------- --------------- 

----- ------ --------- ----- ------------ ----- ---------- --- ------------- ---- 
---------- ----- ------- --- --- -------------- -------- ---------------- 

The investigator classified this patient death as non sudden 
cardiac and not related to the implanted PCD Transvene System  
The CERC reviewed the circumstances of this patient death and 
agreed with the investigator s classification  

A85 

(b)(4), (b)(6)



E liRIRC C IKRIK HI   
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------- ---------- 
--------- 
----------- 
Non Sudden Cardiac 

------ -------- -- -- --- ----- ---- ------ ------ -- --------- --- --------- --------- 
-------- ----------- ------- ---------- -------------- ------------ ------ --- 
---------- ---------- --- ---- ----- --------- ------- ---- ----- ---------- --------- 
------------- ----------- ---------------- ---- ----- ---- ----- ---- -------- ------- 
------ ------------------ ------- ------ --- --------- --- ---- ------ ------------- 
---------- ----- -------- ----- --- --- ------------------ ------ --------- -- 
---- ------ --- ---------- 

----- -------- ---------- ------ ------------- --------- ------------ --- 
---------------- -- ------ --- ----- ------------- ------ ------------- ----- 
------------- -------- ----- --------------- ---------- ------ ---- --- ----- --- 
--------- ----- ----- --------- ----- ------------ --- ---- ------ -------- ----- 
------------- -------- ----- --------------- ---------- ------ ---- ---- ---------- 
--- ---------------- --- --- -------- ----- ------------------- ----------- 

--- ---- ------ --- ------------ ---- ------- ------------- ------------- ----- 
--------------- ---------- --- --- --------- ------- ---- ---------- ---------- 
--------- ------------- ----- ------------- ------------- ------ ---- ----------- 
----- ----------- ------ ---------------- ------- ----- ---------- 
------------------ ------ --------- ----------- ---------------- --------- ---- 
--------- ---------- ---- -------- --------------- -------- ----- --------------- 
----------- --- ---- ----- ------ --- --------------- ---------- --- ---- ------ 
--------- ----- ------ --------- ---------------- ------- -- ---- ---- ------------ 
------ --- ---- ---------- ------- ----- --- ---------- 

A86 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



Ei URER lCiIKUiEIU EE4  
Paramedic 

0 6 mV 

TDI OFF 

OFF 

----- -------- --------- ------------ --- ----- ------ -------------- --------- --- 
---- ------ --- ---- ------- ---- -------- ----- --- -------------- 
-------------------- ---- -------- --------- --- ------ ----- ----------- -- ---- 
------ --- ---- ---------- -------- ----- -------- ----- -- -------------- 
------------ ------- --------- ------ ------------------- ----- -------- ------- 
----- --- -------- ------ ----------- -- ---- ------ --- ---- ---------- -------- 

---- ---------- ----- ------------- ---- ---- ------ -------- ----- ------------- 
----- -------- --------- --- ---- ------ -------- ----------- ----- ------ ----- 
------- ---------- --- ---- ---- ------- --------- -------- ---- ---- --- --------- 
--- ---- ---- ----- ----- --------- ----- --------------- ---------- --- ---  
---------- ---- ----------- --- ---- -------- ----------- ----- ------ ----- -- 
--------- ------- --- ---- ------- -- --------- -- --------- ----- ----- ------- 
------- ----- --------- --- ---- -------- ----------- ----- --- ----------------- 
------- ------ -- ---- ------ --- --------- ----- ----- ---- -------- --- ---- 

---------- -------- 

The investigator classified this patient death as cardiac  non  
sudden and not related to the implanted PCD Transvene System  
The CERC reviewed the circumstances of this patient death and 
agreed with the investigators classification  

A87 

pV 

(b)(4), (b)(6)



RiUKiE R X EIEEU E  4  

Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------- ----- ----- 
------------ 
------------ 
Non Sudden Cardiac 

--------- -- -- --- ----- ---- ------ ------ -- --------- --- --------- --------- 
------- ----- ----------- ----------- ------------- --------------- ----- 

---------- ------------------ --------- ---------- ----------- ------- --------- 
------ --- ------------- -------------- ------------- ----- ---------- ---------- 
---------- ----- ---- ------ -- --------- ----------------- --- ------- --- --- ------ 
--- --------- ----------------------- -------- ------ ------------- -------------- 
------- -------- ----- ----- ----- ----- ------------- ------------- ----- 
----------- ----- -------- ------- ------ ------------------ ------ ------ ------ --- 
--------- ---- ---- ----------- --- --------------- ----- --------- --- ---- ------ 
------------- ---------- -- -------- --- ------- ----- ---- -------- ----------- 
----------- ------- ----- --- --------------- ---------- --- ----------- --- ---- ---- 
--------- ------ --- ---- --------- --- ---- ------ ------------- ---------- ---- 

-------- --------------- ------ --------- -------- ----- ------ ----------- --- 
--------------- ----- 

----- -------- ---------- -- ------ ------------- --------- -------- ----------- --- 
----------------- ----------------- ------------- ------ ---- ----------- ------ ---- 

-------- ------- ---- --- ---------- ----- ----- ------------- -------------- ----- 
------------ ----- ------------- ------ ---- ------ -------- ------------ --- ---- 
----- --------- --- ----- ----- ------------ ---- ----- ---------- ----- ----------- 
--- ---- --- ---- ----- --- ------- ---------------- ------- ---------------- --- 
------------------- ----------- -- --------- --- ------- ---------------- ------- 

---------------- --- ------------------- ---------- ----- ----------- --- ---- ------ 
-------- -------- --------------- ---------- ---- -------- --- ------ ---------- 
--------------- --------- ----- ----------- --- ------ ---------- ---------- ----- 
---------------- 

--- ---- ------ --- ------------ ---- ------- ------ ------ ------------- 
-------------- ------ ------- --------- --- ---- ------- --- ----- - ----- ---- ------- 
--- ----------- ------- ------------- ------ ------------- -------- ------ --- 
--------------- ---------- ------ --- --------- ---- ----- ---- ----------- ------ 

---------------- --- ----------------- --- -------- ----- --- ----- ---- ----------- 
------ ----- ---------------- --- ----------------- --- --------- ------- ---- ------ 
--- ------------ --- ---- ---------- ------- ---- -------- --------------- --- 
--------------- ---- --- ---- ----------- ----- ------ ---------------- ------- -- 
---- ---- ------------ ------ --- ---- ---------- ------- ----- --- ---------- 

A88 

h7 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IXiti Eil 4 P IEi3IKllE  4  

0 3 mV 

TDI OFF 

VT NIO 

VT Rx 41 OFF 

VT RxPR OFF 

VT Rx A 3 OFF 

VT Rx  4 OFF 

FDl 400 ms 

VF NfD 12 

34JISEQ 

VF Rx  2 34JISEQ 

VF Rx 4 3 34JISEQ 

34JISEQ 

----- -------- --------- --- ----------- -- --- ------------ --------- ------ ---- 

------------- -------- ----- ---- -------------- ----- ---- ------------ ------ 

------ ---- ---------- -------- ----- -------- ------------- -------- -------- 

---------- ----- ---- --------- ------- --------------- ----- --- ------- --------- 
--------- ---- ------- ----------- ------ --- ----------- --------- ---- ---- 
--------- --------- ----- -------- ----- -------- --------- --- ---------- 

--------- --- ------ ---------------- --- ---- ------------ ------ --------- ----- 

-------- ------- ----- ---- -------- ----- --------------- --- -------- ------ --  
---- -------- 

The investigator classified this patient death as cardiac  non  

sudden and not related to the implanted PCD Transvene System  
The CERC reviewed the circumstances of this patient death and 

agreed with the investigator s classification  

A89 

(b)(4), (b)(6)



Miti Eil 4 SilRlEIZ Esse 
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
----------- 
----------- 
Non Sudden Cardiac 

------ -------- -- -- --- ----- ---- -------- ------ -- --------- ----------- 

------------- -------------- ------------- ------ -- --------- --------- ------- 

---------- ----- ---------- ------------------ --------- ---------- ----------- 

------- ---------- ----------- -------------- ------------ ----- ------------- ------ 

--------- ----- ---------- ---------- ---------- ----- ---- ------ --------- 

----------------- --- ------- --- --- ---- ---- --------- ------ --- --------- --- ---- 

------ ------------- ---------- ---- -------- --------------- ----- --------------- 
---- ----------- ----- ----- --------- --------- 

----- -------- ---------- -- ------ ------------- --------- -------- ----------- --- 

---------------- -- ------ --- ----- ------------- ------ ------------- ----- ----- 

----- --------- ----- ------------- ----- --------- ------ ----- --- -------- ------ 

------------------- ---------- ----- --- ----------------- ------ ------- -------- 

---- --------- ------------- ----- ---------- ------ --------- -- ---- ------ --- 

--------- ----------- --------------- ----- ------------- -------- ------ 

------------ ------ ---- ------ ------------- --------- ---------- 

----- ---------- ------------ ----- ------------------ -------- ---- ------------- 
--- ------------- ------------- ------ --------- ----- -------- --------------- -- 

------ --- --- --------------- --------- ----------- -------- ---- ------------- 
--------- ----- --- ---- --------- ------ ---- --- --- -------- ------ 

--------------- ---------- ------ ---- ---------- --- --------- ----- ------------ 
----- ----------- ------ ---- ----- ------ --------------- ---------- ------ ---- 
---------- --- ------- ----- ------ -------- ---------------- ------- -- ---- ---- 

------------ ------ --- ---------- ------- ----- --- ---------- 
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(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IX ti EiIRC lliIRIIi IK ED  II 

Sensi5irity 0 3 mV 

400 ms 

16 

VT Rx I D Burst 

VT Rx I D CV15JISEQ 

VT Bit 43 CV120JISEQ 

VT Rx 44 CV134JISEQ 

FDI 320 ms 

VF MID 24 

VF Rx 41 18JISEQ 

VF Rx 02 34JISEQ 

VF Rx Ai3 34JISEQ 

------ ------ ------ --- ---- ---------- -------- ---- -------- ----- ----------- 
------ ------------- ------------- --- ------------- ------ -------- ----- 
------------ ------------ --- --------------- ---- ----------- ----- 
-------------- ----------- ----- ---- ------------ ------------ --- ----------- 
----- ----------- -------- --- ---- ---------- ------------- ------------- ------ 
--------- ----- ---------- ------ ---------- ----- ----------- --- --- ------- --- 
---------- ---- ---------- ------------------ ------------------ --- ----- --- 
----------- ---- ------------ --- ---- ----------- ----- -------- --------- 
------------ --- ----- ------ ------ -------- ----- ----- ---- ------------- ------ 
-- --------------- --------- ---------- 

---- ---------- ----- ------------- ----------- ---- ------ --------- ----- 
------------ ----- ---------- --- ------------- ---- ---------- ----- ----- 
-------------- -------- ------------------ 

The primary investigator classified this patient death as non  
sudden cardiac and not related to the implanted PCD Transvene 
System  The CERC reviewed the circumstances of this patient 
death and agreed with the investigators classification  

A91 

(b)(4), (b)(6)



IX i ti Kil I liIPIEIZ EIRE  
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
----------- 
----------- 
Non Sudden Cardiac 

------ -------- -- -- --- ----- ---- ------ ------ -- --------- --------- ------- 
------------- ------ ----------- ------- ---------- --- ----------- ---- -------- 
----- -- --------- --- ------------- ------ --------- ---- ---------- ---------- 
------------- ----- ---- ----------- ------ --- --------- --- ---- ------ ------------- 
--------- ----------- ---- ---------- --------- ----------------- ----- ------- ---- 
--- ---- ------ --- --------- ---- ---------- ------------------ ------ --------- 
----------- ----------------- 

----- -------- ---------- -- ------ ------------- --------- -------- ----------- --- 
----------------- -- ------ --- ---- ------------- ------ ------------- ----- ----- 
----- --------- ----- ------------- ----- ------ ------ --- -- ------------- 
------------- ----- ----- ------ ----- ----------- -------- --- ----------- ----- 
--------- ------ ----- --- --------- 

----- -------- ---- ---- ---------- -- ------ --- ---------- ------------ 
---------------------- ------- ----- --- ---- ------------- ------ -------- 
------------- ------------ ------------------ ----- -------- ----- ---------- ---- 

-------- --------------- -- ------ --- -- ----------- --- ---- ------ -- ----- ------- 

--------- ---- --- ---- ----------- ------ --------------- ---------- ------ ---- 
---------- --- ------------- --- ---- ----- -------- ------------- ---- ---------- 
--------------- ------ ----------- --- --------- --- ---------- ------------- 
-------- ------------- --- ---- ------ -------- ------------- ---- ---------- 
--------------- ------ ------- ----------- --- --- --------- --- ------------ 
------------- ------------- ------ -------- ------------- 

----- ------ -------- ---------------- ------- -- ---- ---- ------------ ------ --- 

---------- ------- ----- --- ---------- 

A92 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



Riti Eil 4 4 HIEIK E    

----- -------- ----- ----------- ------ ------------- ------------- --- 
------------- ------ --------- ----- ---------- ------ ---------- ----- ----------- 
--- --- ------- --- ---------- ---- ---------- ------------------ ------------------ 
--------- ---------- ----- -------- --------- ------------ --- ----- ------ 
------ -------- ----- ----- ---- ------------- ------ -- --------------- --------- 
---------- 

---- ---------- ----- ------------- ----------- ---- ------ --------- ----- 
------------ ----- ---------- --- ------------- ----- -- -------------- ----------- 

The primary investigator classified this patient death as non  
sudden cardiac due to end stage heart failure and not related to 
the implanted PCD Transvene System  The CERC reviewed the 
circumstances of this patient death and agreed with the 
investigator s classification  

A93 

(b)(4), (b)(6)



Eili Eil t IilZIIi3IK E554 
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 

---------- 

--------- 

Non Sudden Cardiac 

------ -------- -- -- --- ----- ---- ------ ------ -- --------- --------- ------- 
------------- ------ --------------------- ----- ---------- ---------- ---------- 
----- ---- ------ -- --------- ----------------- --- ------- --- --- ---- ------ --- 
--------- ---- -------- ----- --- --- ------------------ ------ ---------- 

----- -------- ---------- -- ------ ------------- --------- -------- ----------- --- 
---------------- -- ------ --- ------- ------------- ------ ------------- ----- ----- 
----- --------- ----- ------------- ----- ------ ------ --- -- ------------- 
------------- ----- --- ----------- ----- --------- ------ ----- --- --------- 

--- ---- ------ --- ---------- ------------ ---------------------- -------- ---- ----- 
---------- ----- --------------- ---------- ------ ---- ---------- --- ------------- 
--------- ---- ------------- ---- -------- --------------- --- --------------- 
----------- --- ---- --- ----- ----- ------ -------- ---------------- ------- -- ---- 
---- ------------ ------ --- ---------- ------- ----- --- ---------- 

A94 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IX   UEilRX Xi ElDiEIUE sos 
----- -------- ----- ----------- ------ ------------- ------------- --- 

------------- ------ -------- ----- ----------- --- --------- ----- ---------- 
------ ---------- ----- ----------- --- --- ------- --- ---------- ---- ---------- 
------------------ ------------------ --------- ---------- ----- -------- 
--------- ------------ --- ----- ------ ------ -------- --- -------------- ------ 
-- ------------- ----------- ---- ------- ----- ---- ------------- ------ -- 
--------------- --------- ---------- 

---- ---------- ----- ------------- ----------- ---- ------ --------- ----- 
------------ ----- ---------- --- ------------- ----- -- -------------- ----------- 

The primary investigator classified this patient death as non  

sudden cardiac due to end stage heart failure with associated 

pulmonary embolus  The death was also classified as not related 
to the implanted PCD Transvene System  The CERC reviewed the 
circumstances of this patient death and agreed with the 
investigator s classification  

A95 

(b)(4), (b)(6)



gitlEillg g g Xiglg 556 
Patients Who Received  Other  Transvene System 

A96 

 g k 



IX tiEE5 CiEtli3IKE II 

Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
----------- 
----------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- --------- 
--------- -------- --- ---- ---- --------- ------ --- --------- --- ---- ------ 
------------- ---------- ---- -------- ----- --------------- ----- --------- 
--------- ----- ---------- ------------------ --------- ----------- ----------- 
------- ---------- -------------------- ----- ------------- ------ --------- ----- 

---------- ---------- ---------- ----- ---- ------ -- --------- ----------------- --- 
------- -- -- 

----- -------- ---------- -- ------ ------------- --------- -------- ----------- --- 
-- ---- ------------ ------------ ------------ ------------------- -------- ----- 
-------- ----- ---------- ----------- ------ -- -------------- --------- ----------- 
---- ----------------- --------- --------- ------- ---- --- ----- ------ ----- ----- 
----------------- -- ------ --- --- ------------- ------ ------------- ----- ------ 
----- --- ----------- -------- -- ---------- --- --------- ----- ----- ----------- 
----- ------ ------ ---- ------ ----- ---------------- ----- --- -------- ------ -- 
---------------- ---------------- ---------- --- ------------------------ 

----- ---------- ----- ----------- -------- ----- --------------- --- ------- 
------ -------- ----- ---------- ---------- ----- -------- ---- ---- ---------- -- 
-------------- ------------ ---------------------- ----- --- ---- --------- -------- 
----- ------ --------- ---------------- ------- ----- --- ---------- 
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g8  

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IXiti EiE I tiIZEIKllE    

Seiiiibiity 0 6 mV 

TDI 420 ms 

VT NIO 12 
 VT Rx 41 Ramp 

VT Rx t2 CV134JISIM 

VT Rx 43 CV134JISIM 

VT Ax 44 CV134JISIM 

FDI 300 ms 

VF NlD 12 

VF Rx  4 34JISIM 

VF Rx42 34JISIM 

VF Rx  3 34JISIM 

----- -------- ---- ----- ------ ---- ---- -------- ------------ ------ --- ----- 
------ ---- ------- ---------------- --- ---- ------ --------- ----------- ----- ---- 
-------- ----- --------------- --- --------------- ------------- 
-------------------- ----------- ------ ---- ---- ------ --- ------- --- ------ 
------------- -------------- --- --- -------- ------ --------------- ------------- 
--- ---- ---------- --- ---------- ----- ------------ --- ----------- ------ 
------------- -------------- --- -------- ------ --------------- ------------- ------ 
---- ---------- --- ------ ----- -- -------- ------ ------------- ------ ---  
---------- --- ------- --- --------- --- --------- ---- ------------ --- 
--------------- --------- ----------- ---- ---------- ------------------ ------ 
--------- ----- ----------- --- --------- ---------------- 

--- ---- ------ --- ---- -------- ---- -------- ----- ------ ----------- ---- 
------------- ---- ----------- --------- ------------- --------- ----- 
------------------ ---- -------- ------------- -- ------------- ----------- ----- 
------------- --------- ------------ --- ------- ----- ---- ------------- --------- 
----- ------ --------- ----- ---- ------------ ----- --- ---------- ----- 
------------- ---- ---- ---------- -------- ---------- 

The investigator classified this patient death as non sudden 
cardiac and not related to the implanted PCD Transvene System  
The CERC reviewed the circumstances of this patient death and 
agreed with the investigator s classification  
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 9 

(b)(4), (b)(6)



IIII  I ERE c COIIEIEIK E sate 
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
--------- 
---------- 
Noncardiac 

------ -------- ----- -- --- ----- ---- -------- ------ --------- --- ----------- 
------------- -------------- ------------- ------ --------- --------- -------- --- 
---- ---- --------- ------ --- --------- --- ---- ------ ------------- ---------- ---- 
-------- --------------- -- --------- -------- ----- -- --------------- ---- 
---------- ----- ---------- ------------------ --------- ----------- ----------- 
------- --------- ----- --------------------- ----- ---------- ---------- ---------- 
----- ---- ------ -- --------- ----------------- --- ------- --- --- ---- ------ --- 
---- --------- ------------- ---- ---------- ------------------ ------ --------- 
----------- --------------- 

----- ------- ------ ------------- --------- ---------------- ------------ --- ----- 
-------- ----- ---------------- ----------- ---- ----------------- --------- 
--------- ------- ---- --- ----- ------ ----- ----- --------- -- ------ --- ----- 
------------- ------ ------------- ------ -- ------ ---------- --- ---- ---- ---- 
------------ ------- ----- ----------- -- -------- --- ------- ----- ---- ----- 
------------ ----- -- ---------- --- ------ ----- ---------- ----- ----- ---------- 
----------------- ------ ---------- --- ------------- ---- ---------- ---- ---------- 
----- ------ ----- ---------------- ------------ --- ----- -------- ----------- --- 
---- ---- ------------ ---- -------------- ------ ------ ----- --------- ------------- 
---------------- ------- ------ --- ----------- ------ --- --------- ------------ 
---- -------------- ---- ---- -------- ------- ---- --------- -------- -------- 
----- --- ---- ------ ------------------ ------------ 

--------- ---- ---------------- --------- ---- -------- ------------- -------------- 
------ -------------- ------- ----- ---------- --- ---- --------- --- ---- ------ 
------------- ---------- --------- ------------- ------------ --------- ---- 
-------- ------------- --------- ------------ --- ------- -------- --- 
-------------- ----------- --- ---- ------------ ------ --------- ----------- ----- 
---- -------- ----- -------------- -------- --------- ------------------ 

----- -------------- ------------ ----- -------- ------- --- ----------------- 
------------- ----- ---- -------- --- ---- ------------ ------ ------------- 
---------- ----- -------- ----------- ---- ----------------- --- ----- -------- 
------- ----- -------- ------ ---- ---------------- ----------------- 
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(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IXIEEil 4 I ElEIK EE  o 

Patients Screened For PCD Transvene System Who Received PGD Epicardial 

System 
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IXili EilX3 4i HEIK E P6  
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------- ---------- 
----------- 
----------- 
Noncardiac 

------ -------- -- -- --- ----- ---- ------ ------ -- --------- --- ----------- 
------------- --------------- ----- ---------- ------------------ --------- 
----------- --------------------- ----- ---------- ---------- ---------- ----- 
---- ------ --------- ----------------- --- ------- -- 

----- -------- ------------- -- ------ ------------- --------- ------------- 
----------- ---- ----------------- --------- --------- ------- ---- --- ------ -- 
------ --- ------ ------------- ------ ---------- ------ ------------ ------ -- ------ 
--- ----- ---- -------------- --------- ---- ------------- --- ---- ------ 
------------- ---------- ---- -------- ----- --- ---- ---- -- ------ --- --- 
----------- ----- -------- ------------ ---------- -- ------ ------------- 
---------- -- ------ --- ----- ------------ --------- ------ ------------ ----- ----- 
------------- ------ -------------- --------- ---- ------------- ---- ------ 
---------- --- ---- ----- --- ----------- ----- ------ ------------ --------- 
----------- --- -- ----- ---------- ------------------- 

----- ---------- ----------------- -------- ----- ------------------ ----- ---- 

-------- ----- ------------- ------ ---- ----------- ----- -------- 
--------------- ---- ----------- --- ------------- --------------- ------ --- 
------------- --- --- -------- ------ --------------- ---------- --- ---- ---------- 
--- --------- 

----- ------ --------- ---------------- ------- -- ---- ---- ------------ ----- 

------ --- ---------- ------- ----- --- ---------- 
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(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



EERY I COHIEIK Ebon 

0 3 mV 

TQl 500 ms 

VT HlD 20 

VT Rx Pl Burst 

VT Rx  2 C V 5 J S IN 

VT Rx 43 CV134J SIN 

VT Rx  4 CV134J SIM 

FDI 320 ms 

VF MID 12 

34J SIN 

34JISIN 

VF Rx t3 34JISIN 

34JISIN 

----- -------- ----- ----------- --- -- ------ ---------- ------ -- ------ 
------------ --- ------------- ------ ----- -------- ------------ --------- 
------------ --- -------------- ------- ----- ---------------------- --------------- 
----- --- -------- ----- ------- ----- ------------ --- --- ----- --- ----------- 
---------- -------------- ----- ---------- -------------- ------- ----- ------ ----- 
------ --- ----------- --- ----------- ------------- ------ --- ------------- ---- 
---------- ----- ------------- ----- ---- ------ --------- ----- ---- ------------- 

The investigator classified this patient death as perioperative  
noncardiac and not related to the implanted PCD Transvene 
System  The CERC reviewed the circumstances of this patient 
death and agreed with the investigator s classification  

A102 

p 

(b)(4), (b)(6)



IKiliEilt I IPII IKlK sos 
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

----------------- 

--------- 

--------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ --------- --- --------- 
--------- -------- ----- ---------- ------------------ --------- ----------- 
-------------------- ------ --- ---------- ---------- --- ---- ----- --------- 
----------------- --- ------- --- --- ---- ------ --- ---------- ---- ---------- 
------------------ ------ --------- ----------- ------------- ----- --------------- 

----- -------- ----- ---------- ----------- ---- -- ------ ------------- ---------- 
----------- ---- ----------------- --------- --------- ------- ---- --- ----- ------ 
----- ---------------- ----- --------- --------- ----- ------------- ----- ----- 
------------------ ------ ------------ ----- -- ------ --- -- ---- ------------- ------ 

-------------- ----- ------ ---------- --- ---- ----- ----- ---------- ------ ---- 
----- ------------ ----------- ----- ---------------- -------- ---- ------------- 
------------ 

------ ------ ------ ---- ------ ------------- --------- -------------- ---- -------- 
------------- ------------- ---- -- ------ ------------- ---------- --------- ----- 

------------- ------ ------------- ------ ------------- ----- ----- ----- 
---------------- ----- ------------- ----- ------ ---------- --- ---- ----- ----- 
----------- ----------- ---- ----- ------------ ---------- ---------- ----- --------- 
---------------- --- ----- --- --------- ---------- ---- ------------- ------------ 
---- ---- ---- ----- -------------- ---- -------- ----- -------- --- -------- ---- 
----------------- ---------- ----- -------- ------------ ---------- -- ------ 

------- ------------ --------- ------ ----- ---- ------------- ------- --------------- 
---------- ------ --- --------- ----- ------ --------- ---- -- ---------------- 
------- ----- --- ---------- 

A103 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



Eiti EiIRC CiIRIIi3IK lKge4 

Sensitivity 0 3 mV 

OFF 

VT MID 

VT Rx41 

VT Rx  2 

VT Rx 03 

VT I4 44 

FDI 350 ms 

VF MID 12 

VF Rx  1 34JISEQ 

VF Rx 02 34JISEQ 

VF Rx 43 34JISEQ 

----- ---------- ---------------- -------- ----- --------------- --- ----------- 
------------- -------------------- ----------- ------ ----- ------ ----- ---------- 
--- ---- ------ ------------- ---------- ---- -------- --------------- -- ----------- 
--- ------------- -------------- -------- ------ ---------- --- ---- --- ---- ------ 
---------- ------- --- ---- ----------- ------ ------------- --- ---- ---------- --- 
------ ------ ------------- --- ---- ---------- --- ----- ----- ----------- 
---------- ---- ---------- --- ---- ------------- ------------ ------- ------ 
----------- ---- ---------- ------------------ ------ --------- ----- ----------- 
--- --------- ------------ ----- ----------- --- ----- --- ------------ ----- 
-------------- 

----- ----- ----- ---- -------- --------------- --- --------- --- ------------- 
-------------- -------- --- ----- ---------------- ---- ----------- ------- --- 
------------ ---- ---------- ----------------- ---------------- ----- ----- 
---------------- ----- ---- ---------- ------ ----- ----------- ---- --------- 
----------------- ------- --------- --------- ---------------- ----- --------- 
----------- ------ --------- ----- ----------- ------- ------ --------- ---- 
---------- -------- ----------- ----- ----- --------- ---- --- -------- -------- 
----------- ----- ---- -------- ----- -------- ------- ----- -------- --------- 
-------------- ----- --------------- ----- ---------- ----- ---------- ---------- 
------- ----- ---- ------------- ------ ----- ---- --- ---- ----------- ---- 

A104 

 6 

(b)(4), (b)(6)



--------------- -------- kIK E 
---------- ----- ------------- ----- ---- ------ --------- ----- ---- ------------ 
---- ---- -------- - ---------- 

The investigator classified this patient death as perioperative  non  
sudden cardiac and related to an ventricular arrhythmia episode  
The investigator indicated that the patient death was not related 
to the implanted PCD System  The CERC reviewed the 
circumstances of this patient death and agreed with investigator s 
classification  

A105 

Q 

(b)(4), (b)(6)



rxi zic r sirmzme  
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------- -- ----- 
----------- 
------------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- ----------- 
------------- --------------- --- ---- ---- --------- ------ --- --------- --- ---- 
------ ---------- ---- -------- --------------- ----- --------- --- --------------- 
---- ----- ----- --------- -------- ----- ---------- ------------------ --------- 
----------- ----------- ------- --------- ----- --------------------- ----- 
---------- ---------- ----- ---- ------ -- --------- ----------------- --- ------- ---- 
--- ---- ------ --- ---------- ---- ---------- ------------------ ------ --------- 
----------- ---------------- 

----- -------- ----- ---------- ----------- ---- -- ------ ------------- --------- 
----------- ---- ----------------- --------- --------- ------- ---- --- ----- ------ 
----- ---------------- ----- --------- --------- ------ ------------- ----- ---- 
------------- ------ -------------- ----- ----- ------------------ ------ 
------------ ----- ---- ------ ---------- --- ---- ----- ----- ----------- 

----- -------- ------------- ------------- --- -- ------ ------------- --------- 
------ ------ ------ --------- ----- ------------- ----- ------------- ------ 

-------------- ----- ----- ---------------- ----- ------------ ----- ---- ------ 
---------- --- ---- ------------- -------------------- ----- ----- ----------- -- 
-------- --- -------- ----- ------ ------------- -------------- ------- --- 
---------- ----- ----- --------- ----- --------------- ---------- ------ --- 
--------- ----- -------- ------------ ---------- -- ----- ------- ------------ 
--------- ----- ------ ---------------- ------- --- ---- ------ --------- ----- --- 
---------- 
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(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



R UEihB ICOIIIIEEU E  6  II 

0 6 mV 

 f 
Dl 450 ms 

VT ND 16 

VT Rx t1 Ramp 

VT Rx 42 Burst 

VT Rx 4 3 CV1341S IN 

VT Rx 44 CV1341S IN 

FDl 340 ms 

VF ND 18 

34JISIN 

34J  SIN 

 VF 
Rx  3 34JISIN 

34J  SIN 

----- -------- --------------- --- --------------- --------- ----------- ------ --- 
---- -------- ----- -------- ------------ --------- ------------ --- ----- ------ 
------ -------- ----- ---------------- ----- ------ --------- ----- ------------ 
----- ---------- ----------- ----- ---- -------- ----- -------------- -------- 
--------- ------------------ ---- ---------- ----- ------------- ----- --- ---- 
---------- ---------- 

The investigator classified this patient death as perioperative  non  
sudden cardiac and not related to the implanted PCD System  
The CERC reviewed the circumstances of this patient death and 
agreed with the investigator s classification  

A107 

(b)(4), (b)(6)



hz IUEIPIID I IIKU IEIKR 
568 

Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------- ---------- 
--------- 
--------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- -------- ------ -- --------- --- ----------- 
------------- --------------- ----- ---------- ------------------ --------- 
----------- ------- ----------- --------- ---------- ------------ ----- ------- ----- 
---------- ---------- ---------- ----- ---- ----- ----- ------------ --- --------- 
--- 

----- -------------------- ----- ------------- ----- ------------ ----- --- ----- 
-------- ----------- ---- --------- --------- ------- ---- --- ------ -- ------ --- 
------ ----- ---------------- ------ ------- ----------- -- ------ --- --- 
-------------- ------- ------ ----- ------------- -------- ---- ------ ---------- 
--- ---- ----- --------- ----- ------ ----------- 

----- -------- ---------- -- -------- -------- ------ -- ----- ------- ------------ 
---------------- ----- --------- -- ------ --- ----- ------------- ------ 
------------- ------ ------- ---------- --- ------ ----------- ------- --- 
----------- ----- ------- ----- --------- ----- ------------ ---- -- ---------- 
---------------- ----- --------- -------- -------- --- ---------------- ------ ---- 
------- ----- --------- ----- --- --------- 

----- ---------- ----- ----------- -------- ----- --------------- --- 
------------- ------ -------- ----- ---- ---------- -------------- ----------- ---- 
---------- ------- ----- ------------ --- -------------- --------- ----- -------- 
--------------- --- --------------- --------- ----------- ------ --- ---- -------- 

----- ------ ------ ------------------ ----- ------------ ----- ---------- --- 
-------------- ----------- ------------- --- ---- -------- ----------- ----- ---- 
-------- ----- ------------ -------- --- ------------ ------------------ 

----- ---------- -------------- ------------ ---- ------- ------------- ---------- 
---------------- ----- ---- -------- --- ---- ------------ ------ --------- ----- 
-------- ----------- ---- ----------------- --- ----- -------- ------- ----- 
-------- ------ ---- ---------------- ----------------- 

A108 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



R ti Eil4 4  II 

Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

------------ ----- 
------------ 
----------- 
Sudden Cardiac 

EI5co 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- ------------- 
-------------- ----- --------- --------- -------- ----- ---------- 
------------------ --------- ----------- ----------- ------- --------- ----- 

----------- -------------- ------------- ----- ---------- ---------- ---------- ----- 
---- ------ --------- ------- -- 

------ -------- ---------- ------------- -- -------------------- ----- --------- 
------------- --- ---- ---- --------------------- --------- --------- ------- ---- 
--------------- --- ------ ------ -- -------- -------- ------ -- ----- ------- 
------------ ----- --------- ----- ------------- 

--------- ---- --------- ------------ ----- -------------------- ----- ---------- 
------ ------------- ----------- --------- ---------- --- ------------- 
------------- --- ---- ---------- ------------- -------- -- ------ --- -------- 
------------- ------ ------------- ------ ---- ---------- --- ----- --- ---- 
----------- --- ------------- -------- -------- --- ---------- -------- 
------------- ------------ ---- ------------ ------- ----- --------- ----- 
---------------- ------------ ----- -- ---------------- ----------- --- -- -------- 
----- ----------- 

------ ------ ----- -------------- ---- -------- --------------- ----- ----------- 
--- ------------- --------------- --- ----- ------ ---- ------ ---- ----------- 
------ ---------------- ------- ----- ----- --------- --- ----- ----------- ---- 
------------- ----------------- ---- --- ----------------- --------- ----- 
----------- --------- ------- ------ ---- -------- --------------- -- --------- 
--------- --- ---- -------- ----- ------------- ------ -- ------------- ------ --- 
------- ----------- ------ --------- ----- ------------- ------ -- ------------- 
--------- ----------- ---- -------- ----- ----------------- ----- ---------- ------ 
-- ------- ------ --------- ---- --- ------- ----------- ---------------- 
---------- ------- ----- ---- -------- --------- --- ---------------------- 
--------------- ---- ---------- ----- ------------- ----- --------- --- ----------- 
--- ------- -------------- ------------ ----- ----- ------ -------------- --- ---- 

---------- -------- 

----- ------ ------ ----------------- ----- ------------ ----- ---------- --- 
-------------- ----------- ------------- --- ---- -------- ----------- ----- ---- 
-------- ----- -------------- -------- --- ------------ ------------------ 
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(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IX ti RE 4 Ill EI sv o 
----- ---------- -------------- ------------ ----- -------- ------- --- ------ 
----------- ----- --------- ---------- ------------ ---- ------- ----- ---- 
------------- --- --- -------- --- ---- ------------ ------ --------- 

The CERC reviewed the circumstances of this patient death and 
agreed with the primary investigator s classification  In addition  
the death was classified as procedure related due to the fact the 
patient underwent both a nonthoracotomy and epicardial lead 
evaluation  

A110 

 b 

(b)(4), (b)(6)



IX i ti EiIK4 Ci EIIEIK E   I 1 

Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
------------ 
------------ 
Noncardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- ----------- 
----------- ------------- --------------- ----- ---------- ------------------ 
--------- ----------- ----------- ------- --------- ----- ------------- ------ 
-------- ------ --- ---------- ---------- --- ---- ------ --------- ------- ---- 

------- -------- --- ---------- ---- -------- --- ------------- ---- -------- ------- 
-- ---------------------- ------ --------- --------- --- ---------------- ----- 
------- ---------- -- -------- -------- ------ -- ----- ------- ------------ 
---------------- ----- --------- ----- ------------- 

--------- ----- --------- --------- -- ------ --- --- ----------- --- ---- ----- -- 
----- ------ ---------- ------ -- ------ ---------- --- ---- --- ------------------ 
----- ----------- ----- ------ ------ ---- ------------ ----- --------- ----- --- 
--------- 

-------------------- ---- -------- ---- ---- --------- --------------- ----- ----- 
------ --- --- ----------- --------------- ---- ----- ---------- --- ---- ---- 
-------- ---- ---------- ---- ---- ---- ----------- ----- ------- ----- ------------ 
---- ----- ---------- --- ---- ------ ----- --- ----- ----------- ----------- 
---------------------- -------- ----- ---- ----------- ------------------ 
-------------- --- ------------ ------------ ------------ --- ---------------- ------ 
------------ -- ------ ------ --- ---- ------ --------- ----------- --- ------------ 
--- ---- ---- ----------- ----- ---- ------ --------- ------ ----- -- ------------ --- 
---------- --------- ----- -------- ----- -------- ----- ------------------ ----- 
---------- --------- ----- -------- --- -------- --------------- ----------- 

------- -------------- ------ ---- -------- --- -------- ----- ------------ ----- --- 
---------- --------- --- -------------- ---- ------ -------- ----- ---------------- 
------ ----- ----------- ----- ---------- ---- ----------- ------ ----------- 

----- -------- --------- ------ -------------- -------------- ----- ----------- ----- 
--- ------- ----------- 

----- ------ ------ ----------------- ----- ------------ ----- ---------- --- 
------------- ---- ----------- ----- -------- --- ----- -------- ------ ---- 
----------- --- --- ---- ----- --- ----- -------- 

A111 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



RiliEiIR3 CiIRIEIK i  12 
----- ---------- -------------- ------------ ----- -------- ------- --- ------------- 
----- ---- -------- --- ---- ------------ ------ --------- 

The CERC reviewed the circumstances of this patient death and 
agreed with the primary investigator s classification  In addition  
the death was classified as perioperative and procedure related 
due to cerebrovascular accident that occurred during surgical 

procedure  
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(b)(4), (b)(6)



R ii EilEC CD II 

Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---------------- 
----------- 
----------- 
Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- --------- 
--------- -------- ----- ---------- ------------------ --------- ----------- 
----------- ------- ---------- ----------- -------------- ------------ ----- 
------------- ------ --------- ----- ---------- ---------- ---------- ----- ---- 

------ --------- ------- ---- 

-- -------------------- --------- ----- ---------- ------------ --- ----- --------- 
-- ------ --- ----- ------------- ------ ------------- ------------- ---- 
-------------------- ----- --------- ----- ------ ---------- --- ---- -------- 
------ ----------- ----- --- ----------- ----- ---------- ---------- --------- 
--------- ------- ---- --- ----- --- --- ------------ --------- ------------ ----- 
----- -------------- 

----- -------- ---------- -- -------- -------- -------- ------ -- ------ ------- 
------------ ---------------- ----- --------- -- ------ --- ---- ------------- ------ 
------------- ------ ---- ------ ---------- --- ---- ------- --- ----------- ----- 
--------- ------ ----- -- --------- 

A113 

ll svs 
(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



R  ii EiE I 30IIIlEIK ES  4 II 

The PCD Device programmed status was  

Sensitivity 0 6 mV 

TDI OFF 

VT NID 

VT Therapy  1 OFF 

VT Therapy f2 OFF 

VT Therapy  3 OFF 

VT Therapy 04 OFF 

FDI 320 ms 

VF NID 18 

VF Therapy f1 34J SIM 

VF Therapy  2 34J SIM 

VF Therapy 43 34J SIM 

VF Therapy 44 34J SIM 

----- -------- ---- ----- ------ ---- -------- ----------------- ----- ------- --- 
------------- ------------- --------------- ------ ---- ----- ---------------- 
---------- --- ---- ------ ----------- --- ---- ----------- ------ ------ -- ----- 
------ ----- --------- --------- -------------- --- ---- ----- ----- ---------------- 
---------- ----- --------------- ------------- -- -- --- ------- ---------------- 
------- ------ ---- ------ --------- ------------ ----- ---------- --- ---- 
---------------- ------- ---- -------- --------------- ---------------------- 
--------------- -- ---- --------- ------- ------ --------- ------ ---- -------- 
----------- --- ---- ------------ ------- ---- ----------- --- --- ------------- 
--------- -------- ------- --------- ----- ---------------- ------ -------------- 
--------------- --------- ---- --- -------------- --------- -------- ------- --- 
-------------- --------- ------------- ------- --- ----------- --------- 

----- ------ -------- ----- ----------------- ----- ------------ ----- ---------- --- 
------------- ---- ----------- ----- -------- --- ----- -------- ---- ---- 
----------- -- ----- ------ 

The primary investigator classified this patient death as sudden 
cardiac and not related to the implanted PCD system  The CERC 
reviewed the circumstances of this patient death and agreed with 

A114 

(b)(4), (b)(6)



EiiJEiIRC CiHlEIKlK   
the investigator s classification  

The CERC reviewed the circumstances of this patient death and 
agreed with the primary investigator s classification  In addition  
this death was classified as perioperative and procedure related 
due to both a nonthoracotomy and epicardial lead evaluation being 
performed  

A115 



E lEiIRC C EIIEIK IK     
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

-- ----- --------- 
----------- 
----------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- ----------- 
------------- -------------- ------------- ------ --------- --------- -------- --- 
---- ---- --------- ------ --- --------- --- ---- ------ ---------- ---- -------- 
--------------- ----- --------------- ---- --------- ----- ----- --------- -------- 
----- ---------- ------------------ --------- ----------- ----------- ------- 
---------- --- ---------- ---------- --- ---- ------ -- --------- ----------------- 
--- ------- --- --- ---- ------ --- --------- ---- ---------- ------------------ 
------ --------- ----------- ------------- ----- --------------- 

----- -------- ----- ---------- ----------- ---- -- ------ ------------- --------- 
----------- ---- ----------------- --------- --------- ------- ---- --- ----- ------ 
----- ---------------- ----- --------- --------- ----- ------------- ----- ---- 
------------- ------ -------------- -- ----- ------------------ ------ ------------ 
----- ---- ------ ---------- --- ---- ----- ----- ----------- ----- ------------ 
---------- ----- --------- ----- ----- ---------- ----- ---------- ---------- 
---------------- -------- ---- ------------- ----------- --- ------ ---------- 
----- -------------- --------- --- ---------- -- ------ ------------- --------- 
-------- ---- ------ ------------- --------- ----- ----- --- ---- -------------- -- 
---- ------------- ------ -------------- ----- ------------------ ------ ------------ 
----- ---- ------ ---------- --- ---- ----- --- ----------- ------ ---- ----- ------- 
------------ --------- ---- ----- ---------- --- ---- ------ --- -------- ----- 
---------- --- ------ --------- ------ --- --------- ----- --- ---- ---------- 
------------ ----------------- -------- ---- -------------- --------- --- 
---------- --- -------- -------------- 

A116 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



IZiii EillI lilEi3lKlM    
The final programmed status of PCD Device was as follows  

Sensitivity 0 3 mV 

TDI OFF 

VT NID 

VT Therapy  1 

VT Therapy 42 

VT Therapy  3 

VT Therapy  4 

FDI 320 ms 

VF NID 18 

VF Therapy  1 34JISIN 

VF Therapy 42 34J  SIN 

VF Therapy  3 34J  SIN 

VF Therapy f4 34J  SIN 

--------- ---- ---------------- --------- ---- -------- --------------- --- 
--------------- ---- --- ---- ----------- ----- -------- ------------ --------- 
------------ --- ------------- ------ -------- ----- ------- ------------ --- 
-------------- 

The investigator classified this patient death as perioperative  non  
sudden cardiac and not related to the implanted PCD System  The 
CERC reviewed the circumstances of this patient death and 
agreed with the investigator s classification  
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(b)(4), (b)(6)



IRiti EilRt tiEIEIZ lM VS 
Patients Who Received No PCD System 
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R UEihRID X HIEIK lK    
Patient -------- 

PCD Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---- --------- ------------ 
------------ 
----------- 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- --------- 

--------- -------- --- ----- ---- --------- ------ --- ---- ------------- --- ---- 
------ ------------- ---------- ---- -------- --------------- ----- --------- 
-------- ----- ---------- ------------------ --------- ----------- ----------- 
------- ---------- ------ --- ---------- ---------- --- ---- ----- --------- 

----------------- --- ------- ---- ----- -------- ----- --- --- ------------------ 
------ --------- -- ---- ------ --- ---- ------ ------------- --------- -------------- 

----- -------- ----- ----------- ---- -- ------ ------------- --------- ----------- 
---- ---- ------ ---- ----------------- --------- --------- ----- --- ---- ----- 

----- ---- ------- ---- --- ---------------- ----------- -- ------ --- --- 
------------- ------ ------------- ----- ------ ----- ------------------ ------ 

------------- ------ ---- ----------- ------ ---------- ----- --------------- 
---------- ------ --- -------- ----- ----- ---- ---------- ----- ---------- ----- 

--------------- ---------- ------ --- --------- 

----- -------------- --------- --- ---------- ----- ---------- ------------- 

--------------------- ------ -------------- ---------- ----- -------- 
------------- --------- ------------ --- ----- ------ --------- --------- 

A119 

(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)



EiliEiIRl Ci EIKII IE g     
Patient -------- 

PCD Device Serial Number  
Date of Implant  
Date of Death  
Death Classification  

---- --------- ------------ 
--------- 
------------ 
Non Sudden Cardiac 

------ -------- ----- -- --- ----- ---- ------ ------ -- --------- --- --------- 
--------- -------- ----- ---------- ------------------ --------- ----------- 
----------- ------- --------- ----- ------------- ------ --------- ----- 

---------- ---------- ---------- ----- ---- ------ -- --------- ----------------- --- 
------- - - -- 

----- -------- ----- ----------- ---- -- ------ ------------- ---------- ----------- 
---- ----------------- --------- --------- ------- ---- --- ----- ------ ------ 
------------- -------------- ------- --- ----------- -- ------ --- ------ 
------------- ------ ------------- ----- ----- ----- ---------------- ----- 
------------- -- -------- --- -------- ----- --- ---- ---------- ---- ----------- 
------ --------------- ---------- ------ --- --------- 

----- ------------ --------- --- ------ ---- -------- ------ --------------- ----- 

-------- ------------- --------- ------------ --- ----- ------ --------- --------- 
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(b)(6)

(b)(6), (b)(4)

(b)(4), (b)(6)
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Appendix F  Statistical Analysis 
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Category 
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Failure 
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Disease 
Ejection Fraction 
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Primary Indication 
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62 4 
15 83 3  

3 16 7 

Mean Ejection Fraction 37 8  

5 27 8  
8 444 a 
5 27 8  

NYHA Classification  
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-------------- ----- 
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Disease 
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CATEGORY 

Mean Age 59 2 60 3 57 0 ----------- --- 
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Number    Male 
Number   le Female 
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VT 

SCD   VT 

NYHA Classification  
I II 

IIIIIV 

Coronary Artery 
Disease 

Myocardial 
Infarction 
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Failure 

Car diem yopathy 

403 82 0  
93 18 0  

36 2  

187 36 05  
114 51 4  
28 12 6  o 

396 81 7  
89 18 3  o 

68 0  

35 1 o 

140 28 2  

182 81 3 k 
40 18 7  

34 0  

80 37 7  
114 49 0  
28 13 3  

180 84 9 o 
32 1 5 1  

32 3  

88 39 6  

25 64 1  
14 35 9  

35 8  

14 35 9  
20 51 3  

5 128  
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----- 

-------------- 
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NTL 

INVESTIGATIONAL PLAN 

MODEL 7217B PCD 
C  PACER CARDIOVERTER DEFIBRILLATOR WITH 

NON THORACOTOMY LEAD SYSTEMS 

C  

  i 
 I 

A  STUDY PURPOSE 
C  

1  Name and Intended Use of System 

C  

The Model 7217S PCD System consists of several components  
including a pulse generator  various transvenous  subcutaneous  and 
epicardial leads  and a dedicated software cartridge used with an 
existing programmer system  

The Model 7217B PCD  Pacer Cardioverter Defibrillator  is an 
implantable  multiprogrammable  automatic tachyarrhythmia control 
device designed to detect and treat episodes of ventricular tachycardia 
 VT  and ventricular fibrillation  VF  using either low energy pacing 
therapies or higher energy cardioversion or defibrillation therapies  

--------- ---- ----------- --- ----------- --- ------------- -------------- ---- 
--------------- --- ----------- --------- ---- ------------- -------------- ---- --- ----- 
----------------- ------------------ ---- ----------- ----- --- --------- ----- 
----------------- ----------- ------ -------- ----- ------------ -------- --------- 
------ ----- ------- ----- --------------- ----------------- ------------ --- --- ----- 
------------------ ---- ------------ --- ---------------- --------- ----- --- 
----------------- ----------- ------ ---- ------------ --------- ----------------- ----- 
---------------- ----------- ----- ----- --- ----------- ----------- --- ---- 
------------ ---- ---- ---------------- 

The Model 7217B will be used with two basic types of lead systems   

a  --- ------------ --------- ---- 

b  -- --------------- --- --------------- --------------- ---------------- 
--------- 

2 

(b)(4)

(b)(4)



Kl iti Eil 3 liHIEPE lK 
----- -- --------- ----- - ------ ----- --- ------------- --- ----- --- ------ ------------ 
------- ------------ -------- ----- --- --- ---- ------ --- --- ----------- ----- 
---------- --------------- ----------------- ----------------- ------- ------- 
------------ ---- ------ --- --------- ----------------- ----- ---------------- -------- 
------- -------- ------ ------------ - ----- --------- ----------- --- --- ------ ------- 
------------ - ----- --------- ------------- 

---- ---- ------------ --------- ------ -------------- ------- ----- -------------- 

-------- ----------- ----- --- ----------------- ------- -- --------- ----------- 
---------------- ------------ --- -- ----------- ---------------------------- 
-------------- -------- ----------- ----- ----- --- ---- ------------ ------- 
------------- ---------- ----- ------- ---------- ----- -------------- -------- ----- 
----- ---- ------- -------- --- ---- ----------- ---------- --- ---- -------- --------- --- 
---------- ----- -------------- -------- ------------ --- ---- -------- --------- 

----- ------ ------ --------- -------------------------------- ------------ 
---------- --- --- ---------------------- -------- ----- ------ -------- --- ---- --------- 
------ ------ --------- --- ---------- ---- ------------------ ------------ ------- ----- 
--- ------ ----------- ------ ----- --- ------ --- --------- ---- ----------------- ----- 
---------------- --------- ----- ---- ------------------ ---- ------- --- -- 
---------------- ------- -------------- ----- --------- --------------- ----- ------- -- 
---------------- ------------ ------- ----- --------- --------------- --- -- 
----------------- ----- --------- -------------- --- --- ------ --- ------ ------- ----- 
-------- -------------- ----- ---- --- -------- --- ------- ---- ------------ 
-------------- ---------- ----- --- ---- ----------- ------- ------- 

--- ------ ----------------- ----------- -------- ----------- ----- --- ----------- 
---------- -- --- ----------- ----- --- ---------- -------- ----- --- ---- ------ 
------------- ------ ---------- ----- ------- ---------- ---- ------- -------------- --- 
----------- ----- ---- ------- ----- ----------- --- ---- ------ ------------- ------ 

----------------- ----- ---------------- --- ---- -------- -------- ----- --- ------------- 
---------- -------- ------ -------------- ----------- ------------ ---- -------------- 

------ ---- -------- ------ ---------------- 

--------- -- ---------- ------------ ---- --------- ----- ---------------- ----------- ---- 
--- ------------- ------- ------- ---- -------- ------ ---------- 
------------------------------- --- ---- -------- ------ ---------- --------------------- 
--------- ---------- 

----- ------ --------- -- ----------- --- ------ ---------- -- ----- --- --------- --------- 
------- ----- --- ------------- --------------------- -------- ------ ------ -------- --- 
--- ------------- ---------- ----- --- ---- ----- --- ----- ------------- -- --- -------- 
------ -------- ---- ------------ -------- -------- --- ---- -------- --------- 

3 

(b)(4)



Kl iti Eil I PiElEIK E 
---------- ----- ------- ------ ----------- -- ----------- --------- ------- ------------- 
------ -- ------------- -------------------- ----- ---- -------- --- --- ------- 
-------------- ------------- ------ ------------ ----------- ------------- 
--------------------- ---- ------------ --- ---- ------ ------------- ------ --------- 
----- ---- --- ----------- --------------- --- ------ ------- ---- ------------ ------ 
----------- ---------- --------- ---- ---------- ---------- 
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--- --------- -- ------ --------- --- ------- --- --------- ---- ------- 
------------- ----- ------- --------- --- ---------- ----- --------- ------ 
---------------- -- ----------- ----- ----- ---------- ---- ------ --------- --- 
---------- ---------- --- --------------- ------- ----- ---------- --- --- ---- 
------------------ 

------ ----- ------- ------------- -------- -------- ------------- --- 
------------------ -------- -------- ------- ---------- ---- --------- --- ---------- 
---------- --- ----- --------- ----- -- ----------- ---------- ---------------- 
------- ---- ---- --------- ---------- -------- 

C  RISK ANALYSIS 

----- ----------- --------- ---- ---- ------------ --- ----------- --- ------------- ------------- 
-- ---- ---------- --- -- ------ -------- ----------- ------- -------- ---- ------- ----- ------- 
----- ---------- --- ---------------- ---------------- ---- ------ ----------- ----------------- 
------- ----------- ---- ------- ----- ---------- --- --- -------------- --------- ----------- --- 
----------------- ------- ----- ------ ------------- ------------- ------- ------- ---------------- 
-------- ----------- ---------- ------- -- --------------- --------------- ------------ ----- 
--------- --- -- -------- ------------ --------- ---- ------ ---------------- ---------- 

---- ------------- --- ---- ------- ------- ----- ---------- --- -- ----- --------- --- 
--------------------------------- ------- ----------- -------------------- ----- ---------- 
------------- ------- ---- -------- ------ ------ ------------- ------ ------------ ------- ----- 
----------- --- ---------- -- ------- -- ---------- ------ ------------- --- ---------- ---- 
---------- --- -------- ----------------- ----- -------------------- ---------------- ----------- 
---- ----------------- ----- ----------- ---- --------------- --- 
-------------------------------- 

------------ ----------- ---- ---- ------------ --- ------------- --------------- --------- ------ 
-------- ------------- ----- -------- -------- ----------------- --------- ----- ------- ----- 
---------- --- ---------------- ----------------- ---- ------ ----------------- ------- 
----------- --------- ------ ------ ------------- --- ---- ---- --- ----- -------- 
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Riti Eil 4 lIiElElK IK 
----------------- -------- ----------- ---- -- --------------- ---------- ----------- ------ ---- 
----- ---------- ------- -------------- --------- ------ ----- ------ ------ ------------- ----- 
----- --- -------------- --------- ---- -------- ------ ------ -------------- 

----- ------- ------- ----- ---------- --- ------------ -------- ------------- ---- ----- ------ 
---------- ------ ---------- ----- ------------ -- ------------------ ----------- ----------- --- 
----- ----------- ------ ------------- ---- ------ ---------- ------ --------- ---- --- 
------------ -------- ---------- ---- ---- ------------ --- ------------- ---------------- 

----- --------- ------- ----- ------- --- --- -------------- --------- --------- --- 
----------------- ----------- ----- --------- ----------- --- ------------- -------------- ----- 
------------- -------------- ------- ------- ------------ --- ----------------- ----- ----------- 
------------ ---- ------------- --------------- ----- --------- --- ------- ------------ -------- 
--- -------- ----------------- --- -------------------- --------------- ----------------- 
--------- ----- ----------- ---- ----------- --- ------------- ------------- ----- --------- --- 
------- -------- ----------------- --- -------------------- ---------------- --------- 

------ --------- --- ---- ------- ---------- --- ---- ------------- ---- ------------ ----------- 
--- ----------- --- ------------- ------------- ----- ------------- --------------- --- --------- 
---------- --- -------------------- ----------------- ----- ---------------- -------- ---- --- 
------------ ----------- --------- --- --------- ---------- --- ------- -------- 
----------------- --- -------------------- ----------------- ----- ---------------- ----------- 
------- -- ----------------- ----- --------- --- --------- ---------- --- ------------ 
------------ -------- ---- ---- ------------ --- ------------- ---------------- 

------------ ------ ------------- ------ ----- ---------------- --------- -------------- 
---------- ---- ------- ------------ ----- --------- ----- --------- ----------- ------------ 
------- ---- -------- -------- ------- ------------ -- ---------------- --- ----------------- 
------- ----- ------ ----------- --- ------------- -------------- ----- ------------- 
- --- ---- ------- 

Included in these risks are the following  

1  ---------- -------- --- ------- --- --------- --- ------------- -------------- --- 
------------- -------------- 

2  ---------- -------- --- ------------ -- ---------- --------- --- ------------- 
-------------- --- ------------- -------------- 

------- ------------- ------ ------- --- ---- ----- ------------- -------- ----------- --- 
-- -------- --- ---------- ------ --- --------- --- ------------- -------------- --- 
------------- ------- -- ------ --------- ---------- ---- ---- ---- --------- --- --------- 
------- ----- --- --------- -------- -------------- ------------- -------- ----- 
----------------------- --- --- -------- ------- --- ------ ------------- ------ -------- 
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3IBEEil3 PRIX Mlle 
------------ --- ----------- ------------- --------------- ----- -------- ------------ 
--- ----------- ------------- --------------- 

3  ---------- ---------- --- ----------- ---- ------------- -------------- --------- --- 
----------------- ---------- --- ------------- ------------- ----------------- ---------- 
------- --- ------------- ------------- -- ---------- ------ ----- --------- 
---------------- ----------- --- ------ ---------------- ----------------- ----- 
-------------------- ---------------- --- ------ ------------- ------ ------ ------------- 
------------ ------ ---------------- ----------- ------- ------------- --- --------- 
--- ----------- ------------- -------------- --- ------------- -------------- 

4  ------- ------------- ------ ------- ------------ --- -------------- 
--------------------------------- ----- ---------- ---- ---- ---- --------- --- 
---------------- --- ------------- -------- ----- --- -------------- --------------- 
-------- ---- ------ ------ ------ ------- ---------- --- -- ------- --- ------ -------- 
----------- ---------- 

5  ----------- --- -- --------- ---- ------------- -------------- ----- ----- ------- ---- 
------------- -------------- ----- --- ------------- --- ------- -------- ------------- 
-------------- --- ------- -------- --- ------ --------------------- ----- ------ 
------------- ------ ------ ------------- ------------ 

6  -------- ------------- ------ ---- --------- --- ------------ ----- ----------- 
------------ ---- ---- --------- --- ---------- ------------ -------------- --- 
----------- --------- --- ------- ------- ---------- --------- --- ---- ---------------- 
---------- --- ---- --------- ------- ------------- -- --------- ---- -------- 
----------------------- --------------- ---------- -------- ---- ---------------- --- ---- 
------ --- ------- --------- --- ------------ --- -------------- ----------- ------ ---- 
---------- ------------ ----- 

7  -------- ------------- ------ ---- ----------- --- --------------- ------ ------------ 
---- ---- --------- --- -------------- ------------ ------------------ 
----------------- ----- 

8  ---------- ---------------- --- --- ------------ ------- ----------- ----------- --- 
------------ --------------------------------- ------------- --- ------- --- 
--------------- --------- -------- ------- --- ------------ -------- ------------- 
-------- ---- ----- -------- --- ---- -------------- ------------------ ----------- 

9  ---------- -------------- -------------- ----------- --- ---------- --------- -------- 
-------- --- ------------ ------- ------------- 

10  ---------- --------- --- -------- ----------- --------- --- -------- ------- --- 
------------ ------- ------------- 
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IXitilKil C lliEEEIR IK 
------- ------ ----- --- ------------- --- --------- -------------- --- ------ --------- 
------------ -- ---------- ---------------------- ------------- --- ------------- 
----------------- ------ --- -------- ---------- -------- -------- ----------- ----- --- 
------------ --- --------------- ------ ---------- -------------- --- ---- ------- ---------- 

----- ---------- --- ---------------- ----------- ----- ----------- ---- ---- ------------ --- 
----------- --- ------------- -------------- ----- ------------- ------------- ----- --- ----------- 
------------ ------ --- ------------- --------------- --- ----- --------- ----- -------- -------- 
---- --- --- ----- ----------------- ------------ ------------- ----------- ---- ---- 
----------- --- ------------- ---------------- ------- ------------- ---- ----------- --- 
------------ ---- ------------ --- ---------------- ----------- ----- ------------ --- ---------- 
------ ----- ------------- --------------- ------------ ------ ---- ----- ----------------- 
------------ ------------- ----- ---- ----------- --- ---- ------------ --- -------- -------- 
----- --------- ----------- --- ----------- --- ------------- -------------- ----- ----- --- 
-------- --- ------------ --- ------------- --- ---- -------- -------- -- ------------- --- --- 
------ ---- ------------- --- --- --------------- ---------------- ------- ---------- ----- 
------ --- ---------------- -- ---- ------ --- ---------- ----- --- ---- -------- --- ------- ----- 
--------- --- --- ----- ----------- ------ ---- ---------- ----------- --- ------------- 
-------------- ----- ------------- -------------- 

------- ------------- ------ -- -------- --------- ----- ---------- ----- ---------------- ----- 
--- ------------- --- ----------- ---------------- ----- ------------- ------------------ 
----------- --------------- --- ---- ------------- ---------- --- --------- ------------ ------- 
----- --------------- ------------ ----- -------------- ----------------- --- ----------- 
--------- ------------ --- ---------- ----------- ---- -------- -------- ----- ----- ------------ 
------ ------------- ------ ----------- ------------- --- ---- --------- ----- --------- 
------------ ----- ---- --------- ----- -------- ------ ----------- 

---------- ---------- ------------- ------ ---- ---- --- ---- ------ --------- -------- --- ---- 
----------- ----- -------------- --- ------------------- ------------- --------------- ----- 
---- --- -------- ----------- ---- ---- ------------ --- ------------- --------------- ----- 
-------- -------- --------- ------------- ------ -------- -------- ----------------- -------- 
----- -------- ---- ------------ --- ---- ------ ------- ------------ ----- ------ --------- 
-------- ---------- --- ----------- ---- ---------- ------ ------------- --------------- ------- 
------------ --------- ---------------- ---------- ----- ---------- --- --------- 
------------------ --------------- -------- ----- --------- ---- ------ ---- -------- ---------- 
---------------------- --------- ------- ---- ---------- --- -------------------- --- 
-------------------- ----------- ----- --------- -------------- --- ----- --- ---- ------ 
-------- ------------- ----- ------ ---- ------ ---- -- -------------- --- ---- ------- --- 
----------- -------- ------------- --- ------------------ ---------- ---- ----------- ---------- 
------ ------------- --------- -------- --------- --------- ---- --------- ----- ----------- 
----------- --- --------------- 

----- ----------- ------------ -------- ------------- ----- --------- ----- ---------- --- ------- 
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IX liEiEll ti Il IRK 
---- ----- ----- ---- ----- ------ ---- ----------- -------- ----------- ---------- 

D  PCD SYSTEM DESCRIPTION 

----- ------------- --------------------------------------- -------- --------------------- 
--------- --------- -- ----------- --- ----------------- ------- ----- ------ ----------- --- 
------------- -------------- ------ ----- ------------- ------------- ------ ----- --------- -- 
------------ --- ---- -------- -------- ------------------------ --------------------- --------- 
---------- ---- --------- -------------- -------- ------------- ------- -------------- ---- -------- 
------------- ---------------- ------- -------------- ------- ---- -------- -------------- 
---------------- ------------ ------- ------- ---- -------- -------------- ----------------- 
------- ------------- ----- ---- -------- ------ ---------------- ----------- ----------- --- --- 
------ --- -------------- ------ ---- -------- ------ ---------------- 

----- -------- -------- -- ----------- --- --- ------ ------ ------- --- ----- ------ ----- 
----------- --- ------------ ----- --------- ---- -- -------- --------------- --- --------------- 
-------------------------------- ----- --------- 

----- ------------ ----- --------- ---- --- ------------- --- --------- -- ------- 
--------------------------------- ------- ------ -- ------- ---------- ---------- ----- 
------------- --- ----- -------- ----------- ------ ----- --------- ------------ ---------- 
------ ------------- ----- ------------ ---- ------- ---- ----- --- ------ ----------- 
--------- ---- --------- ------ -------- ---- --------- -------------- -------- ------------- --- 
------ -------- --- -- ---------- ------ ------ ---- ------ --- ------- ----------- ------- 
-------- -------- ----- 

----- ----------------- ----- --------- ---- ----- --- ------------- --- --------- ------- ------- 
-------- ---------- ----- ------------ --- ----- -------- ---------- ------ ------------- 
----- ------------ ---- ------ ---- ----- ----- ------ ----------- ----------------- ---------- 
---- --------- ------ -------- ---- -------- -------------- ------- -------------- ----- ----- 
------- ---- -------- -------------- ------------ ------- ----- --- ---- -------- -------------- 
----------------- -------- --- ------ 

--- ---- -------------- ------------- ---- --------- ---- ----------------- ------- ----- ------ 
----------- --- ---- -------- ----- --- ----------- ---- --- ----------- ---------- ---- 
-------------- -------------- ------ ---- ---------------- 

------------ --- ----------- --- ---- ----- ---- ---- ------- --- ----------------- --- -- --------- 
--------------- -------- --- ----- ------------- ------------- ------------------ ----- --------- 
-- ---- ---- -------- --------- ------- ------------ --------- --- ----- -------------- -------- 
------ ---- --- ------------ ----- --------- ------------ ------ -- -------- --------- ---- ------ 
----------- ---- --- ----------- ----- ---- ------- ----- --- ---- -------- ------------- ------- 
-------------- ----- ---- -- ----------------- ----- --------- ------ ------ -- -------- --------- 
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IXiliEil I liElEE lK 
----- ---- ----------- ------------ ---------- ----- ---------- --- -- ------------ --------- --- 
----------- ----- ------ --- --------- ----- --- -- ------------ ----------- ---------- 
------------ --- ----------- --- ---- ---- ------- --- -- ------------ --------- --- 
-------------- ----------- ----- ------ --- --------- ----- -- ------------ ----------- 
--------- ---- -------- ----- --- ------- --- ---- ------------- ----------- ---------- --- 
----------- ---------- ----------- --------- ---- ---- --------- --- ------- ---------- ----- 
--------- -- --------- --------- --- ---- ------------- ----- --- ----- --------------- 
-------------- ---- ------ ------ --------------- ----- --- --------- ---------- ---------- ----- 
-- ----------- --- --------------- ---------- -- ------------ ------------- ----- ------ -- 
------- ---- ----------- ------------- ----------- ----- --- ------ -------------- 

---- --- ----- ----------------- ------------ ----------- ----- --- ----------- ---- --------- 
--- ---- --- ----- ---- ---- ----------- ---- ----- ----------- ----- --------- --- 
---------------- -------- ----------- ---------- ------- ----- ------------ --------- -------- --- 
---------- ------ ------------ ----------------- --- --------------------- ------ ------------ 
-------- ---------- --------- ------ ---- --- --- --------- ---- ----------- ----- --- --------- 
------ -------- ----- ------- --- ---------------- ------------ --------- ----- ----------------- 
--------- ------------ -------- ------------ ----- --- ------- ------- ----- ------ -------- 
----------- ---- ------ -------- ------------ --- ------- ----- ---------------- -------- 
----------- ---- ------ -------- ------------ ----------------- -------- ----- --- --------- 
------ -------- -------- ----------------- --- -------------------- ------------ ---------- 
------ -------- ---------- --------- ------ ---- --- --- --------- 

--- ---------- --- ----------- ----- ----------- ---- ---- ----- ----- ---- -------- -------- 
----------- --------- ------ -------- ---- ---- ------------ --- --------------- ----- --------- -- 
----- --------- --- ------------ ---------------- --------------- ---- --------------- 
------------- --- --------------- ------ ------------ ------------- ----------- ----- ---------- 
----- ---------------- ------------ -------- --------------- ------------ ----------- ----- 
---------------- --- --------- ---------- -------------- --------- ----- -------- -------- ----- 
--------- ------- ----------- 

---------- -------- ----- --- ------------- ------- ---- -------- ------ ---------- 
------------------------------- -- --- ----------- --- ----- -------- ------- ---------- 
--------------------- --------- ---------- ----- -------- ------ -- --- ----------- 
------------------------ -------- ----------- --- ------- ----------- --- ---- ----- ---- ----- 
----------------- --------- ---- ------------ -------- ----------- ------- ----- -------- 

--- ----------- ---- -------- ------ ---- --------- ---------------------- ---------------- ----- 
---------------- ----------- ----- --- -------------- ------ ---- -------- ------ --------------- 
----- -------- ------ ---------------- ----------- ------------ ---- -------- ---- ---------- 
------------ --------------- ---- ---------------------- --------- 

----- -------- ------ -- --- ---------- -------- -------- ---- --------- ----------- ---------- 
--------------- ----------------- ----- ---------------- --------- 
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IX ti Kil 0 CiEIIKti E 
--------- ---------- ----- --- ------- -------- ---- ------- --- ------ ---- -------- -------- 
---------- -------- ---------------- ---------- ------- -------- ---------------- ----- 
---------- ----- --- ---------------- 

E  MONITORING PROCEDURES 

1  Study Monitors 

------ -------------- ------ ----- -------- ----- -------------- ------- ---------- 
------------- --------------- ----- ------ ---- --------- ------- ---------------- 
----------------- ---- ---- ------------- -------- -------- --------- ------------- --- 
------------------------- ------ ----- --------- ---------------- ------ ----------------- 
---------- --------- --- ------- ----------- ------- --------- ----- ------------ 
----------- ----- 

------ -------------- 
--------- ----------- -------- ----- 
-------------------- --- ------ ----- ------------- 
------ ----- ------- ------ ----- ------------- 
----- --------------- 
---- -- ---------- ----- 
----- --- ------------ ----- 

-------- ----- -------------- 
---------- ------------- --------------- ------ ------- 
------------------- ------ 
------ --------- ------ ------ 
---------------- ----- -------- ------ 
------------------ ----- ------ 

2  Monitoring Procedures 

a  Summary of Monitoring Procedures and Responsibilities 

------------ ------- -------------- --- ------- -------- ---------------- 
-------- --- ------------- ----- ------- ----- ------ ------- ------------- 
----- ---------- ----- ---------- --------- -- -------- -------- -------------- 
----- ------------ ---- -------------- ------------- ------ ---- ---- --------- 
-------------- ------------- ------ ---- ---------- --------- ---------- ------- 
------------- ---- ---------------- ------------- --- ---- ------- 
----------------- ----- --------------- ---- ------- ---------- ----- --------- 
-------- -------------- ------------- ----- --- ------------ -- ------------ 
------- ---------- -- ------ ------------------ -------- ----- --- ------------- 
------ ------ --------------- ------- -------- ----- ---------- ----- --------- 
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IXit Eil 3 Pi IZE 
----------------- ---- ------------------- ---------- ---- -------------- ----- 
-------------- 

b  Pre Study Visit Investigator Training 

----- ----------- --------------------- ---------- ---------- --------- ---- 
------- ---------- ---- ----------------------- --- -------- ---- 
------------------ ------ ----- --------- ---- -------- --- ------ 
----------------- ------ ---- ---------------- ------ --- ------- --- -------- 
----- ---- --------------- 

1  --------------- ---- ---------------- ------- --- ---- 
------------------ 

2  --------------- ---- ------------------ ----- ------------ ---- 
----------- --------- ----- --------- ----- --------- --- 

3  --------------- ---- ------------ --- ---- --------- ------------ 

----------------- ---------------------- ----- -- ------- --- ---- 
----------- ----- -------------- ----- ---- -------- -- ---- ----- --- 
---- --------- -------- 

4  ----- ------------ --------------- ----------- -------- ------ ------ 
----- -------------- --- --------- ------ ---- ------- ----------------- 

5  ---------- ---- ------------------ ------ ----- -------- --- ------ 
----------------- --- ---- ------- ---------- ----- --------- 
-------------- ---- ------ -------------------- 

5  ------------ --- -------------------- ---- ------------------ ------ 
---- -------- --- ------ ----------------- ----- --- ---------- --------- 
--- ----- ----- ---------- ---------- --------- ----- --------- --- 

6  ----------- ----------------- ---- ---- ---------------- -- -------- 
-------- -------- ----- --------- -------------- --- ------- -------- 

-- --------- ------- --- ---- ----------- ----- ----- --- ------- --- ---- 
---------- --- ------------ ------------- --- ----- ----------- --- -------------- 
--- ----- -------------- ------------ ------------ ------------ ------ ---- ----- 
------- ------ ----- --- --------------- --- ---- ---------- --- ---- ----- 
------- ----- -------- -- --------- ----------- ----- ------ ---- --- ------- 
--- --------- ---- 

C  Device Implantation Follow Up Support 
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Viti KiE 5 PiEEilZK 
----- ---------- ---- ----------------------- ----- --------- ------------ ---- 
------ ----------- ----------- ----- ------- ---------------- -------- 
------------ -------------- ------ ---------- -------- ----- ----------- 
----------------- --- ------ -------- ----------------- ----- -------------- 
------------ ----------- ----- ---------- ---- ----------------------- ----- 
------------ ---------- --------------- ----- ---------- ----- ------------ 
----------- ----------- -------------- -------- ----------- ----- ------ 
------------ --- -- -------------- ------- ----- --------- ----- 

d  Review of Completed Data Forms and Other Study Documents 

------------- ----- ------- ----- ------ ------- ------------- ---- ----------- 
--- ---- ---------- --- ---------- ----- -------- ----- --------------- -- 
---------------- --- ---- ------------- ------------------ --- ------- ---- ------------ -- --- --- 

------------ ----- --- ------------ 

1  Investigator Agreement 

------ ------ --- -------- --- ------ ----------- --------------- 
------------ -------- ------------- --- ------------- --- ---- 
---------------- ----- -------------- --- --------- ------ --- ------- 
----------------- 

2  Lead System Testing Implant Data Forms 

------ ------ --------- ----- ---------- ------ -------- -------- --- ---- 
--------------- ----- --- ----------- ---- ----- -------- ------------- 
----- ------------------ ----- ---------- ----- ----- -------- ---- 
---------- ------ ------- --- -------- ----- -------- --------- ----- 
----------- ------ ---- -------------- -------- ----- ------- ---- 
-------------- --------- -------- ----- -------- ----- ---------- ----- 
--------- ------ ---- ---- --- ---- --------------- ----- ------------ 
----------- ----- ------- ------ -------- --- ------ ----- -------- 

3  Follow up and Spontaneous Episode Monitoring Data 
Forms 

------- ----- -------- -------- --- ---- --------------- ----- --- 
----------- ----- --------- --- ------------ ------- ---- ------ 
------------------- ------ --------- 

4  Study Monitor Designate Reports 

----- ----------- ------ --------- ------ -------- ----- --- ------ ----- 
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IZiliEillI SiEIEElK 
------- ------------ --- -- ---------------------- ----- --- ----------- 
--- ---- ----------- ----- ---------- ----- --------- ---- 
----------------- ---- ----- ------------ -------- --- ------------ --- 
------------ 

5  Other Records and Reports  see Section J   

e  On Site Monitoring 

--------- -------------- ------- ----- --- ------- --- -- --------- ------ --- 
-------- ---- ---------------- ------------ --- ---- ------------------ ------ 
-------------- -------------- -------- --- ------- ---------- --- --------------- 
--------------- --- --------- ----- --------- ----- ---------- -------- --- 
-------- -------------- ----- ---------- ---------- ---- ------------ 
----------------- ----------- ----- ------------- ----- ---------- ----- --------- 
-------------- --- -------- ---- ---------- --- ---- ------- --------- 
---------- ------- ------------- ----- ---------- ----- ------------ ----------- 
--- ----------- ----- ------ ------ -------------- --- -------- --------------- 
-------- -------- --- ---- ---------------- -------- ---------- ------- 
---------------- ------------- ----- -------- --------- -------- ------------- 
--- ----------- ----- ---------------- --- ----------- ------ ----- --- 
--------------- --- ---- ---------- --- ---- -------------- ------- ----- 
--------- ----- 

f  Final Monitoring Visit Telephone Review 

------------- ------ ---- ------- --- ---- ------- -- ------ -------- -- ------ 
----- --- -------- --- -------------- --- ------------ ----- --- ------- --- ---- 
----------- -- ------ -------------- -------- -------- ---------- ------------- 
--- ----- --------- ---------- ----- --- ----------- --- ---- ---------- ---- 
------------- 

g  Study Complications 

------------------ ----- ---- ------------- ------ ---- ------ --------- ---- 
------ --- ---- -------- ------------ ----------- ----------- --- ----- 
------------------ ------- ----- -------------- ----- -------- ------- ---- 
--------- --- ---- ------------ ----- ------ --- ------------ ------ 
------------------ ----- ------------- ---------------- ----- ------------- 
------- ----- --- ---------- --- ---- -------------- --- ---- ------- ---------- 
--- ------------ -------- ----- ---------- ------- -- ------------- ---- 
---------- ----- --------- -------- -------------- ------ ---- --------------- 
--- ---------- ------------- ------------------ ------- ----------------- ----- 
--- ----------- --- ---- ------- ---------- --------------- ----- ----- --- 

62 
  

  

(b)(4)

(b)(4)

(b)(4)

(b)(4)



3I  ili Eil I I i HllKli El   
----------- ---- --------------- ------ ---- ------- ---------- ----- ------ 
---------------- 

-- --- ------------- ---------------- -- -------------- --- --- --- 
----------------- 

--------- -------- --------- ------------- ----- 
--------------- ---------- --- -------------- ----- -------------- ----- --- 
---------- --- ---- -------- --- ----- ------------- ----- --------- ------- 

F  LABELING 

The Technical Manuals and other labeling are attached to this Investigational 
Plan  

G  CONSENT MATERIALS 

1  ----------------- ---- ----------- ---------- 

--- ------- --- -------- ----------- ---------- --- -------------- ------ ---- 
-------------- --- ----------- ------ --------- ------ --- ----------- ------- ---- 
----------------- ----- ------ ----- --- ------------- ------------------- ----- 
--------------- -- ------------- 

----- ------------ ----------- --- ----------- --------- ------ --- ----------- --- ------ 
--------- 

a  ---- -------------- --- ---- ---------- -------- --- ---- -------- ----------- --- 
---- ----------- ----------- ---------- --- ---- ---------- ---------------- 
------------- --- --- ------------ ----- ------------- -------- ---- 
----------------- 

b  -- -------------- --- ---- -------------- ------ --- --------------- 

c  -- -------------- --- ---- ---------- -------- ----- --- ------------ 

---- -------------- --- ------------- ------------- ---- ------------- -------- 
---- ------------ 

e  -- ------------ ------------ ---- -------- --- -------- ------------------ ----- 
--- -------------- ----- --------------- --- --------- --- ------------- ----- 
------------- ----------- ----- ------- 

f  ---- -------------- ------------ ----------- ---------- ------------ -- ------- 
--------- ----- ----------------- -------- -- ------------ ----- -------- --- 
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3I  ti Eil 4 P EIEIK E II 

-------- -------- --------------- 

g  ---- -------------- --- -------- --- --------- ---- ---------- --- ------------ 
----- --- ---- ------- --- -------- 

h  -- ------------ ----- --------------- -- ------------- ----- -------- --- 
------------- ------ ---- ------------- -------- ------------ ----- ----- 
-------------- ------ ---- ------- ----- ------ ---- ------------- -------- 
------------ 

------------------ ----------- --------- ------------- ---------------- ------ ------- 
---- ----------- --- ---- ------------ -------- ----- ------------- --- ------ ------- 
------ --------- ---- ----------- --- ----------- ---------- ------------- ------------ 
-- --------- --- ---- ----------- ---------- ------------- ------ ------ --- ----------- 
--- ------------- ----- ---- ----- --------- -------------- ----- --------------- 
-------------- --------- ----- 

------- ---- -------------- ------------ --- ---- -------------- ----------- ---------- 
------------- ---- ------ ----------- ------ ------ --------- ---- -------- ------ 
----- ---- ----------- ---------- ------------- ------------ -------------- --- 
------------- --- ---- ---------- ------------------ -------- -- ------ --- ---- 
----------- ---------- ------------ -------- --- ------- --- ---- --------- 

----- -------------- ----- ---------- ----- ----------- ---------- ---- ------ ----------- 
--- -------- --- --- ---- -------------- --------- --- ---- ---------- ------ ------- ----- 
--------- ----- 

2  Exceptions 

----------- ---------- -- ---------- -------- ---- -------------- ------------- ----- 
------------- ----- ------ --- ---- ------------ ---- ------ --- -- ------------------- 
----------- ------- ----- -------------- ---- --- ---- ------------------ --------- --- 
------ -- --- ----------- ------------- --- ---- --- ---- --------- --- -- -- ---- 
---------- --- -------- ----------- --------- ------ ---- ---------- --- ------ -- ---- 
------------ ------ --- -------- ----------- --------- ------ ---- ---------- ------ 
------------------ ---------------- --- --------- ------------ ---- ------------- ------ 
---- ------- ------ --- ----------- --- --------- -------- -------- ---------- ------ 
------ ---------- ----- --------------- ------ ------- ----- -------- --- -------- 
----------- --------- ----- --------- ------ -------- -------- ---------- ------ --- 
---- ------- ---------- ----- ---- --------------- --------- ---------------- 
-------------- 

H  IRB ETHICS COMMITTEE INFORMATION 
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IX ti EiE K IiEIEIZ IK Il 

------ ------------------ ------- ----- --- ------------- --- -- ------ ----- --------- ----- 
------- ------- ----- --------- ---------- ----- --------- --- --------- ----- ---------- 

I  OTHER INSTITUTIONS 

------- --------- ----- ---------- ----- --------- ------ ---- ------- ------- ---------------- 
------ ------ ------ ------------ --- -------------- ------ ----- ------- ------- ------- 
----------------- ------------------ -------------- ---------- --- ------ ------ ------------ -- ----- 
------ 

J  RECORDS AND REPORTS 

1  Investigator Records 

----- -------------- -- -------------- ---- ---- -------------- --------- ----- 
------------ ----- ----------- --- ---- --------- ------ -------- ---------- ---- 
--------- --- ------------- --- ---- ------- ---------- ----- ----- --------- ----- 
----------- ---------- --- ---------- --------- --- ----------- --- ---- ------ ------- 
----- ------ --- ---------- ---- -- -------- --- ----- ------- ------ ---- ------ --- ----- 
------- --- ---- ----- --- -------- ---- ---------------- -- ------------- --- 
-------------- --- --- ---- ----- ----- ---- --------- ---- --- -------- ---------- ---- 
----------- --- ------------- --- -------------- --- ---- ------ --- --------- ---- 
--------- 

a  ---- ------------------- -------- ---------- --- ---- ----------------- 

b  ----------- ----- --------- ---------- ------------ 
 1  --------- ----------- ---------- ------- --- -------------- --- -------- 

--------- --- ---- ---------- ------ ----------- --------- ---- 
 2  ---- ---------- ---------------- 
 3  ---------------- --- --------- -------- --------- 
 4  ---------- --------- 

 5  --------- ------ --------- ---------- ---------- ------------- ----- 
---------------- ------------------------ --------- 

 6  ------------------- --- ---- ------ --- ----- --------- ---- ----- 
----------- ------ ----------- 

c  --------- ----------------- -------------- ----- --------- ---- ----- 
------------- ------- ------ ----- ------------ --- -------------- 

2  Investigator Reports 

----- -------------- -- -------------- ---- ---- -------------- --------- -------- 
---------- ------ ----------- --- ---- --------- - ------ ---------- --------- ---- 
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IX ti Kil l II i EIIEEii  IK Il 

--------- --- ------------- ----- ---- ----------- ---------------- ------------ ------- 
---- --------------- ----------- 

REPORT SUBMIT TO DESCRIPTION 

-- -------------- 
----------------- 
-------- 

---------- ----- --------- ------- 

--- ----------------- 
---------- --------- 

-------- 

----- -- --- ----------------- ---------------- 
-- -------------- ---- -------------- --- 
--- --- ---------------- --------- 
-------- -------- ----- ---- 
----------------- ------- ------ --- 
------------ -------- --- ---------- 
------ ------ ---- --------------- ----- 
------- --- ---- ------- ----- --------- 
-- -- --- 

-- -------------- 
--- ----- 
------------ 

---------- ----- --------------- ------ ------- -- 
-------------- --- ---- ------------ ----- 
----------- -------- -- ---------- ------- 

--- ----------- 
-------- 

---------- --- ----- ----- --------------- ------ -------- 
----- ------- -- ---- ------- ------ 
-------- ----- ----- ------ 

-- ------------ ------ 
------------------ ------ 

---------- - ----- 

-- -------------- --------------- ------ --- ------- 
-------- -- ---------- ------ --- 

--------- ---- ---- --- ---------- ----- 
------- --- -- ---------- 
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IXiti Eil I liEEiEE 
--- ------- -- ---- ----------- ----- ------- ---- 

----------- ------------- --- ---- ----- 
--- ---- -------- ------- ----- 
--------- --- ---- ---------- ----- -- 
---- --- --------------- ---- 
----------- ------ --- ----------- --- 
-------------- ------------ ----- ----- 
------- -- ---- ----------- ------ ---- 
------- ------ ------- -------- 
------------- -------- -------- ----- 
----- ------ ------------- ------ 
---------- --- 

-- --------- --- 
-------- ----------- 
---------- 

---------- --- ----- ----- --------------- ------ ------- 
-------------- -------- -- ---------- 
------ ------ -------- ----- ----- 
------- ------ --------- -- ------ 
-------------- --- ---- 
----------------- ------------ ---- 
-------- --- -------- ----------- 
--------- ----- --------- --------- 
--------------- --- -- ---------- 

------------ ---- ----------- --- ---- 
----------------- ----- --------- ---- 

--- ------ -------- ---------- - ----- ------ ------- ------ --- ------------ 
-------- -- --------- ------ 
-------------- --- -------------- --- 
---- ----------------- 

--- ---------- ------ 
------- 

---------- ----- --------- ------- ---- 
-------------- --- ----- ----- --------- 
----- ---- --------- ------- 

-- ------------- ------ 
------- 

---------- ----- --------- ------- ---- 
-------------- --- ----- ----- --------- 
----- ---- --------- ------- 
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IXiti Ei l I PiQEElti E 
3  Medtronic Records 

Medtronic will maintain the following records  

a  ---- ------------------- -------- ---------- --- ---- ----------------- 

b  ------------- --------- -------------------------- --------- 

c  --------- --------------- --------------- ----- ------------- ------- 

d  ---------- -------- ----- ------------- --- ---------- --- ---- ---------- ----- 
------------- ------ --------- 

e  ---------- ----- ------------- ----- --------- ------ --------- ---------- 
---------------- ------------------------ ------ -------- ------------ --- ---- 
---------------- 

f  ------------------ ------ ------------ ---------- ----- -------- --- ------ 
------------------ 

g  ------------ ------ -------- -------- ---------- --- ------ ---------- ----------- 
----------------------- ----- ----- ------ -------------- ----- -------- ----- 
------------------ ------ -- -------------- ---- ---- -------- ---- ----------- 
-------------- ----------- 

--------- ----------- ---------------- ------------ --- --------- ----- ----- ------- --- ------ 
------------- ---------- 

4  Medtronic Reports 

REPORT SUBMIT TO DESCRIPTION 

-- ----------------- 
---------- --------- 
-------- 

------- --- ------ 
----- --- 
---------------- 

------------- ----- ------- --- ----- 
---------------- --------- -------- 
------- ------------- -------- --- 
---------- ------ ----- --------------- 
--------- ------- 

--- -------------- --- 
----- ------------ 

------- --- ------ 
----- --- 
---------------- 

--------------- ----- --- ------- -------- 
-- ---------- ------- 
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El iliKil 5 CiRIEIZ lK 
-- -------------- --- 
------ ------------ 

---- ------ ----- 
---------------- 

--------------- ----- --- ------- -------- 
-- ---------- ------- 

--- --------- 
--------------- ----- 

------ ------------- ----- -------- -- ---- --- 
---- -------- ----- ------------ --- --- 
---------------- ------------------ --- -- 

-------- ----------- ---------- -- -- 
--------- ------ ------ ------------ 

-- ----------- -------- ------- --- ------ 
----- --- 
---------------- 

-- ---------- ------- ----- --- 
------------ -- ------ --------- 

-- -------- ----- 
--------- 
-------------- 

------- --- ------ 
----- --- 
---------------- 

--------------- ----- --- ------- -------- 
--- ---------- ------ ----- ----- 
--------- ---- --------- ---- ----- 
--------- ----- --- --------------- 
-------- ------- --- ------------ 
--------- --- ----- ---------- 

--- ------ -------- ------- --- ------ 
----- --- 
---------------- 

------------- ----- ------- ------ 
-------- --- ---------- ------ --- ---- 
-------------- --- -------------- --- 
---- ----------------- -- ------ ------- 
----- --- ------------ -------- -- 
--------- ------ -------------- --- 
--------------- 

--- --------- --- 
-------- ----------- 
---------- 

------ -- ------ --- ---- ----------------- 
------- ----- --------- ------- ----- 
--- ------------ -------- -- ---------- 
------ --- --------------- 

--- ----- ---------- 

------ ------------ ----- ------ ----------- ---- ------------ --------- -------- ------- --- ---- 
----------------- 

---- ----------- -------------------- 
---- --------- --- --------------- ----- -------------- 
---------- ----------- 
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  liEil3 PiElEEE 
Record retention requirements described in Section H 1 will apply to these 
IRB records  
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APPENDIX 8 

CLlNICAL DATA FORMS 



Veraion 7118192 

Patient ID 

Hoepital ID 

Physician ID 

Medtronicg 
-------------- -------------------- 

---------------------------------------------------------- 
------------- --------- --------- 

----------- -------- 

--------- -------- 
--- 

---------- --------- --- 
----- ------ --------- 

---------- --------------- ------------ --------------- 

----------------- 

--- ---------- ---------- ------ 

------ ------- - 
-------- ----- ------ 

--- ---------- ---------- --------- ----- -------- ----------- 

------ -- ------ -- --------- 

--- ---------- --------------- --------- --- ----- -------- 

-- --------- ---------- ------- 
-- ------------ ------------ ---- 

-- -------- --------- 

--- ------------------ --------- --------- --- ----- -------- 

---------- ----------- 

--------- ------------------ - --- -- -- --- -- --- 

-- ------------ -------- ---------- 
-------------- ------------ 

-- --------------------------- ------------- 
--- ----------- ------------- 
-- ----------- --------- 
--- --------------- 

--- ------- ----------- ------------------ ----------- 
---------- 

-- -------------- ------- --------- 
-- -------------- ------- 

------- -------------- ------------ 
--- ------------- ------- ---------- 

------- ----------- ------- ---------- 
---------- 

-- ------- ---- ---------- ------------- 
--------- ------- ----------- ------------ ------------ 

-- -------- ---------- 

--- -------------- --------- --------- --- ----- -------- 

-- ------- -------------- 
-- ------- -------- 

-------------------- --------------- 

-- ------------ ----------------- ---- 
-- ------------------ ---- 

---------------- ---- 

-- -------------- -------- 
-- -------------- -------------- 

-------- --------- 

------ ------------------ ------ --------- 

U 02583EN 

(b)(4)

(b)(4)



PATIENT DATA FORM PATIENT NAME DATE 
------ -- --- -- 

--- ------------------- -------- ------------- -------- 

-- ------- -------- 

--- --------- ------------------- --------------- 

-- ---- ------------------- --------------- 

--- ---------------------- ------- ------------ 

------ --- ------ -------- -------- - - 
-------- ----- 

---------- ------------------ --------- --- ----- -------- 

--- ------- ---------- 
--- ---- 

------ 

------ -------------- ----- ---- -- ------------ 

------------- 

-- -------------------- --------------- 

-- ------- -------------- 
--- ------- -------- 

-------- ---------- 

--- ----------- ---------- 

- ------- ----- - ------ ----------- ----------- ---------- ------ ---- --------- ---- -- ---- -------- ------ ------ ----------- ---- 

---------- ------ ------------------ ---- ---- --- ----- --------- ------ --------- -- --------------- --- ---- ---------- ---------- 

--------- ------ -------- ---- ----- -------- --- ------- ------------- -------- ----- ---------- ------- --- ------------ ----- 

----------- ---------- ------------------ ----- --------- 

--------------- ------------ ------ 

-------- -------------- -------- 

(b)(4)



V eion 7116 92 

Patient ID 

Hospital ID 

Physician ID 

Medtronic D 
-------------- -------------------- 

----------------------------------------------------------- 
-------- ------------ -------------------- --------- --------- 

----------- -------- 

--------- -------- 
--- ----- ------ --------- 

---------- --------- -- 

---------- --------------- 

------ --- -------------- - - 
-------- ----- ------ 

------------ --------------- 

--- ------------------ --- ------------ --------- --- ----- -------- 

-- ------- ---------- 
-- --------- 

-- ------ ------------- ------ 
-- ------- ---------- ------------- --------- 

--- --------- ------------------ ------ ----- -------- ----------- 

--- ------------------- --------------- -- ------- --- ---------- 

--- ---- ------------------- -------- 

--- ------- ---------- ------------ -------- ----- --------- --------- --- ------------ ----- --------- 

------ --------- ---- -- - ------------- 

----------- --------- -- --------- 

--- - ------------- 
--- - -------------------- 

-------- 

--- ----- 

-- - -------------- 

--- ----------- 

--- - ----------- 

--- - --------- 

--- - ------- 
------------- 

--- - ------- ----------- 

--- - ----------- ------- ------ 

--- - ------------ ------- 

--- ----- ----- ------ ------------- 

-------- ----- ------ ---------- 

--- ----- ----- ------ ---------- 

--- ----- ----- ------ ---------- 

--- - --------------- 

------ ------------------ ------ --------- 

(b)(4)

(b)(4)



------------- --------- DATE LEAD SYSTEM EVALUATION DATA FORM 

------ -- --- -- 

--- ------ ------------- ----- 

- ---------- ------- ---- ----------- 

-------- ----------- 

------------ 

------- ------ --- 

------- --- - ---------- ------ --- --- -------------- --- --------- ----- ---------- 

---------- - ------- ----------- ------------ ----- ---------- 

--------- - ------- ----------- ------------ ----- ---------- 

-------- ----------- 

---------- ------- 

-------- ----------- 

------------ 

------- --- - ---------- ------ --- --- ----------- ---------- --- --- --- ------------ ------------------- --------- 

-- - ----------------- -- - ----------------- -- - ----------------- 

-- - -------- --- - ----------------- ---- - ------------- 

-------------- - ----------------- - -------- ----------- - -------- ------- -------- - --- -------- 

----------------- - ----------------- - ------------- ----------- - -------- ------- -------- - --- -------- 

-------- - ----------------- ---- -------- -------- - ----- -------- 

--------------- ------------ ------ 

-------- -------------- -------- 
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Vereion 711 S192 

Patient ID 

Hospital ID 

Physicien ID 

Medtronic g 
-------------- -------------------- 

------------------------------------------ ----------------- 

-------------- --------- --------- 
----------- -------- 

---------- ------- - - 
-------- ----- ------ 

--------- -------- 
--- ----- ------ --------- 

---------- --------- --- 

---------- --------------- ------------ --------------- 

-- ------- ---------- -- ----- ---------------- --- ------ ---------------- --- ------ ---------------- -- ------- ------ 

--- ---------- ------------------------------- --------- 

----- ---- -------- ------ ---- ---------------- ---------- --------- ---------- 

-- ----- 
-- ----- -------- --------- ----------- ---- -------------- ------ ---- ---------- 

--- ------ ------ --------- ------- ----------- -------- ------- --------- --- ---- -------------- ----- -------- 

------ ------------------ ------ --------- 

(b)(4)

(b)(4)



PAT I EN T N A M E DATE IMPLANT DATA FORM 

------ -- --- -- 

--- ------ ------ --------- ----------------- ------ -------------- 

--- ------------ 
----------- 

----------- 
--- ------------- --- 
-- -------------------- 

-- ---- -- ------ -------- --- 

----- -------- --- ---- --- ------ 
-- ---- 

-- -------------- 
---- 

-- ---- 
------ 

--- ----------------- 
------ ------------- 
------ ---------- 
------ ---------- 

-- ------ ---------- 
--------- ------ 
------------- ------- 

-- -------- ---------- 

------- -- 

------------- --- 

-- -------------------- 
--- ---- ------ 

---- --- ------ 
--- ----- 

-------------- 
-- ---- 

---- 
-- ------ 

----------------- 
------ ------------- 
------ ---------- 
------ ---------- 

--- ------ ---------- 
--------------- 
------------- ------- 

-------- ---------- 

------- -- 

------------- --- 

-- -------------------- 
-- ---- ------ 
-- ---- --- ------ 

--- ------ 
-------------- 

---- 
-- ---- 

------ 
--- ----------------- 

-- ------ ------------- 
------ ---------- 

-- ------ ---------- 
--- ------ ---------- 
--- --------------- 

------------- ------- 

-- -------- ---------- 

-- ---------- 
------ 

- - 
-------- ----- ------ 

- - 

-------- ----- ------ 

- 

--- ---------- -------- ----------- ------- -- 

-------- ----- ------ 

------ -------- ---------- 

--- -------------- ------------- 

------------- ----- -------- --- --------- 
--- --------- 
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Appendix D 

Table D1 contains a summary of the spontaneous and induced episodes 

of VT and VF at various follow up intervals  

PCD Transvene System 

Data Summary 

--------- ---- ---- ---- ---- -- ---- 

VT 

  Patients Induced --- --- --- --- --- -- 

Spontaneous ----- ----- ----- ----- --- --- 

Either ----- ----- ----- ----- --- --- 

4 Episodes lnduced ----- ----- ----- --- --- --- 

Sp ontaneous ------ ------ ------ ------ ----- ------ 

Either ------ ------ ------ ------ ----- ------ 

---- 

4 Patients Inducsd ----- ----- --- --- --- --- 

Spontaneous --- ----- ----- --- --- --- 

Either ----- ----- ----- ----- ----- --- 

O  Episodes Induced ----- ----- ----- --- ----- --- 

Spontaneous ----- ----- ----- ----- ----- ----- 

Either ----- ----- ------ ----- ----- ----- 

VT or VF 

  Patients Induced ----- ----- ----- --- --- --- 

Spontansous ----- ----- ----- ----- ----- --- 

Either ----- ----- ----- ----- ----- ----- 

  Episodes In4ucsd ----- ----- ----- --- ----- --- 

Spontaneous ------ ------ ------ ------ ------ ------ 

Either ------ ------ ------ ------ ------ ------ 

Table Dl  Induced and Spontaneous Episodes of VTIVF over Time   211193 

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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Appendix E  Statistical Analysis 

Justification of Data Pooling 

Table E1  contains the suriimary of variabies tested tor pooling the 
U S anf International data  

Int I 

61 1 57 0 ------- ------- 

33 6  38 4  ------- ------- 
Primary Indication  

SCD 
VT 

166 37 3  115 36 9  

240 53 9  137 43 9  -------------- ----- ------- 
39 8 8  60 1 9 2  

IIIIII 64 1 4  9  63 20  6  

Congestive Heart Failure 155 34 8  95 30 5  -------------- ----- ------- 
Cardiomyopathy 1 62 36 4  76 24 4  -------------- ----- ------- 

Table E1  Summary of Variables Tested for Pooling U S  and Int I Data   2101193 

(b)(4)
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----- ------------ --- --------- ---------------- ----------- --------------- ------- 
----------- ---- ---------- ----------- ------- ---- ------------ ------------ 
----------- ----- ------------ --- 

---------- ----------- ----- -------------- 
--------- --- ---- ------------ ------------ --------------- -------- ------- 
--------------- ----- ------------ ------------ -------- ------ ---- -------- --- ------- --- ---- ----------- ------- ----- ------------ -- --- -- --------------- 
------- --- ----- ----- ------ -- ---- -------- --------- -- ----- ----- ------ 
----- --- ----------- ---- -------------- -------------- -- -- -- ------- ----- 
------ ----- ----- ---------- -- ---- -------------- ------------- ----- ----- ----------- ---- ----- -------- --------- --- --------- --- -------- ------ 
--------- ------------ ------ ---- ---------- --------- -- ------------ --- 
--------------- --- ----------- ------- --- -- --------- -- ----- ----- --- 
----------------- ---------- ---------- ---- ---------- --- ---- ------------ 
------------ ------- ------- ---- ----- ------- ---- ---------- ------ -------- --- 
---------- ----- ----- ------------ ---- ---------- --- ---------- ----------- 

Category 

Myocardial 

In f a rcti on 
Congestive Heart 

Failure 

Sex 

NYHA Classification 

Coronary Artery 

Disease 

Ejection Fraction 

Cardiomyopathy 

Primary Indication 

Age 

p value 

------- 

------- 

---- --- 

------- 

------- 

------- 

------- 

------- 

------- 

adjusted p value 

-------- - ------ 

--------- - ------- 

--------- - ------- 

--------- - ------- 

--------- - ------- 

--- ------------ 

---- ------------- 

   statistically significant at 0 05 significance level 

- - 

- - 

- - 

- 

Table E2 and Table E3 contain the summary of variable tested for 
pooling the 7216A and 7217B and the summary of variables 
tested on lead configurations  respectively  

   

(b)(4)

(b)(4)
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PCD Transvene System 

7216A and 72178 
Summary of Variables Tested 

62 4 59 4 ------- ---- --- 
15 83 3  595 80 5  ---------- ------- ------- 

3 16 7 144 19 5  ----- 
Mean Ejection Fraction 37 8  35 5  ------- ------- 

Primary Indication  

SCD 

VT 

SCD 5  VT 

5 27 8  276 37 4  

8 44 4  369 49 9  -------------- ----- ------- 
5 27 8  94 1 2  7  

NYHA Classification  
I I l  

15 83 3 lo 594 82 7  ---------- ------- ------- 
IIIIIV 3 16 7  124 17 3  ----- 

Coronary Artery 

Disease 
83 3  73 9  ---------- ------- ------- 

----- 
Myocardial Infarction 83 3  67 8  ---------- ------- -- ----- 

----- 
Congestive Heart 

Failure 
16 7  33 4  ---------- ------- ------- 

----- 
Cardiomy opathy 11 1  31 9  -------- - ------- ------- 

----- 

Table E2  Summary of Variables Tested for Pooling 7216A AND 72178   2101193 

(b)(4)
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PCD Transvene System 

CATEGORY RVISVCISQ RVICSISQ RVICSISVC ------------ ---------- 
----- 

Mean Age 59 2 60 3 57 0 ----------- --- ------- 
----------- 

Number    Male 403 82 0  182 81 3  25 64 1  -------------- ------- Number    Female 93 18 0  40 18 7  14 35 9  ----- 
Mean Ejection 

Fraction 
36 2  34 0  35 8  ----------- --- ------- 

----------- 
Primary Indication  

SCD 

VT 
SCD 8L VT 

187 36 05  80 37 7  14 35 9  -------------- ------- 
114 51 4  114 49 0  20 51 3  ----- 
28 12 6  28 13 3  5 12 8  

NYHA Classification  
IIII 396 81 7  180 84 9  33 84 6  -------------- ------- III I V 89 1 8 3  32 1 5 1   6 1 5 4  ----- 

Coronary Artery 
Disease 

75 0  73 0  69 2  -------------- ------- 
------- 

Myocardial 
infarction 

68 0  68 8  61 5  -------------- ------- 
----- 

Congestive Heart 
Failure 

35 1  32 3  30 8  -------------- ------- 
----- 

Cardiomyopathy 140 28 2  88 39 6  10 25 6  -------------- ------- 
----- 

Table E3  Summary of Variables Tested on Lead Configurations   2101193 

--- ---- ----------- ----------- --- ------- ---- ---- ----- -------------------- 
--------- -- -------------- ------------- ------------ ---------- ---- ------ ----- ------------------ -- -- ------ --------------- ------- ----- ------------ --- 
---- ----- ------------- --- ---------- ------ -------------------- ----------- 
--------------- ------- ----------- ---- ---------- ----------- ------- ---- ------------ ------------ ----------- ----- ------------ --- 

---------- ----------- 
----- -------------- --------- --- ---- ------------ ------------ --------------- 
-------- ------- --------------- ----- ------------ ------------ -- ------------ -------- ---- ---- ----------- ------- --- ------- ---- 

Category 

Primary Indication 

Congestive Heart 

Failure 

Coronary Artery 

Disease 

M yo ca r dial 

Infarction 

NYHA Classification 
Age 

Ejection Fraction 

Sex 

Cardiomyopathy 

--------- 
------- 

------- 

------- 

------- 
------- 
------- 
------- 
------- 
-- ----- 

---------- --------- 
--------- - ------ 

--------- - ------- 

--------- - ------- 

--------- 
--------- 
--------- 
--------- 
--------- 
--------- 

- ------- 
- ------- 
- ------- 
- ------- 
- ------- 
- ------- 

(b)(4)

(b)(4)

(b)(4)
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B  Statistical Tests used in this document 

----- ----------- ---------------- ---------- ------ ---- ----- --------- ------- -- ----- ---------- ----- ------------ ------ --- ----------- --- ----- ------------ 
---------- ----- ------------- ------- ---- ------ --------- --------- ------ ------------- --- ------ ----------- ----- ------------ ------------ ------ ------ ------ ------------- ---- ------------ ---- ------------- -------- --------------- 

1  -------------- ----------- ----- ------------- --------- ----- ------ --- ---- ---- ------- -------------- --- ------------- ----- ---------- ----- 
-------------- -------------- -------- ---------- ------ ----- 
---------------- --------------- ---- ------------ 

---------- ------- ----- ----- ---------- ------- ---- ----- ------ --- 
------- -------- ---- ------ ----- ----- --- ------- --- ----- -------- -- 
----- ------ ---- --------- ---- ----- --------------- --- -------- ---- 
--------------- 

2  -- ---------- ----- ----------- - --------- -- ------ --- ---- ---- 
---------- --- -------- ---------- ----- --------------- -------- 
-------------- -------------- ---- ---------- ------ ----- ---------------- 
--------------- ---- ------------ 

3  ------------ ----- ------ --------- ------ ---------- --- ---------- 
-------- ---------- ----- ------- --- -------------- --------------- 
----- ------ --- ---- ---- ---------------- --- ---------- --------------- ---------- -------------- ------------- ---- ------------- ----- 
--------- ------ --- ----------- ---------- ---------- ----------- -- 
------ --------- ----- ---- ------------------ 

3  Patient Withdrawal from analysis 

---------- ------ ------------- ------ ---------- -- ---- ------------ ------------- 
-------- ---------- --- ---- -------- ------------- ---- ----------- --- ---------- --------------- ---------- ------ ----------- -- ---- ------ --- --------- --- ---- 
-------- ------------ ----- ---------- --- --- ------- -- ------ --- -------- 

(b)(4)

(b)(4)

(b)(4)
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RETURN PRODUCT ANALYSIS PROCEDURES 



A description of the protocol for PCD device and Transvene lead analysis 

is presented below  

Failure Anal sis Procedure  PCD Device and Transvene Leads 

--------- ---------------- --- -------------- -------- ----------- ---------- --- ------ 

------- ---- -------- ---------- -- ---- ----------------- --- ---- ------ ------- ---------- 

----------- -------------- ----- ------------- --- ---- ---------- ----------- ----- --------- 

--------- --- ---- ---------- --- --------------------------- -------------- 

----- -------- ----- -- ---------- --- ------------- -- ------------------- ---- 

--------------- --- ------------------ ----- -------- ------- --- --- ---- --- 

---------------- -- ----------- --- ------------ ---- ------- --- ---- --------- ---------- 

------------- ------- ------- ----- --- ---- --------- ------ ---- -------- --- ---- 

---------- -------- ---------- ---- ------------------- --- ----- ------------ -------- 
---------- ----- -------------- -------- ---- ------------ --- ------------- --- -------- 

----------- -------- --- ------- --------- 

PCD Device 

--------- ---------------- --- -- ------ -------- ----------- 

2  
3  
4   

5  

-- ------- --------------- --- ---- -------- -- --------- 
-- ------------ --- ---- -------- ------------- --- ----------- 
------------- --- ---- ---------------- -------------- 
------------- --- ---- ------------ ---- --- ---- -------- -------- -- ------------- 
--- ---- ---- ------------- --- ------------------ ------- ------------ ------------- 
-------- --------- --- ---- ---------- 
-------------- -------- ----- -- ---------- --- ---- --------- ----- ---- -------- 
----- ----------- 

Specialized testing may include  

1  

2  

3  

4  

5  

------- ------ -------------- --- -------- ----------- --- ----------- --- --------- 
--- -------- ------------ 
------------------ --------- ------------ --------------- --------- ----- ----------- 
-------- ------------- --- --- ------- --- ------- -- ----------- ----- --- ----- 
------- ---------- --- ---- -------- ----- ------------------ -------- ------------ 
--------------- --------- ----- ----------- --------- 
------- -------------- ------ ------- --- ---- -------- ---- ------- --- ---- 
----------- ------------ -------- --- --------- ---------------- ---------- 
-------------- ---------------- -------- --- --------- ----------- ----- 
------------- --------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)



Destructive testing may include  

2  
3  
4  
5  
6  

7  

8  

----------- -------- ------- --------- ------ --------- 
---------------- ----------- --- ---- -------- ---------- 

------ ---------- ------------ --------- 
--------- -------- ------- ----------- --------- 
-------- --------------- ----- ------- ---------- --- ---- -------- ---------- 

-------------- ---------- --- -------- ----- --------------- ------------ ----------- 

---------- ----- ----------------- --- ------------ ---- ---------- --- -- ------- 

-------------- 
----------- --- ---- ------- -------------- ----- ---------- --- ------------ ---- 
----- ------- --- ---- -------- ------------ -------- ---------- -- ---- --------- 

------- -------------- --- ---------- -------- ------- --- ---- ------- --- ---- 

------- --------- ------ ----- --------- ---------- -------- ----------- ----------- 

Specialized battery depletion testing may include  

1  

2  

3  

---------------- ----- ---- -------- ---- ----------- -------- ---- ----- ----------- 
--- ---- ------- 
------------------ ---------- --- ---- ---- -------- ---- ----- --- ---------- 
------------ ---- ---- --------- 
-------------- ---------- -------- ----- --------- ---------- -------- ----------- 
----------- 

Transvene Leads 

--------- ---------------- --- -- ---------- ------------- ----- ----------- 

1  
2  

3  

-- ------- --------------- --- ---- -------- -- --------- 
------------ ------------- ----- ------------ ----- ------------ --------- -------- 

----- ------ ------- 
------- -------- ----- -------- 

4 

5  

------------------------ --------------- --- ---------- ------ ----- ----- 
------------ 
--------- --- ---- -------------- ---------- ------ ---- ----- --- ----- ----------- 

Specialized testing may include  

2  
3  
4 

------- ----------- ---------- ----- -------- -------------- 
------ ------------ ----- ------------ ---------- --- -------- 
------ ------ -------------- --------- 
------- -------------- ------ ------- --- ---- -------- ---- ------- --- ---- 
---------- ------ --- ----------- -------- ----------- ---------- ------------ 
----------- ---------- --------------- ----- --------- ------------- 
----------------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)



----- -------- --- --- ---- -------- ------------- --- ---- -------- ---- ----------- ------- 

----------- ----- ---- ------------- -- ------- ---------- ---- -------- ---- ------------- 
--- ----------- --- -- ---- --- ---------------- ------ ------------- -- --------- ----- ---- 

--------- --------------- ----- ------ ----- -- ----------- --- -- ---------- ------ ---- 

----- -------- --- ---------------- ----- ---------- -------- -- ------------- --- ---- 

---------- ---------------- ------- -------- ---------- --- ------------------ ------ 

---------- -------------- ---------- ----------- ------------------ ---------------- 

------------ ----------- ------------- ---------- -------------- --------- ----- 

------------------ ------ ---- ------------------ ----------- ----- ---------- -- --------- 

--- ---------- -------------- -- ---------- ------------ --- ---- ----------- --- ---- 

---------- ---------------- -------- -- ---------- ---------------- ---------------- ------ --- 

----------- ------ ---------- -- -------------- ----------- --- ---------- --- 

---------------- --- ---- ----------- ---------- ----- ---------- ------ -- ---------- ------- 

----- ------------ -------- ----- ----------- ----- --------- ---------- -------------- 
---------- ---- ----------- --- ---- ---------- ---------------- ------- ---- 

---------------- -------- --------- ---- ------ 

1 

(b)(4)
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The Model 7217B PCD Technical Manual has been modified to incorporate the 
use of Transvene leads  

See section beginning on page 44  Placin Transvene Leads  through page 48  

In addition  the Defibrillation Efficacy Testing section reflects a modified implant 
criteria consistent with the clinical data  see page 47  Figure 22  
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APPENDIX H 

EDUCATION OUTLINE  

TRANSVENE PCD IMPLANT 

7 



USER EDUCATION PLAN 

CONTENT OUTLINE 

Medtronic Transvene Lead System 

Note  The hours and depth of training will vary based on the experience of the health care professional with the PCD system and 
transvenous leads  



I  Implant and Expectation Aspects 

A  How to access vein 

B  Avoiding crush and dislodgements 

C  Management of dislodgements 

D  Lead Extraction 

II  Overview of the Transvene Leads 

A  Right Ventricular lead 

  Review pacing and sensing measurements 
  Lead placement 
  Chronic repositioning 

B  Superior Vena Cava Lead 

  Lead placement options and anchoring 

C  Coronary Sinus Lead 

  Placement and anchoring 

E Subc  tar  eoc s  Patch 

  Placement options dependent on placement of other leads for optimum 
defibrillation vectors 

III  Implant Procedure 

A  Review of Implant steps 
  Preprogram PCD in package  set up ETCD and connect to hospital 

recording monitoring equipment  
  Place leads and test lead system integrity 
  Perform defib efficacy protocol 
  Connect PCD and test with lead system 

B  Recommended implant criteria for defibrillation efficacy testing  



C  Options if implant criteria is not met 
  Change lead positions 
  Change tilt 
  Change pathways 

D  Induction Methods 

E  Recommendations for Rescue 

F  Hybrid systems 
  Approved recommended systems 
  When to use 

Materials 

Workbook with outlines for lecture and discussion 
Video demonstrating lead placement options for maximum defib efficacy 
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fillers can be used with silicone leads  
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2  -------- --------- ---- -------- --- ---------------- testing for the -------------------- 

------- ----- ---- ---------- ------------------- ---------   anchor sleeve   If the tests 

have not been done please provide a justification for not doing so  

gKP NE  

The Model 6999 unipolar patch lead is intended for use subcutaneously  

------------------- --- --------- on the -------------- of the ribs  A ----------- -------- ------- 

-- --------- ----- ---- ---------- ------- ----- ----------- --------- ---- ----------  The 

description of the Model 6999 contained in the --------------- Laboratory Testing  

on page 482  of the PMA  ---------------- ------- ----- ---- ----------- -------- ------- 

covers the patch  actually  ---- ------- -- ------------- ------------- ---- --------- ---------- 

and not directly exposed to body tissue or fluids  Note that the Device Description 

provided on page 93 of the PMA is correct   

The -------------------- ------- was not tested by itself because adequate data exists to 

demonstrate that it is non mutagenic  Specifically  Ames Mutagenicity testing was 

performed --- ---- -------- -------- -- ad  The Model 6921L i- -- --- ge epicardial patch 
lead with ----------- -------- ------  embedded --- ---- ----- r ------- inch perimeter of 

the silico--- patch  ------ -- ------ cal to the -------- ------  in the 6999 lead  

The anchoring sleeve on the Transvene leads is comprised of molded silicone 

rubber titanium dioxide  The anchoring sleeve was subjected to mutagenicity 

testing in conjunction with the transvenous leads  A description of the test and 

results are as follows  

Am Muta ni it 

----- ---------- ----------- --------- -------- ----------- ---- ----------- --- ---- ---- ----------- 

--- -------- ----------- ----------- ----- ------------- ----------- --- ---- ----------- --- 

------------ ------------ ----- -------------- ----- ---------------- ------ ------- ------ 

---------------- ------- -- ------------- ------ ----- -------- --- ------------ ------------ 

--------- ---------- ----------- ---------- ----- ----------- ----- -------------- ------------ --------- 

--- ------ -- ---------- ---------- ------ ---- --------- ----------- ----------- ------ --- ----------- 

-------- ----------------- --- -- ------ ----------- ---- ---- ---- -------- --- --- ------------- 

-------------- 

----- ----- ----- el 6921L and anchoring sleeve were extracted in both ------- and 

------------- ---- All extracts were tested and results show the materials to be non  

mutagenic  

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4)
(b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4)
(b)(4)
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3  Provide a description of the helix electrode fixation tool and of the tests to 

verify the torsional force for implanting the helix electrode  

RElP N E  

The fixation tool is an injection molded t---- ----- e of -------- -------- material  

The tool depends on the resiliency of the -------- material to apply a consistent 

gripping force  hence cons------- torque  to the connector pin during rotation  The 

tool is specified to meet a ---- --------- minimum torque output requirement  The 

tool was tested and qualified to meet this requirement  

The 6------ 6966 lead is specified to fully extend and retract the helix mechanism 

within --- connector pin --------------  Testing completed on the 688416966 lead 

shows that an average of ---- --------- is required to rotate the connector ---- of the 

device --- revolutions  The labeling  Tech----- l Manual  calls out --- turns 

------------ --- fully extend the mechanism  The --- turn specification was qualified 

--- - ---- -- - ---- -------- Each lead manufactured is tested to this requirement  

Extensive experience with bradycardia pacing leads using the identical helix 

electrode mechanism shows that the number of rotations required to implant the 

electrode is virtually identical to the number required to extend the helix in vitro  

Furthermore  testing --- canines has shown the number of connector pin rotations 

to be well within the --- turns specified  

(b)(4)
(b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4)

(b)(4)
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4  Based on your experience  identify the minimum number of flex cycles that 

a lead should withstand  Also  give the stre--- ------ - xerted on the Model 6907 

lead  from which the median failure time of ---------- cycles was observed   and 

on the Transvene leads  

3 P E  

Medtronic developed a test protocol which provides a uniform  accelerated method 

for evaluating lead bodies in terms of the flexural fatigue life of the conductor  

This test is used for evaluation and qualification of new lead designs  inclusive of 

bradycardia pacing and cardioversion defibrillation leads  

T h  E imnt 

---------- ---- ----------- --- ----- ----- --------- -------- ---------------- ---------- ---- ---------- 

-- -- ---- ------ ------ ----- -------- -- -- ----- --- ----- -------- ---- --------- ----- ----------- 

------------ --- ------ ------------ -- ------------- -------- ---- ---- --- ------------ ------- -- ----- 

---------- --------- ----- ---- -- -------------- ----- ---------- ------ ---- ----- --- ----------- 

------------ --- ----- --- ---- ----- -------------- ----- ------- --------- -- ----------- ------ ---- 

---- -------- ----- ---- ---- -- ----------- --------- ------------ ------ --- ---- ---------- ------ 

-------- --- ------ -- -- ------------- --- ---- ------------ ------ -------- -- ----------- ------------- 

-- --- --------- --------- ----- ---- ------------- ------------ ----- ------------- --- ---- ----- ---- 

-------- ----- ---- ---- ------- 

m 1 izel nfi urati n 

--------- ----------- ---- -------- --- --------- ---- ----------- -------- ------ ---------------- ----- 

----------- ------ ---- --- -------- ---- ----------- ------ --- ----- ------ ---------------- 

---------- --- ---- ------------ ------- ----- ------------- ---------------- 

Pa  Fail rit ri 

----- ---------- ---- -------- ------ --------- ----- ------------ -------- ------- ---- -------------- 

----------- ------- ---- ---------- --------- ------------ ---- -------- --- --------------- -- 

----------- ------- --- ---- -------------- --------- ---- -------- ----- --- -- -------------- ----- ---- 

--- ---------- ----- ---- ------ ---------- --- ---- -------- ----- --- --- ------------ ---- ------ --- 

----------- -------- ------- ----- --------- --------- --- ------ ------- ---- -------------- -------- 

----------- ------ ---- -------- ----------- ---- ---------- -------- ------------- ----------- ---- 

-------- ------- --- --------------- ------- ------ -------- ----- -- ---- ----------- ---- ------- 

----------- --- ------------ ------ ------ -- --------- -------- ------ --- ---------- --------- --- 

--------- -- -- ------ -------- --- ------ --------- -- ---------- --- ------ ---- ------------- -------- 

----------- -- --------- ------- ----- ----- ---------- -------- ------ ---- ------ ---- ---------- ----- 

-------- --------- ---------- ----- -------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)



z i zi     iz      
For the purpose of data reporting  Medtronic has ----------- ly compared lead flex 

life to the Model 6907  This is the basis for the ---------- cycles flex life design 

requirement  The Model 6907 is a unipolar  silicone  endocardial lea--- The 

Model 690-- - as more than 20 years of field experience  Of approximately --------- 

sold  only --- coil fractures have been reported in this time ------ ----- ------ 

Therefore  any lead with flex life equal to or greater than the Model 6907 is 

considered safe and effective for its intended use  

Endocardial leads experience flexure  especially where the lead is tied or clamped  

at a suture site or where it is held between two bones  i e   first rib and clavicle  

Both pacing and cardioversion defibrillation endocardial leads experience this 

flexure  as the insertion site and implant technique are equivalent  Thus  the test 

that is used to evaluate lead body flex life is applicable to both pacing leads and 

cardioversion defibrillation leads  

(b)(4)

(b)(4)

(b)(4) (b)(4)
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5  Since the electrode coil is flexed separately from the insulated conductor  

discuss the reliability of the section where the electrode is coaxial to the 

conductor  Is there friction between the electrode and the conductor when the 

section is flexed  

RK P NSE  

Both the insulated lead body  conductor coil s  and insulation s   and the non  

insulated defibrillation electrode portion of lead Models 6963  6966 and 6999 were 

flexed during the Lead System Life Test  

Per the test protocol  the insulated lead body and the non insulated -------- llation 

electrode p-------  of lead Models 6963  696-- and 6999 were flexed --------- cycles 

at each of ------  monitors  for a total of ---------- flex cycles  All three lead 

----- els met this requirement and were fully functional at the completion of the 

----- long test  

Model 6999 leads were not specifically tested beyond the life test requirement of 

---------- cycles as this has been completed via similarity to the Model 6921 patch 
lead  The design of the lead Model 6999 is functionally equivalent to the Model 

------ -- icardial lead which has demonstrated an electrode flex life in excess of ---- 

--------- cycles  

------ Model 69--- ----- ---------- M----- 6963 leads were flexed beyond the test 

requirement of -------- cycles  ------- Model 6921S L leads were also flexed 

following completion of the Lead System Life Test run on epicardial leads  The 

data for the defibrillation electrode segment of each lead model tested at a ----- 

inch radius is as follows  

Model 6963 

----- ------------ 

Model 6966 

----- ---- --------- -- 
------------ -------- 

Model 6999 6921S L 

-- --- ----- ------------- 
-- --- --------- 
-------- ------ --- ---------- 

----- ------------ 
----- ------------ 
--- ------------ 
---- ------------ 
---- ------------ 
-------- ----- --- ---- -- 

------------ -------- 

---------- - ------------ -------- --------- - --- --------- -------- 

--------- - ------------ -------- 

(b)(4)
(b)(4) (b)(4)

(b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4)

(b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4)
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A coaxial design is used in lead Models 6963 and 6966  The layer of insulation 

between the conductor coil and the defibrillation coil does offer support to the 

design  serving to separate the two coils  Since there is no contact there is no 

friction between the conductor and electrode coils  
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6  The Model 6999 s --- ------------ electrode coil fails at a much lower flex cycle 

----- ---- --- ------------ electrode coil  Discuss the reliability of the --- 

------------ electrode coil  and the effects of its failure on the performance of 

the lead  

7  Please discuss how patient treatment is affected if one or two of the electrode 

coils of the Model 6999 patch lead becomes damaged  

REP E  

These deficiencies are addressed together due to similarity  

A flex life specification has not been established for coils used in the Transvene 

leads  e g   6999   However  electrode coils have been tested for comparison to 

established conductor coil specifications  Since electrode coils experience much 

less severe flexing than that ------ --- - onductor coils  the electrode coil used in the 

Model 6999 was flexed  at ------ -----  radius  in order to characterize its flex life 

performance relative to Medtronic s established standard  the Model 6907  

For the purpose of data reporting  Medtronic has historically compared lead flex 

life to the Model 6907  The -------- 6907 has approximately 20 years of field 

experience  Of approxim------ --------- ------ only --- conductor coil fractures have 

been reported in this time ------ ----- ------ Therefore  ANY lead with a flex life 

equal to or greater than the Model 6907 is considered safe and effective for its 

int------- -- e  This is the basis for the design requir------ t of a median failure time 

of ---------- cycles  or greater  at a bend radius of ------ inches  Therefore  since 

the median flex lives of the non insulated electrode coil of the Model 6999 lead 

exceeds the ---------- cycle requirement at ------ inches  the coil is considered 

acceptable  

The median failure time of t--- -------- 6999 non insulated --- ------------ ----------- 
--------- - nd --- ------------ -- --- --------- cycles  electrode coils both exceed 

---------- cycles and are therefore considered acceptable and reliable for their 

intended use relative to flex life  

Note that in addition to the aforementioned flex testing of just the electrode coils 

of the Model 6999 patch lead  the composite patch electrode was subjected to a ---- 

month life test  This composite design effectively enhances the flex life of the 

electrode coils by virtue of having the silicone core and surrounding silicone patch 
body dampening and supporting the electrode coils  

(b)(4)
(b)(4) (b)(4)

(b)(4)

(b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4) (b)(4)

(b)(4) (b)(4)

(b)(4) (b)(4)
(b)(4) (b)(4)

(b)(4)

(b)(4)
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The difference in flex life of these coils can be attributed to the coil design  

Several factors are considered in the design of all electrode coils  These factors 

determine characteristics of the coil such as flex fatigue resistance  Because the 

design parameters are unique to the individual coil design and differ from other 

coil designs  direct comparison cannot be made between the coils of different 

leads  

The flex life of a coil is dependent on the outer diameter of the c---- ---- ------ eter 

--- ---- ------ and the spacing of the wire  The outer diameter of --- ----------- and 

--- ----------- coils are identical  however  the diameter of the wires  ------- inch and 

------- inch respectively  giving the --- ----------- coil reduced flex fatigue 

resistance  However  the spacing of the --- ----------- coil is twice that of the ---  

----------- coil  Increases in spacing contribute to a reduction in flex fatigue 

resistance  Therefore  the reduced spacing gives the --- ----------- coil greater 
resistance to flex failure  

The flex test protocol provides a uniform  accelerated method for evaluating 

electrode coils in terms of the flexural fatigue life  The test fixture induces three 

types of forces on the test samples  --------- ------ ------- and ----------- ------- The 

failure mechanism seen in the flex test performed on the Model 6999 lead was that 

of ----------- ------- ------------ ------- occ---- when a ------ on the coil s  is ----- ----- 

------------ while the remaining coil is ------------ ------ ----- ------  The ---------- 

forces eventually fatigue the metal and the ----------- --------- 

The redundant design of the Model 6999 lead was intended to eliminate the effect 

of an electrode coil failure from completely removing the coil from the electrical 

circuit  A failure would need to occur in two locations on the same coil loop 

before any p------- --- ---- electrode coil would be r------ ed from the electrical 

circuit  The --- ------------ coil carries approximately ---- of the total current of 

the patch  

Damage to one or two of the electrode coils of the Model 6999 lead can range 

from ------------ of the electrode coil with no loss of electrical continuity  to 

---------------- of the electrode coil loop  Any damage to the electrode coils that 

does not affect electrical continuity would not affect patient treatment  

Howe----- ---------------- of an electrode coil -------- ---- ------- --- ient treatment due 

to the ------------ -----  design of the lead  A ------- ---------------  in any ------ of the 

design would not remove a--- --------  of the electrode coil from the electrical 

circuit  This holds true for ----- ------- with discontinuities in the electrode coil  

i e   the electrode coils would still remain in the circuit  

(b)(4)
(b)(4) (b)(4)

(b)(4) (b)(4)
(b)(4) (b)(4)

(b)(4)
(b)(4)

(b)(4) (b)(4)

(b)(4) (b)(4)
(b)(4) (b)(4) (b)(4)

(b)(4) (b)(4)

(b)(4)
(b)(4)

(b)(4)
(b)(4) (b)(4) (b)(4)

(b)(4)

(b)(4)
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Animal studies simulating the loss of certain of the coil ------  in subcutan------ 

------  electrodes have b---- ------- cted  Impedance data was ------ red from ----- 

------ implanted with ------------ patch configuration at -------- A special 

subcutaneous patch electrode which had separate elec------ connections for each 

coil was used  This allowed for selective removal of ------- from the circuit and 

a measurement of the effect on impedance  

The data in Table 1 demonstrate that impedance increases if coils are removed 

from the circuit and the increase will be associated with a change in electric field 

distribution  A small effect on DFT would be expected if both innermost coils 

failed  If one or both of the outer coils failed the increase in DFT would be 

somewhat larger  however  in neither case would it represent a serious threat to 

treatment of the patient  Also  it is important to bear in mind that this experiment 

simulated complete removal of ----- or ------ ------- from the circuit  a condition 

which has not been observed in either the bench testing or the clinical study  

Table 1 

------- --- -------- 
--- - ------- -- - ------- 

Total Average Impedance 
 ohms  

------ ------ 

------ ------ 

------ ------ 

---- ------ 

---- ------ 

---- ------ 

-- ------ 

--------- ------ 

(b)(4)
(b)(4)

(b)(4) (b)(4)(b)(4)

(b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4)
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8  Please specify the section of each lead assembly that was flexed during life 

testing  Does this section include the electrode coil  The results of the tests 

should be included  

RESPON K  

Both the insulated lead body  conductor coil s  and insulation s   and the non  

insulated defibrillation electrode portion of lead Models 6963  6966 and 6999 were 

flexed during the Lead System Life Test  The test method as described on page 

505 of the PMA inadvertently states that only the Model 6999 defibrillation 

electrode  patch  was flexed  In fact  the insulated lead body and the non insulated 

defibrillation electrode were flexed on all leads  An updated version of the test 

method is attached that clarifies these items  

The defibrillation electrode section of lead Model 6963 which was flexed included 

the -- ---- long defibrillation coil  A schematic is shown below  

------------------------- 
------------------ --------- 

-------------- 

-------------- ----- 

------------------- ------- 

The defibrillation electrode section of lead Model 6966 also included the -- ---  long 

defibrillation coil  A schematic is shown below  

------------------------- 

-- ------ ------------------ ------------------ ------- 

---------- ------------------- 

------- 

-- ----- 

----- ---- ------------------ 

---------- 

- - ------ -- ---------------- 
------------------- 

------- 

- -- ---- - - ---------- ------------------- ------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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The defibrillation ele-------- --------- of lead Model 6999 includes the entire molded 

patch assembly  A --------- -------- was developed to flex the assemblies  A 

schematic of the lead ----- ---- --------  are shown below  

--------- ------------------ 

------------- -------- 

Test --------- for Flex Test of Patch Body 

(b)(4)

(b)(4)

(b)(4)
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Per the test protocol  the insulated lead body and the non insulated -------- llation 

electrode p-------  of lead Models 6963  69--- ----- --- 99 were flexed --------- cycles 

at each of ------ monitors  for a total of ---------- flex cycles  All three lead 

Models met this req---- ment and were fu--- -------- nal at the completion of the 

----- long test  The ----  Model 6966 and ---------- Model 6963 leads have been 

placed onto the flex tester and are being further flexed to ----- --------- cycles  The 

-------- --- 99 leads were not specifically tested beyond the life test requirement of 

---------- cycles as this has been completed via similarity to the Model 6921 patch 

lead  The design of the lead Model 6999 is functionally equivalent to the Model 

6921 epicardial lead which has demonstrated a flex life in excess of ----- --------- 

cycles  reference PMA F900061  Amendment submitted October 31  1991   

Lead tern if T stin 

Hi h V 1ta e T stin 

a  T Meth 

--------- ---------- ------ --- ---- --------- ------ ----- ------- ----- ----- --- ---- -------- 

------ ----- ---- --- -------- ------ ---- ------ ------ ------ ------------ --- ---------- 

--------------- ------- -------- ----------- ------- ------------ --------- ----- -------------- 

---------- ----- ------ ------ ------- --- -------- --- ------ ------ ----- ----- -------- --- 

---- ---------- ----- ---- ------ ----- --- --------- ----- ---------- --------------- -- ---- 

--- -- ------- ------------ --- ----- ------ -------- ------------ ---- ------------ -------- --- 

---- -------- -------- -------------- ------ --------- 

----- ---------- --------------- ---------- --------- ----- ------ -------- --------- -- 

----------- --- ---------- ---------- ------------- --- ----- ------------ ------------- --- 

------ ----- ------ ------------ ------------- ---- --------- ---- ------ ------ ---------- 

------------ ---- ----- -------------- --------- ------ --- ----- ------ -------------- --- ---- 

--------- ----- ---- ---- ---------- ------ ---------- --- ---- ------------ ------- 

(b)(4)

(b)(4) (b)(4)

(b)(4) (b)(4) (b)(4)
(b)(4)

(b)(4)

(b)(4)

(b)(4)
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------- -------------------- ------------- 

------ ------- ------- --------- --------- 

------- --------- 

------ ----------------- ------------ --------- 
--------- --------- 

-------- ------ ----- ------ --------- 
-- 

------ ------------- ------ ------- --------- --------- 

------- ----------- 
------ ----------- -- 
---------- -- ------- - 

------ --- ------ -- ------ ---- ------- 

------ --------- --------- ---- --------- 

------ --- ----- -- ------ ---- ------- 

-------------------- ------------- 

--- ------------ 

------ -- ------------------------ ------- 

----- ---------- ----- --- ---------- -- ------ --- ----- ---------- ----- ----- -------- ----- 

--------- ----- -------- ------ --------- --- ---- ---------------- ----------- ----- --- ---- 

----------- ------------ --------- --- ------ ------ ------- ----------- ------ ------------- 
------ ---- ------------ ------------- 

b  R ion 1 

------ ---- ---- -- ----------- --- -------- ---- ---------------------- --- ---- ----- --------- 

------- -------------- ---- -------------- 

c  T st E ui ment 

------------- ------ ------ ----- ---------- ------- ------- ------ ----- ---------- 

------------- -------- ------ ---------- ------------------------------- ----- ---------- 

---------- -------- -------- ------------------- ----- ---------- --------------- ----- ---- 

--- -------- ---- ------- ----- ------------- --- --- -------------- ----- -------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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9  Provide an update of the --- month life test  

REP NE  

Tr nsv n Lead stem ife T stin  ate June 1992 

Hi h V 1 a e T stin 

a  T stM th 

--------- ---------- ------ --- ---- --------- ------ ----- ------- ----- ----- --- ---- -------- 

------ ----- ---- --- -------- ------ ---- ------ ------ ------ ------------ --- ---------- 

--------------- ------- -------- ----------- ------- ------------ --------- ----- -------------- 

---------- ----- ------ ------ ------- --- -------- --- ------ ------ ----- ----- -------- --- 

---- ---------- ----- ---- ------ ----- --- --------- ----- ---------- --------------- -- ---- 

--- -- ------- ------------ --- ----- ------ -------- ------------ ---- ------------ -------- --- 

---- -------- -------- -------------- ------ --------- 

----- ---------- --------------- ---------- --------- ----- ------ -------- --------- -- 

----------- --- ---------- ---------- ------------- --- ----- ------------ ------------- --- 

------ ----- ------ ------------ ------------- ---- --------- ---- ------ ------ ---------- 

------------ ---- ----- -------------- --------- ------ --- ----- ------ -------------- --- ---- 

--------- ----- ---- ---- ---------- ------ ---------- --- ---- ------------ ------- 

------- ---------------- ----- ------------- 

------ ------- ------- --------- --------- 
------- --------- 

------ ----------------- ------------ --------- 
--------- --------- 

-------- ------ ----- ------ --------- 

------ ------------- ------ ------- --------- --------- 
------- ----------- 

------ ----------- -- 
---------- -- ------- - 

------ --- ------ -- --- -- ---- ------- 
-- 

------ --------- --------- ---- --------- 
-- 

------ --- ----- -- ------ ---- ------- 

-------------------- ------------- 

------ ------------- 

----- -- ------------------------ ------- 

 a 

(b)(4)

(b)(4)

(b)(4)
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----- ---------- ----- --- ---------- -- ------ --- ----- ---------- ----- ----- 

-------- ----- ---------- ----- -------- ------ --------- --- ---- ---------------- 

----------- ----- --- ---- ----------- ------------ --------- --- ------ ------ ------- 

----------- ------ ------------- ------ ---- ------------ -------------- 

b  R ti nal 

------ ---- ---- -- ----------- --- -------- ---- ---------------------- --- ---- ----- 

--------- ------- -------------- ---- -------------- 

c  T t E ui m n 

------------- ------ ------ ----- ---------- ------- ------- ------ ----- ---------- 

------------- -------- ------ ---------- ------------------------------- ----- 

---------- ---------- -------- -------- ------------------- ----- ---------- 

--------------- ----- ---- --- -------- ---- ------- ----- ------------- --- --- 

-------------- ----- -------- 

1  am lesTstd 

------------ ------ ------ -------- ------ --- --------- ------ ----- ------ ----- ----- 

-------- ------ ----- ---- -------- ------ ------ -------- -------- ------ -- -- ------ 

--------- --- ---- -------- ------- ----- ----------- ------------ --- ---- ----- 

------ ---- ----------- -------- ---- ---- ------------ --- ---- ------ ---------- 
------------ ------ ----- -------- ------ ------ ---- ---- -- --------- --- ----- ------- 

--------------- 

e  Results 

--------- --------- --- -------- ------ ------ -------------- -------- ---------- 

---------- ----- -------- ----- --- ------ -------- ------ ------ --------- 
---------------- -------- ---- --- ------ ------ -------- ---------------- -- ----- 

------------------ ---------- ----- ------ -------- ---------- 

----- ------ ------------ -------- --- --- ------ ------ -------- ---------------- 

------------- ---- ----- ----- ------ ------------ -------- ------------ -- ---- 

------- ----- -------- -------- ----------- -------------- ---- ------- -------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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1 9 D  Re i tan cification 

----------------- --------- ---- ------- ------------ 

----- -- ----- ------- -- -------- 

-- - ------ ------- 
------ - ---- ------- 
-------- - ----- ---- 
------ 

-- - ------ ------- 
------ - ---- ------- 
-------- - --------- 
-- ----- 

------ ------ ------ ----------- ------ ---------- ----------- ----- ---- 

----- ---- --------- ---- -------- ---- ------ --- -------- ---- -----  

---------- -------- ----- ----- ------ ------------------ ----------- ------ 
--- ---- ------ ---------- ----------- ---- ----- -------- ----------- 

Model 6966 D C  Resistance S cification 

----------------- --------- 
---------- --------- 
-------- --------- 

----- ----- -- ---- ---- 

----------------- -- - ------ ------- 

---- ------- ------------ 
----- - --- ------- 
--- - -- ------- 

------- -------- 

------ - ---- ------- 
-------- - ----- ---- 

-- - ------ ------- 
------ - ---- ------- 
-------- - ---- - ---- 

---------- -- - ------- ------- -- - --------- ------- 
------ - ------ ------- ------ - ------ ------- 
-------- - ------- - ------- -------- - ------- - ------- 

-------- -- - ------- ------- 
------ - ---- ------- 
-------- - ------ - ------ 

-- - ------- ------- 
------ - ---- ------- 
-------- - ------ - ------ 

Model 6968 D C  Resistance S cification 

----------------- --------- 
---------- --------- 
-------- --------- 

---- ------- ------------ 
----- - --- ------- 
--- - --- ------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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-- - --- ---- - -- --- 

----------------- -- - ------ ------- 
------ - ---- ------- 
-------- - ----- ---- 

---------- -- - --------- ------- 
------ - ---- ------- 
-------- - ------- - ------- 

-------- -- - ------- ------- 

------- --- -------- 

-- - ------ ------- 
------ - ---- ------- 
-------- - ----- ---- 

-- - --------- ------- 
------ - ---- ------- 
-------- - ------- - ------- 

------ - ---- ------- 
-------- - ------ ------ 

-- - ------ ------- 
------ - ---- ------- 
-------- - ------ - ------ 

M el 6999 D   Resistance S ecification 

------- ------------ 
----- ------------ 
---- ------------ 
------- ------------ 

-- - --- 

------- ------------ 

---- --- ----- --- 

-- - ------ ------- 
------ - ---- ------- 
-------- - --------- 

----- ------------ -- - ------ ------- 
------ - ---- ------- 
-------- - ---- - ---- 

---- ------------ -- - ------ ------- 
------ - ---- ------- 
-------- - ----- ---- 

------- ------------ -- - ------ ------- 

---- ------- ------------  
---- ------- ------------  
---- ------- ------------  
---- ------- ------------  

------- --- -------- 

-- - ------ ------- 
------ - - -- - ------- 
-------- - ---- - ---- 

-- - ------ ------- 
------ - ---- ------- 
-------- - ---- - ---- 

-- - ------ ------- 
------ - ---- ------- 
-------- - ---- - ---- 

------ - ---- ------- 
-------- - ---- - ---- 

-- - ------ ------- 
------ - ---- ------- 
-------- - ---- - ---- 

----------------- ----- ------ --- ---- ------------ ---- --- ----------- ----- 

--- ---- --- ---- ------------ ------ ------ -------- ---------- -- ----- 

------- --- --- ------- ----- ---- ---- ------- ---- ---------- --- ---- 

---------- 

(b)(4)

(b)(4)

(b)(4)
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---- ----- ---------- -------- ---- -------- ---------------- ---- 

---------------- ----- ------ ------------ ------ ---- -------- -------- ---- 

----- ---- ------------- ------------- ---- ----- 

----- ------ ------ -------- ------ ------ ---- ----- -------- ------ -------- 

--- -- ------ ----- --------- --------- ----- ----- ----------- ------ ----- 

------------ -------- -- ---- -------------- ------ ----- ----- --- ------ --- 

---- -------- ------ --- ---------- ------- ------- 

----- ----- ---- ---- ---------------- ----------- ---------- --- ------ ----- 
-------- ------- -- -- ------ ----- -------- -- --- ---------- 

Model 6963 

----- ------------ 

Model 6966 

----- ---- --------- -- 
------------ -------- 

Model 6999 6921S L 

----- ----- ------------- 
-- --- --------- 
-------- ------ --- ---------- 

----- ------------ 
----- ------------ 
--- ------------ 
---- ------------ 
---- ------------ 
-------- ----- --- ---- -- 

------------ -------- 

--------- - ------------ -------- --------- - --- --------- -------- 

--------- - ------------ -------- 

(b)(4)

(b)(4)
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10  The data indicate that a new lead is used for each  temperature 

tolerance  crush load  or life  test  Correlate the results from those 

tests to the worst case condition where the sama lead has to face 

temperature differences  crushing  and flexing  Why was sequential 

testing not performed  

lU  ESP O55E  

A separate lead is required for those tests which are considered destructive 

by the nature of the test  This includes lead joint tensile strength testing  

crimp veeld pull strength testing  flex testing  anchoring sleeve testing and 

life testing  Therefore  it is not possible to get meaningful results from 

sequential testing of these tests  

Sequential testing  however  of non destructive tests are performed 
throughout the qualification process  wherever possible  This includes 

thermal shock  resistance and stiffness testing  See the bench testing flow 

diagram on the following page  These data were presented in the non  

clinical bench testing section of this PMA  

p 
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(b)(4)
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11  Discuss the differences in battery life or energy requirements between 

the epi lead system and the Transvene system  

P N E  

The longevity of the Model 7217B device depends upon several factors 

including programmed bradycardia pacing parameters  the percentage of 

paced to sensed events  the frequency of high voltage capacitor charging  

and on the pacing load  The first three parameters depend on the specific 

patient needs and are not related to the implanted lead system  The pacing 
load  or the pacing impedance of the system  is different for the two lead 

systems  Epicardial and Transvene   

----- --- cardial lead system impedance measured clinically ranges from ----- 

--- ------  ohms acutely  The mean is ----- oh----- ----- ---- nsvene lead system 

impedan--- -- easured clinically ranges from ----- --- ------ ohms acutely  The 

mean is ----- ohms  The greater the system impedance  the less energy 

required for both bradycardia and anti tachy pacing  The greatest battery 

drain occurs when bradycardia pacing is required 100  of the time  The 

anti tachy portion is relatively insignificant  

To summarize  the battery life of the Model 7217B PCD device depends 

upon several factors  the most significant of which is the need for 100  

 fulltime  pacing for bradycardia  The lead system impedance has an 

influence on the energy required to pace  The Transvene lead system is 

slightly more efficient as verified by the impedance values measured 

chnically  

(b)(4)
(b)(4) (b)(4)

(b)(4)
(b)(4)
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12  An update of the chronic animal studies should be provided  

REP NE  

Two chronic animal studies are updated in response to this deficiency  

These include Study Nos  2 and 4  as presented in the March 31  1992 

PMA application  

Study No  1 was acute  an update is not relevant  Study No  2 was 

essentially completed at the time the March 31  1992 PMA application was 

submitted  However  a pathology status report  post study  is presented in 

this response for completeness  Study No  3 was also completed at the time 

of the March 31  1992 PMA application  therefore  an update is not 

relevant  Study No  4 ----  presented in the March 31  1992 PMA and 

included data through --- weeks  An update is included through 

approximately --- weeks  
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(b)(4)
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Study No  2 
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---- -------- ---------- --- ------ -------- 

------ -------------- ----- ------------ --- ------ --- ----- ---- ------ ------------ ----- 

---------------- ------------ ----- -------------- ----------- -- ----------- --- ---- 

------------ ------- ----- -- ------ -------------- --- ----------------- -- ------ --- ----- 

-- ----------- --- ---- ------------ -------- 
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Pathology Observation  --------- ------ 

Submitted to FDA as an IDE Supplement  GS70102  on July 31  1992  
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------------ Information 
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---------- 
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Background  Mastocytoma  Mast Cell Tumor  in the ----- 
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----------- ----- ------ --- ------------ ------------ ---- ---- ------- ----------- ----- ------------ 

--------------- ---- ------------ --- ----- ------- ----- ----- ---- --------- ------------ -------- -------- --- 

----------- ------- ------ ---- -------- ------------ ------------ 
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--- ----- ---------- ----- -- ---------- -------- --- --- ------------ --------- ------------ --- ---- ------ ----- 
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Conclusion 
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Table VI B 9  Summary o-  ea-- ---------------- s and pulse pathways  The 

CS Lead dislodged at Week -- in --------- ------- and was repositioned in the 

SVC  Superscript designations used in chart are explained below  

--------- - ----------- ---------- ------------- - ---- ---- ------- ------- 

--------- - ------- -- -------- ----------------- - ---- ---- ------- ------- 

---------- - ------- -- -------- -------- - ---- ---- ------- ------- 

Mechanical Evaluation 
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------ ----------- --- ---------- --- ---- ------- ----------- 

(b)(4) (b)(4)

(b)(4)

(b)(4)

(b)(4)



IX ti Eil 4 DIZllEIKRe  v Il 

--------- ----- --------------- -------------- ------ ------- -- ---------- -------- ------ 

---------- ----- -- -- ----- ---------------- ----- ------------- ----- ----------- -------- 

----------------- ------ ---- ------ ------ --- ---- ------ ------ ------ --------------- --- 

---------- --- ---- ------- ----------- 

------------- ----- --------- ---------- --- ---- ------ --- ---- ------ ------ --------------- 

-- ---- ------ --- ------------ ----- ------ ------ ----------------- --- ----- ----- 

------------- -- ----- ------ ------- --- ---- ---------- 

------------ --------- 

------------ --------------- --- ---- ------------ ----- --------- ----- ------- --- ------ 

-------- -- --------- ----- --- --- --- ---- --- ----- --- --------- ---------- ---------- 

--------- ---- --- ------- ------- ------------ ------ ----- ------------- -- ---- ---- --- ----- 

--- --------- ----- ------------ ----- ----- ----------- -------- ------ ---------- ----- ------ 

--- ---------- ---- --------------- --- ---- ----- ----------- 

  ----------------- ------------- 

  -------- ------------- ------ ------ ----- --------- -------------- 

- -- ---- ----- --- ------ ---------- 
- ------------ ------ ------------- ---------------- ------- 

  --------- ----------- ---------- ---- ----- --------- ---- ------ ------- 

------------ 

  --------- ----- --------- -------- ---- ----- --------- ---- ------ ------- 

------------ 

-------------- ----- ---------- ------- -- --- ---- ---- --------- -------- ---- --- ----------- 

----- ---------------- ----- --- ---- ---- ------ ----------- --- ------------ ---- ---------- 

--------------- ------ ------- ------- ---- -------- ------ -------- --- ------------ -- 

----------------- ------- ------------------ --- ---------- ------ ---- ------------ ------- 

------- ------------ -------------- ---------------- ----- -------- ------ ------- -------- ---- 

---------------- ----------- ------- -------- -------- --- -- ------------ ------- ---------- 

--- ----- --------- ---- -------- --- ----------- ---------- --- ---- ------ ----- ----------- 

-------- ----- ------ --- ------------ --------- -- - ----------- -------- -- - ------------ 

----- -------------- ---- ------ ------- -- --- ---- ----------------- -------- --------- --- 

----- -------- ------ -- ---- ------ ---------- ----------- --- --------- ------ -- ----- --- --- 

--- ------------ --------- --- -------- -- - ------------ -------- -------- ---- ----- ---- 

------ --- ---------- ---- --------- --- ----- ----- --- ------- --------- -- - ------------ 

(b)(4)

(b)(4)

(b)(4)



IR UEiIRX lIO IKUDLEIKOE628 

----- ------ ----- -------------- ------- -- -------- -------- ---------- ------ -------- 

--------- ----- ------ --- ------------ ---- --------- --- -------- ----------- --- ------ 

-------- -------- --------- ----- ---------------- -------- ------ ---------------- --- -------- 

-------- ------ -------- ------ -------- -------- ------ ----------- ------- ---- ------ 

-------- --- ------------ ---------- --------------- ---- ------------ ------ ---- ------- 

-------- --- ---- ------- ----- -- --------- ------ -------- -------- ------- ------ ------- --- 

------------ ----- --- ---------- --------- ------- -------- ----- ----------- -------- ---- 

------ --- ---- --------- ------ -- ----- ------- ------------- ------ ------ --- ---------- ---- 

------- --- ---- -------- -------- ------ ---- ------------ ----- -------------- ------------- 

--- --------- ------ ---------- 

-------- -------- --------- ---------- ----------- --- -------- ----------- --- ------------ 

----------------- ------------ -------- 

--- ----- --- -------- 

-- -- --- ----- --- 

-- 
-- -- 

--- -------- -------- --- -- 

--- -------- -------- 

--- -------- ---------- 

--- -------- -------- --- -- 

-- 
-- 

-- 
--- -------- -------- 

-- -------- 

-- 

-- 
-- -------- -------- --- --  

-- -------- -------- 

------------- -- - ------------- 
-- - ---------------- 

(b)(4)

(b)(4)



IZiti Eil I COEIIEIK E     

-- -------- ------ -------- ---------- ----------- ------- ----- ------ --- ---------- -------- 
----- --------- -------------- ------------ --------- -------- ------------- ----- ---------- 
--------- --------- ------------- ------ ------------ -------- ------ ----------- ----- 
------------ --------- -------- -------- ---------- ---- ---- --- ----------- --- ---- 
---------- ----- ---- ----------- ---------------- ----- --- ---- -------- ----------- --------- 
--------- -------- ---- --- ---- --- ----------- ----- ---- --------- ----- --- ---- ---- ----- 
--- ---- ---------- ----- ---- -------- ---------------- ------- ---- ------ ---- ----- --------- 
-------------- ----------- --- ----------- ---------- ------ -------------- ----------- ------ 
---- -------- ------ ---- ----- ----------- ------- ----- ----------- ---- ----- --------------- 

Termination 

-- --------------- --------------- ---------- --- ------------- ------------ -------------- 
--- ------ -------- ------ ---- -------- -- ------- --------------- ----- --------------------- 
------------- --- ---- ------------ ------- -- ------------- --- ------------ ----- ------------ 
---------------- --------------- --------------- ------ ------- --- ---- ------------ ----- 
---------- -------- ------------ ---- -------------- --- ------ -------- --- ------------ ----- 
------------- ----- -------- ---------- 

t R suits 

Overview 

----- ------------- ----- --------- ----- ------------ --- -------- ---------- --- -------- 
------- ---- ----- ---------- ------------- --------- ------- ----- ------------- ------ --- 
-------- ---- -------- --------- ----------- --- ---- ------------ ------ --------- ---------- 
------- ----- ------- ------ ------------- --- ------------ ------------ ---- --- ------- 
----------- --------- ------- ----- ------- ------ ------------- -- --- ----- --- --------- 
---------------- ----- --- ---- --------- ------------ ----- --------- ------------ -------- --- 
---- --------------- ----- --------- --------- ------- ----- ------------- -- --- -------- ----- 
--- -------- -------- ----- --------- ------- ----- ------------- -- --- -------- ---- 
--------------- -------- ----- ---- ------------- ----- ----- ------------ ---------- ---- 
------------ --- --- ------------- -- --- ----- --- -------- ---------------- 

Mechanical Evaluation 

----- ------ ------------- --- ----------- ------------ ------------- -------- ---- --------- 
------------- ---- ------------- ----------------- --- ----------- ------------ ------ 
----------- --- ------------- ------ ------- -- ----- ------ -------- ---- -------- 

----- ----- ----------- --- ---- ------------ ---------- ------ --- ----------- ------- 
------------- ---- ------- ------ ---- ------------ --- ----- ------ -- ---------------- --- ---- 
----------- ------ ----- ----- ------- --- -------- ------- -- ---- -- ------- ---------- ----- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)



RiFEillI 4 5EEIKll58ao 

------- ------ ---- ------- -- ----------- ----- ----- ----- ---------- --------------- --- ---- 

----------- ------ ------ ---- ----- ---------------- ---- ----- ------ -------- --- ---- 

---------- ------ ------ ------------ ---- --------- ----------------- ----------- ------ 

---------- ------- ---- ----- ---------------- ------ ---- ------------- --- ---- ----- --- ---- 

------- ----- ------- -------------- ------ ---- ----- ----- ---------------- ------ ------ 

------- ------------ --- ------- ----------- 

---- ------------ ----- --- ---- -------- ----------- ----- ----------- -- ------- -- --- -------- 

--------- ---------------- --- ---- -------------- ---------- ---- ---------- ------ ----- ---- 

------ ------ ----------- -- ---------- ----- -------- ------------- ---------- --- -------- 

--------- -------- -------- ------ ----------- ---- ----- ----- ------------ ---- ------- 

----- ---------------- ------- ----------- ----- ------ --- --- --- ---- --- --------- 

------------------ ------- --- ----- -------- ------------ ------------- ---- ------------ 

---------- ---- ---- ---- ---- ---- ------- ---- ---------------- ----------- -------------- 

--------- -------- --------------- ---------- ------ ------------- 

----- -------- -- ---- --- ------ -------- ---- ---------------- -------- ----------- ----- 

-------- ------------- ------ ------------ --- ---- ---- --------- --- --- ---- ---------- ----- 

------------------ ----- ------------- --- ---- ------- --- --------- ------ ---------- --- ----- 

------------ --- -------------- --- ------ ----------- ---- ------- ----- ----------- --- ------- 

-------- -------- --------- ----- ---------- -- ---- ----- ------------ ----------- 
----------------- --------- ------ ------------ --- ------ ------- ----- ------- -- ------- --- 

----- ------ --- -------------- ----------- ------ ---- ---------- ------ ------------- ------ ---- 

-------- ------- ------- ----------- ------ ---------- ---- -------- ------- ----- --- 

------------ --------- ------------ -- -------- ---- --- ----- --- -------- --------------- 

Defibrillation Thresholds 

----------------- ------------- --------- ------ -------------- ------- ---- -------- -------- 
--------- -- --------- ------ ----------- ------------ --------- --- ---- ----- --------- --- 

---- ------- ----- -- ------ ----- ---- ----------- -- ---------- ---- ---------------- ----- ----- 
------------- ------------- ---- -------- -------------- ------ ----------- --- --- --- ---- --- 

------------------ ------- --- ----- -------- ----- ------------ -- ------------------ 
----------- ---- ------------ ------ -------- ---- --------- ---------- --- ---- ------- 

----------- --- ------- ----------- ------- ---- ---------------- ----------- ----- ---- 

--------------- ---- -------- --- ---- -------- ------- ---------- --- ------------ ---- 
---------- ------------- ----- ---------- ----- ---------- ----------------- ---------- ----- 
------- --- ---- ------- ----- --- ----- ------------- ------ ---------- ---------------- --- 
----- ------------------ ----- ------- ------------ ----- ---- --- ------------ ---- ---------- --- 
---- --------- ----------- ----------- --- ---- ---------------- ------------- ---------- --- 

-------------- ------------- -------------- ------ ---------- ----- --- ---- ------ ------- 
------------ --- ------ ------- --- -------------- ------------- -------------- ------ 

(b)(4)

(b)(4)



ED VEilRll  0EEIKIJK 
----------- --- ---- ------------- ------ --------- --- ------ ----- ----------------- ---  --------- ---------- --- ---- --------- --- ------ ----------------- ----- ----------- --  ----- ------ ----- ------- -- --------------- --- ------- ---------- ----- ---- -------- --- ---  ------------ -------- ----- -------- ----------- ------- ------ ------ ---- ------ --------- ------------- --- ---- -------- -- -- ------------- --------- ---------- -- ---------- ----- ---  -------------- 

------- ---------- ------------ --- ------ ----- ---- ---------- --- --------- ------ ----- -------- -------------- --------- ----- ---- ----------- --- --- ----------- ----------- ------------- --- ------ ----- ------- ----- ----- --------- --- --------- ------- ----- ---------------- ------ ------- -- ------------ -- ---------------- --- ---- ---- ------ 

Implant Cumulative 

  Bold indicates common electrode  

(b)(4)

(b)(4)
(b)(4)



E UEilKX XiEIiEIMl6I4   II 

Chronic Defibrillation Thresholds in ----- ------- 

--- 

--- 

--- 

-- 
-- -- -- -- --- --- --- --- --- --- --- 

----------- --------- 

- ----------------- ------------- 

Chronic Defibrillation Thresholds in ----- ------- 

--- 

-- --- 

--- 

-- --- 

-- 
-- -- -- -- --- --- --- --- --- --- --- 

----------- --------- 

- ----------------- ------------- 

Chronic Defibrillation Thresholds in ----- -------- 

--- 

--- 

--- 

--- 

-- 
-- -- -- -- --- --- --- --- --- --- --- 

----------- --------- 

-- ----------------- ------------- 

 0 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)



IZiii Eil I COElXIK llK    
Chronic Defibrillation Thresholds in ----- ------- 

--- 

- --- 

--- 
--- 

-- 
-- -- -- -- --- --- --- --- --- --- --- 

----------- --------- 

- ------------- ------------------ ------------- ----------------- 

Chronic Defibrillation Thresholds in ----- ------- 

--- 

-- --- 

--- 

- --- 

-- 
-- -- -- -- --- --- --- --- --- --- --- 

----------- --------- 

- -------- ------------- 

Chronic Defibrillation Thresholds in ----- ------- 

--- 

--- 

--- 

--- 

-- 
-- -- -- -- --- --- --- --- --- --- --- 

----------- --------- 

- ----------------- ----- ----------------- --- ----- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)



IX li EiE 4 DEEENSE lM  4 

Chronic Defibrillation Thresholds in ----- ------- 

--- 

--- 

--- --- 
--- 

-- 
-- -- -- -- --- --- --- --- 

----------- --------- 

- -------- ------------- 

--- --- --- 

Chronic Defibrillation Thresholds in ----- ------- 

--- 

- --- 

--- 

-- 
-- -- -- -- --- --- --- --- --- --- --- 

----------- --------- 

- ----------------- ------------- 

Chronic Defibrillation Thresholds in ----- ------- 

--- ---- ------ --------------- 

--- 

--- 

- --- 

-- 

-- -- -- -- --- --- --- --- --- --- --- 

----------- --------- 

- ----------------- ------------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)



IX iti Eil l DEIEIK ll4   

Chronic Defibrillation Thresholds in ----- ------- 

--- 

--- 

--- 

-- --- 
--- 

-- 
-- -- -- -- --- --- --- --- --- --- 

----------- --------- 

- -------- ------------- 

--- 

Chronic Defibrillation Thresholds in ----- ------- 

--- 

--- 

--- 

--- 

-- 
-- -- -- -- --- --- --- --- --- --- --- 

----------- --------- 

- ----------------- ------------- 

Chronic Defibrillation Thresholds in ----- -------- 

--- 

-- --- 

--- 

-- --- 
--- 

-- 
-- -- -- -- --- --- --- --- --- --- --- 

----------- --------- 

- ----------------- ------------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)



EEEillJIC IC  gf gpu6 

Pacing and Sensing Measurements 

----- -------- ------ ---- ----- ----- ------ --- ---------- ---- ---------- --------- --------- 
------------- ----- ---- ------------ --------- -------- ------------- ----- ----- ------------- 
--- ----------- ------ ----- ------------- ------ -------- ------------- ----- --- --- -------- 
------ ------ ------- -- ---- -- ------- ----------- -- ----- ------- ----- ---- ---------- 
----------- ----- ---- ------ ----------- -- ---------- ------ ----- ---------- --- ----------- 
---- ----- ------------ ----- ------ ------------ ---- ------ ----- ---- ---------------- ----- 
-------- ------------- --------- ---------- --- -------- ---- ----------- ------- ------ 
------------ --- ---- ------ ------------ --------- ---- -------- --- ---------- -------- 
------------- --------- ------------- ----------- ------- ----- ----------- --- --- 
------------- --- ---- ----------- ------- 

----- ------------ -------- -------- ------- --- ---- -------- -------- ------ ----- ---- ---- 
--- ----- ----------- ---------------- ----------- --- ---- ---------- ----- -------- 
---------------- -------- ---- ----------- --- ---- ----------- ---------------- ----------- --- 
--- ------- ------- -------- --- ---- ---------- --- -------- ------ ------ --- --------- 
-------- ----------------- ------ --- ---------------- --------- -------------- --- ------ 
------------- 

-------- ------------- ----- --------- ----------------- ----------- -------- ----- ------- ---- 
-------- --- -------- ---------- ----- ---- ----- -------- --------------- ---- ---------- --- 
---- -------- ------------- ------ ------ -------- ---- ----- -------- ---- -------- -------------- 
--- ---- ------- 

(b)(4)

(b)(4)



IX UEilzpg lC RIEIKReav 
Table VI B 11  Summary of pacing thresholds from Chronic NTL Lead 

Study  The data was collected using the Model 6966 RV lead in an 

integrated bipolar configuration  The common defibrillation electrode 

 pacing anode  is designated in bold print  

Measured Pacing Thresholds 

Canine 
No  

   SXS    oration Implant Mean Standard Peak 

Peaks  -------- -------- Deviation  volts  

------ ---------------- --- ---- ---- ---- ---- 

------ ------------------- --- ---- ---- ---- ---- 

------ ----------------- --- ---- ---- ---- ---- 

------ ------------------- --- ---- --- -- ---- ---- 

Pacing Thresholds for Model 6966 RV Lead 

-- 

-- 

-- 

--- 

-- -- 

-- 

-- 

-- 

-- -- -- -- --- --- --- --- --- --- --- 

----------- ---------- 

----- ------ ----------- --- ----- -------- -- ------- -- ----- -------------- --- ---- ---------- 

----------- ----- ----- ---- ------ ------ ----------- -- ---------- -------------- ------------ 

------ ------ ------------ ---- ------- 
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Table VI B 12  Summary of sensing data from Chronic NTL Lead Study  
The data was collected using the Model 6966 RV Lead in a standard bipolar 
sensing configuration  Data designated as ------ were greater than the 
sensing capabilities --- the Model ------ --------  System Analyzer  Note  
Data points at weeks --- and --- for -------- ------ are missing due to standard 

pace sense disconnection from externalized skin button  

Measured Sensin Am 1itudes 

Canine No  Lead System Implant 
----------- 

Mean 
----------- 

Range 
----------- 

------ ------- --------- ------ ------ ------- ------ 

------ ------------------- ------ ------ ------ - ------ 

------ ---------------- ------ ------ ------ - ------ 

------ ------------------- ------ ------ ------ - ------ 

Sensing Amplitude for Model 6966 RV Leads 

--- 

--- 

--- 

-- 

-- --- 

-- 

-- 

-- -- -- -- --- --- --- --- --- --- --- 
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13  An update of the clinical experience of the Transvene Lead System 

should be provided  The update should include all additional patients 
and the clinical experience to date  The data should be presented as 
done in your original PMA application  and should include  e g   
implant and follow up data  lead orientations including patch location  
spontaneous episode experience  analyses by different groups  
complicationslobservations  and survival analysis  All remaining 
deficiencies listed below which pertain to your patient population should 
be addressed using the updated patient group  

1U P NiE  

An updated clinical experience report is provided in Volume 2 of this PMA 
Amendment  The data is presented as it was in our original  March 31  
1992  Transvene PMA application  

The updated experience is inclusive of 757 patients followed for an average 
of six months  
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14  Please discuss your clinical data which support the claim which states 

that the Traasvene Lead System improves both perioperative and long 
term patient morbidity  

P N E  

In order to evaluate the impact of the PCD Transvene System on 
perioperative and long term patient morbidity  patient hospital stay post 
implant and the incidence of complications in patients with implant 
durations greater than six months was evaluated  

Hospital stay is an indicator for improved patient morbidity since it 
represents the amount of time required for patient recovery  Patients 
undergoing thoracotomy procedures generally require additional time for 
recovery due to the invasiveness of the procedure and related pulmonary 
complications  

In the case of the PCD Transvene System  the mean time for hospital stay 
post implant of the system was 7 2 days  This compared with a mean post 
implant hospital stay for the PCD Epicar----- --------- --- ------ - ays  This 
difference in hospital stay was statistically ------------- --- --------- A shorter 
hospital stay for the patients who received a PCD Transvene System 
indicated that these patients were able to recuperate more quickly from the 
implant procedure due to the fact that a thoracotomy was not required 
Those patients who require a thoracotomy have the added perioperative risk 
of complications associated with a thoracotomy such as pulmonary 
complications  

In the case of long term patient morbidity  Medtronic is not claiming that 
the PCD Transvene System improves long term patient morbidity  Instead  
the long term patient morbidity should be similar to that reported with the 
PCD Epicardial System  

Analysis was performed to determine the types of complications which 
occurred in patients with implant durations of equal to or greater than six 
months  It is not expected that the PCD Transvene System would improve 
long term patient morbidity but rather should not increase the patient risk 
over long implant durations  

There were ----- patients who received a PCD Transvene System in whom 
the imp----- duration was equal to or greater than six months  Of these 
patients  ---  18 9   experienced a medical event which was classified as 
a comp------ on  It should be noted that these complications may have 

(b)(4)

(b)(4)

(b)(4)
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occurred at any time during the implant duration and not necessarily after 
six months of implant duration  

As a comparison in the PCD Epicardial System  a total of ----- patients have 
---- lant durations equal to or greater than six months  In this patient group  
--- patients  14 1   have experienced a medical event which was classified 
as a complication  

Thus based on this clinical data  the use of the PCD Transvene System 
results in a shorter hospital stay post implant and does improve 
perioperative morbidity  In addition  the use of the PCD Transvene System 
does not place the patient at increased long term morbidity  

(b)(4)

(b)(4)
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15  Based on your experience and on the data as reported in the literature  

what is the percentage of patients who have been found unable to 
withstand a thoracotomy  

P N g  

Patients who are generally considered for implantation of an ICD System 
have a history of moderate to severe cardiovascular dysfunction  These 
patients have a history of coronary artery disease  cardiomyopathy  
congestive heart failure as well as depressed left ventricular function  The 
multiple concomitant cardiovascular disease processes place these patients 
at increased perioperative mortality after a thoracotomy procedure  

There is a class of patients who cannot tolerate the thoracotomy required for 
the placement of the epicardial patch lead system and who are at high risk 
of sudden cardiac death  Because of the surgical risks and postsurgical 
complications associated with epicardial lead system  implantation in the 
following patient groups may not be possible  

 1  patients in whom there is no indication for concomitant cardiovascular surgery 
at the time of ICD implant  

 2  patients with severe pulmonary disease who cannot tolerate prolonged anesthesia 
or an open chest procedure  

 3  patients with severe congestive heart failure  ejection fraction   40   who are 
at increased risk for perioperative mortality after a thoracotomy procedure  

 4  patients who may eventually require open chest procedures for treatment of their 
coronary artery disease or cardiac transplant  

For these patients  the PCD Transvene System is the only therapy available  
The PCD Transvene System simplifies and greatly reduces the risk 
associated with lead introduction  making therapy available to these patient 
groups  Because there is no need to open the chest of these patients  
options for future therapy remain available  e g  CABG is associated with 
decreased morbidity and mortality if there has been no prior open chest 
surgery  

In the case of the PCD Epicardial System  35 patients expired in the 
perioperative period with a perioperative mortality of 4 7   These 
patients  again due to there underlying cardiovascular disease  could not 
tolerate a thoracotomy  Lehman  et al  Lehman  et al  Implantable 
Cardioverter Defibrillators in Cardiovascular Practice  Report of the Policy 

CD 
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Conference of the North American Society of Pacing and 
Electrophysiology  PACE  1991 12 969 79   reports a perioperative 
mortality of 2 5    5 4  in a multicenter experience with an AICD 
Epicardial System  These patients again represent a group which could not 
tolerate a thoracotomy for implantation of an ICD System  

In the case of the PCD Transvene System  ----- patients were initially 
screened for a PCD Transvene System  Of thi- group  757 received a PCD 
Transvene System with 28 3  of the patients  214 757  receiving the 
system despite not meeting the recommended implant criteria  The 
physician felt that in these cases the potential morbidity and mortality 
associated with the thoracotomy required for an epicardial defibrillation lead 
system outweighed the risk of not meeting the Medtronic recommended 
defibrillation requirement  It should be noted that the majority of these 
patients  97 3   who received a PCD Transvene System  had at least a 10 
Joule safety margin between the lowest successful defibrillation energy and 
the maximum output of the PCD Device  34J   

The use of an ICD System that requires a thoracotomy for implantation of 
the defibrillation lead system has been a mainstay in the treatment of 
ventricular tachyarrhythmias for over ten years  The system has performed 
remarkably as witnessed by its positive effect on sudden cardiac death 
mortality  

However  with the use of the ICD System in sicker patients  the need for 
an implantation procedure that decreases perioperative risk has arisen and 
lead to the development of a nonthoracotomy defibrillation lead system  
But  there will continue to be patients  such as those undergoing 
concomitant cardiovascular surgery or patients who do not the meet 
recommended defibrillation implant criteria with the PCD Transvene 
System  who will receive an ICD System with an epicardial defibrillation 
lead system  

(b)(4)
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16  Data such as treatment efficacy  complications and survival analysis on 

the patients followed for 6 months should be provided  

R1  P N E  

A summary table of this data and relevant discussion is provided below  

(b)(4)
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The patient population --------- with six months of follow up are 
predominantly male  80 2   with a mean age of 58 0 years  In the 
majority of patients the primary indication for implant was recurrent  
sustained ventricular tachycardia without an episode of sudden 
cardiac death  The treatment efficacy for this patient population was 
99 0  for spontaneous VT episodes  and 98 7  for spontaneous VF 
episodes  which is equivalent to the total patient population 98 7  
and 99 1  respectively  Overall survival at one year for these 
patients i- ------ - nd sudden cardiac death survival at one year was 
100 0   -----------   18 3   of the patients followed for six months 
had a co------------   

Based on the data above  the PCS has performed safely and 
reliably for patients followed for 6 months or greater  

cN 

(b)(4)

(b)(4)
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17  Please discuss your clinical experience  treatment efficacy  lead 
orientation  complications and survival rates  of the patients who have 
beea followed for 1 year and more  

PONSE  

A summary table of this experience and relevant discussion is provided below  

All Patients 
 3 Electrode Systems  

Patients with 12 months of 
Follow up 

115 

4246 4 mo 1835 5 me 

5 6 mo 15 7 me 

28 6 me 28 6 me 

91 79 1  
24 20 9  

59 4 yrs 

SCD 
VT 

8CD VT 

281 37 1  
377 49 8  
99 13 1  

57 0 yrs 

45 39 1  
56 48  79o 
14 12  2 9o 

561 74 1  85 73 9  

35 6  

 n   688  

222 29 3  
496 65 5  

39 5 2  

33 28 7  
73 63 5  
9 7 8  

16 0  a   702  15 2  n   105  

14 8  n 316  13 8  a 62  

226 
5430 

98 7  

60 
1770 

98 9  

198 
973 

99 1  

37 
248 

98 8  

95 3  
99  8  

100 0  
100 0  

138 18 2  24 20 9  
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The patients population --- ------ with 12 months or more of follow  
up is predominantly male  79 1   with a mean age of 57 0 years  
In the majority of patients  48 7    the primary indication for 
implant was recurrent  sustained ventricular tachycardia without an 
episode of sudden cardiac death  The treatment efficacy for this 
patient population was 98 9  for spontaneous VT episodes  and 
98 8  for VF episodes  which is equivalent to the overall patient 
population with 98 7  and 99 1  respectively  Overall and sudden 
cardiac death one year survival for this patient population is 100 0  
since all patients have been followed for one year or greater  In the 
patients followed for 12 months or more there has been one death 
which is classified as non sudden car------ ------ ---- th occurred 684 
days  22 5 months  post implant  ---------------  20 9   of the 
patients followed for 12 months had a complication  

Based on the data above  the PCD has performed safely and 
reliably for patients followed for 12 months or greater  

(b)(4)

(b)(4)
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18  Provide a detailed discussion of the clinical experience  implant 
duration  lead orientations  spontaneous episodes  treatment efficacy  
survival analysis  complications  etc   of the patients who did not meet 
the implant criteria and were implanted with the Transvene System  
Also discuss the experience of the patients who were implanted without 
the 10 Joule safety margin  

RElP N K 

For purposes of the PCD Transvene System  the recommended implant 
criteria was defined as successful VF termination at least 3 times in 4 
attempts with the final lead configuration with an output energy of 18 Joules 
or less  The determination of a defibrillation threshold was not necessary  

Of the 757 patients who received a PCD Transvene System  214 patients 
 28 3   received the system despite not meeting the recommended implant 
criteria  

Table 1 summarizes the physician justification for implanting the PCD 
Transvene System despite not meeting the recommended defibrillation 
implant criteria  

Number of Patients 

LED   24 Joules 170  79 4   

Difficult to Induce VF 24  1 1 2   

Patient Condition 20  9 4   

TOTAL 214 

Table 1  Physician Justification for Patients Not Meeting Implant Criteria   6124192 

It should be noted  however  that 90 7   194 214  of these patients 
had at least a 10 Joule defibrillation safety margin between the 
lowest successful defibrillation energy and the maximum output of 
the PCD Device  34J   Table 2 provides clinical data on this group 
of patients who received a PCD Transvene System  
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Table 2  Patients Not Meeting Implant Criteria Clinical Experience   
6124192 
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There were 20 patients in whom the implant procedure was 
terminated due to poor patient condition  These patients received a 
PCD Transvene System without at least a 10 Joule defibrillation 
safety margin  The implant circumstances of these patients is 
summarized as follows  

  At least one successful defibrillation was obtained at an energy 
level greater than 24 Joules but less than 34 Joules  N 11 
patients   

  Multiple inductions of VT were performed and successfully 
reverted with an energy level of 18 Joules or less  However  
induced VF was not successfully reverted by an energy level of 
less than or equal to 34 Joules  N 6 patients   and 

  Physician elected to terminate the procedure due to the patient s 
condition before inductions with the final implanted lead 
configuration were performed  N  3 patients   

The mean ejection fraction of this group was 26 9   indicating more 
severe underlying cardiovascular disease  and may have contributed 
to the physicians decision to terminate the implant procedure prior 
to meeting implant criteria  This group had a mean of 6 8 VF 
inductions  2 2 lead configurations evaluated and a mean duration of 
VT VF for the implant procedure of 220 seconds  The circumstances 
of the implant procedures  mainly the duration of induced ventricular 
tachyarrhythmia and associated hemodynamic compromise  limited 
the number of inductions that could be performed and whether the 
recommended implant criteria could be met  

Of these twenty patients  ventricular fibrillation has been induced at 
a chronic follow up visit in 15 patients  75   and in all cases 
successful defibrillation with the implanted PCD Transvene System 
was documented  

The overall spontaneous VF episode efficacy for this patient group 
was 92 6   however  further review indicated that one patient 
experienced atrial fibrillation that was detected as VF and in whom 
all four programmed VF therapies were ineffective  This patient s 
antiarrhythmic drug therapy was modified and there were no further 
reports of ineffective therapies  

qQ 
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Thus there have been no patients who have experienced an actual 

spontaneous VF episode where all four programmed VF therapies 

failed to terminate the episode  

There has been one reported patient death   Patient --- --------- which 

was classified as non sudden cardiac secondary to end stage heart 

failure  The one year sudden cardiac death survival in this patient 

population is 100  while the overall one year survival was 93 8   

This lower overall one year survival may be due to the lower mean 

ejection fraction of this patient group  

The clinical outcome in these twenty patients was not adversely 

affected by not meeting implant criteria since there was no reports 

of failure to terminate a spontaneous VF episode and the overall one 

year sudden cardiac death survival was 100   

The recommended implant criteria for the PCD Transvene System 

is defined as successful VF termination at least 3 times in 4 attempts 

with the final lead configuration with an output energy of 18 Joules 

or less  However  in some cases  the investigators felt that the 

patient s medical condition precluded a PCD Epicardial System 

implant with a thoracotomy approach and its associated morbidity 

and mortality  This clinical experience indicates that the PCD 

Transvene System performed safely and effectively in this patient 

population  

(b)(6)
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19  A breakdown of the different lead orientations withia the patient population  and the treatment efficacy reported for each configuration should be included  

P NE 

The following table shows the clinical data by type of lead system for the three lead systems presented in the Transvene  PMA clinical report  the majority of patients  718 or 94 8   received used a subcutaneous patch as part of their defibrillation lead system  The majority of patients  65 5   received a lead in the Superior vena cava  29 3  received a lead in the Coronary Sinus  Only 39 patients or 5 2  received a totally transvenous three lead system  

The performance of these three lead systems in terminating episodes of spontaneous ventricular tachycardia and ventricular fibrillation was very good  AII systems had at least a 98 5  success rate in treating spontaneous episodes of ventricular tachycardia and at least a 98 8  success rate in treating spontaneous episodes of ventricular fibrillation  The RV SVC SQ and RV CSISVC lead systems had a 1 year actuarial survival of 100 0  The RV CSISQ lead system had a 1 year actuarial survival of 99 4   All of these lead systems have performed safely and effectively  
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496 222 39 

16 7J 
 N  456  

14 6J  N 210  15 2J  N 37  

15  8J 
 N  187  

12 8J  N 110  16 0J  N 19  

126 
3093 

98 5  

84 
1804 

98 9  

16 
533 

99 4  

124 
645 

  Sued 98 8  

59 
277 

99 6  

15 
52 

100 0  

100 0  
97 1  

AQ Cirdiac 97 1  

757 

16 0J  N 703  

14 8J  N 316  

226 
5430 

98 7  

198 
973 

99 1  

99 4  
95 8  

14 

99 4  
99 4  
98 9  

100 0  
97 9  

4 

100 0  
85 3  
85 3  
96 5  
82 3  

4 

99  8  
96 8  
96 6  
99 4  
95 3  

22 

Table DEF19  Data Summary  Implanted Lead System 
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20  Based upon your clinical experience  the Physician s Manual should 
recommend the sequence of testing with the diEerent lead orientations 
during implant  

RE P NSE  

Proposed changes to the Model 7217B PCD technical manual are provided 
in the attachment following this response  see section from technical 
manual   Implanting the PCD Device   Implantation Procedure   Specific 
areas relative to the sequence of testing with different lead orientations 
during implant are highlighted for reference  
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Pa e40 I lantin the PCD Device   1m lantation Procedure 

Implantation Procedure 

Overview 

Patients should undergo the following procedures before implant of the PCD device to 
help determine if they are appropriate candidates for a PCD system  

  Electrophysiologic evaluation to determine the patient s ventricular arrhythmia and 
how it responds to different therapies  

  Exercise stress test to determine the patient s maximum sinus rate  and 

  Cardiac catheterization to determine if there is a need for concomitant surgery  

Clinical studies indicate that patients who fail a transvenous lead implant and 
immediately receive an epicardial lead system may be at higher risk than those patients 
who received the epicardial leads more than one day later  If patients do not meet the 
implant criteria for a transvenous lead system  physicians should consider the patients  
number and duration of induced VF episodes before proceeding to an epicardial lead 
implant  

Implanting the PCD device and corresponding lead system involves seven main steps  

L 
1  

  Operative Set Up 
  Lead System Implantation and Evaluation 
  Defibrillation Efficacy Testing 
  Connecting the Leads to the PCD Device 
  Placing the PCD Device 
  PCD System Evaluation 
  Closing 

During implantation  the PCD system requires an appropriate Medtronic programmer 
and MemoryMod cartridge and the Medtronic External Tachyarrhythmia Control Device 

 ETCD  to evaluate and monitor the implanted lead system and therapy efficacy  

Each of the above steps is explained in the following sections  At the end of this chapter  
instructions for replacing a PCD device and implanting a PCD device with a chronically 
implanted lead system are also given  

6  7 I 
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I lantin the PCD Device   I lantation Procedure Pa e41 

Operative Set Up 

The preparation and procedures before implanting the lead system are grouped into four 
main steps  assembling the necessary equipment  setting up the equipment  pre  
progrunming and testing the PCD device  and pre programming and testing the ETCD 
and auxiliary equipment  

Necessary Equipment 

The equipment listed below should be available for each implant  Duplicates of sterile 
items should also be on hand  

  Model 7217B PCD device 
  External Tachyarrhythmia Control Device  ETCD  
  Appropriate Medtronic programmer and printer 
  Appropriate MemoryMod software cartridge 
  Cardioversion defibrillation and pacing sensing leads 
  Appropriate adaptors 
  External defibrillator 
  Pacing system analyzer  PSA  
  Patient cable for connecting lead system to the ETCD 
  EGM cable to connect the programmer to the ETCD E 
  Cable  and connector pins if necessary  to connect a pacing system analyzer to the 

ETCD or a surgical cable to connect the PSA directly to the leads 
  Test load for discharging high voltage shocks from the ETCD 
  Cables for connecting the EGM output of the ETCD and Marker Channel output of 

the programmer to a hospital monitor recorder 
  Appropriate batteries for the pacing system analyzer and ETCD 
  Extra printer paper for the pacing system analyzer and programmer printer 
  Sterile bag to place over programming head and cable 
  Implant documentation forms 

Some optional equipment includes an external fibrillation source or stimulator  tape or 
multi channel recorder  dual channel oscilloscope  and appropriate cables  

Equipment Set Up 

Set up the ETCD programmer with the appropriate MemoryMod cartridge  an external 
defibrillator  and auxiliary equipment such as monitors  recorders  a fibrillator  and their 
related cabling  Also  connect the test load to the ETCD  
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Pre Programming and Testing the PCD Device 

Prepare the PCD device for implant by doing the following  

l  Interrogate the device while it is still in its sterile package and print out a full 
fCpOft  

2  Review the battery status  Devices with an initial battery voltage less than 6 1 volts 
before charging should not be implanted  If the device is charged without obtaining 
the initial voltage  it should be implanted only if the battery voltage reaches 6 1 
volts or more within thirty minutes after charging  

3  Test the charge circuit by charging the capacitors to the maximum output  
The charge time must meet the following requirements  
  If the charge time is less than or equal to 10 seconds  implant the device  If it 

is greater than 10 seconds  wait 5 minutes  discharge  dump  the capacitors  and 
then perform a second charge  

  If the second charge time is less than or equal to 10 seconds  implant the device  
If it is greater than 10 seconds  do not implant the device  

4  While still in the sterile package set the device parameters for implant as 
appropriate for the patient  

5  Ensure that VT and VF Detection are programmed OFF  

Pre Programming and Testing the ETCD   Auxiliary Equipment E 

To prepare for lead system evaluation and defibrillation efficacy testing  do the 
following  

1  Verify that the ETCD s battery status is acceptable  

2  While recording the ETCD s output signals and the Marker Channel output from 
the printer  calibrate the hospital s monitoring recording equipment  

3  Test the ETCD s high energy output capability using the test load  

Lead System Im plantation and Evaluation 

The PCD lead system uses electrodes designed to carry high current for cardioversion or 
defibrillation  The cardioversion defibrillation electrodes  PULSE1  PULSE2  and 
COMMON  must be specificaDy suited for this purpose and have a large electrode 
surface area to reduce cardioversion defibrillation ttuesholds and minimize tissue 
damage possibly caused by the high cardioversion defibrillation currents  

While the PCD is connected to the leads  no metal portion of any electrode should 
contact the metal of any other electrode  If the electrodes are in contact during a 
cardioversion or defibrillation therapy  the current will bypass the heart and may also 
damage the PCD device  

1 
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Pacing occurs between a pacing sensing lead and one of the cardioversion defibrillation 
leads  COMMON   Sensing is accomplished through two pacing sensing electrodes  
Either epicardial or endocardial leads may be used  To reduce the effects of electro  
magnetic interference  EMI   the PACE SENSE and SENSE2 electrodes should be 

positioned adjacent to each other  and where separate leads are used  the lead wires 
should be routed together with several loose twists  

Depending on what kind of operative approach is used to implant the leads  the PCD 
Device can use two different kinds of lead systems  an epicardial lead system or a 
Transvene  lead system  Each system is described briefly below  See the appropriate 
Lead Technical Manual for more details  

The physician chooses the lead system that best meets the patient s needs  Patient factors 
that affect the decision include the following  

  Overall size of the patient s heart  
  Size and location of previous infarcts  aneurysms  or bypass grafts  and 

  Surgical approach  

The epicardial lead system uses two or three epicardial patch leads for 
cardio version defibrillation  

Three patch sizes allow the physician the flexibility to meet the varying patient 
conditions  Clinical experience has shown that approximately half of all patients receive 
a three patch system  the other half receives two patches  Three patches may be required 
initially if the physician expects difficulty in meeting defibrillation implant criteria  
Adding a third patch to a two patch system may be required if the implant criteria cannot 
be met with the two patch system  

E 

The Transvene  non thoracotomy lead system can use two or three leads in four 
different areas  

  A tripolar lead in the right ventricle  RV   
  A unipolar lead in the coronary sinus  CS  and or superior vena cava  SVC   
  A subcutaneous  SQ  patch lead  

Cardioversion defibrillation occurs between the COMMON electrode  cathode  and one 
or two anodes  These electrodes can be any of the following  the CS lead  the SVC lead  
the RV coil  or the SQ patch  Sensing occurs between the tip and ring of the tripolar RV 
lead  Pacing occurs between the tip of the RV lead and the COMMON electrode  

Lead system implantation and evaluation consists of placing the lead system  connecting 
the leads for pacing and sensing measurements  performing pacing and sensing 
measurements  and verifying lead connections  Each step is explained in the following 
sections  See the appropriate lead technical manual for more details  
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Placing the Lead Systems 

1R 1 

Depending on the physician s preference  a variety of surgical approaches can be used to 
implant the lead system  such as a limited thoracotomy or median sternotomy  

Placing Pacing Sensing Leads  
The pacing sensing leads should be placed close to the ventricular apex to avoid sensing 
P waves  Approximately 1 cm should separate the electrodes from each other  

Placing Epicardial Patch Leads  
Suture two or three patch leads to the epicardium or pericardium in locations that 
produce optimal defibrillation  pacing  and sensing  In all locations  place the leads so 
that they encompasses the maximum amount of cardiac mass and they have 
approximately equal amounts of mass between them  

For a two patch system  a typical approach is to use an anterior right ventricular patch as 
COMMON and a posterolateral left ventricular patch as PULSE2  For a three patch 
system  a typical approach is to use a posterior ventricular septal patch as COMMON  an 
anterior right ventricular patch as PULSE1  and an anterolateral left ventricular patch as 
PULSE2  The PULSE1 and PULSE2 patches should be the same size  

Pl in T vs 

CAUTION  If insertion is done via a subclavian approach  the lead should be positioned 
far laterally to avoid clamping the lead body between the clavicle and the 
first rib  Clamping the lead may eventually cause the conductor to fracture  
may cause damage to the insulation  or may cause other damage to the lead  
This may result in complications such as loss of detection  loss of pacing 
therapies  or loss of cardioversion defibrillation therapy  Certain anatomical 
abnormalities  such as thoracic outlet syndrome  may also precipitate 
pinching and subsequent fracture of the lead  If significant resistance is 
encountered during a subclavian stick implant procedure  do not force the 
lead by adjusting patient s posture  i e   raising the arm or putting a towel 
behind the person s back  to facilitate the passage of the lead  In such cases 
it is recommended that an alternate venous entry site be used  

There are several possible lead systems that can be evaluated depending on the desired 
pathway and physician placement preference  

Three Lead System  

  Right ventricle  superior vena cava  and subcutaneous patch  
  Right ventricle  coronary sinus  and subcutaneous patch  
  Right ventricle  coronary sinus  and superior vena cava  

Two Lead System 

  Right ventricle  coronary sinus  
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  Right ventricle  subcutaneous patch  
  Right ventricle  superior vena cava  

For recommendations on the order of lead system evaluation refer to  Defibrillation 

Efficacy Testing  the next section of this manual   

The RV  CS  and SVC lead should be implanted using standard transvenous implant 
techniques  Follow the general guidelines below for initial positioning of the 
Transvene  lead system  the final positions will be determined by defibrillation 
threshold tests   

  Position the RV lead tip in the right ventricular apex  
  Advance the CS lead tip to just under the left atrial appendage  if possible  
  Place the SVC lead tip approximately 5 cm proximal to the right atrium and SVC 

junction  
  Place the SQ patch lead along the left midaxillary with the center over the fourth to  

fifth intercostal space  

Other positioning recommendations to consider  

  The CS lead position should be considered unacceptable if the proximal end of the 
CS defibrillation coil is at or outside the CS ostium  

  A cutaneous patch electrode may also be used during acute testing to minimize 
invasive procedures  Once defibrillation efficacy has been demonstrated  a 
permanent subcutaneous can be implanted  

  The subcutaneous patch may be placed subcutaneously  submuscularly  or directly 
on the periosteum of the ribs  The patch may be repositioned  if necessary  to meet 
the implant defibrillation efficacy criteria  

  If the Transvene  lead system implant criteria cannot be met  an epicardial lead 
system may be evaluated  as described in this section  

  If the CS lead is proving difficult to position  a temponry pacing catheter can be 
positioned in the coronary sinus ostium  This can be used as a guide to cannulate the 
coronary sinus with the permanent lead  

Connecting the Leads for Pacing and Sensing Measurements 

Depending on the physician s preference  two approaches can be used to connect a 
pacing system analyzer  PSA  to the implanted leads  passing through the ETCD or by 
direct connection  See the appropriate ETCD or PSA technical manual for connecting 
instructions  

Performing Pacing and Sensing Measurements 

For a Transvene  lead system  the pacing connections should be the RV tip electrode as 
cathode     and the defibrillation COMMON electrode as anode      Sensing 
measurements should be made between the RV tip and RV ring electrodes  5 
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For an epicardial lead system  the PACUSENSE electrode serves as the cathode     for 

pacing and the COMMON patch electrode serves as the anode      Measure between this 

patch electrode and each pacing sensing electrode to obtain the best pacing threshold  
Designate the best pacing sensing electrode as PACE SENSE  The other electrode 
should be SENSE2  

Listed below are the acceptable PCD system implant values for acute and chronically 
implanted lead systems  

Acceptable Imphnt Values 
Measurements Re uired Acute Lead S stem Chronic Lead S stem 

Capture threshold 
 at 0 5 ms pulse width  

Impedance 

Filtered R wave amplitude 

Slew rate 

5 1 5 V   epicardial 

5 1 0   endocardial 

200   800 ohms 

2 5 mV  during sinus rhythm  

2 0 75 V s 

5 3 0 V   epicardial 
5 3 0 V   endocardial 

200   800 ohms 

2 3 mV  during sinus rhythm  

2 0 45 V s 

Also  check that P  and T wave oversensing are not occurring by pacing at the maximum 
output  5 4 V  1 59 ms  and sensing at the maximum sensitivity  0 3 mV   

Defibrillation Efficacy Testing 

Verifying Lead Connections 

After connecting all of the leads to the ETCD  confirm that the sensing leads are 
connected properly by observing sensed events on the Marker Channel telemetry  Verify 
the cardioversion defibrillation lead connections to the ETCD by delivering a low energy 
shock  0 6 joules  synchronously into sinus rhythm  

Listed below are the expected values for the voltage  current  impedance  and energy  

Approximate Expected Values 
Parameter E icardial Transvene  

Stored Joules  Energy   
Applied Joules  Energy   

0 6 
Depends on impedance 

and pulse width 

0 6 
Depends on impedance 

and pulse width 
PULSE 1 

Peak Volts  
Peak Amps  
Path Ohms  

PULSE2 

100 
1 5 

20 100 

100 
0 7 2 5 
40 150 

Peak Volts  100 100 
Peak Amps  1 5 0 7 2 5 
Path Ohms  20 100 40 150 

If the path resistance measurements  ohms  do not fall within these ranges  check the 
lead connections and lead placements and tighten or reposition if necessary  

CAUTION  Implanting the PCD device when the path resistance is less than 20 ohms 
may damage the device  

I 
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Performing Defibrillation Efficacy Testing 

After checking the lead connections  test defibrillation efficacy to show the ability to 
properly treat ventricular fibrillation  Before testing defibrillation efficacy  ensure an 
external defibrillator is charged for a rescue shock  Use the ETCD to perform the 
following  

1  Program the ETCD to properly detect VF with an adequate safety margin 
 sensitivity   1 2 mV  VF NID   18  FDI   320 ms   

2  Program the VF therapy parameters  energy  pathway  and pulse width  to the 
desired settings  See Table 5 in  General Device Information  for information on 
choosing optimal pulse widths  

3  Induce VF using AC stimulation or the fibrillation induction featute present in the 
ETCD  See the appropriate programmer manual for specific instructions on 
inducing VF with the ETCD  

4  Convert the arrhythmia using the ETCD and lead system  

To demonstrate reliable defibrillation efficacy with acute or chronic leads  it is 
recommended that VF be initiated and terminated three out of four times at a stored 
output energy of 18 joules or less  The protocol shown in Figures 22 and 23 are 
suggestecL If more than one of the four VF inductions ac not terminated by the ETCD 
and lead system  the decision to implant the PCD device should be re evaluated  

At their option  physicians may also test for ventricular tachycardia thenpy eEicacy after 
testing for defibrillation efficacy  

Start 

Induce VF 
Success at 18 J  550 V   

No Change pathway  lead 
size  position  or number 

Yes 

induce VF 
Success at 15 J  500 V   

No 

Yes 

Induoe VF 
ucoess at 10 J  400 V   

No 

Yes 

Repeat testing 
2 times at 18 J 

Repeat testing 
1 time at 18 J 

Induoe VF Yes No 
Success at 5 J  300 Vj  

Criterion 
fIWt 

Criterion 
ITWI 

Criterion 
ITWI 

Figure 22  Defibrillation Efficacy Protocol Flowchart 

Evaluating VF Sensing 

While testing for defibrillation efficacy  evaluate VF sensing by reviewing the Marker 
Channel symbols and electrograms and checking for post shock T wave sensing  If VF 
sensing is not appropriate  it may be necessary to reposition the leads and repeat the VF 
inductions  
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First lead ayatem   
RV      SVC  SQ 

Implant 
Criterion 

met  

No 

Sim  Yes 
Seq  Yes 

Always try both pulsing methods before going on 

Switch to 
SQ cathode 

Implant 
Criterion 

met  

Sim  Yes No 
Seq  Yes No 

Switch to 
SVC cathode 

Attempt 
RV   CS  SVG 

Attempt 
RV   CS  SQ 

1mphnt 
Criterion 

met  

Implant 
Criterion 

met  

Implant 
Criterion 

met  

Sim  Yes No Sim  Yes No Sim  Yes No 
Seq  Yes No Seq  Yes No Seq  Yes No 

Figure 23  Transvene  Lead System Evaluation Protocol Flowchart 

Connecting the Leads to the PCD Device 

The Model 7217B PCD device is connected to a lead system consisting of either two 

or three cardioversion defibrillation electrodes  Figures 24 and 25 illustrate these two 
connection configurations  Both the PULSE2 and COMMON electrodes are used in 

either configuration  The PULSEl electrode is required in a lead system that uses the 
sequential or simultaneous therapy current pathway  but it is not required when the 
single pulse therapy is users When the PULSE1 electrode is not used  the 6 5 mm plug 
provided with the PCD device must be positioned in the lower left port of the connector 
block  

The COMMON  PULSE2 and PULSE1 lead connectors must be of the 6 5 mm style  If 

the lead connector is not the correct size  an adaptor designed for use in a 6 5 mm port 
must be positioned on the lead connector  

In either configuration shown in Figures 24 and 25  both a PACE SENSE and a SENSE2 

electrode are required  The PACE SENSE and SENSE2 lead connector must be either 

the Medtronic low profile bipolar or the IS 1  bipolar style  The PACE SENSE electrode 
must be on the pin of the lead connector and the SENSE2 electrode must be on the ring 

of the lead connector  If two unipolar myocardial leads are used for pacing and sensing  
insert their connectors into an appropriate adaptor that will fit into the PCD device s 
bipolar pacing sensing port  See the appropriate lead technical manual for more details  

CAUTION  For questions about lead   pulse generator compatibility  consult your 
Medtronic representative or call Medtronic Technical Services at our 
24 hour toll free number  1 800 328 2518  

l  IS I refers to a draft International Connector Standard OSO DIS 5841 3  1989  whereby generators and 

kads so designated are assured of a basic mechanical fit  

l 

665 
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PACE SENSE SENSE2 

  
   a l  r oslo 

IS 1 Connector  

r A COMMON  6 5 mm  

PULSE1  6 5 mm  

 OC 

PULSE2  6 5 mm  

Figure 24  The Three CardioversionlDefibrillation Electrode System 

PACE SENSE SENSE2 

  

 Medaonic Low Profile or 
IS 1 Connector  

13 
 OC 

COMMON  6 5 mm  

PULSE2  6 5 mm  

Figure 25  The Two CardioversionlDefibrillation Electrode System 

It should be noted that the insertion depth of an IS 1 lead pin is 
less than the insertion depth of a low profile lead pin  The 
insertion mark for the IS 1 lead connector on the connector 
module  Figure 26  indicates that the IS 1 lead pin may not be 
inserted any further than the bar  Since the pin cavity is longer 
than the IS 1 requirement  the front part of the pin cavity will 
be empty when using an IS 1 lead  

Figure 26 
To connect each of the leads and plug  if required  to the PCD device  

1  Place a lead or plug into the appropriate port as shown in Figure 24 or 25  

2  Ensure full insertion of the connector pin by observing it protrude into the pin 
viewing area  i e   beyond the metal block of the connector   

3  Pass the hex wrench through the associated grommet and tighten the setscrew 
securely by turning clockwise until tight  For the PACE SENSE and SENSE2 
connector  tighten both setscrews  
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If there is difficulty with lead insertion due to the setscrew obstructing the port  turn the 

setscrew counterclockwise   but only until the port becomes clear  

CAUTION  Counterclockwise rotation beyond this point may disengage the 

setscrew from the connector block  

The setscrews must be tightened securely using the hex wrenches provided with the PCD 

device  The hex wrenches are designed to yield at the handle when overtorqued  thus 

preventing damage to the socket of the setscrew  Do not use Medtronic blue handled  

right angle  or allen type wrenches since they possess torque capabilities far greater 
than intended for this device  

PCD System Evaluation 

After connecting the leads to the PCD device  test the defibrillation efficacy of the PCD 

system  Before testing defibrillation efficacy  ensure an external defibrillator is charged 

for a rescue shock  Perform the following  

1  Program the PCD device to appropriately detect and treat the VF episode  

2  If using external fibrilhtion equipment  place the PCD device in magnet mode  VT 
and VF Detection are suspended   

3  Induce VF using external fibrillation equipment or the fibrillation feature present 
in the PCD device  If using external fibrillation equipment  apply the signal 

between the PACE SENSE terminal of the PCD and an indifferent electrode 

attached to body tissue  The SENSE2 terminal may be used instead of the 

PACE SENSE terminal with an indifferent electrode  See the appropriate 

programmer manual for specific instructions on inducing VF with the PCD device  

CAUTION  When using external fibrillation equipment  make only one 
connection to the PCD lead system  This connection should be 
disconnected immediately after VF is induced  

CAUTION  DO NOT MOVE THE PROGR G HEAD from the beginning 
of detection through delivery of the shock  If the head is moved  
remove it from the PCD device to allow the device to operate 

automatically  Replacing the head during the sequence may suspend 
VF Detection or abort the thenpy  

4  After verifying sustained VF  press the CANCEL MAGNET key and then the 

PROGRAM key to allow automatic VF detection and therapy delivery to convert 

the arrhythmia  

5  Observe the ECG signal and Marker Channel symbols for proper detection and 

therapy  Proper sensing following therapy delivery must be observed  Wait ten 

seconds after VF has been terminated before interrogating the device and printing a 

partial summary report of the data  

6  Program VT and VF Detection OFF before closing  

1  When using the fibrillation feature present in the PCD device  pressing the CANCEL MAGNET key and 

then the PROGRAM key prior to induction of VF will cause VF Detection to be enabled immediately after the 

end of the fibrillation sequence  



GGB I 

I lantin the PCD Device   1m lantation Procedure Pa e51 

Placing the PCD Device 

To ensure telemetry and programming function post implant  the Model 7217B PCD 
device must be placed within 5 cm of the skin and with the engraved side facing toward 
the skin  

The Model 7217B PCD device has two suture holes located in the connector assembly  
Use of these suture holes may help secure the device in the subcutaneous pocket  thus 
minimizing rotation and or migration of the device post implant  Penetntion of the holes 
can be achieved with normally available surgical needles  

Closing 

At closing perform or verify the following  

  All leads are sutured or positioned for chronic implant  
  All leads are fully inserted into the PCD device connector and all setscrews are tight  
  Place the PCD device in the pocket within 5 cm of the skin and with the engraved 

side toward the skin  
  Ensure that there are no kinks in the leads  If using sepante PACE SENSE and 

SENSE2 leads  lightly intertwine them with several twists  
  Close the pocket  
  Program VF Detection and Therapies ON  
  Interrogate the device and print a full summary to document the post opentive 

programmed status of the PCD device  

QI 
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Replacing a PCD Device 

To replace a Model 7217B PCD device  

1  Program VT and VF Detection OFF  

2  CarefuIly dissect the leads and the PCD device f ree hum the surrounding tissues in 

the pocket  Be especially careful not to nick or breach the lead insulation 

inadvertently during the process of exposing the PCD system  

3  Insert the proper hex wrench through the slits in the rubber grommet and loosen 

the setscrew by turning counterclockwise  

4  Gently retract the lead connectors from the connector ports  

5  If any lead pin shows signs of pitting or corrosion  the entire lead should be 

evaluated and tested to assure the integrity of the system  

6  Take pacing  sensing  and defibrillation efficacy measurements  

7  Connect the leads to the replacement device  

8  Evaluate the defibrillation efficacy of the PCD system  

9  Place the PCD device and close  

10  Return the explanted device after cleaning gas sterilizing to your Medtronic 

representative for device evaluation  

Implanting a PCD Device With a Chronic Lead System 

When implanting a PCD device that connects to a chronically implanted lead system  

evaluate the following to ensure the device will detect and treat ventricular arrhythmias 

appropriately  

l  Integrity of the chronic patch leads  Evaluate by chest X Ray  inspection  or test 

shock  

2  Chronic pacing and sensing measurements  see 
 Performing Pacing and Sensing 

Measurements  in  Implantation Procedure    Repositioning the chronic leads or 

implanting new pacing sensing or patch leads may be necessary  

3  Defibrillation efficacy  see 
 Defibrillation Efficacy Testing  in  Implantation 

Procedure    Repositioning the chronic leads or positioning a third patch lead may 

be necessary to meet the defibrillation efficacy protocol  Figure 22   

4  VF sensing  see 
 Evaluating VF Sensing in  Defibrillation Efficacy Testing 

    

Repositioning the chronic leads or implanting new pacing and sensing leads may 

be required  

5  Fit of the connectors in the PCD device  see 
 Connecting the Leads to the PCD 

Device  in  Implantation Procedure 
    The leads must be properly inserted into the 

connector block for the device to function properly  

66  
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21  Please provide the P values as listed in Table IV B and IV C of the 

original PMA application for the new patient population  

RE P USE 

Comparison of Model 7216A and Model 7217B 

Table IV B summarizes the results of statistical analysis comparing the 
Model 7216A to Model 7217B  No parameters were found to be 
statistically significant between the two PCD models at a 0 05 
significance level  

Table IV B  Summary of Variables Tested for Pooling 7216A AND 7217B  6124192 

(b)(4)
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Lead Configurations 

Table IV C shows comparisons of patient variables for the three lead 
systems  This was done to document that there were no significant 
differences in patient characteristics between the implanted lead 
configurations  

Table IV   Summary of Variables Tested on Lead Configurations   6124 92 

Of the variables analyzed in tables IV C sex and cardiomyopathy showed 
a statistically significant difference between the three lead configurations at 
a 0 05 significance level  The difference in sex and percentage of patients 
with cardiomyopathy becomes insignificant when adjusting for multiple 
inference using the Hochberg procedure  Dunnett and Tamhane   A Step  
Up Multiple Test Procedure   Journal of the American Statistical 
Association  March 1992  87 162 170   

(b)(4)
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22  Please discuss the reasons why some patients dropped out of the study  
either withdrawn alive or lost to foUow up  There were 224 patients at 
1 month and only 154 patients at 3 months  Please explain the 
difference of 70 patients during this 2 month period  

REF NE 

To be consistent with the rest of these deficiency responses  Medtronic has 
elected to answer this deficiency with the updated clinical data base  The 
clinical report presented as the response to deficiency  13 has 631 patients 
with a 1 month follow up and 496 patients with a 3 month follow up  This 
is a difference of 135 patients  Twelve of these patients died during this 
follow up period and 5 were explanted because of device infection  Fifteen 
 15  patients missed their 3 month follow up time window and were 
included in the 6 month window  The remaining patients were not lost to 
follow up but had not yet reached the 3 month follow up window  
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23  For the comparison of complicationslobservations rates for the PCD 
versus the AICD  please provide the following  

a  the number of complications and patients for the PCD  and 
AICD populations  

b  the clinical success failure criteria used for  Failure to 
Cardiovert DefibriHate and Inappropriate Problematic VT VF 
Therapy Delivery   and 

C  a discussion of the pocket infection rate of the PCD  and the 
AICD  and the lead related complications of the PCD 
Transvene System versus the PCD Epicardial System  

REP NE  

For the purposes of comparison of reported complication sl 
observations between the PCD Transvene System and the AICD 
Epicardial System  the AICD System patient population was that 
described in Winkle  et al  Long Term Outcome with Automatic 
Implantable Cardioverter Defibrillator  JACC  May 1989  13 6   
135 161  This article only discussed specific reported complications 
and not all reported complications  Thus  the total number of 
complications and patients cannot be provided  In the case of the 
PCD Transvene System  as of June 24  1992  there have been 138 
complications reported in 138 patients  For purposes of this PMA  
complications were defined as a symptomatic or asymptomatic 
clinical event with potential adverse effects  which CANNOT be 
treated or resolved by reprogramming the device and REQUIRES 
invasive intervention  

Failure to cardiovertldefibrillate was defined as the continuation of 
an induced ventricular tachyarrhythmia despite all 
cardioversion defibrillation therapies having been delivered  This was 
due to increased cardioversion or defibrillation energy requirements 
caused by a change in the patient status or loss of integrity of the 
implanted defibrillation lead system  

Inappropriate or problematic VT VF therapy delivery was defined as 
the delivery of VT and or VF therapy in response to a rhythm other 
than VT or VF  such as atrial fibrillation with a rapid ventricular 
response  sinus tachycardia or device issues such as a loose set 
screw  In all cases  the PCD Device performed appropriately based 
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on the programmed VT VF detection criiteria however the delivery 
of therapy was not for an episode of sustained VT or VF  

In the Winkle  et al experience  information was only provided on 
the patients in whom pocket infection resulted in explant of the 
AICD System  The incidence of pocket infection that required 
explant of the AICD system was 2 2 o In the PCD Transvene 
System  the incidence of pocket infection that resulted in explant of 
the implanted system was 2 0   As a further reference  the 
incidence of pocket infection that resulted in the explant of the 
implanted system in the PCD Epicardial System was 1 9   Thus 
the reported incidence of pocket infection was similar in all three 
patient groups  

For purposes of the PCD Transvene and Epicardial Systems   Lead 

Related   complications includes lead dislodgement  lead fracture and 
perforation  Table 1 provides a comparison of the reported lead 
related complications in the two patient populations  
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Table 1  PCD Transvene System versus PCD Epicardial System Reported Lead 
Related Complications   6124192 

Each system has specific lead complications related only to that 
system  however the incidence of lead dislodgement in the two 
patient groups was clinically different  In both systems  the clinical 
impact of a lead dislodgement is the potential for inappropriate 
therapy delivery  nondetection of VT VF or ineffective VT VF 
therapy for an episode of VT VF  Also in both systems  reoperation 
is usually required to reestablish a lead system that provides adequate 
defibrillation efficacy  The incidence of lead dislodgement in the 
PCD Epicardial System was 0 9  while in the PCD Transvene 
System the incidence of lead dislodgement was 4 4   This 
difference was not unexpected since in the PCD Epicardial System  
the patch leads are usually physically sutured either to the 
epicardium or pericardium resulting in marked decrease in potential 
for dislodgement  

In the case of the PCD Transvene System  there were typically two 
or perhaps three transvenous leads implanted  Though the leads are 
secured by suturing the anchoring sleeve at the venous entry site  
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they are more suspectable to dislodgement due to patient activity  

particularly movement of the upper extremities  

Lead dislodgements are not specific to the P  D Transvene System 

and have been reported with dual chamber pacemakers and the 

current market released implantable cardioverter defibrillator  ICD  

system  The early history of dual chamber pacemakers demonstrated 

a high lead dislodgement rate of at least 20     Smyth PND  et al  

Permanent pervenous atrial sensing and pacing with a new J shaped 

lead  J Thoracic Cardiovascular Surgery 1976 72 565 570   Winkle  

et al reported that the incidence of dislodgement of the superior vena 

cava spring leads used with the current market release ICD System 

to be 6 3   Winkle  et al  Automatic Implantable Cardioverter  

Defibrillator  Efficacy  Complications and Survival in Patients with 

Malignant Ventricular Arrhythmias  JACC Vol 11  No 6 June 1988  

1278 86   

In 47 patients  53   the lead dislodgement was identified prior to the 

patient s discharge from the hospital  Therefore more than half of the 

dislodgements were identified prior to the patient being in an 

outpatient setting where the risks of a lead dislodgement are greater  
None experienced an episode of spontaneous VT VF prior to the 

identification of the lead dislodgement  

In the remaining 40 patients  21 patients experienced spontaneous 

VT episodes and 24 experienced spontaneous VF episodes prior to 

diagnosis of the lead dislodgement  The spontaneous VT episode 

efficacy was 97 9  and the spontaneous VF episode efficacy was 

99 3  None of these episodes required Therapy  4 for successful 

termination  None of patients experienced episodes of VT VF 

where the PCD Transvene System was ineffective in terminating the 

episode due to the lead dislodgement  

Though the incidence of dislodgement was higher in the PCD 

Transvene System  the clinical outcome was identical in the two 

patient groups   there have been no reported patient deaths secondary 

to a lead dislodgement in either patient group  
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24  Some Transvene patients were also evaluated with the Model 10388 
hollow can electrode  Please compare the infection rate of these 
patients to those who did aot undergo the hollow can evaluation  

RESPONSE  

Pocket infection was reported in 23 of the 757 patients  3 1   who received 
a PCD Transvene System patients  In 15 of the cases  2 0    all of which 
were classified as complications  the pocket infection resulted in explant of 
the entire implanted PCD Transvene System  Four of the patients 
subsequently had a new PCD Transvene System implanted while the 
remaining patients still have not had a new system implanted  In 8 cases 
classified as an observation  the infection was successfully treated with 
antibiotic therapy  As of the date of this report  none of the thirty 
patients who were evaluated with the Model 10388 hollow can electrode 
developed a pocket infection  These patients will continue to be monitored 
and the incidence of pocket infection will continued to be reported to the 
agency in subsequent submissions  
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25  Please discuss and or provide the following regarding the 1 year 

actuarial survival comparison of mortality between the PCD and the 
AICD  

a  the statistical test that was used to compare survival  and 

b  the two survival or life tables by year of follow up  

REP NE  

For purposes of comparison  the Ventak P Epicardial System patient 
population described in the Summary of Safety and Effectiveness 
Data  PMA Application Number F890061  dated May 2  1991 was 
used  A copy of this summary was obtained through the Freedom 
of Information Act  

In order to compare the PCD Transvene System one year sudden 
cardiac death and overall survival to the Ventak P Epicardial System  
a confidence interval analysis was performed which indicated there 
was a statistical difference in the reported overall mortality   PCD 
Transvene System   95 6   Ventak P Epicardial System   90 8   

The Ventak P Epicardial System summary only provided one year 
sudden cardiac death and overall survival  Information was not 
provided on when the patient deaths occurred or individual implant 
duration for patients who received a Ventak P Epicardial System  
Therefore  we are unable to provide survival or life tables by year 
of follow up for the Ventak P Epicardial System  
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26  Please discuss the statistical techniques used to derive the P values in 

Table XI G 2  page 862  Vol  5 and Table J 2  page 54  Vol  1  

REP NE  

The information contained in Tables J 2  page 54  and XI G 2  page 862  
from volume 1  provide the survival probability at one year for the various 
categories and conditions presented in each table  The unique feature of 
survival analysis is that it permits the estimation and comparison of groups 
survival experience during the follow up  in this case one year  and may be 
used for the analysis of any dichotomous response variable such as a 
nonfatal or an adverse effect  In this situation the probabilities represent the 
percentage of patients in the specified category who are alive at one year  

The survival probabilities in these two tables were estimated using the 
Cutler Ederer or otherwise referred to as the actuarial method  The Cutler  
Ederer procedure is a widely accepted method which estimates survival 
probabilities uniformly across time  The P values were calculated using the 
Wilcoxon survival test which compares the overall survival experience 
between groups  If a P value was 0 05 or less the comparison was 
classified as being statistically different  All calculations were conducted 
using the statistical software SAS  

Refrn s  

Friedman  L M   Furberg  C D   DeMets  D L   1985   Fundamentals of 
Clinical Trials  Littleton  MA  PSG Publishing Company  Inc   pg  191  
211  

Lee  E T   1980   Statistical Methods for Survival Data Analysis  
Belmont  CA  Lifetime Learning Publications  pg  88 96  123 127  

Woolson  R F   1987   Statistical Methods for The Analysis of Biomedical 
Data  Wiley  New York  pg  442 464  
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ADDITIONAL DEFICIENCIES 

1  Discuss the properties of polyurethane which make it the ideal 
insulation material for the 6966 lead  Why was silicone not chosen  

REP NE  

The Model 6966 is a tripolar lead intended for transvenous implantation 
into the right ventricle  For this purpose design characteristics which are 
conducive to small diameter leads are important  Polyurethane offers 
unique combinations of physical properties needed for implantable devices 
such as cardiovascular leads  Among these are  elasticity and strength  
Polyurethane has distinct advantages with regards to these characteristics 
over silicone for a tripolar lead design  These are discussed below  

1  The modulus of elasticity of polyurethane is greater than silicone  
This means that the insulation material absorbs more of the force that 
the lead is subjected to in it  and less of the force is transferred to 
the coil and other components of the lead  

2  The strength of a given cross sectional area of polyurethane is 
greater than that of an equivalent cross sectional area of silicone  
This allows the use of thinner tubing when using polyurethane as the 
insulation material which translates into smaller diameter leads  In 
addition  the greater strength of polyurethane facilitates the torque 
transfer from connector pin to helix  This is necessary for 
extension retraction of helix electrode leads such as the Model 6966  

In addition  both ------  and ------- polyurethanes used in the Model 6966 
lead have been used for other  Medtronic  commercially available  
implantable  cardiovascular leads  Polyurethanes have been shown to be 
biocompatible  and enhancements in processing have significantly reduced 
the potential for metal induced oxidation  MIO  and environmental stress 
cracking  Furthermore  polyurethanes offer other material properties such 
as  elongation  flexibility and low thrombogenicity which makes them 
suitable for cardiovascular leads  

(b)(4) (b)(4)
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2  Discuss the biostability tests -------- cracking  metal induced oxidation  
etc   performed on the ----- ------- --- polyurethane  Why was a different 
polyurethane chosen for the inner coil  

Biostability testing performed on the two types of polyurethane is discussed 
--- ------- --- --- pendices -- ----- --- ------ ---- udes testing on polyurethane 
------------- ----- and ----- -------- ----- --------  Extensive testing ---- been 
------- med and results have demonstrated the biostability of both ------  and 
-------- 

Polyurethane ------- was chosen for the inner coil of the 6966 lead because 
its design was based on another lead with an extendable retractable helix 
electrode  spe---------  the Model 4058M lead  T--- ---- del 4058M is 
comprised of ------- for the inner insulation and ------- for the outer 
insulation  This combination of insulation materials allows for a small 
diameter  flexible  screw in lead with acceptable torsional  torque transfer  
characteristics comparable to a unipolar screw in polyurethane lead  

Specifically  the stiffness imparted to the inner coil due to the use of ------- 
as the inner insulation  --------- es torque transfer  However  if the ------- 
lead was comprised of -------- it would be too stiff  Therefore  -------- 
insulation was chosen to maintain flexibility of the lead 

Additional information on biostability testing is presented below  

B ck round 

Medtronic performs in depth reliability assurance testing on all cardiac 
pacing leads  The nature of the testing is such that an overall assessment 
of lead safety or integrity can be determined from it  Since  one of the 
Transvene leads  Model 6966  is a pace sense lead in addition to being a 
cardioversion defibrillation lead  it was evaluated in a manner similar to 
other pacing leads in addition to specific testing designed to assess effects 
of cardioversion defibrillation  as were the other Transvene leads  Models 
6963 and 6999   

Testing consisted of electrical and mechanical evaluation  flexing of coils 
and insulated lead bodies  tensile strength testing  stiffness evaluation  leak 
testing  biocompatibility and biostability testing  This is consistent with all 
bradycardia  brady  pace sense leads  Regarding cardioversion  
defibrillation capabilities  the Model 696616884 was also subjected to a 

(b)(4) (b)(4)
(b)(4)

(b)(4)

(b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4) (b)(4)

(b)(4)
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series of accelerated  in vitro tests specifically designed to simulate severe  
potential  implant conditions  This included high voltage multiple pulse 
discharge testing and high voltage crush testing  Data demonstrated that the 
Model 696616884 lead satisfies device design requirements for 
cardioversion defibrillation  in addition to pacinglsensing  and is therefore 
acceptable for its intended application  

A specific test was performed to evaluate the poly---- hane ------------ --  the 
Model 696616884 lead  This was the standard  --- day  ---------- -- test 
modified to include high voltage shocking  

The rationale for performing ---------- -- testing via a modified process to 
include high voltage shocking is as follows  The standard  Medtronic 
---------- -- protocol was modified to include high voltage ------ ------- 
shocking in order to evaluate the effects --- any  voltages in excess of 
typical brady pacing voltage  e g   ---- ------- would have on the 
polyure------- ---------- n while it was subjected to the accelerated b------ 
testing  ------ ---------- shocks was selected because it is approximately ----- 
times the estimated life of present generation  implantable  
cardioversion defibrillation devices  

M al In uced xidation 

The --- day ---------- --  test was developed as an accelerated  in vitro 
 bench  test to evaluate metal induced oxidation  MIO  in polyurethane 
leads  Significant data related to polyurethane degradation mechanism and 
how to prevent  minimize  it has been provided to FDA over the years  A 
detailed  chronological discussion which describes polyurethane lead history 
and research regarding MIO as a degradation mechanism is provided in 
Appendix 1  

The ---------- -- test method includes visual a--- -- icroscopic examinat---- 
and electrical impedance measurements every ------ days throughout the --- 
day test period in order to assess the lead integrity  

The lead integrity requirements relative to ---------- -- testing for 
defibrillation leads are identical to ------- ---- -- ady leads  That is  no visible 
sign s  of MIO after --- days in ---------- --- In addition  there must be 
greater than ----- ---------- impedance as measured between conductors  

---------- -- testing of the ----- el 696--------- ---- shown no degradation 
 cracking or breaching  after --- days in ---------- -- -- andard testing time   
These results are similar to other leads with ---------- conductor coils  

(b)(4) (b)(4)

(b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4) (b)(4)

(b)(4) (b)(4)

(b)(4)
(b)(4) (b)(4)

(b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4)
(b)(4) (b)(4)

(b)(4)
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Additional ---------- --  information is provided below  

-- -------- i  T tD v lo ment 

In the early 1980s  when Medtronic became aware of the ---------- with the 
Model 6972 leads  preliminary conclusions indicated that ------- -----  were 
a potential cause of polyurethane degradation  Subsequent research over the 
------- -- s demonstrated that certain metal ions  such as the those found in 
---------- conductor coils  in contact with polyurethane can cause 
degradation  More recently  research has shown that an effective method 
for preventing metal ion polyurethane contact  and therefore degradation  
is through the use of a barrier coating between the conductor coil and 
insulation  An effective barrier coating is platinum  It is precisely for this 
reason that Medtronic has been designing new polyurethane leads  including 
the Model 696616884  with platinum sputtered  barrier coated  conductor 
coils  

---------- --  has very stringent test requirements  Specifically  lead samples 
evaluated in ---------- --  are required to show no signs of MIO  in order to 
satisfy design requirements  Sample- -- ust be free --- ----- sign s  of MIO 
as examined visually ----------- after --- days in ---------- --- That is  there 
must be no evidence of MIO after --- days in ---------- --- Therefore  there 
is not a -----------  confidence level associated with the results  Over the 
years  ---------- --  sample sizes have varied from --- --- --- test units  

It should be noted that over the past ----- years  approximately  Medtronic 
has been designing cardiovascular leads with barrier coated  platinum 
sputtered  conductor ------- - ince then  design assurance testing for new 
leads has included ---------- -- testing  Some of the recently designed leads 
subjected to ---------- -- testing and FDA approved or judged substantially 
equivalent are  

Models 400414504  P830061 S6  Feb  10  1989 
Models 408214582  K896313  March 6  1990 
Model 402314523  P830061 S10  August 7  1991 
Model 402414524  P830061 S12  August 19  1991 

All of these leads  totaled in excess of ----- samples  showed no failures 
--- sulation ------------ - r visual evidence  cracks  of MIO degradation after 
--- ------ --- ---------- --- All of these leads were still functional after --- days 
in ---------- --- The sum total --- ------- r coated polyurethane leads evaluated 
in ---------- -- over the past --------- years is significantly more than ----- 
samples  all of them have demonstrated that a barrier coating  such as a 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4) (b)(4) (b)(4)
(b)(4) (b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4)

(b)(4) (b)(4) (b)(4)
(b)(4)
(b)(4) (b)(4) (b)(4)
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platinum sputter coating  ----------- y eliminates  or at least minimizes  MIO 
by simply preventing the ---------- conductor coil from direct contact with 
the polyurethane insulation  

In setting up the ---------- -- test of the Model 696616884 leads it was 
apparent that the lead design  from a materials perspective  e g   the 
conductor coil  insulation  etc    was very similar to the previously tested 
leads  --------- 400414504  etc   Therefore  it --- s reasonable to expect 
similar ---------- -- test results  Nonetheless  --- Model 696616884 lead 
samples were subjected to testing according to design assurance 
requirements  Given the relatively high confidence established over the past 
----  years that plati-----  sputter--- ------------ coils will remain functional and 
free of MIO after --- days in ---------- --  ---  Model 696616884 samples 
were considered sufficient for testing  

After --- days in ---------- --  the ---  Model 696616884 leads did not have any 
visua- -- idence  --------- of MIO degradation  All leads were still functional 
after --- days in ---------- --  These results were in keeping with --- ----- r 
platinum sputtered  barrier coated leads previously tested in ---------- --- 

Environm ntal Str s rackin 

Additional testing applicable to the biostability of the Transvene leads 
consists of environmental stress cracking MESC  evaluation  Significant 
tes----- --  tra---------- s  polyurethane leads and prototype leads  comprised 
of ------- and -------  as the 6966 lead is  has demonstrated that leads that 
incorporate state of the art processing enhancements  i e   barrier coating 
and thermal annealing in an inert environment  exhibit minimal ESC and 
MIO  ESC testing  as well as additional MIO testing  is discussed in detail 
in Appendix 2  

nclusions 

With respect to bios--------- --- ---- -------- 696616884 lead  barrier coated 
 platinum sputtered  -------------- ---------- coils have been shown to be 
----------  in preventing direct contact between polyurethane insulation and 
---------- coils  and therefore  MIO degradation in the Model 696616884 
cardioversion defibrillation lead  Additionally  thermal annealing 
polyurethane leads in an inert environment  as the Model 696616884 lead 
is  has been shown to significantly minimize ESC  

(b)(4)

(b)(4)

(b)(4) (b)(4)

(b)(4)
(b)(4) (b)(4) (b)(4)

(b)(4) (b)(4) (b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4)



IKili EiE C COIXUilKEess 
3  Based on the results of the life test  what is the life expectancy of the 

leads   Please include your assumptions  

P N E  

The purpose of this life test  also referred to as  Lead System Testing   
was is to simulate extreme conditions for a relative measure of the effect of 
the combination of flexing and high energy pulsing on the electrical and 
mechanical performance of the lead  It was is not intended to correlate to 
lead life expectancy  

However  during the development of the investigational protocol for the 
NTL leads  we were encouraged by the FDA to develop a test model 
whereby the transvenous lead system was evaluated under extreme 
conditions  Subsequently  the life test as presented in this PMA  and 
several Medtronic NTL IDE supplement submissions  was developed  

Results of the multiple pulse  high voltage pulsing in conjunction with flex 
testing  and crush testing demonstrated that electrical shock  mechanical 
flexing and crushing yield acceptable lead performance  

The system testing  is consistent with the flex testing presented in the non  
clinical bench testing section of the Transvene PMA  Additionally  the 
system testing is consistent with the long term field experience ---- ---- 
Model 6907  which is the basis for the flex life test requirement of ---------- 
cycles  Note that the Mod-- ------  has more than twenty years field 
experience  Of approximately --------- - old  only --- coil fractures have been 
reported in this time ------ ----- ------ Therefore  any lead with flex life 
equal to or greater than the Model 6907 is considered safe and effective for 
its intended use  

(b)(4)

(b)(4) (b)(4)
(b)(4)
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4  Provide a side by side comparison between the Model 6999 and the 

epicardial patch lead  

RESPONSE  

A side by side comparison is presented below of the Model ------ ----- ---  
medium epicardia1 patch  Model 6921M  The Model 6999 has -------- ------  
embedded throughout the silicone to provide a sightly stiffer ba------- ---- ---  
---------------- placement of the lead  The Model 6921 has an embedded 
-------- ----- around the outer electrode coil loop  and slightly thinner 
---------- ------ ive for a more flexible patch to facilitate placement either 
extra or intra pericardially  

Model 6999   Model 6921 Comparison 

h  

(b)(4)

(b)(4)

(b)(4)
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5  Discuss the possible interactions between implanted pacemaker leads 
and the Transvene leads  Also  discuss the effects of the leads on the 
tricuspid valve and the host vein  

RESP NSE  

--- -- e PCD Transvene System patient population of 757 patients  --------- 
----- patients who had previously implanted bradycardia pacem------- retained 
these devices post implant of the PCD Transvene System  --- --- patients 
the device was a DDD pacemaker  --- -- patients a DDD R pacemaker  in 
-- patient a VVI R pacemaker and in the final patient a AAI pacemaker  

Clinical experience with ------ --- patients indicates that bradycardia 
pacemakers  including dual chamber devices  can be safely implanted in 
conjunction with a PCD Transvene System 

The PCD device technical manual recommends that if the patient meets the 
PCD device implant criteria the physician should explant a previously 
implanted pacemaker and remove or cap the leads  However if the 
pacemaker must be retained due to conduction disease or for hemodynamic 
reasons the following recommendations are provided 

If a unipolar pacemaker is implanted  it must be explanted  

If a previously implanted pacemaker has a switchable polarity option  it 
must be programmed to the bipolar configuration  

If a previously implanted pacemaker with a switchable polarity option 
has the potential to be reset to the unipolar configuration by defibrillation 
shocks  it should be explanted  

If the bradycardia pacemaker is to remain implanted  evaluations are 
performed to ensure that there are no deleterious interactions between the 
devices  In artie lar it should be demonstrated that the PCD device does 
not sense pacemaker output pulses when the pacemaker is programmed to 
its maximum output amplitude and pulse width and when the PCD device 
is programmed to a sensitivity of 0 3 mV for testing  

To avoid inappropriate interaction between the two devices  the bradycardia 
pacemaker should be programmed to the minimum selectable rate  pulse 
width  amplitude and least sensitive setting clinically possible  

Finally  the bradycardia pacemaker lead system should be carefully 
monitored to ensure that defibrillation shocks do not result in loss of output 
or capture from the pacemaker  

(b)(4)
(b)(4)

(b)(4)
(b)(4)

(b)(4)

(b)(4)
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Possible interactions between implanted pacemaker leads and the PCD 
Transvene Lead System are as follows  

Ph i Incr i n 

Possible insulation wear from the contact and movement between the leads 
could occur  This had not occurred however  in the PCD Transvene 
System Study among the 16 patients who have a concomitant bradycardia 
pacemaker  

There is a potential risk of subclavian vein thrombus  There were 4 
patients who developed a subclavian vein thrombus in this study  These 
patients  however  did not have a concomitant bradycardia pacemaker  

Electri al Interaction 

Possible damage to pacemaker leads from defibrillation shocks could occur  
There have been no reported incidents of this occurring in this subgroup of 
patients  The bradycardia pacemaker lead system should be carefully 
monitored to ensure that the defibrillation shocks do not result in loss of 
output or capture from the pacemaker  

If the bradycardia pacemaker is to remain implanted  evaluations are 
performed to ensure that there are no deleterious interactions between the 
devices  In rticular it should be demonstrated that the PCD device does 
not sense pacemaker output pulses when the pacemaker is programmed to 
its maximum output amplitude and pulse width and when the PCD device 
is programmed to a sensitivity of 0 3 mV for testing  

There have been no reports of inappropriate interaction between the PCD 
and bradycardia device in the 16 patients in whom the bradycardia device 
was retained after the PCD Transvene System was imp anted  

 e 
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P i 1 Eff on Tric s id Valve nd Host Vein 

Possible effects of the leads on the tricuspid valve include injury  rupture  
dissection  or damage to the valve  There have been no reported 
Complications or Observations involving the tricuspid valve in this study  
acutely or chronically  nor have there been reported problems related to the 
tricuspid valve as of 6124192  

Possible effects of the leads on the host vein include injury to the vessel  
perforation  claudication  and clot formation  There have been 4 patients 
who developed a subclavian vein thrombus  One patient required explant of 
the leads and the other 3 patients received thrombolytic therapy with 
resolution  
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6  The Transvene leads seem to tolerate crush testing better than the 

pacing leads  Please discuss the properties of the Transvene leads 
which support this capability  

RK P NSE  

There is no data available that allows for a comparison of the crush 
resistance of the Transvene leads to other commercially available leads  
Medtronic makes no claims relative to crush testing resistance of the leads  
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6  The Transvene leads seem to tolerate crush testing better than the pacing leads  Please discuss the properties of the Transvene leads which support this capability  

Rg P N E  

There is no data available that allows for a comparison of the crush resistance of the Transvene leads to other commercially available leads  Medtronic makes no claims relative to crush testing resistance of the leads  
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7  Are there patients currently implanted with the Model 6895 and 10317 

patch leads  If so  please provide a breakdown of the clinical data  
e g   complications  survival  etc  for each lead  

P NSE  

Of the 757 patients who received a PCD Transvene System  718 patients 
have an implanted lead system which incorporates a subcutaneous patch 
electrode  Of these patients  5 patients  0 7   have a Model 10317 
subcutaneous patch electrode  249 patients  34 7   have a Model 6895 
subcutaneous patch electrode and 464 patients  64 6   have a Model 6999 
subcutaneous patch electrode  

The incidence of potentially patch related complications and observations 
in this patient group was evaluated  The overall incidence of seroma at the 
subcutaneous patch site was 1 1   the overall incidence of hematoma at the 
subcutaneous patch site was 1 4  and the overall incidence of subcutaneous 
patch crinkling was 1 7   Table 1 provides the incidence of these 
complications and observations by implanted subcutaneous patch lead 
model  There was no difference in the incidence of reported complications 
and observations based on the lead model implanted  

C4t0gory Model 10317 
e si 

Model 6895 
 N  249  

Model 6999 
 N  464  

n 

Sere ma -- -- 

Hematoma -- -- 

Patch 
Criakling 

-- -- -- -- 

TOTAL -- -- -- -- 

Table 1  PCD Transvene System   Patch Related Complications and Observations   6124192 

(b)(4)
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8  Please list the reasons for not performing pre hospital discharge testing  

E P N E  

The Pre Hospital discharge evaluation is performed to assure the implanted 
PCS Transvene  system is performing properly  This is usually the 
first time ventricular tachycardia detection and therapies are evaluated and 
is also an appropriate time to assure ventricular fibrillation detection and 
therapy parameters are programmed appropriately  Evaluating these 
programmable parameters involves induction of ventricular 
tachyarrhythmias and titration of programmed parameters  

There are a total of 753 Pre Hospital Discharge forms included in this 
clinical report representing 719 patients  Patients have multiple Pre  
Hospital Discharge forms if they were readmitted for system modification 
after the initial implant procedure  Thirty eight patients did not have a Pre  
Hospital discharge form  Sixteen of these 38 patients had a subsequent 
follow up form  because their hospital stay was long enough to be in the 1 
month follow up window  The remaining patient s Pre Hospital Discharge 
form was not entered into the PCS data base before the data cutoff for 
this analysis  All patients are evaluated by the investigator before hospital 
discharge to determine if the patient s condition and the device operation 
are appropriate for hospital discharge  

Six hundred  600  or 79 7  of these 753 Pre Discharge evaluations had 
either ventricular tachycardia or ventricular fibrillation induced and the 
corresponding therapies evaluated  

The reasons for not performing inductions include  

Adequate Implant Testing  If the patient is a primary 
ventricular fibrillation patient and the implant defibrillation 
therapy efficacy was within acceptable limits  the investigator 
often elects not to subject the patient to additional episodes of 
ventricular fibrillation  

Previous implant  If a patient was receiving a device after 
having a previous device explanted and had demonstrated 
therapeutic efficacy with previous programming  the 
investigator could elect not to subject the patient to additional 
tachyarrhythmic episodes  

gS 
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Patient request  Some patients do not want additional 
inductions beyond the absolute minimum to assure efficacy  
If implant defibrillation efficacy was known and the patient 
had extensive preimplant electrophysiologic testing  the 
investigator may agree with this patient request  

Postponement  If the patients underlying medical condition 
is such that induction of tachyarrhythmias would pose a 
significant health risk  the investigator may elect to postpone 
additional inductions until the patient s condition improves  

The PCD study protocol asks that patients be induced at the pre hospital 
discharge evaluation  and the majority do  79 7    the primary 
responsibility for patient care rests with the physician investigator  The 
very high 1 year sudden cardiac death survival rate of 99 8  indicates that 
the PCD Transvene is being evaluated and followed to an appropriate 
level  The PCS Transvene  system and the implant and follow up 
procedures used in this clinical study have been demonstrated to provide 
safe and effective treatment for serious life threatening ventricular 
tachycardias  
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9  The number of spontaneous episodes of the patients followed for 6 

months and beyond should be provided  

P NSE  

A total of 329 patients with the PCS Transvene  System have been 
followed for a minimum of 6 months or beyond  There has been a total of 
3752 spontaneous episodes of VT in 130 patients  39 5    1301329  with 
an overall efficacy rate of 99 0  and 667 spontaneous episodes of VF in 
120 patients  36 5    1201329  with an overall efficacy rate of 98 7   

Table 9 1 presents the total number of VT episodes that were treated 
with a specific therapy type  Ramp  Burst  or Cardioversion  and 
how effective that therapy type was in terminating the episode  Also 
included in this table is the number of episodes    success  
successfully treated by all four therapies  

Table 9 1  PCD Transvene System   Spontaneous VT Episodes 
Therapeutic Efficacy 
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Table 9 2 presents the total number of VF episodes    success  successfully treated 

by all four therapies  

Cinnulative   

Vl Therapy  1 563 
72 
19 
4 

5631667 
6351667 
6541667 
6581667 

84 4  
95 2  
98 1  
98 7  

Table 9 2  PCS Transvene  System   Spontaneous VF Episodes 
Therapeutic Efficacy 
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10  A copy of the Summary of Safety and Effectiveness with tbe updated 

clinical data should be submitted  

RE P NSE  

An updated Summary is provided  see Volume 1 of this Amendment  This 

includes updated clinical data  bench test and canine data  
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Appendix 1 

-------  and ------- Biostability 

 P830061 S6  

(b)(4) (b)(4)



Reference Document Control Number P830061 S6  4  

FDA approved on February 10  1989  

----- -------- - ------------- 

------------ ---- -------- ------- ------- 

--- 
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Introduction 

The objective of this section 1s to present 

information rel at Ive to the blostabl 1 sty of 

Medtronlc polyurethane cardiac pacing leads  

First  a history of polyurethane cardiac pacing 

1 eads wl 1 1 be presented  Thl s Includes 

d 1 scuss 1 on of Medtroni c  s f 1 rst pol yurethane 

lead products and relevant f1eld performance  

An overview of Medtronlc s f leld performance 

data base is al so Included  The primary 

polyurethane failure mechanisms will be 

discussed In general  and then specifically  as 

t hey relate to Individual lead models  This 

will be followed by a detailed dlscusslon of the 

unipolar and bipolar  atrial and ventricular  

polyurethane lead products comparing configura  

tion  materials and processes as they have 

changed  l e   been Improved over time  Lead 

characterlst   r      o e   eg 

pe r f o rmance  

(b)(4)
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l 

Fol1owlng conf igurat ion  materials and 

processing features and f leld data  w111 be a 

discussion of lead failure mechanisms and 

accel crated test procedures for their evalua  

t 1 on  Thl s Includes recent pol yurethane 1 cad 

research and resul t s  both in vitro and In volvo 

test ing methods and rationale  Model s 4004 4504 

blostabillty data are then presented  

Finally  conclusions relative to the Models 

4004 4504 and the supporting blostabillty data 

will be clearly established  

The Intent of the dlscusslon is t o put Int o 

perspective the Implementation of lead 

Improvements as they were validated over time  

That 1s  Models 4003 4503 utlllzed the 

state of the art 1n conf1gurat ion  materials and 

processes  and now  approximately three years 

later  Models 4004 4504 are incorporating more 

recent state of the art lead technology  

  Q 
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Summary  History of Polyurethane Pacing Leads 

Polyuret hane elastomers have been extensively 

studied and evaluated for use ln lmplantable 

devices  Polyester polyuret hanes were of major 

Interest fn the artificial heart program in the 

1960s but lacked the necessary hydrolytic 

stability  Polyether polyurethanes  e g   

------------- ------------- were Introduced In the 

early 1970s  These polymers are hydrolytlcally 

stable under Implant conditions and offer unique 

comblnatlons of physical properties needed for 

1mplantable devices such as pacing leads  These 

properties 1nclude high tear strength  tensile 

strengt h  elongation  modulus of elastlclty  

f1exlbillt y and low thrombogeniclty  etc  

The first human Implant of a permanent 

polyurethane Insulat ed lead occurred in 1975  

This was a neurologic device insulated with 

------------- ------------- The first cardiac pacing 

leads -------- ------------- -------------- were implanted 

in humans In 1977  Four models  Medtronlc 

Models 6971  6972  6991U and 6990U3 were 

released to the U S  market ln April June  1980  

The  market release  of these dev1ces was based 

on human cllnlcal and canine studies as well as 

extensive biocompat1blllty and blostab111ty 

tests of the materials per se  

(b)(4)

(b)(4)

(b)(4)



VI 43 
MEDTRONlC CG  F DFNTIAL 

The performance of these early polyurethane 

insulated leads appeared to be excellent  On 

May 15  1981  Medtronlc received their first 

explanted lead  a Model 6991U  exhlbltlng signs 

of what now is known to be an environmental 

stress cracking phenomenon   ESC   previously 

unknown ln this type of polymer  ESC Is defined 

as the generation of crack1ng or crazing of lead 

insulation In vivo In the presence of excess 

stress  As of today  leads made by Improved 

processes are known to have dramatically reduced 

ESC failures  Several Model 6972 leads were 

returned in late 1981 that had ESC failure at 

the site of fixating llgatures  An anchoring 

sleeve was placed on the lead  Instead of 

separately placed In the package  as of 

February  1982 to protect the lead from ligature 

induced ESC  

In late 1982 early 1983 1t was discovered that 

some other addltlonal mechanism  not ESC  was 

causing degradat Ion of the polyuret hane inside 

Model 6972 leads  This mechanism was 

subsequently ldentlf led as metal 1nduced 

oxldatlon  MIO   generally associated wltb 

1 eakage of body f 1 u1ds 1nto the lead lumen and 

wlt h the presence of metal ions and or metal ion 

complexes such as the conductor coil and 

polyurethane tubing  MIO result s tn oxidative  

degradatlon of the polyurethane 
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material  This mechanism was also previously 

unknown in polyurethanes  Meanwhile  as 

demonstrated by acceptable human cllnlcal 

performance  the biostability of other 

------------- ------------ insulated leads  Including 

the Model 6971  the unipolar version of the 

Model 6972  continued to be excellent  F1gure 

IV in the Medtronlc Product Performance Report  

June 1988  see Appendix A  presents unipolar and 

bipolar ventricular lead survival probabilltles  

Not e t hat all leads except Models 6972 and 4002 

 a variatlon of the 6972  have demonstrated 

survival probabilities comparable to the 

silicone lead Models 6961 6962  
I 

Differences in tnsulatlon failures and ulti   

mately lead failure rates between unipolar and 

bipolar leads can be attributed t o configuration 

differences  A bipolar lead ls more complex 

than a unipolar lead  Bipolar leads have two 

conductor coils and therefore two insulators 

 Inner and outer   and more Joints  Therefore  

t hey are more suscept1ble to flu1d leakage 

and or compromised bond Jo1nts  Note the 

following conf Iguratlon differences between 

Medtronic bipolar  Model 6972  and unipolar 

 Model 6971  pacing leads  

(b)(4)
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Model 6972 insulation mlnlmum wall thickness was 

------ for both outer and 1nner tubings  whereas 

the Model 6971 mfnlmum wall thickness was ------- 

In other words  the Model 6971 was ------- that of 

the inner or outer lnsulatlons of the Model 

6972  Thicker Insulatlons are known to be more 

resistant to tubing failure mechanisms  

In addlt ion to polyurethane failure mechanisms  

the thinner lnsulatlons of the Model 6972 were 

more susceptible to stylet perforation as well 

as scalpel cuts  nicks  etc   encountered at 

implant  and also suture damage lf anchoring 

sleeves were not used  In all of the above 

circumstances  the Model 6971 was more resistant 

to failure due to its thicker insulation  

The potential for Interference fit  that is 

tubing with an inner diameter smaller than 4 he 

coil outer d1ameter  was more constrictive 

 smaller  for the 6972 than the 6971  Outer 

coll to outer tubing mln1mum clearance was 

- -------- and Inner coll to 1nner tubing mlnlmum 

clearance was --------- for the 6972  For the 

6971  the minimum clearance was - --------- 

5   f h d 6911 5 1I d  

1n 1985 1984  respectively  Even though the 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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1 

Model 6971 continued to perform well  sales were 

discontinued due to the Introduction of the 

Target Tip  family of pacing leads  Models 4011  

4012  ventricular  and 4511  4512  atrial   The 

Target Tlp family continues to demonstrate 

excellent performance  Reference Figures IV and 

V  Medtronlc Product Performance Report  

Appendix A  

Appendix B cont ains additional information on 

the performance of Medt ronic pacing leads  

Monltorlng Lead Field Performance 

Hedtronlc monitors the human field performance 

of implantable pacing leads through three 

different sources   1  Returned Product Analysis 

 RPA   2  Medtronlc CardloCare telephone 

monltorlng service  and 3  a multi center 

 eleven  U S  clinical study of lead performance 

referred to as the Chronic Lead Study CCLS   

Thorough descr1ptions of these sources are 

presented in Medtronic s Product Performance 

Report  Appendix A   

Relevant data from the CL5 and RPA are presented 

In this b1ostab1llt y section as they relate to 

long term lead performance  The CLS uses 
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clinically derived act uarlal data to track and 

  tnonltor real time lead performance  In some 

cases the quantity of leads sold is relatively 

small and the m1nlmum number of Implants for 

statist1cally significant data are not yet 

available  Models 4003 4503  4016  4016A  and  

t herefore significant survival probabilities are 

not available  The RPA data base examines 

electrical and visual characterlstlcs of leads  

primarily to Identify failure mechanisms  

However  since leads are comnonly not removedp 

RPA data cannot be used for mon1torlng the 

survival probab11itles of leads  

J 
Models 4003 4503 As State of the Art 

Data from the Product Performance Report 

demonstrate the excellent performance of 

Medt ron1c s polyurethane pacing leads  With the 

exception of Models 6972  4002 and 6991U  all 

bipolar and unipolar leads perform well  

Compllcatlons w1th these models are related 

primarily to the Insulation and have since been 

corrected  Several conf1guratlon  material and 

process conditions were subsequently modified 

after Medtronic s experiences with the Models 

6971 6972 and 6991U  These cond1t1ons were as 

follows  
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Q U5e of thicker Insul at ion  Cublrlg   

o ---------- -------- -- -- --- for conductor col 1 s 

versus -------------- ------- 

0 Thermal annealing versus solvent stress 

rellevlng of insulation and or the 

assembled dev1ce  Typically polyurethane 

tubings were solvent stress relieved and 

lubricat ed In order to facilitate 

manufacture of the lead  However  newer 

configurations --------- -------- ------- lead 

tubing prior to or after device assembly to 

relieve residual stress thereby m1nimlzing 

the potential for ESC  

0 Assured clearance between 1nsulat ion and 
I 

conductor coll versus potentfal for 

interference f 1 t  

The Mode 1 s 6957 6957 J 1ncorporated th I eke r 

1nsul at Ion and ---------- -------- ---- of tub1ng  The 

Models 4011 4511 and 4012 4512 incorporated 

thicker insulation and --------- ------------ of the 

assembled device  As shown in the Product 

Performance Report  Figures IV and V   these 

leads are performing wel 1   

Survival probabl 1 Itles of unipolar leads  after 

6971  are as follows  

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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Unipolar Polyurethane Leads 

------- -------- 
---------- ------------------ 

-------- 
-------- ------------ ----------- 
-------------- 

UI 49 

----- --- 
------ ------- 
------ ----- 
------ ------- 
------ ----- 

---------- --------- -------- 
------ - -------- ------ 
------ - -------- ------ 
------ - -------- ------ 
------ - --------- ------ 

------- 
----- 

------- 
------ 
------ 

--- 
-- -- ----- 

----- 
--- 

------ - -------- ------ 
--------- ------ 
--------- ------ 

------- --- --- ------ --- ------ 
-------- --------- ----- ------ ------ --- ------ ------ ---- 

------------- ------- 
-------- --- ------- ---------- --- ------ ------------- 

Survival probabllltles of bipolar leads  after 
I 

6972  are as follows  

Bipolar Polyurethane Leads 

------- -------- 
---------- ----------------- 

-------- 
-------- ----------- ----------- 
-------------- 
----- 
------ 
------ 
------ 

----- 
------- 
-- -- ----- 
-- -- --- 

------ - -------- ------ 
------ - -------- ------ 
------- - -------- ------ 
------ - --------- ------ 

--- ----- 
----- 

-------- 
----- 
----- 

------ - -------- ------ 
------ - -------- ------ 

------- --- --- ------ --- ------- 
-------- --- ------- ----------- --- ------ -------------- 

(b)(4)

(b)(4)
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I 
Tables e VI 3 and e VI 4 further demonstrate the 

Improvements with respect to polyurethane 

biostablllty  

Table e VI 3 
Insulation Failures  

Initial  
Model Implants 

--------------- 
----- ------- 

------ --------- 
------ --------- 
------ --------- 
------ --------- 

------- 
----- 

------- 
------ 
------ 

------- 
---- ----- 

------- 
------- 

i 

Active 
Implants 

Insulation 
Failures 

--- 
---- 
---- 
-- --- 

---- 

----- 
----- 
----- 
----- 
----- 

-- 
-- 

--- 
-- 

--- 
---- 

--- 
--- 

----- 
----- 
----- 
----- 

-- 
-- 
-- 
-- 

------- --- --- ------ --- ------ 
-------- --- ------- ----------- --- ------ ----- 

Table e VI 4 
Insulation Failures  

Initial  
Model Implants 

Act l ve 
Implants 

Ventricular 
--- ------- 

------ --------- 
------ --------- 
------ --------- 

Insulation 
Failures 

------- 
--------- 
--------- 
--------- 

-- 
--- 

--- ----- 
-- 

------- 
------ 
-------- 

------- 
-------- 

------- 
------ 

-- 
--- 

-------- --- --- ------ --- ------ 
-------- --- ------- ---------- --- ------ ----- 

(b)(4)

(b)(4)
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Note the excellent survival probabilities and 

low occurrence of Insulation failures  

Reference Appendix B for additional descriptions 

of lead lnsulat1on performance  

In addition to the aforementioned conditions  

state of the art during development of the 

Models 4003 4503 also inc1uded the use of 

thermal forming mandrels for joint construction 

to eliminate residual stress in joints  In 

order to facllltate tubing overlaps In lead 

joint construct ion  mandrels are used to 

t hermally preform the tubing to the appropriate 

size  Adhesive is then applied to the joint to 

assure a secure f l t  

Long term cl inlcal data on the Models 4003 4503 

are not yet ava11abl e  However  the Model s 

4003 4503 incorporated the positive features of 

the Models 6957 6957J and therefore cllnlcal 

performance ls expected to be comparable  

Twelve mont h clinical data lnd1cate this Is 

true  see Figure e VI 1  Appendix C  and Table 

e VI 1  

In conclus1on  the Models 4003 4503 as state ot  

he art pacing leads differ from the Models 

6971 6972 In the following respects which 
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Medtronlc considers as posltlve attributes 1n 

terms of 1 cad b l ostab I 1 I ty  

o ------------ -------- - ------ -- ----- ------------ 

o --- -------- ---- --- --------------- - --- 

o -- -- -------- - --- --- ----- ---- ---- - --- --- --- -- ------- 

------ ---- ------------------- ---------- 

o ---------- -------- ---- ---------- --- ----- -------- 

------ --- ------------ 

o ----- --- --------- ---------- ----------- ---- ------ 

---------------- 

State of the art bipolar leads  i e   Models 

4004 4504  are identical to the unipolar Models 

4003 4503 with the following additional 

improvements   

o -- ------------ -------- ---------- -- 

---------------- ---------- ---- ------------ ----- ----- 

------------- 

o ----- --------- ------------ --------- -- ------------- 

--- --- ------ --------------- 

(b)(4)

(b)(4)
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These additional features cannot yet be proven 

clinically  however  accelerated testing 

Information  presented later in this section  

will confirm this improved performance 

expectatlon  

In order to further demonstrate that 

po1yurethane as used fn Medtronlc pacing leads 

Is blostable and  therefore  a safe and 

effective insulation mat erlal for long term 

implant  the following information relative to 

Medtronic polyurethane pacing leads ls provided  

o A detailed comparison of lead 

conf figuration  materials  and processing 

for Medtronic s major line of bipolar and 

unipolar polyurethane pacing leads  

Tables e VI 5 and 6  and e VI 7 and 8  

present configuration  materia1s and 

processing characteristics for un1polar and 

bipolar polyurethane pacing leads  In 

comparing unipolar 1eads  Models 4003 4503 

are the most current state of the art in 

polyurethane lead deve1opment and for the 

blpo1ar leads  Models 4004 4504 are the 

most current stat e of the art  
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DETAI LE 0COMPAR I SON CONF I GURAT I ONJMATER 
I ALS 

PROCESSING  UNIPOLAR VENTRICULAR AND ATRIAL 

PACING LEADS  MODELS 4003 4011 6957 6971 

4503 4511 6957J 6993  and BIPOLAR VENTRICULAR 

AND ATRIAL PACING LEADS  MODELS 4004 4012 

4016 4016A 4504 4512 6990U  

Only those characteristics relative to poly  

urethane are discussed  Other features are 

presented In the tables for complet eness 

purposes only  

Configuration Simllaritles 

o All incorporate ------------- ------ poly  

urethane insulation  tubing  over the 

conductor coll s  and or memory coil 

 atrial leads   

Conf igurat ion Di fferences 

o The comparat ive model s al 1 di ffer with 

respect to minimal insulation  wal l  

thickness  These dl fferences are prlmarl 1 Y 

due to the des i red 1 cad body d 1 ameters  

The Model 4003 s insulation thickness 1s 

between that of the Model 6971 and 6957 an 

larger than the Model 4011  The Model 

(b)(4)
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I 

4503 s insulation thickness is between t hat 

of the Models 6993 and 6957J  and identlca1 

to the Model 4511  The thicker lnsulat ion 

of the Models 6957 and 6957J was a result 

of desired mechanical characterlstlcs  

e g   torque transfer  Models 4004  4012  

4016 and 4016A outer Insu1ation thicknesses 

are significantly larger than the Model 

6972  Models 4004 and 4012 Inner 

insulation thickness are identical  as are 

Models 4504 and 4512 and 4016 and 4016A  

Lead Insulation thickness 1s one factor of 

the lead design that 1s important tn terms 

of lead blostablllty  Thicker insulat ion 

is not deformed as much when tight 

1igatures ace placed on It  Thus stress 

applied at Implant  securing lead to vein 

or muscle facla  is less than i hat which 

would occur if a thinner lnsulatlon were 

U58d   

o The Models 4003  4503 and comparative leads 

di ffer with respect to interference f It  

Ctub Ing to col 1 cl earance   As noted In 

the tables  the Models 4003 4503  

6957 6957J and 4511 leads have clearance 

between the conductor coll or no 

interference f It  The un1pol ar Models 
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I 

4011  6971 and 6993  and bipolar Models 

4012 4512  6972 and 6990U have had the 

potential  due to the dimens1onal toler  

ances associated with the conductor coll 

and insulation  of creating a slt uatlon 

where interference fit between the 

conductor coil and Insulation exist ed   

The Importance here is that relative to 

ESC  when there is interference f it  there 

Is a potent  1a1 for stresses of the lead 

insulation to occur  and lf these stresses 

weren t subsequently relieved  could 

potentially cause environmental stress 

cracking of the insulation  As mentioned 

earlier  the Models 4003 4503  6957 69578  

and 4511 do not have interf erence fit and 

therefore no residual stresses are imposed 

upon the lead insulation  The Models 4011 

and 4012 4512 have t he potential for 

Interference fit but are thermally annealed 

after lead assembly to relieve any residual 

stresses In the insulation  

o Models 4004 4504 and 4016A incorporate a 

barrier coating between the conductor coil 

and insulation  All other lead models do 

not have a barrier coating  
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Material Slmilarltles 

o All incorporate ------------- ------------ as the 

out er Insulation  tubing  mater1al  

 Unipolar leads have only outer 

1nsulatlon   

Material Differences 

o All Models except tbe Models 6971 6972 and 

6993 have ---------- -------------- conductor 

co11s  Models 6971 6972 and 6993 leads had 

-------------- -------------- ----------------------- 

-------- conductor coils   The 6993 had an 

---------- outer memory coil   --------- 

--------------- conductor co11s reduce the 

possibility of stylet perforat1on because 

---------- is a more ------------- conductor  

o Models 4016 and 4016A use ------------- 

------------ for the 1nner insulation  All 

other bipolar leads incorporate ------------- 

------------ for both the inner and outer 

lnsulat ion  

o The barrier coating on t he Models 4004 4504 

and 4016A 1s a sputter coat of p1atlnum  

A11 other leads do not have a barrier 

coat ng  

(b)(4)

(b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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Processing Simllarit les 

o All models Incorporate manufacturing opera  

t1ons that are Intended to relieve res1dua1 

stresses that may have been introduced 

during the extrus1on process  The Models 

4003 4503 and 4004 4504 insulation Is 

thermally annealed as are the Models 

6957 6957J  4016  4016A  and Models 

4011 4511  4012 4512 after device assembly  

to reduce stress  

Processing Differences 

I 

o The Models 6971 6972  6990U and 6993 leads 

underwent a stress rellevlng operation in 

which the Insulation was soaked in solvent 

to relieve residual stresses that may have 

been introduced during the extrusion 

process  The Models 4003 4503  4004 4504  

4016 and 4016A do not use solvent for 

stress rellevlng  

o Expansion ----------- ------- on the Models 

4003 4503  4004 4504  4016 and 4016A are 

formed by us 1ng mandrel s of spec l f l ed 

diameters during the thermal stress 

     

(b)(4)
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applicable to the Models 6957 6957J  

6971 6972  6990U  6993  4011 4511 and 

4012 4512   Note   Models 4011 4511 and 

4012 4512 are thermally annealed after 

device assembly to reduce residual 

stresses   

o Models 4004 4504 and 4016A insulation 

 tubing  ls thermally stress relieved In an 

inert atmosphere  Thermal annealing In an 

inert atmosphere protects the tubing 

surface from oxldatlve degradation during 

the annealing proces  

In summary  Models 4003 4503 and 4004 4504 

differ from the very early des1gns of poly  

urethane leads  Models 6971 6972 and 6993 6990U  

ln the following respects  Medtronlc considers 

these to be positive attributes  fn terms of 

lead blostability  

1  Thicker insulation  

2  Assured clearance between insulation and 

conductor coll versus potential 

Interference f i t   

3  ---------- versus -------------- -------- conductor  (b)(4) (b)(4)
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4  Thermal annealing Instead of solvent stress 

I rellevlng  

5  Thermal forming rnandrels instead of solvent 

dilation lubrication for joint 

construction  

In addition  the Models 4004 4504 also 

incorporate  

6  A protective barrier coating between 

conductor coil and insulation  and 

7  Thermal annealing in an fnert atmosphere  

  

More Recent Polyurethane Lead Research 

There has been slgnlflcant research data 

generated on polyurethane ------------- ------------ 

since the Model 6972 lead  focusing on two 

 allure mechanisms  MIO and ESC  

MIO 

In order to better understand MIO  Medtronlc 

developed an accelerated bench test to reproduce 

1n vitro a condition seen in v1vo  and to use 

this test as a predictor for po1yurethane lead 

performance with respect to MIO  This Medtro 

(b)(4)
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test 1s known as ---------- --- ---------- --  ls a 

--- ------------ ----------- solution to which --------- 

---------- ls added to make It ----- saline  

  

Results of ---------- -- testing have demonstrated 

that MIO can be minimized by preventing certain 

metal lons from contacting polyurethane  An 

effective method of preventing ------- 

------- lyurethane contact is through the use of a 

barrier coating between conductor coll and 

Insulation  An effective barrier coating is 

platlnurn  In addition  thermally annealing 

polyurethane in an Inert atmosphere has been 

proven to enhance polyuret bane ----- resistance to 

MIO  

There fore  two 1mprovements incor porat ed into 

the Models 4004 4504 are  

0 Barrier coating the conductor coils with 

platinum  and 

0 Thermal annealing tubing in an Inert 

atmosphere  e g   ------- --- ------------ 

Both of these Improvements have been proven by 

------------ --- The Model 4016A pacing lead also 

Incorporated these 1mprovements  reference 

Document Control Number K873962  Judged 

W BgQ 

(b)(4) (b)(4)

(b)(4) (b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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---------- --  Test Valldatlon 

----- ------ ---- ------------ --- ---- ---------- -- ---- 

--- --- -------------- --------- ---- ------------- --- ------ 

----- ---- ------------- ---------- ---- -------------- 

-------------- --- ---------- -- ----- ---- ------------- --- 

---- -------------- -------------- --- ------ ------ -------- 

------------ 

------- --- ------ --- ---------- --- -------- ------ ------ 

---------------- -------------- ------------ ------ 

----------- ------- ---- -------- --- ---- ------- ------ 

-------- ----- ------- ---------- ------ ---------- -- 

-------- ---- --- ---- ---------- -------- ----- 

------------- ------------ --- ---------- -- ----- --- ------- 

------ ---------- ---- --- ------------ --- ------ --- -- 

-------- -------------- --- ---- ------- -------- -------- -- 

------------------ ------ ------- ---------- ---------- 

----------- ------ -------- --------------- -------- ------ 

------ ------------- --- ----------- ---------- ------ ------ 

---------- --- ------- ------- --- ------ ---- ------------ 

------------ --- ----------- ------ --------- ----- --- 

------ --- ---------- --- 

-------- - ------ ---- -------------- ---------- -------- ------ 

---------- - ------ ------- -------------- ---------- ----------- -------- --- 

---------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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I 

----------- ------- ------------- -------- ------ ---------- ----- 

--- ---------- --- ----- -------- ------- ------- 

---------------- --- --------- ------ --- ------ --- 

---------- --- 

------------ ---- --------- ------------- ------ ------ 

------------ --- --- ------ ------------- --- ---------- --- 

--------- ---------------- --- ----------- --- ------ ------ 

--- -------- --- ------------ ------ --- ------ --- ----------- 

--- 

---------- -- Test Validation  Non Paced Tubing 

Coll Assemblies 

-------------- ----------- -- ---- -------------- ----- ----- 

------- --- -------- ----- ------------- --------- -------- 

------ -------- -------- ----- ----- ------------ --- --- 

--------------- --- ---------- -- ----- -------- -------- ---- 

-- ---------- --- -- -------- 

----- ----------- --- ------------- ------- --- ---------- -- 

----- --- --------- ----------- ----- ----- - - ----- ---- --- 

--------------- ---- ----- ------- --- ---------- -- --- -- ---- 

---------- ----- --- --------- ----------- ---- ---- ---- --- -- 

----------- --------- --- -- ------------ -------- --- ------- 

 P 

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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I 

Figure e VI 5 

CONFlOEMTIAL 

Tubing Coil Assembly for Testing Platinum Sputtered ---------- Coil in ---------- -- 

---------------- -------- 

----------- ----------- 
------ ----- 

- 

------ 

l 

----- -------- ------ 

---------------- ----------- 

C0NFIOEt4TIAL 

(b)(4) (b)(4)

(b)(4)
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------- ------ ----------- -------- -------- ------- ----- ------- 

------ ----------- -------- -------- ------ ------ 

------------ --- ---------- --- ---- ------ ----- --------- --- 

----- ------- ------ --- ------ --- ---------- --- -- ----------- 

--- ---- ---------- -- ---- ----- -------- -- ------------ 

--- ---- ------------- 

Objective  To determine the effectiveness of 

plat inurn as a barrier coating ln reducing MIO In 

--------- -------  

Test Samples  

------ ------- --- ------- ------ ------------- ------- 

------ -------- -------- ---------- ------ ----- ------- 

------ -------- -------- ---------- ------- -------- ------ 

------ -------- ----- ------- -------- ------ ----------- 

------------ ------ ------ ------------- -------- 

------ --- ---- ------- -------- --- ---- ------ ----- 

---- --------- 

------------- ----- ------- ------ ----------- -------- 

-------- ---------- ------ -------- ----- ------- ------ 

----------- -------- -------- ---------- ------ -------- ----- 

------ ------- 

Controls   

------------- ------ ------- ------------ --------- -- 

-- -- -- - ----- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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Methods   

----- ---------- ----- ---------- ------ -------- --- 

---------- --- ---------- ----- ---------- ------ 

------- ---------- ------- ------ ----------- ------ 

---------- -- ----- ------------------- ------------- --- 

-------- ----------- --- ----------- 

Results  

Barrier Coated Test Samples 

------------ ------ ----------- ------- -------- ----- 

------ ----- ----- ------ -------- ---------- ---- 

----------- --- ------ ----- ----------- --- ------------- 

------ --------- ------ ------ ------------ ----------- 

---------- ------ ------ --------- ----- ----- ------ --- 

---------- --- 

------------ --------------- --------- ---------- ------- 

-------- ----- -------- ---- ----------- --- ------ ----- 

----------- --- ------------- ------ -------- ------ ------ 

----------- ----------- ---------- ------------- ------ 

--------- ----- ----- ------ --- ----------- --- 

----- --------- -------- ----- --------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)



---------- -- 
p 
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Tubing Coil Assembly 

DIEDTRONiC CONFIDENT  L 

-- gure e VI 6 
-------------- ------------ Tubing Lum--- - urface Fram Platinum 

Sputter C------- --------- Coil Assembly After ----- Days in ---------- --    ----- 

LJ 

---- ure e VI 7 

Sputter Coated ------- N Coil Assembly After ----  Days in ---------- --    ----- 

(b)(4)

(b)(4)

(b)(4)
(b)(4) (b)(4) (b)(4) (b)(4)

(b)(4)

(b)(4)
(b)(4) (b)(4) (b)(4) (b)(4)
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---------  Controls 

-------- ------ -------- ----- ----------- ------ 

----------- --- ------------- ----- -------- --- --- 

----------- ----- ------- --- ------ -------- ----- 

------------------ --- ------ --- ----------- --- 

----------- -- ------ ----------- --- ----------- 

-- -- ----- ------ 

-- -- ----- ------ 

-- --- ----- ------ 

----- --------- -------- ----- --------- 

Conclusions  

------------ -------- -------- ------- -------- ------ 

---- ----------- --- ------------- ------- --------- 

---------- ---------------- ----- ---------- ------ ----- 

----------- ------ -------------- --- ---------------- 

--------- 

---------- -- Test Va1idatlon  Mode1 4016A Pacing 

Lead 

---- ------- --------- -------- ----- ---------------- 

----------- ---- -------- -------- -------- ------ ----- 

-------- -------- -------- ------ ------------- --- 

----------------- ------------ ----- ------------ --------- 

--- --------- ------- ------- ---------------- ----------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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--------------- ------ --- ------ --- ---------- --- ------- 

--------- ---- -------- ------ ----------------- ----- 

---------------- --- ------ --- ------------- -------- ------- 

-- ------------ ----- ------------ -- ----- ----- ------------ 

------------ ---- ------------- ----------- 

------ ------------ ----- ------ -------- -------- -------- 

------ ------ ------------- ------------ -------- -------- 

------ ---------- ------ ---- - ----- -------- --- ------ --- 

---- - ----- ---- - --- -- -- -- ------- ------ -------- -------- 

------ --- ------------ ----- ---------- ----- --- ---- 

------------- -- - ---- ---- -------- --- ---- ------- ---- -- 

----- -------- --------- --- -- -- ----- ---- - --- ----- -------- 

-------- -------- -------- -------- ------ ---------------- --- 

----------- --- ------ -------- -------- --- --------- ------ 

--- ------ --- ---------- --- ----------- ----- ------ 

-------- -------- -------- ------ ------- ------------ 

---------------- ------ --------- ---------- -------------- 

---------- ------------- -------- --- ----- ----- --- ------ --- 

---------- --- -- ----------- --- ---- ---------- -- ---- 

----- --------- ----------- 

--------- ----------- --- ---- ---------- ------- --------- 

------- ----- -------------- ------- ----- ----------- -------- 

-------- --- ----------- --- ---------- ----- ---------- ------ 

------- ---------- ----- ------ ------ ----------- ------ 

---------- -- ----- ------------ --- ----- ------------ 

------------- -------- ------- ------ ------- ------ --- --- -- 

(b)(4)

(b)(4)

(b)(4)
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---------------- --- ---- ------ ----- ------ ------------- 

-------------- --- ----------- --------------- 

-------------- ------ ------------- --- ---- ------ ------------ 

-- --- ----- --- ------ ---- ----------- 

------- --- ------ --- ---------- -- ---- -- ---- ------ --- 

--------- --- --------- ----- --- ------- --- -------- 

-------- ------------ ----- ------ -------- ------- ----- --- 

-------- ------ ---------- ------ ---------- ------- ----------- 

--- ------- --- ------------- ---------- ---- ------ 

------------ --- ----- --- ---- ------ ------------- 

Results   

---- --------- ------------- ------------ --- -------- 

----------- --- ------ -------------- ------ ----------- 

--- ------- ------------ --- ------ --------- -------- 

-------- ------- ---- ------ ------ ----------- 

-------- ------ ----- ----------- -------- ------- ------ 

----- ------------- ------ ------ --- ---------- --- 

------------ --- ------- ---- ----------- ----------- 

----- ------- ------- ---------- -------------- ---------- 

------------- -- ----- ----- --- ------ --- 

----------- -- --- ---------- --- ----- ------------- 

------------- ----------------- ----- -- ------- 

---------------- --------- ------ ---- ---------- ----- 

------------------ --- ------- 

(b)(4)

(b)(4)

(b)(4)
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Conc 1 us 1 ons  

----------- -------- ---------- ------- -------- ------ 

---- ----------- --- ------------- -------- --------- 

---------- ----------------- ------------ ----- ---------- 

------ ----- ----------- ------ --------------- --- 

---------------- ------- 

----------- -- Test Data  Models 4004 4504 

----- ------------ ---------- -- -------- ----------- -------- 

------------- ------ -------- --------------- ---- ---------- 

----------------- --- ---------------- ----- -------------- 

------ --- 

-- -------- -------- ---------- ------------ ------- 

-- -------- ------- ---------- --- --- ------ 

--------------- 

--- ----- --- ----------------- --- ---------------- ----- 

-------------- ------ --- ---------- -- ---- ------ --- ---- 

---------- --------------- ------ ------------ 

-- ---- --- --------- ---------- ---------- - ---- ------ 

----------- - ---- ----- 

-- -- -------- ---- --- ---------- ------ ---- ------- 

----------- ---------- 

(b)(4)

(b)(4)

(b)(4)
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Models 4004 4504 ---------- --  test and results are 

as follows  

Objective   ---- ------------ ---- ---------------- --- 

------------ --- -- -------- --------- --- 

----------- ------ --- --------- ------------- 

-------- ------- 

Test Samples   --- -------- ------ -------- ------ 

--- -------- ------ -------- ------ 

Controls   ----- --------------- --- --------- ------------- 

1 

--- ---------- -- -- ------------ --- --- 

---------- ------ ------ --- ------ ------------- 

-------- ------ ------- --- ---------- --- 

Methods  ----- ---------- ------ -------- --- ---------- 

--- ---------- ----- ---------- ------ ------- 

---------- ---- ------ ------ ----------- ------ 

---------- -- ----- ------------ --- ----- 

------------ ------------- -------- ------- 

------ ------- ------ ---------- ----------- 

------------- --- ---- ------ ----- ------ 

-------------- --- ----------- --------------- 

-------------- ------ ------------- --- ---- 

------ ------------ -- --- ----- --- ------ --- 

----------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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--- --- ------- --- ---- ---------- ------ 

---------------- ----------- --- ------- --- 

------------- ---------- ---- ------ --- ----- 

--- ---- ------ ------------- 

Results  ---- --------- ------------- ------------ --- 

------- ----------- --------- --- ------ 

-------------- ------ ----------- --- ----- --- 

---- --------- ------------- ------- ---- ------ 

------ ----- ------------ ------ --- ------ --- 

---------- --- 

Conclusions   --------- -------- ----------- ----------- 

---------- ------ ---- ------------ --- 

------------- ------- --------- ---------- 

----------------- ------------ ----- ---------- 

------- ----- ----------- ------ ------------ --- 

---- --------- ------------- -------- ------- 

--------- Biostability Testing 

------------ --------- ------------- -------- ------ ---- 

------------ --- ---- --------- --------- ----- ------ 

--------- -- -------- --------- ----- ------ ---- --------- 

----------- --- --- ------ ---------------- ------ ------------ 

--- ---------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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------------ -------------- ----- --- ------ ------ -- 

------------- ------------ ----- --- ---- ------------- 

---------- ----- --------- ----------------- --------------- 

------ ---- --------- ----------------- --------- 

-------------- 

---- -------- -------- ----- ------ ------- ---- --------- 

--------- ------------- ------- ---------- --- ----------- 

---------- -- ------------- --- - ----- --------------- ----- 

--------- ------------- ------------ ----------- -- ---------------- 

---- ---- ----- ------------- -------- -------- -- ---- 

------------- 

BIO and Thermal Annealing 

------- --- ---------- -- ------ ----- ------ --- ---- ---- -------- 

---- ------------ --------- --- --- ------ --------------- ---------- 

------------ ------ -------------- --------- ------ -------- --- 

------ -------- -------- ----- ----------- --- --- ------ --------------- 

------- ------- ------ ----- -------- --- ---------- -- ----- 

------------ --- --- ------ --- ----- --------- ------------ 

--------- ---- ------------ -------- 

Process Condition 

Time First TCA 

Failure Observed 

 days  

TCAs Failed After 

----- Days  5  

------ 

--- 

----- 

----- 

--- 

--- 

g V 
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(b)(4)
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---- ------------ ------ --- --------- --- ------ ------------ ------- 

------- ------ ----- ------ --- ---------- -- -------- --- --------- 

--- --- ------------ -------- 

------- --------- ---- --- ---------- ------ ---- ----------- 

-------- ------ ------ ------------ --- --- ------ -------------- 

----- --- ---- ------------- --- ------------ --- ---- -------- 

--- ---------- ------- ----- ------ ----- ------------ --- ----- 

-------- -------- --------- ------------ 

ESC 

------------- ---------- ---- ----- -------- ----- ---------------- 

-------- -------- ---------- -- ------- ----------- --------- --- 

------- --- --------- ---- --------- ----------- --- ---- -------- 

--- -- ------- --- ------------ ----------- ---- --------- 

---------- ------------ ---- ------ -------- --- --- ----------- --- -- 

-------- --- -------- --- --------- ------- ------- ----- --------- 

------------ ------------------ -------- ----------- ------------ 

---- ------- ------- --- -------- ---- --------- ------------ ----- 

------------ --- ---- --------- ------------- -------------- --- ---- 

-------- -------- ------------- --- ------- ---- -------- 

----- --- ---- --------- --------- --- --------- ------------ --- --- 

------ --------------- --------- ----------- ----------- --- 

---------- ------------- ------ ------------- --- ------- --- 

-------- ---- -------- --- ----- --- --- ------ 

--------------- ------ --------- --- -------    

(b)(4)

(b)(4)

(b)(4)
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--------- ------------ --- -------- --- ---------- ----------------- 

----- -------- ------------ --- --- ------ -------------- -- 

-------------- --- --- --------- --- ------- --------- 

----------- --- --- ---- --------------- ---------------- ------ 

----------- ---------- ------- ------ ----- ----- ----- ------ ---- 

-------- ------------ --- --- ------ --------------- ------ 

----------- ------ ----- ------------ 

Biostab11it y Conclusions 

  

------------- ---------- ---- ----------- --- ---- ---------------- 

--- ----------------- -------------- ------------ ----- ---- -------- 

------ ------ ---- ----- -------- ---------- --- -- ------------- 

----- --- ------- --------- ------- ------ -- -------------- 

--------- --- ------------- ------------- ------------------ ----- 

--------------- ---------- --------------- ----------- ------ 

----- ------ --------- --------- ----------------- --- ----- ------ 

----------- ------ ---- ------ -------- ---- --------------- 

----------------- ----------- ----- ---------------- --------- 

-------- ------ ---------------- --------- ----- ---- ----------- 

---------------- ------- --- --- --- --------- --------- ---------- 

------------ ------------ --- --------- --------- --- --- -- ----- 

------------ --- ------------- ---------- ---------------- ---------- 
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------------ ---------------- ----- ---------- ---- ---------- --- 

------------- ----- ----------------- ----- -------- ---------------- 

------ ----- ------- ------------------ --------- --- ------ ----- ------ 

--------- ------------ ------------- ------ ---------- --- --- 

------ --------------- --- ------- -------- ----- --------- ----- 

------- -- -------- --------- ---------- ---- ------------ ----- 

----- ------- ------------- --- ----- --- ---- ------------- --- ------ 

--------------- 

1 

----------- ------------ -------- ----- ------------- --- ------ 

------------------ ------ --------------- --- ---- --------- ----- 

----------------- ------------- ---------------- -------- ------- 

--------- -------------- --- ----------- --- --- -- ------ --- ------ 

--- ---- --------- -------------- ----- --------- ----- ---- 

---------- --------------- ---------- ---------- ------- 

---------- ---------------- ------------- ---- --------- 

------------- -------- ------- ------ --------- --- --------------- 

---- ----- ----- ----------- ---- ------ ----------- ----- 

Q 
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Appendix 2 

------- Biostability 

 Reference P830061 S10 and S12  
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SECTION II- ------------ ------ TABILITY STUDIES 

OF ------------------- ----- INSULATORS 
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Figure llC6  SEM photograph of outer ------------- ----- tubin-- --- ulation 

removed from a Model 4024 lea-- ------------ ------ months 

illustrating the maximum ESC -- --- --- ------ observed 

away from a suture site      Magnification 1000X  

- 

- 

Figure llC7  SEM photograph of the outer ------------- ----- tubing 

------- tion removed from a Model 452-- ----- implanted 

------ months illustrating shallow ESC -- --- --- ------      

Magnification 1000X  
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Figure IICS  SEM photograph of a representative outer ------------- ----- 

tubing ins------ n removed from a lVlodel 4524 lead 

implanted ------ months showing the outer surface free of 

ESC      Magnification 1000X  

Figure IIC9  ESC degradation --------- --- ------ of outer ------------- ----- 

tubing insulation removed -----  a canine explanted Model 

6972 control lead after --- months implantation 

Magnification 480X  
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Figure IIC10  SEM photograph of a typical outer ------------- ----- tubing 

insulation -------   inner  surface frorri a Model 4524 lead 

implanted ------ months showing a smooth surface free of 

MIO cracks      Magnification 100X  

------------------------------- 

Figure llC11  SEM photograph of a typical inner ------------- ----- tubing 

insulation ----- r  surface from a Model 4524 lead 

implanted ------ months illustrating a smooth surface free 

of MlO cracks      Magnification 100X  
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Figure IIC12  SEM photograph of a typical inner ------------- ----- tubing 
insulation lumen  inner- --- face removed from a Model 
4524 lead implanted ------ months showing a smooth 
surface free of MIO cracks      Magnification 100X  

Figure IIC13  MIO degradation of the outer ------------- ----- tubing 
insulation lumen  inner  surface removed fro--- -  canine 
explanted Model 6972 control lead after --- months 
implantation      Magnification 60X  
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Figure IIC14  MIO degradation of the inner ------------- ----- tubing 
insulation remove-- from a canine explanted Model 6972 
control lead after --- months implantation      Magnification 
 10X  
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Public Health Service 

 sea 

Food and Drug Administration 
1390 Piccard Drive 

Rockville  MD 20850 

Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  Minnesota 55432 3576 

DEC 9 l9gg 

Re  P920015 
Nedtronice Transvene  Lead System 
Filed  April 1  1992 
Amended  August 27  September 21  October 27 and November 5  1992  

March 29  June 2  14  July 9  October 12  and November 3  1993 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 
Administration  FDA  has completed its review of your premarket approval 
application  PNA  for the Nedtronic  Transvene  Lead System  The Medtronic  
Transvene  Lead System  Models 6963  6966 and 6999    hereafter referred to as 
the Transvene  Leads  with Nedtronic Pacer Cardioverter Defibrillator  PCD   
Model 7217B Multiprograaunable Tachyarrhythmia Control System  hereafter 
referred to as the PCD  Transvene  System  is intended for single long term 
use and each lead is designed to be used only with a compatible Medtronic 
implantable tachyarrhythmia control device along with at least one other 
Medtronic defibrillation lead  The lead system has application where 
implantable tachyarrhythmia cardioversion or defibrillation systems are 
indicated  Current medical research indicates that such patients should   1  
have survived at least one episode of a cardiac arrest presumably due to a 
ventricular tachyarrhythmia as evidenced by resuscitation using a 
transthoracic defibrillator  The ventricular tachyarrhythmia should not be 
caused by an acute myocardial infarction  or  2  in the absence of a prior 
cardiac arrest  have poorly tolerated sustained VT and or VF  which occurs 
spontaneously  or can be induced  despite the best antiarrhythmic drug 
therapy  

The natural history of patients with hemodynamically stable sustained VT is 
not well defined  While this patient population was included in the 
Transvenee Lead clinical study  no conclusions were drawn from the data 
obtained on this specific patient group  

Prior to Transvene4 implant  it is strongly recommended that patients undergo 
a complete cardiac evaluation  which should include extensive 
electrophysiologic testing  Also  extensive electrophysiologic evaluation and 
testing of the safety and efficacy of the proposed pacing  cardioversion  or 
defibrillation therapies are recommended during and after the implantation of 
the Transvene  System  
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Page 2   Ms  Jennifer M  Marrone 

We are pleased to inform you that the PMA is approved subject to the 

conditions described below and in the  Conditi ons of Approval for Implantable 

Defibrillators and Programmers   enclosed   You may begin commercial 

distribution of the device upon receipt of this letter  

Expiration dating for this device has been established and approved at 2 

years  

The sale  distribution  and use of this device are restricted to prescription 
use in accordance with 21 CFR 801 109 within the meaning of section 520 e  of 

the Federal Food  Drug  and Cosmetic Act  the act  under the authority of 

section 515 d  l  B  ii  of the act  

The device is further restricted within the meaning of section 520 e  under 

the authority of section 515 d  1  B  ii  insofar as the approved labeling 

specifies the requirements that apply to the training of physicians who may 

use the device  

In addition to the postapproval requirements  postmarket surveillance should 

track the explanted Transvene  leads for evidence of metal ion oxidation 

 MIO   

CDRH will publish a notice of its decision to approve your PMA in the FEDERAL 

REGISTER  The notice will state that a summary of the safety and 

effectiveness data upon which the approval is based is available to the public 
upon request  Within 30 days of publication of the notice of approval in the 

FEDERAL REGISTER  any interested person may seek review of this decision by 

requesting an opportunity for administrative review  either through a hearing 

or review by an independent advisory committee  under section 515 g  of the 

act  

Failure to comply with the conditions of approval invalidates this approval 

order  Commercial distribution of a device that is not in compliance with 

these conditions is a violation of the act  

All required documents should be submitted in triplicate  unless otherwise 

specified  to the address below and should reference the above PMA number to 

expedite processing  

PNA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 

Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

In addition  under Section 522 a  of the act  manufacturers of certain types 

of devices identified by the act or designated by FDA are required to conduct 

postmarket surveillance studies  FDA has identified under Section 522 a  1 A  

the device cleared for marketing by this order as requiring postmarket 
surveillance  



Page 3   Ms  Jennifer M  Marrone 

Within thirty  30  days of first introduction or delivery for introduction of 

this device into interstate commerce you are required to submit to FDA 

certification of the date of introduction into interstate commerce  a detailed 

protocol which describes the postmarket surveillance study  anti a detailed 

profile of the study s principal investigator that clearly establishes the 

qualifications and experience of the individual to conduct the proposed study  

For your information  general guidance on preparing a protocol for a 

postmarket surveillance study is enclosed  

Submit five  5  copies to  

Postmarket Studies Document Center 

Suite 405  HFZ 107  
1801 Rockville Pike 

Rockville  Maryland 20852 

Within sixty  60  days of receipt of your protocol  FDA will either approve or 

disapprove it and notify you of the Agency s action in writing  Do not 

undertake a postmarket surveillance study without an FDA approved protocol  

Failure to certify accurately the date of initial introduction of your device 

into interstate commerce  to submit timely an acceptable protocol  or to 

undertake and complete an FDA approved postmarket surveillance study 

consistent with the protocol  will cause your product to be misbranded and 

could lead to the imposition of civil money penalties or other regulatory 

actions  Any distribution of a misbranded device is a violation of the act 

and may result in a number of FDA enforcement actions  including  but not 

limited to  withdrawal of your PMA  

If you have questions concerning postmarket surveillance study requirements  

contact the Postmarket Surveillance Studies Branch at  301  594 0639  

Under Section 519 e  of the act  as amended by the Safe Medical Devices Act in 

1990   manufacturers of certain devices must track their products to the finaI 

user or patient so that devices can be located quickly if serious problems are 

occurring with the products  The tracking requirements apply to  1  permanent 

implants the failure of which would be reasonably likely to have serious 

adverse health consequences   2  life sustaining or life supporting devices 

that are used outside of device user facilities the failure of which would be 

reasonably likely to have serious adverse health consequences  and  3  other 

devices that FDA has designated as requiring tracking  Under Section 519 e   

FDA believes that your device is a device that is subject to tracking because 

it is a permanent implant whose failure would be reasonably likely to have 

serious adverse consequences  FDA has designated your device for tracking  

FDA s tracking regulations  published in the FEDERAL REGISTER on August 16  

1993  appear at 21 CFR Part 821  These regulations set out what you must do 

to track a device  In addition  the regulations list example permanent 

implant and life sustaining or life supporting devices that FDA believes must 

be tracked at 21 CFR   821 20 b  and the devices that FDA has designated for 

tracking at 21 CFR   821 20 c   FDA s rationale for identifying these devices 

is set out in the FEDERAL REGISTER  57 FR 10705  10709  March 27  1991   57 FR 

22973 22975  May 29  1992   and 58 FR 43451 43455  August 16  1993    

 7 
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Page 4   Ms  Jennifer M  Marrone 

If you have questions concerning this approval order  please contact Doris 

Terry at  301  594 1523 or Arnold Alpert  Ph D   at  301  594 2186  

Sincerely yours  

ji 

Susan Alpert  Ph D   D  

Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 

Enclosures 
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Issued 11 5 93 

CONDITIONS OF APPROVAL 
FOR IMPLANTABLE DEFIBRILIATORS AND PROGRAMMERS 

AP ROV D ELI G  As soon as possible  and before commercial distribution of 

your device  submit three copies of an amendment to this PNA submission with 

copies of all approved labeling in final printed form to the PNA Document Mail 

Center  HFZ 401   Center for Devices and Radiological Health  Food and Drug 

Administration  FDA   1390 Piccard Drive  Rockville  Maryland 20850  

ADVERTISEMENT  No advertisement or other descriptive printed material issued 

by the applicant or private label distributor with respect to this device 

shall recommend or imply that the device may be used for any use that is not 

included in the FDA approved labeling for the device  If the FDA approval 

order has restricted the sale  distribution and use of the device to 

prescription use in accordance with 21 CFR 801 109 and specified that this 

restriction is being imposed in accordance with the provisions of section 

520 e  of the act under the authority of section 515 d  1  B  ii  of the act  

all advertisements and other descriptive printed material issued by the 

applicant or distributor with respect to the device shall include a brief 

statement of the intended uses of the device and relevant warnings  

precautions  side effects and contraindications  

PR ET APPROVAL PPLICATIO ENENT  Before making any change 

affecting the safety or effectiveness of the device  submit a PMA supplement 

for review and approval by FDA unless the change is of a type for which a 

 Special PMA Supplement Changes Being Effected  is permitted under 

21 CFR 814 39 d  or an alternate submission is permitted in accordance with 

21 CFR 814 39 e   A PMA supplement or alternate submission shall comply with 

applicable requirements under 21 CFR 814 39 of the final rule for Premarket 

Approval of Medical Devices  

All situations which require a PMA supplement cannot be briefly summarized  

please consult the PMA regulation for further guidance  The guidance provided 

below is only for several key instances  

A PNA supplement must be submitted when unanticipated adverse effects  

increases in the incidence of anticipated adverse effects  or device failures 

necessitate a labeling  manufacturing  or device modification  

A PMA supplement must be submitted if the device is to be modified and the 

modified device should be subjected to animal or laboratory or clinical 

testing designed to determine if the modified device remains safe and 

effective  

 7 



J 

A  S ecial PMA Su lement   Chan es Bein Effected  is limited to the 

labeling  quality control and manufacturing process changes specified under 

21 CFR 814 39 d  2   It allows for the addition of  but not the replacement 

of previously approved  quality control specifications and test methods  

These changes may be implemented before FDA approval upon acknowledgement by 

FDA that the submission is being processed as a  Special PMA Supplement 

Changes Eeing Effected   This acknowledgement is in addition to that issued 

by the PMA Document Mail Center for all PMA supplements submitted  This 

procedure is not applicable to changes fn device design  composition  

specifications  circuitry  software or energy source  

Alternate submissions permitted under 21 CFR 814 39 e  apply to changes that 

otherwise require approval of a PMA supplement before implementation of the 

change and include the use of a 30 da PMA su lement or ann a osta roval 

re ort FDA must have previously indicated in an advisory opinion to the 

affected industry or in correspondence with the applicant that the alternate 

submissi on is permitted for the change  Before such can occur  FDA and the 

PMA applicant s  involved must agree upon any needed testing protocol  test 

results  reporting format  information to be reported  and the alternate 

submission to be used  

POSTAPPROVAL RE ORTS Continued approval of this PMA is contingent upon the 

submission of postapproval reports required under 21 CFR 814 84 at intervals 

of 1 year from the date of approval of the original PMA  Postapproval reports 

for supplements approved under the original PNA  if applicable  are to be 

included in the next and subsequent annual reports for the original PMA unless 

specified otherwise in the approval order for the PMA supplement  Two co ies 

identified as   nnual Re ort  and bearing the applicable PNA reference number 

are to be submitted to the PNA Document Mail Center  HFZ 401   Center for 

Devices and Radiological Health  Food and Drug Administration  1390 Piccard 

Drive  Rockville  Maryland 20850  The postapproval report shall indicate the 

beginning and ending date of the period covered by the report and shall 

include the following information required by 21 CFR 814 84  

 1  Identification of changes described in 21 CFR 814 39 a  and 

changes required to be reported to FDA under 21 CFR 814 39 b   

 2  Bibliography and summary of the following information not 

previousIy submitted as part of the PMA and that is known to or 

reasonably should be known to the applicant  

 a  unpublished reports of data from any clinical investigations 

or nonclinical laboratory studies involving the device or 

related devices   related  devices include devices which are 

the same or substantially similar to the applicant s 

device   and 

 b  reports in the scientific literature concerning the device  



If  after reviewing the bibliography and suaunary  FDA concludes 
that agency review of one or more of the above reports is 
required  the applicant shall submit two copies of each identified 
report when so notified by FDA  

In addition to the above and in order to provide continued reasonable 
assurance of the safety and effectiveness of the device for its intended use  
the annual postapproval reports shall include  separately for each model 
number  if applicable   the following information known by or reported to the 
applicant  

 1  The number of pulse generators domestically implanted and the 
number of reported explants and deaths  

 2  A breakdown of the reported deaths into pulse generator related 
and non pulse generator related  

 3  A breakdown of the reported explants into the numbers reported at 
end of battery life  having complications unresolvable by 

programming and for other reasons with safety and effectiveness 
issues which can be derived from the reports stated  

 4  The number of pulse generators returned to the applicant for cause 
from domestic sources with a breakdown into the numbers currently 
in analysis  operating properly  at normal battery depletion and 
failed  with the failure mechanisms described  

 5  A cumulative survival table for the pulse generators  

 6  The number of prograauners and modules shipped and the number of 
returns with a breakdown into the numbers currently in analysis  
operating properly and failed  with the failure mechanisms 
described  

ADVE SE REACTION AND DEV CE DEF CT REPO TING As provided by 21 CFR 
814 82 a  9   FDA has determined that in order to provide continued reasonable 
assurance of the safety and effectiveness of the device  the applicant shall 
submit 3 co ies of a written report identified  as applicable  as an  Adverse 

Reaction Re ort  or  Device Defec Re ort  to the PMA Document Mai l Center 

 HFZ 401   Center for Devices and Radiological Health  Food and Drug 
Administration  1390 Piccard Drive  Rockville  Maryland 20850 withi 10 da s 
after the applicant receives or has knowledge of information concerning  

 1  A mixup of the device or its labeling with another article  

 2  Any adverse reaction  side effect  injury  toxicity  or 
sensitivity reaction that is attributable to the device and 

 a  has not been addressed by the device s labeling or 

 b  has been addressed by the device s labeling  but is 
occurring with unexpected severity or frequency  

A 



 3  Any significant chemical  physical or other change or 
deterioration in the device or any failure of the device to meet 
the specifications established in the approved PMA that could not 
cause or contribute to death or serious injury but are not 
correctable by adjustments or other maintenance procedures 
described in the approved labeling  The report shall include a 
discussion of the applicant s assessment of the change  
deterioration or failure and any proposed or implemented 
corrective action by the applicant  When such events are 
correctable by adjustments or other maintenance procedures 
described in the approved labeling  all such events known to the 
applicant shall be included in the Annual Report described under 
 Postapproval Reports  above unless specified otherwise in the 
conditions of approval to this PMA  This postapproval report 
shall appropriately categorize these events and include the number 
of reported and otherwise known instances of each category during 
the reporting period  Additional information regarding the events 
discussed above shall be submitted by the applicant when 
determined by FDA to be necessary to provide continued reasonable 
assurance of the safety and effectiveness of the device for its 
intended use  

REPOR NG UNDER THE MEDICAL DEVICE REPORTING MDR REGU TION  The Medical 
Device Reporting  MDR  Regulation beaame effective on December 13  1984  and 
requires that all manufacturers and importers of medical devices  including in 
vitro diagnostic devices  report to FDA whenever they receive or otherwise 
became aware of information that reasonably suggests that one if its marketed 
devices 

 1  may have caused or contributed to a death or serious injury or 

 2  has malfunctioned and that the device or any other device marketed 
by the manufacturer or imported would be likely to cause or 
contribute to a death or serious injury if the malfunction were to 
recur  

The same events subject to reporting under the MDR Regulation may also be 
subject to the above  Adverse Reaction and Device Defect Reporting  
requirements in the  Conditions of Approval  for this PMA  FDA has determined 
that such duplicative reporting is unnecessary  Whenever an event involving a 
device is subject to reporting under both the MDR Regulation and the 
 Conditions of Approval  for this PMA  you shall submit the appropriate 
reports required by the MDR Regulation and identified with the PMA reference 
number to the following office  

Division of Postmarket Evaluation  HFZ 520  
Center for Devices and Radiological Health 
Food and Drug Adxainistration 
1390 Piccard Drive 
Rockville  Maryland 20850 
Telephone  301  594 1144 



Events included in periodic reports to the PMA that have also been reported 
under the MDR Regulation must be so identified in the periodic report to the 
PMA to prevent duplicative entry into FDA information systems  

Copies of the MDR Regulation and an FDA publication entitled   An Overview of 
the Medical Device Reporting Regulation   are available by written request to 
the above address or by telephoning  301  594 1140  
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To the Manufacturer  

The attached draft guidance represents an attempt by the Center for 
Devices and Radiological Health  CDRH  to provide ge  gui to manufacturers of  a broad spectrum of devices  On review  scane have taken this guidance as requirirg Phase IV clinical studies   his is not the intention of the attached document nor is  it  the goal of Required   
Postmarket Surveillance    RPS  studies    Ihe  

priinary abjectiVe af HPS   stuccoes is the  study of the performance of the device after eadceting as 

Generally   the primary variables to he studied are  idity or mortality in  the p ticin on wham the device ham been used ar in wham   the device h s been implanted   Ice major  interest lies in device   failure and ika atterdant impact on the jetihnt  hRiU onally   however  mcpected eajoi  oceiplicatj ans  d be aanitare4 to be  ain that the incidence af arch  campiications 
is  ncaa unaoceptably high in the  

population far which the device was intended  en used aocoxding  to   
manufacturer   a instru ons  

You are free to choose  teVer desi gn you  wish as long as pxi can 

circurmtanaea as a pa  erket suryeillanoa stxdy   hat apgema in the attached draft guid inde  is a listing of   eiements whiCh shauld be considered in the coriduct af a scientifically saute postxnar Jaat study   

it is anlp hecessary to de the exclus ion of that iten ln the   
protocol  

ntly  CDRH is working with bxtustxy to redxaft the guidance to 
prevent the misconception that postaerket surveillanae under Section 522 a   1  of the Federal Food  Drug  and Co retie Act requires an elaborate extension of the preset clinical investigation  Until such 
guidance is available  questions on specific elements of design may be di to Anima Rayner at the phone number listed in the draft 
gui document  

gv 
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GUzDANCE To MANUFACTURERS ON THE DEVELOPMENT OF 
REQUIRED POST T SURVEILLANCE STUDY PROTOCOLS 

 UNDER SECTION 522 a  1  OF THE FEDERAL 
FOOD  DRUG  AND COSMETIC ACT 

INTRODUCTION 

It has been determihed by the Agency that the device cleared for 
markets ng by the attached letter is subject to   Section 522 a  1  of 
the Act  

introducti on o f  this   device i nto interstate commerce  you are 
required to submit to the Agency a detailed protocol that describes 
your proposed postmarket surveillance study  and you are to certify 

the protocol must be designed  to produce useful information  
evaluating the safety ana effectiveness of the device   The Agency  
has sixty  60   days to approve or  disapprove a protocol and  

protocol within the specifi ed timeframe  provide  appropriate 
reports to the Agency  or complete an Agency approved postmarket 
surveillance study consistent with the protocol will constitute a 
violation of the Act  

For your reference  the Agency has included this general guidance 
on preparing a protocol for a postmarket surveillance  study  In 
addition to submitting the protocol  you must also include a 
detailed profile of the study s principal investigator  This 
profile should clearly establish the qualifications and experience 
of the individual to conduct the proposed investigation  

The Agency strongly encourages manufacturers to consult with 
appropriate professionals experienced in data management  research 
design  methodology  and statistical analysis in designing a 
potential postmarket surveillance study  It is usually most cost 
effective to utilize these individuals as early as possible in the 
study design process  

PURPOSE OF REQUIRED POSTKQGCET SURVEILLANCE 

It is recognized that not all device related problems  whether of 
design  mechanical  electrical  or human origin  are going to be 
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observed in the limited investigations that usually precede Agency 
approval to commercially market a device  Moreover  the 

preliminary estimates of the various performance characteristics  
adverse  effects  and related parameters obtained in pre approval  
testing are also subject to further refinement as actual clinical 
experience and the size of the data base increases  

  The primary   purpose   of required postmarket surveillance is to 

provide  an iarly warni ng System to alert  the health care community 

available in  current passive reporting mechanisms such as MDR or  
user  reporting by requiring the manufacturer to c onduct  active 
investigations of device performance in  actual  use   Secondarily  
such  studies will provide the public  health  care professionals   

regarding device safety  and effectiveness  

 PURPOSE OF GUIDANCE 

The purpose of thi s guidance docimeIxt is to as si st manufacturers j n     

the prepaiation and submission of post maiket surveillance  study 

protocols that are reauired under Sec Ron 522  a  1    of  the Federal 
Food   Drug  an4 Cosmetic Act   

Please subinit   five  5   copie0  of   youi proposed  postinarket 
surveillance study protocol to  

Postmarket Studies Document Center 
Room 408  HFZ 107  
Center for Devices and Radiological Health 
12720 Twinbrook Parkway 
Rockville  Maryland 20852 

CONTENTS OF THE POSTMARKET SURVEILLANCE SUBMISSION 

The Agency recognizes that the planning and conduct of each 
postmarket surveillance study will be essentially device dependent  
Nithin certain limitations  the basic assumption  of postmarket 
surveillance is that a reasonable assurance of safety and 
effectiveness  risks and benefits  or substantial equivalence  of 
a given device has already been demonstrated through the premarket 
approval or premarket notification process  respectively  

The manufacturer shall address each of the following issues when 
presenting a proposed protocol to the Agency  While the Agency has 
offered some suggestions or examples under each heading  no single 
protocol has been identified to meet the requirements of required 
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postmarket surveillance  The manufacturer has the flexibility tQ 
design a surveillance program appropriate to the subject device 

provided the inclusioh or exclusion of each of the folloving issues 
is discussed and justifi ed  

I  oacANIiATIoNAL AND AomJNISTRAvXVE ELEMENTs 

The first section of the protocol i s concerned with organizational 

 see the attached Che ck1ist for  details     Thea  section also 
requires the manufacturer to certify the date the device was first 
i  traduced or deliVered for introduction into  interstate commerce   

The submission sha13  be numbered by  sects bn and organized according 
to the outlie provided by the enclosed protocol  ChecJclist and the 
entire submissi6n must also be sequentially niimbered from the  Table 
of Contents through the last page of text  oi data  A detailed 
Table  of Contents vith  appropriate listings  of sections  tables  

the sequential numbering system  

1 I   SURVEILLANCE PROTOCOL    

A  STUDY OBJECTIVES 

The manufacturer shall identify precisely the objectives of the 
proposed surveillance study in the protocol  The Agency recommends 
that the manufacturer limit the number of objectives to a well 
defined minimum in an effort to produce clear data and analyses 
that are designed to provide reasonable assurance that the device 
is operating safely and effectively when used as intended in the 
target population  

B  STUDY VARIABLES 

The manufacturer shall clearly define all relevant study variables 
that are to be included in the investigational plan  As 
appropriate  the manufacturer should include data on patient 
survival rates  device failure rates  morbidity and or mortality 
associated with the device  etc  Each parameter should be defined 
in words  and where appropriate  in mathematical terms  Any 
information which the manufacturer can provide concerning the 
identified variables will be extremely helpful in the review of the 
submitted protocol  For example  for each variable  an expected 
range of values could be presented along with other appropriate 
statistical summaries and estimates that may be known from earlier 
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clinical experience  

The Agency believes that if these studies are to be useful in 
serving as  early warriing systems designed to avert potential 
catastrophes  and to evaluate safety and effectiveness on a large 
scale  the data must be amenable to appropriate statistical 
evaluation   This requires that the manufacturer collect pert  inent 
denominator data  for all study variables   especially import ant i n 
rate calculations     Perti nent denominator data refers to the use 

  use in the study population  as opposed to riumber 4f devices   
manufactured   shipped  or delivered  during a  given phase of the   

postmarket surveillance  study  Conversely   it would be 
inappropriate to use the large number of  shipped devices as the 

  denominat  or in a ratio  type compiitatian in order to artificially 
3 ower  the  corresponding failure  rate  ox to incorrectly  use  a 
smaller humber  in the denominator to artificially raise a success   
rate  

believes that  analyses without meaningful  denomi nators  will not 
result in obtainirig the most reliable information to best serve the 
irterests of the public health  

C  STUDY DESIGN 

The primary function of good study design is to control sources of 
error or bias  Xn general  the principal objective of good study 
design is the identification of these potential sources of bias 
before beginning the study  It is then a matter of determining how 
to utilize available research techniques to control these factors 
during the study  

In the case of postmarket surveillance studies  much may already be 
known about the problems and sources of bias because of pxevious 
experience in the non clinical and clinical trials required to 
obtain marketing approval  This prior experience should have also 
highlighted another important aspect of study design   the 
identification of critical variables and their associated 
uncertainty  

This type of information allows for more precise formulation of 
research objectives  hypotheses  and allocation of other resources  
For this reason  the Agency strongly recommends that manufacturers 
devote sufficient time to the planning of postmarket studies and 
consult with appropriate professionals early in the design process  

Proper study design and a clear presentation of the selected 
associated methodology to achieve the stated research objectives 



will facilitate postmarket protocol approval ind thus eliminate 
unnecessary delays and the associated expense in time and 
resources  Accordingly  a propose4 postmarket study protocol 
should include  a  discussioh of design issues such as the type af 
study to be utilized  the study size  the data collection plan and 
associated forms  the follow up plan  data quality control 
mechanisms   the length and proposed endpoj nt of the study   and the 

1  Type of Study 

stratification   matching criteria  if rieeded   etc   For example  
morbidity and mortality  data   may require  prospective  follow up   
case control design  etc  A device failure analysis of retrieved 

will Vary from device to device and depend on  the  surveillahce 
objectives  The Agency does not require a specific study type  be 

is incumbent upon the manufacturer to f6lly just ify the  type of 
study proposed for a given device  

2  Study Size 

The manufacturer should provide a complete description of the 
proposed sample size  This should include any assumptions or 
formulas  with references  that are u ed for sample size 
determination  

a  Source s  of Patient or Device Data 

Specify identification of study subjects  For example  in a 
follow up study  treated and un treated subjects need to be defined 
and identified fron sources such as hospital logs  physician 
records  population listings  etc  In case control studies  the 
sources of both cases and controls need to be described in detail  

The manufacturer should also supply a full description of subject 
inclusion exclusion criteria that will be used in selecting 
subjects for the actual study  

b  Representativeness of Data 
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If pooling from different sources  such as private practices  
medical centers  or cities is planned  a detailed justification for 
combining such data  must he presented  For example  a single 
medical center may not provide enough patients to meet  thai target 
number  although three centers would  In such a situation  the 
comparability and uniqueness of each center should be discussed in 
terms of relevance to the study  Data collection   processing  end 

common protocol is being used across investigational si tes  and 

3  Data Collection Plan and Forms 

Explain  which  variables will be collected  For  exemple  patient  
name   address  age   sex  device serial number  manufacturing date  
duration  qf use etc  Specify  how the data will  be obtiin d  fox  
exainple  from personal interview  hospital medical xecoxd  specific 
laboratory analysis      etc   and the   timing  of collection  of  the 
different variables  For exemple  some will be obtairied at the 

collection forms if available  

4    Follow  up Plan 

For studies requiri ng follow up  of  patients  a plan is  iieeded to   
desciibe how subjects will be followed  e g   through the patient s 
personal physician  personal interviews  monthly phone calls  
relatives  etc  For patients who become  apparently  lost  explain 
the procedures that will be used to find them  

5  Data Quality Control 

Detailed procedures for monitoring data to ensure accuracy shoul d 
be discussed  For example  a subset of patients may have duplicate 
data collected by two people  or certain mutually exclusive terms 
may exist such that records can be compared using automated 
techniques to rule out data entry error  Techniques for 
anticipating  identifying  and correcting errors should be 
described  

6  Length End of Study 

When will data collection end  The conclusion of the study can be 
in terms of an absolute date  relative date  attainment of minimal 
sample size or number of person years of follow up  etc  However  
the manufacturer should justify the selected method  

7  Proposed Analytical Plan 

6 



This section should be a description of all ox going  interim  and 
final analyses to be performed  The discussion of any proposed 
statistical tests should include assumptions  formulas  references  
and a brief explanation of why the selected tests a re  appropri ate 

for the situation  Interim analyses designed to demonstrate that 
device performance is within the expected values should be outlined 
here  along with a  proposed reporting schedule for the analyses  

D  REPORTING REQUIREMENTS  

and final reporting mec hanisms  Each plan shoitld outlirie  the 
proposed reporting objectives anl the rationale  fear  he selection   
of each objective  a complete chscriptian of what j nfoimati4n  vi 11    

It is important to note  that  reports  to  the  Agency  in these    
instances must be made in addition to reports submitted in 

1  Interim Report ing 
  

conduct of the postmarket surveillance study and wi ll also serve as 
report due dates  Unless noted otherwise  these interim 
communications will require a report of study progress by the 
Principal Investigator and a summary of the analyses of available 
data gathered under the protocol  At a minimum  interim reporting 
should be done at the following study benchmarks  initiation of the 
study  one year post initiation  the mid point of the study  this 
may be time or subject dependent depending upon the study design   
and the completion of data collection  

2  Final Report 

At the conclusion of the study  the manufacturer must submit a 
final report that shall summarize the results of the study  All 
analyses and evaluations of these results must directly address the 
original study objectives  These results must include a clear 
presentation of patient and or device data  All data that support 
statistical results or conclusions must be adequately referenced  
and the report will provide detailed patient listings of all 
available data along with appropriate summary tables  

These summary tables should be concerned with all study variables  
timeframes  or other factors as related to study objectives  or 
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statistical analyses  Where laboratory analyses of devices are 
performed  the analysis of errors associated with the test method 
must be iricluded  

III  PRINCIPAL INVESTIGATOR 

The law directs the Agency to determine if the proposed principal 
investigator of  the  study has sufficient qualifications and 

conducts the i nvestigat ion   that  is   iinder   whose   direction 
postmarket investigations of the device are conducted  

In the event of an investigation that is condueted by a team of 
individuals  the term principal investigator  refers to the   
individual who  is the designated leader of the team    For purposes 
of Section 522 of the  Act  the Agency extends this definition  to 
include study monitors  i e   individuals  who are quali fied by 
training and experience to oversee and manage an investigation  but  

training and experience to conduct these investighCiosls   

The principal investigator or monitor is resporisible  foi ensuring 

regulations    In addition  if applicable    the piincipal 
investigator monitor protects the rights  safety and velfare of 
subjects  

In order that the Agency may determine that an individual is 
qualified by both training and experience to conduc  a postmarket 
surveillance study  the sponsor shall submit a detailed Curriculum 
Vitae of the proposed investigator   a statement of the 
investigator s relevant training and experience   including the 
dates  location  extent  and type of experience  and  if the 
investigator was ever involved in an investigation or research 
program that was terminated other than by contractual agreement  an 
explanation of the circumstances surrounding the termination  

I 

In addition  the manufacturer is required to submit a statement 
signed by the investigator who has agreed to conduct the 
investigation in accordance with the protocol  applicable Agency 
regulations and guidance  and conditions of approval that may have 
been imposed by the Agency  Finally  the investigator shall submit 
a disclasure of financial interests that are directly  or indirectly 

 subject 
of C4is postmarket i hvestigation  Any sObseq6hnt change iri  

financial interest should also be reported to the Agency  

CHANGES TO THE POST T SURVEILLANCE STUDY 
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The manufacturer will notify the Postmarket Surveillance Studies 
Branch of any proposed changes in ongoing studies  A proposed 
change must be submitted far Agehcy approval prior to execution   
For example  if there is a change in the principal iiivestigator of   
the study  the manufacturer must submit information regarding the 
qualifications and experience of the proposed replacement 

THE PROTOCOL CHECKLIST 

 topics listed in the Contents of the  Postmarket Surveillance 
Submission section  A presentation and discussion of these issue 
are necessary to evaluate any study that is desi gned to comply With  
the law and result in the collection  of useful data or other   
information necessary to protect the  public  health arid to provide 
safety and effectiveness information for  the device  

The purpose of the protocol check  ist is  to provide Agency   

protocol  Thi s cnecklist in effect repres erits  those genera3  items  
that the Agency considers the minimum information it would heed  in    

In a protocol submission  the manufacturer must include a 
discussion of each item on the checklist or explain why a 
particular issue is not applicable to a postmarket surveillance 
study of the subject device  A protocol submitted for review that 
does not  address the minimum requirements as specified in the 
checklist will be considered administratively incomplete and not 
approved  Protocols that are found to be administratively complete 
will be reviewed by an appropriate scientific and technical review 
committee  

Satisfying the immediate administrative requirements of the 
protocol checklist does not necessarily imply that a proposed 
protocol will be subsequently approved by the review committee  
Approval of the postmarket surveillance study vill be based upon 
the appropriate selection of study objectives relative to critical 
device variables  the scientific and technical merits of the 
proposed research design as it relates to the stated objectives  
and the qualifications of the proposed principal investigator  
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AGENCY CONTACT OFFICE 

This guidance is subject to future revision   and the Agency 
welcomes any suggestions to impiove either the document or the 
associated review process  If there are any comments or questions 
regarding this guidance  please contact the Postmarket Surveillance 
Studies Staff at the address below  

Division of Biometric Sciences  HFZ 160     
center for  Devices and Radiological Health 
12200  Ril3cins Avenue  
Rockville  Maryland   20852 

Telephone  
FAX  

301 443 7120  
301 443 0097 
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SECTION 522 POST T SURVEILLANCE 
PROTOCOL CHECKLIST 

 ATE  

EVI EWER  

YES NO COMMENT 

Organizational and Administrative 

A  General Information 

1  Device Generic Name 
2  Device Trade Name 
3  Mahufactureis Name and Address 
4  Contact  Person Address   Telephone 
5  PMA or 510  k  Numbei 
6  Date of DNA Approval or  510 k  

Decision 
7   CeWificatioa of Date Device First 

Introduced   or Delivered  fr   
Introduction into Interstate Commerce 

B  Table of Contents with Page Numbers 

C  Device Description 

l  

2  
3  

System Description 
a  Identification of Critical 

Components 
b  Materials Used 

Indications for Use 
Claims for the Device 

11 
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YES NO 

 1  Surveillance Protocol 
COMMENT 

A  Study Objectives 

B  Study Variables 

l  13iscussion of Denominator Data 

 C   tudy  Design 

1   Type of Study 
2  Study Size 

a  Source s  of Patient 
 or Device Data 

b  Pooling 
3  Data Collection Plan and Forms 
4  Follow up Plan 
5  Data Quality Control 
6  Length End of Study 
7  proposed analytical Plan 

D  Repoitihg Requirements 

1  Xnteriin Reporting  
2  Final Repoit 

III  Principal Investigator 

A  Description of Qualifications 

B  Description of Experience 

C  Curriculum Vitae included 

D  Signed Copy of Investigator Agreement 

E  Disclosure of Financial Interests 

Agency Sec  522 RPS 

Protocol Checklist 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES 

FOOD AND DRUG ADMINISTRATION 

 DOCKET NO  1 

PREMARKET APPROVAL OF MEDTRONIC  TRANSVENE  LEAD SYSTEM 

AGENCY  Food and Drug Administration  

ACTION  Notice  

SUMMARY  The Food and Drug Administration  FDA  is announcing its approval 

of the application by Medtronic  Inc   Minneapolis  MN  for premarket 

approval  under section 515 of the Federal Food  Drug  and Cosmetic Act  the 

act   of Medtronic  Transvene  Lead System  After reviewing the 

recommendation of the Circulatory System Devices Panel  FDA s Center for 

Devices and Radiological Health  CDRH  notified the applicant by letter on 

of the approval of the application  

DATE  Petitions for administrative review by  insert date 30 da s after 

date of ublication in the FEDERAL REGISTER   

ADDRESS  Written   quests for copi es of the sureznary of safety and 

effectiveness data and petitions for administrative review to the Dockets 

Management Branch  MFA 305   Food and Drug Administration  Room 1 23  12420 

Parklawn Drive  Rockville  MD 20857  
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FOR FURTHER INFORMATION CONTACT  

Doris Terry 

Center for Devices and Radiological Health  HFZ 450  

Food and Drug Administration 

1390 Piccard Drive 

Rockville  MD 20850 

301 594 1523  

SUPPLEMENTARY INFORMATION  On April 1  1992  Medtronic  Inc   Minneapolis  

MN  55432  submitted to CDRH an application for premarket approval of 

Medtronic  Transvene  Lead System  The device is a transvenous defibrillation 

lead system and is intended for single long term use and each lead is designed 

to be used only with a compatible Medtronic implantable tachyarrhythmia 

control device along with at least one other Medtronic defibrillator lead  

The lead system has application where implantable tachyarrhythmia 

cardioversion or defibrillation systems are indicated  Current medical 

research indicates that such patients should   1  have survived at least one 

episode of a cardiac arrest  presumably due to a ventricular tachyarrhythmia 

as evidenced by resuscitation using a transthoracic defibrillator  The 

ventricular tachyarrhythmia should not be caused by an acute myocardial 

infarction  or  2  in the absence of a prior cardiac arrest  have poorly 

tolerated sustained VT and or  IF  which occurs spont aneously  or can be 

induced  despite the best antiatrhythmic drug therapy  
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The natural history of patients with hemodynarnically stable sustained VT is 

not well defined  While this patient population was included in the 

Transvene  Lead clinical study  no conclusions were drawn from the data 

obtained on this specific patient group  

Prior to Transvene  implant  it is strongly recommended that patients undergo 

a complete cardiac evaluation  which should include extensive 

electrophysiologic testing  Also  extensive electrophysiologic evaluation and 

testing of the safety and efficacy of the proposed pacing  cardioversion  or 

defibrillation therapies are recommended during and after the implantation of 

the Transvene  system  

On August 2  1993  the Circulatory System Devices Panel  an FDA advisory 

panel  reviewed and recommended approval of the application  On 

CDRH approved the application by a letter to the applicant from the Acting 

Director of the Office of Device Evaluation  CDRH  

A summary of the safety and effectiveness data on which CDRH based its 

approval is on file in the Dockets Management Branch  address above  and is 

available from that office upon written request  Requests should be 

identified with the name of the device and the docket number found in brackets 

in the heading of this document  
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OPPORTUNITY FOR ADMINISTRATIVE REVIEW 

Section 515 d  3  of the act  21 U S C  360e d  3   authorizes any interested 

person to petition  under section 515 g  of the act  21 U S C  360e g    for 

administrative review of CDRH s decision to approve this application  A 

petitioner may request either a formal hearing under Part 12  21 CFR Part 12  

of FDA s administrative practices and procedures regulations or a review of 

the application and CDRH s action by an independent advisory committee of 

experts  A petition is to be in the form of a petition for reconsideration 

under 10 33 b   21 CFR 10 33 b    A petitioner shall identify the form of 

review requested  hearing or independent advisory committee  and shall submit 

with the petition supporting data and information showing that there is a 

genuine and substantial issue of material fact for resolution through 

administrative review  After reviewing the petition  FDA will decide whether 

to grant or deny the petition and will publish a notice of its decision in the 

FEDERAL REGISTER  If FDA grants the petition  the notice will state the issue 

to be reviewed  the form of the review to be used  the persons who may 

participate in the review  the time and place where the review will occur  and 

other details  

Petitioners may  at any time on or before  insert date 30 da s after date of 

ublication in the FEDERAL REGISTER   file with the Dockets Management Branch 

 adchess above  two copies of etc i petitinn and supporting data and 

information  identified with the name of the device and the docket number 

found in brackets in the heading of this document  Received petitions may be 

seen in the office above between 9 a m  and 4 p m   Monday through Friday  

This notice is issued under the Federal Food  Drug  and Cosmetic Act Section 

520 h   90 Stat  5S4 555  571  21 U S C  360e d   360j h   and under authority 
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delegated to the Commissioner of Food and Drugs  21 CFR 5 10  and redelegated 

to the Director  Center for Devices and Radiological Health  21 CFR 5 53   

Dated  

D  Bruce Burlington  M D  
Director 
Center for Devices and 

Radiological Health 

CERTIFIED TO BE A TRUE COPY OF THE ORIGINAL 
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SUMMARY OF SAFETY AND EFFECTIVENESS DATA 

I  General Information 

Device Generic Name  Transvenous Defibrillation Lead System 

Device Trade Name  Medtronic  Transvene  
Lead System 

Applicant s Name and Address  Medtronic  Inc  
7000 Central Avenue N E  
Minneapolis  MN 55432 

Premarket Approval  PMA  
Application Number  P920015 

Date of Panel Recommendation  August 2  1993 

Date of Notice of Approval 
to the Application  0E4 9 l993 

II  Indications for Use 

The Medtronic  Transvene  Lead System  Models 6963  6966 and 6999   

 hereafter referred to as the Transvene  Leads  with Medtronic Pacer  

Cardioverter Defibrillator  PCS  Model 7217B Multiprogrammable 

Tachyarrhythmia Control System  hereafter referred to as the PCD  

Transvene  System  is intended for single long term use and each lead is 

designed to be used only with a compatible Medtronic implantable 

tachyarrhythmia control device along with at least one other Medtronic 

defibrillation lead  The lead system has application where implantable 

tachyarrhythmia cardioversion or defibrillation systems are indicated  

Current medical research indicates that such patients should   1  have 

survived at least one episode of a cardiac arrest presumably due to a 

ventricular tachyarrhythmia as evidenced by resuscitation using a 

transthoracic defibrillator  The ventricular tachyarrhythmia should not 

be caused by an acute myocardial infarction  or  2  in the absence of a 

prior cardiac arrest  have poorly tolerated sustained VT and or VF  

which occurs spontaneously or can be induced  despite the best 

antiarrhvthrnic drug therapy  

The natural history of patient s with hemodynamically stable sustained VT 

is not well defined  While this patient population was included in the 

Transvene  Lead clinical study  no conclusions were drawn from the data 

obtained on this specific patient group  

Prior to Transvene  implant  it is strongly recornrnended that patients 
undergo a complete cardiac evaluation  which should include extensive 

electrophysiologic testing  Also  extensive electrophysiologic 



evaluation and testing of the safety and efficacy of the proposed 

pacing  cardioversion  or defibrillation therapies are recommended 

during and after the implantation of the Transvenee system  

III  Device Descri tion 

The PCD  Transvene  System consists of the following  

Model 6963 Unipolar  Endocardial  Coronary Sinus or Superior Vena 

Cava Lead  

  Model 6966 Tripolar  Endocardial  Screw In Ventricular Lead  

Model 6999 Unipolar  Subcutaneous  Oval Patch Lead  

  commercially available Model 7217B PCD   

  commercially available Model 5355 External Tachyarrhythmia Control 

Device  ETCD  and ETC  accessories such as the Model 5418 and 

5419 Patient Cables  Model 5414 Test Load  Nodel 5417 Electrogram 

Cable and Model 6701 Lead End Cap  and 

commercially available Model 9788 MemoryMod  Software Module  

The PCD  Transvene  Lead System is implanted using a transvenous 

approach to the right heart  This means that PCD  therapy may be 

provided without the necessity of a thoracotony  open chest surgical 

procedure  for lead placement  

The PCD  Transvene  System may be prograauned to deliver cardioversion 

and defibrillation therapies in 1 of 3 different configurations  The 

configurations include the following  single  a single pulse delivered 

over one pathway  a simultaneous pulse delivered over two pathways  and  

two sequential pulses separated by a very short interval delivered over 

two different pathways  

The lead configurations to be used depend on the desired pathway and the 

physician s placement preference  The available configurations involve 

using 2 or 3 leads to deliver therapies  A PCD  Transvene  System using 

two leads delivers cardioversion and defibrillation pulses between two 

electrodes  The lead system consists of either of the following 

combinations  right ventricle and coronary sinus  right ventricle and 

superior vena cava  or right ventricle and sub utanenu patch  A system 

using three leads delivers cardioversion and defibrillation pulses 
either simultaneously or sequentially from the anode electrodes to the 

COMMON  designated PCD4  connection  defibrillation electrode  The lead 

system may have the following combinatinns  right ventricle  superior 

vena cava and subcutaneous patch  right ventricle  coronary sinus and 

subcutaneous patch  and right ventricle  coronary sinus and superior 

vena cava  

2 
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A  Model 6963 Uni olar Endocardial Coronar Sinus or Su crier Vena 

Cava Lead 

The Model 6963 Unipolar  Coronary Sinus or Superior Vena Cava  

Transvenous Lead  hereafter referred to as the Model 6963 Lead  is 

designed for the delivery of cardioversion and defibrillation 

pulses in the coronary sinus or superior vena cava  

The Model 6963 Lead has a platinum alloy electrode and silicone 

insulation which surrounds a low resistance platinum alloy 

conductor coil  The Model 6963 Lead has a 6 5 mm connector  

B  Model 6966 Tri olar Endocardial Screw In Ventricular Lead 

The Medtronic Transvene Model 6966 Tripolar  Endocardial  Screw In 

Ventricular Lead  hereafter referred to as the Model 6966 Lead  is 

designed for pacing  sensing  and delivering cardioversion and 

defibrillation pulses in the ventricle  The Model 6966 Lead has 

three electrodes  the helix  ring and coil  The helix tip 

electrode and the ring electrode may be used for bipolar pacing 
and sensing  the coil electrode is intended to be used for 

delivery of cardioversion and defibrillation pulses  The Model 

6966 Lead has a 6 5 mm connector  

The helix is made of platinum alloy that can be actively fixed in 

the endocardium  The helix can be extended or retracted by 

rotating the lead connector pin with a special fixation tool  

The ring electrode is made of platinum alloy and is located 

proximal to the helix and connects electrically to the connector 

ring of the bipolar leg of the bifurcation  

The defibrillating coil electrode is made of platinum and is most 

proximal to the pulse generator and connects electrically to the 

connector pin of the unipolar leg of the bifurcation  

C  Model 6999 Uni olar Subcutaneous Oval Patch Lead 

The Medtronic Model 6999 Unipolar  Subcutaneous  Oval  Patch Lead 

 hereafter referred to as the Model 6999 Patch Lead  is designed 

for the del ivery of cardioversion and defibrillation pulses in the 

subcutaneous or submuscular space of the left lateral chest wall  

  he Nndel 6999 Patch Lead has a low resistance MP  5tP conductor 

coil and platinum alloy electrode coils for cardioversion and 

defibrillaeicn  The Model 6999 lead has a 6 5 mm unipolar 

connector  

g 
Pp 
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IV  Contraindications 

The PCD  Transvene  System is contraindicated in the following  

  patients with transient ventricular tachyarrhythmias due to 

reversible causes  e g   drug intoxication  electrolyte imbalance  
sepsis or hypoxia  and 

  patients with transient ventricular tachyarrhythmias due to other 
factors  e g   myocardial infarction and electrocution  

When tricuspid valvular disease or a mechanical heart valve is present  
use of a ventricular endocardial lead  the Model 6966  is 
contraindi cated  

The PCD  Transvene  Lead System is also contraindicated for the sole use 

of detection and treatment of atrial arrhythmias  

V  Warnin s 

The warnings for the Transvene Leads include the following  

Use only battery powered equipment during lead implantation and 
testing to protect against fibrillation that may be caused by 
alternating currents  Line powered equipment used in the vicinity 
of the patient must be properly grounded  Lead connector pins 
must be insulated from any leakage currents that may arise from 

line powered equipment  

Do not attempt to use the Transvene  Lead system with any device 

other than a Medtronic implantable tachyarrhythmia control device 

for which it has been tested  While there has been no testing of 

the Transvenee leads with a non Medtronic device  the potential 
adverse consequences of using such a combination may include  but 
are not limited to  undersensing cardiac activity and failure to 

deliver necessary therapy  

Two anchoring sleeves are provided with the leads  Models 6963 and 

6966   Both anchoring sleeves should be used as described in the 

section of the manual  Anchoring the Lead  to assure adequate 

fixation  

e i f patients do not meet the implant criteria  demonstration of a 

10 Joule safety margin  for a transvenous lead system  physicians 
should consider implanting an epicardial 
cardioversion defibrillation learl system  If an epicardial system 
is to be implanted after testing a transvenous system  consider 

performing the procedure at a later date  The Transvene  clinical 
study showed a 9 3 percent perioperative death rate for patients 
failing the implant criteria for a Transvene  system and receiving 

4 
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an epicardial system  This compares to 0 7 percent for those 

patients receiving a Transvene4 system without the additional 

epicardial surgical procedure  

In addition the following warnings apply to the Model 6999 Lead  

The Model 6999 Lead is not intended for epicardial or pericardial 

placement since testing has not been performed to determine if 

epicardial or pericardial use is safe or effective  

The Model 6999 Leads haue palpable nodes on the insulation side of 

the patch which must face the skin surface to assure the electrode 

surface is facing the heart  If the insulation side of the patch 
is facing the heart cardioversion defibrillation energy may be 

inadequate to reliably convert arrhythmias  

Placement of the patch over nerve tissue may result in nerve 

damage  

VI  Precautions 

The precautions for use of the Transvene  Leads include the following  

Defibrillation equipment should be kept nearby for immediate use 

during the acute lead system testing  implantation procedure  or 

whenever arrhythmias are possible or intentionally induced during 

post implant testing  

Carefully inspect the lead sterile package prior to opening  if 

the seal or package is damaged  contact your local Medtronic 

representative  

Leads should be handled with great care at a11 times  Any severe 

bending  kinking  stretching  or handling with surgical 

instruments may cause permanent doge to the lead  

Lead insulators attract small particles such as lint and dust  

Therefore  protect the lead from materials shedding these 

substances  Handle the lead with sterile surgical gloves that 

have been wiped with a sterile moist sponge or equivalent  

Do not immerse leads in mineral oil  silicone oil  or any other 

liquid  

Use ethylene oxide only  Do not resterilize more t ian one time  

Do not use surgical inst ruments to grasp the lead or connector pin 
when tunneling  

Chronic repositioning or removal of the lead may be difficult 

because of the fibrotic tissue  However  if a lead must be 

5 
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removed or repositioned  proceed with extreme caution  If a lead 

is abandoned  it should be capped to avoid transmitting electrical 

signals  Return all removed or unused leads or portions thereof 

to Medtronic  

The following precautions apply to the Model 6963 and 6966 Leads  

Given the body diameter of transvenous defibrillation leads  

inserti on via a subclavian approach should be done as far lateral 

as possible to avoid clamping the lead body between the clavicle 

and the first rib  Clamping the lead can eventually cause the 

conductor to fracture  can cause damage to the insulation  or can 

cause other damage to the lead  This can result in complications 

such as loss of detection  loss of pacing therapies  or loss of 

cardioversion defibrillation therapy  Certain anatomical 

abnormalities  such as thoracic outlet syndrome  can also 

precipitate pinching and subsequent fracture of the lead  If the 

subclavian approach is required  avoid techniques that can damage 

the lead  Specifically  do not force the lead if significant 

resistance is encountered  Do not use techniques such as 

adjusting the patient s posture  i e   raising the arm or putting 

a towel behind the person s back  to facilitate the passage of the 

lead  If resistance is encountered  it is recommended that an 

alternate venous entry site be used  e g   the cephalic vein  

To avoid damage to the lead or body tissue  do not use excessive 

force or surgical instruments to insert a stylet into the lead  

When handling a stylet  avoid overbending  kinking  or blood 

contact  

  Repeated insertions of a stylet increases the chance that blood or 

other fluids may accumulate on it  which may cause difficulty in 

passing the stylet through the lead and may cause damage to the 

lead  

Avoid placing the lead under extreme tension or angulation to 

prevent dislodgement and possible lead fracture  Do not grip the 

lead with surgical instruments  

To avoid damage to the stylet  do not use a sharp object to impart 

a curve to the distal end  

Do not use the anchoring sleeve tabs for suturing  

Do not use surgical instruments to grasp the lead or conr ector 

pin when tunneling  

Aiways remove the stylet before connecting the lead to the pulse 

generator  Failure to remove the stylet may result in lead 

failure  

6 
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The following precaution applies only to the Model 6966 Lead  The 

maximum number of revolutions of the electrode fixation tool needed to 

extend or retract the helix is 20  Exceeding the maxi num revolutions 

may damage the lead  

VII  Alternative Practices and Procedures 

Cardioversion and defibrillation is an accepted treatment for the 

indications described in Section II above  The most reliable method for 

increasing the survival of persons at high risk of sudden cardiac death 

is the prompt treatment of ventricular fibrillation and hemodynamically 

unstable ventricular tachycardias by the application of a high energy 

electrical discharge to the heart  The most widespread alternative 

chronic treatment is the suppression of ventricular tachyarrhythmias 

with antiarrhythmic drug therapy  Other commercially available 

automatic implantable pacer cardioverter defibrillator systems  may also 

meet the needs of the patients with the conditions described in Section 

II above  

VIII  Marketin Histor 

On November 1991  Medtronic  Inc  began marketing the PCD  Transvene  

System outside the United States  Approximately 2000 PCD  Transvene  

Systems were marketed with no adverse effects reported  The system has 

not been removed from any market for reasons of safety and 

effectiveness  

IX  Potential Adverse Effects 

The potential adverse effects related to the use of endocardial leads 

include  but are not limited to the following patient related 
conditions  fibrillation or other arrhythmias  air embolism  cardiac 

perforation  heart wall rupture  cardiac tamponade  infection  

endocarditis  constrictive pericarditis  pneumothorax  hemothorax  and 

tissue necrosis  

Other potential adverse effects known to be related to the lead system  

include the following  lead dislodgernent  lead conductor or electrode 

fracture  insulation failure  and poor connection which may lead to loss 

of detection  cardioversion  defibrillation  or pacing therapies  

X  Summar of Studies 

A  El ectrical Testin 

Electrical resistance testing was performed to ensure proper 
functioning of the Transvene  Leads  Seventeen Model 6963 Leads  

35 Model 6966 Leads and 18 Model 6999 Leads were tested  
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Electrical resistance was measured on all of the Transvene Leads 

at 21 degrees Centigrade  C   All samples  net the design 

specifications  

B  Environmental Anal sis Testin 

Environmental Analysis testing was performed to determine the 

leads  resistance to thermal stresses  shocks  when subjected to 

temperature extremes  Fifteen Transvene  Leads of each model were 

subjected to a temperature range of 45 degrees C to 70 degrees C  

After shock testing  visual inspection and electrical resistance 

measurements were performed  There were no visual defects and the 

electrical resistance of all the samples met the design 

specifications  

C  Mechanical Testin 

The mechanical integrity of the Transvene  Leads was assessed  

The leads and or assemblies were subjected to the following  

flex testing  
composite pull strength testing  
crimp and weld pull strength testing  
insertion and withdrawal force testing  and 

leakage testing  

1  Flex estin 

Flex testing was performed to evaluate the integrity of the 

leads when subjected to bending stresses intended to 

simulate in vive conditions  The flex testing consisted of 

mounting 11 samples of insulated conductor coils and 11 

samples of uninsulated electrode coils of each of the 

Transvene  Leads in a lead flex test fixture  The insulated 

conductor coils and uninsulated electrode coils were flexed 

at 21 degrees C and at a bend radius of 00 236 inches  All 

samples exceeded the specifications  

2  Corn osite Pull Stren th Testin 

Composite pull strength testing was performed to evaluate 

the overall pull strength of the lead and connections  

Fifteen Transvene  Leads of each model were boiled in 

Ringer s solution or soaked in nerval saline and pu11 tested 

while wet  utilizing a tensile testing machine  The samples 

were pulled until failure at a rate of 5 inches per minute  

The initial failures were then analyzed statistically for 

the confidence level in meeting the specification for the 

composite lead which is 1 0 pound  lb  minimum  A11 samples 

met or exceeded specifications  
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3  Crim and Weld Pull Stren th Testin 

Crimp and weld pull strength testing was performed to 

evaluate the strength of the connections of the PCD  

Transvene  System  Fifteen subassemblies of each Transvene  

Lead were pull tested by using a tensile testing machine  

The samples were pulled until failure at a rate of 4 inches 

per minute with forces from 1 1b to 3 0 lbs  A11 samples 

met or exceeded the design specifications  

4  Insertion and Withdrawal Force Testin 

Insertion and withdrawal force testing was performed to 

ensure compatibility of the Transvene Leads with the PCD  

Model 7217B  Twenty five samples of each Transvene  Lead 

were tested at an insertion force greater than or equal to 

3 0 1bs and a withdrawal force less than or equal to 2 5 

lbs  The results of testing demonstrated no physical 
changes  All measurements were within specifications  

5  Leaka e Testin 

Fluid leakage tests were conducted on the lead assemblies 

and the connector of the Model 7217 B PCD  to determine if 

there was fluid leakage  Ten samples of each Transvenee 

Lead were tested  Electrical impedance was measured from 

the case of the Model 7217B PCD  to the lead connections 

while immersed in fluid  All samples met specifications  

D  Life Testin 

In addition to the above tests  life testing was performed to 

assess the overall integrity of the Transvene  Leads  Testing 

included subjecting 15 samples of each Transvene  Lead model to 

soaking  flexing and high voltage pulsing  A separate test which 

involved crushing the leads was performed on 10 samples each of 

the Models 6963 and 6966 leads  Electrical resistance values were 

measured before and after all tests  The results demonstrated 

that all of the Transvene  Lead models met the acceptance 

criteria  

E  Biocom atibilit 

e b iocompac ib i 1 i t y o f the tissue r ontac 4 mater  ia1 s used  i n the 

Transvene  Leads has been well established historically  These 

materials include polyurethane  silicone rubber  silicone 

rubber titanium dioxide and platinum iridium  The results of 

USP Tr partite testing  hemolysis  toxicity  pyrogenicity  
mutagenicity tests  demonstrated that all of the materials were 

non hemolytic  non pyrogenic  non toxic  non mutagenic and 

biocompatible  

9 
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F  Animal Studies 

The Transvene  Leads were evaluated in acute and chronic animal 

studies to assess the toxicity of the leads as we11 as its 

stability over a minimum of 2 years  One acute study and 3 

chronic studies were performed  

The objective of the acute study was to quantify the amount and 

nature of shock induced damage to the myocardial tissue resulting 

from multiple  high energy defibrillation shocks delivered via the 

Transvene  Leads  The results of the study of 7 canines revealed 

only minimal shock induced necrosis  less than 0 1 0 5 percent by 

weight   which did not result in functional impairment of the 

cardiac tissue  The findings demonstrated that the Transvene  

Leads did not cause significant myocardial damage in canines and 

could be safely implanted in humans  

The objective of the chronic studies was to evaluate the 

suitability for human clinical use  and to evaluate the chronic 

stability of the Transvene  Leads by monitoring defibrillation and 

pacing thresholds  The studies also assessed the amount and 

nature of shock induced damage to the myocardial tissue resulting 

from defibrillation energy  The results of the studies on 16 

canines demonstrated that the performance of the PCD  Transvene  

System conformed to specifications and design requirements  
Stable pacing and defibrillation thresholds and appropriate 
intracardiac sensing over at least a 2 year period were 

demonstrated  

G  Clinical Studies 

The primary objectives of the study of the PCD  Transvene  System 

include the following  evaluating and monitoring the system in 

the detection and treatment of ventricular tachycardia  VT  and 

ventricular fibrillation  VF   estimating the survival from sudden 

cardiac death and overall survival  

A total of 78 investigative centers participated in the clinical 
study  There were 35 centers in the United States and 43 outside 

the United States  The clinical experience covered a total of 762 

implants of the PCD  Transvene  System in 757 patients as of 

February 1  1993  The performance of the patients was compared to 

the Ventak  Model 1600 AICD  population  historical control with 

292 patients  approved for  narketir g on Yiay 2  1991  and the 

Nedtronic PCD  Epicardial Systera population  concurrent control 

with 742 patients  approved for marketing on February 11  1993    

Follow u Schedule 

All patients enrolled in the clinical study underwent 
extersive pre implant testing as well as operative testing  

In addition  patients were evaluated prior to hospital 

10 
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discharge  1 month post implant  3 months post implant and 

then at intervals of every 3 months  At implant  an 

evaluation was performed to demonstrate proper detection and 

termination of VF by the PCS Transvene  System  At the 

follow up intervals  regular testing was performed to 

evaluate chronic stability of the progranuned therapy and 

sensing parameters  This testing included the following  

assessing the relative stability of the energy required for 

patient treatment  evaluating manual charge times  measuring 

battery voltage  and evaluating the stability of the 

implanted Transvene  Leads  In some cases additional 

testing  which included inductions of arrhythmias  was 

performed at the physician s discretion to evaluate 

spontaneous events  

2  Patient Po ulation 

The patient population enrolled in the clinical study was 

predominately male  610  80 6 percent  with a mean age of 

59 4 years  In 377  49 8 percent  patients  the primary 
indication for implant was recurrent  sustained VT without 

an episode of sudden cardiac death  Coronary artery disease 

was the primary disease process in 561  74 1 percent  

patients  These patients had a mean reported ejection 

fraction of 35 6 percent  

The mean documented implant duration for the patient 

population was 11 7 months and ranged from implant to 37 4 

months  The documented cumulative implant duration was 

8 895 months  There are 657  86 8 percent  patients with 

implant durations equal to or greater than 6 months  

Patients may use either 2 or 3 Transvene  Leads to deliver 

therapy  All 757 patients were implanted with 3 Transvene  

Leads  Of these  574 patients  75 8 percent  were 

prograauned to a sequential defibrillation pathway  3 lead 
system   178 patients  23 5 percent  were programmed to a 

simultaneous defibrillation pathway  3 lead system   and 10 

patients  1 3 percent  were programmed to a single 

defibrillation pathway  2 lead system   The configuration 

chosen was dependent on the patient s history  condition  

and anatomy  and the pathway which would deliver the least 

energy to defibrillate  Both the 2 and 3 lead systems can 

he used  and  sere used successfv13 y to treat the patient s 
ventricular tachyarrliythmia  This was determined by 

assessing the patient s defibrillation threshold  DFT  prior 
to implant  In the patient population  the mean DFT was 

14 8 Joules  J   

Prior to implanting the PCD  Transvene  System  the patient 
had to have 3 out of 4 successful defibrillations at 18 J or 

less  The need for a change in this implant criteria was 
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demonstrated during the clinical study  Subsequently  

approval was received under the investigational device 

exemptions  IDE  regulation to make the change  This change 

allowed implant when there are 2 consecutive successful 

terminations at 24 J or less  or 3 out of 4 successful 

defibrillations at 24 J or less  Even though the patient 

population was comprised of patients who were subject to the 

original implant criteria  adequate data were provided to 

support the new implant criteria  

3  S ontaneous and Induced E isode Ex erience 

Of the 757 patients who received a PCD  Transvenee System  

597  78 9 percent  patients either experienced a spontaneous 

VT and or VF episode or had VT and or VF induced during a 

post implant electrophysiological  EP  study  354 of the 597 

patients had induced episodes of either VT or VF or VT and 

VF during the follow up periods   A total of 458 of the 757 

patients  60 5 percent  experienced 12 009 episodes of 

spontaneous VT and VF that were detected and treated by the 

PCD  Transvene  System  Of these 458 patients  141 patients 

 18 6 percent  experienced VT only  142 patients  18 8 

percent  experienced VF only  and 175 patients  23 1 

percent  experienced VT and or VF  The overall success rate 

of the PCD  Transvene  System in terminating these 

spontaneous episodes included the following  for VT only  

98 3 percent  9 864 of 10 027   for VF only  98 4 percent 

 1 951 of 1 982  and for VT and or VF  98 4 percent  11 815 

of 12 009   

The incidence of unsuccessful termination of a  true   no 
indication of atrial fibrillation or sinus tachycardia  

spontaneous episode of VT despite delivery of all four 

therapies was 0 7 percent  68 of 10 027   The remaining 0 9 

percent  95 of 10 027  were episodes of sinus tachycardia or 

atrial fibrillation where the device responded appropriately 

based on the progranuned detection parameters  however  the 

device was unsuccessful in terminating the arrhyt2unia  

The incidence of unsuccessful termination of a  true  

episode of VF despite delivery of all four therapies was 0 3 

percent  5 of 1 982   The remaining 1 3 percent  26 of 

1 982  were episodes of sinus tachycardia and atrial 

fibrillation  

4  Com lications and Observations 

For purposes of the clinical study  the reported medical 

events were identified as complications and observations  A 

complication was defined as a symptomatic or asymptomatic 

clinical event with potential adverse effects  which can not 

be treated or resolved by reprogramming the device  and 
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requires invasive intervention  An observation was defined 

as a symptomatic or asymptomatic clinical event which either 

does not require invasive intervention  or which can be 

corrected by reprogramming the device  

There have been a total of 176 complications identified in 

147 patients and 212 observations identified in 178 

patients  Thus 19 4 percent  147 of 757  of the patients 

have experienced a complication and 23 5 percent  178 of 

757  have experienced an observation  The most frequently 

reported complications were pocket infection  3 2 percent  

24 of 757   lead fractures  1 2 percent  9 of 757   and lead 

dislodgement  11 4 percent  86 of 757   In an attempt to 

reduce the lead dislodgement  modifications were made to the 

lead anchoring sleeve and a second sIeeve was added to the 

lead  Analysis on 439 patients implanted with the two 

anchoring sleeves showed a dislodgement rate of 2 3 percent 

 10 of 439   Within the first 30 days of implant 34 8 

percent  135 of 388  of the complications and observations 

occurred  42 8 percent  166 of 388  occurred between 1 and 6 

months and the remaining 22 4 percent  87 of 388  occurred 

at or greater than 6 months  

5  Ex lants 

There have been 63  8 3 percent  pulse generators explanted  

Reasons for explant were patient deaths  22   infection 

 22   cardiac transplant  9   device performance  6   and 

lead system issues  4  which included 1 case each of 

twiddler s syndrome  fractured RV lead  increased DFT and 

dislodged RV lead  Of the 6 cases related to device 

performance  the reasons were  failure of an integrated 

circuit in 3 devices  hermetic leakage at the input to one 

of the integrated circuits in 1 device  and random component 

failure in 2 devices  

There were 77 patients who had received a pulse generator 

and vere no longer active in the study  The reasons 

included the following  patient death  51   explant due to 

infection  17  and heart transplant  9   

6  Survival Data 

There  vere  51 
p tient deaths reported  6 7 oerceut  51 o  

757   For the entire study  5 deaths were classified as 

sudden cardiac  0 7 percent  5 of 757   31 vere classified 

as non sudden cardiac  4 1 percent  31 of 757  and 15 were 

cla sified as non cardiac  2 0 percent  15 of 757   Of the 

51 deaths  7 patients had the PCD  programmed OFF at the 

time of death  includes 1 of the 5 sudden cardiac deaths   

Thus  there were 7 patient deaths where PCD  therapy was 

unavailable due to the device being programmed OFF  The 

13 
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decision to deactivate the device is usually made when the 

physician is concerned about the potential development of 

atri al fibrillation with rapid ventricular response or sinus 

tachycardia that might be detected as a ventricular 

tachyarrhythrnia which can result in delivering inappropriate 

therapy  

Actuarial survival analysis was done on all patients who 

were either evaluated for implantation or in whom the PCS 

Transvene  System was implanted  Thus the analysis was done 

from the perspective of intention to treat  Those patients 
in whom the PCD4 was programmed OFF at the time of death or 

in whom no PCD4 was implanted were included in the survival 

analysis  The 1 year survival probabilities for the 

intention to treat were as follows  sudden cardiac death 

 99 5 percent   non sudden cardiac  96 2 percent   all 

cardiac  95 8   and non cardiac  98 1 percent   These 

probabilities were calculated using the Kaplan Meier 

statistical package  Overall survival  from death due to 

all causes  was 93 3 percent  The actuarial projections did 

not include perioperative deaths  deaths which occurred 

within 30 days of implant   except in the calculation of 1 

year survival from death due to a11 causes  The 

perioperative mortality was 0 7 percent  5 of 757   2 sudden 

cardiac deaths  2 non sudden cardiac deaths  and 1 non  

cardiac death  

The 1 year sudden cardiac death actuarial survival rate for 

the PCD  Transvene  System was 99 5 percent as compared to 

98 6 percent for the historical control and 98 9 percent for 

the concurrent control  The 1 year survival rate from death 

due to all causes was 93 3 percent for the PCD  Transvene  

System  90 8 percent for the historical control and 88 6 

percent for the concurrent control  

XI  Conclusions Drawn From Studies 

The results of the laboratory and animal testing and the clinical study 

of the PCD  Transvene  Lead System demonstrated that the system  

including all the associated components  performs according to its 

design intent and is safe and effective for use  One year survival 

rates from sudden cardiac death included the following  PCD  Transvene  

System  99 5 percent   historical control  98 6 percent  and concurrent 

control  98 9 percent   

XII  Panel Recommendations 

The Circulatory System Devices Panel reviewed this application at a 

public meeting on August 2  1993  and recommended approval for the PCD  

Transvene  Lead System  The reconunendation for approval was based on 
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modifications to the labeling which should include the following  

diagrams which show proper insertion of the endocardial Transvene  Leads 

and how the Model 6999 Patch lead should be applied to the subcutaneous 

tissue  a warning which states that the Model 6999 Patch lead is not for 

use on the pericardium or epicardium  pictures or diagrams of the 

various electrode configurations which serve as a guide for selects on  a 

reference about using 5 minute intervals between VF inductions during 

testing  a warning which states that after extensive testing with a 

nonthoracotorny lead system a thoracotomy should be delayed at least 2 

days  the clinical data showed that when a thoracotomy was performed 

immediately after testing  the perioperative mortality rate was 

increased from 0 7 percent to 9 3 percent   guidance regarding 

separating pacemaker leads from the Transvene  Leads  a statement which 

emphasizes the need for x rays and pace sense threshold testing at 

follow up to check for lead dislodgement  and information regarding 

placing the leads via the cephalic vein when possible  In addition  the 

panel recommended that postmarket surveillance track the explanted 

Transvene  Leads for evidence of metal ion oxidation  MIO   

XIII  FDA Decision 

On October 27  1993  FDA found Medtronic Inc  s facilities in compliance 

with the Device Good Manufacturing Practices regulation  21 CFR part 

820   

FDA concurred with the recommendation of the Circulatory System Devices 

Panel  In addition  on September 23  1993  in an approvable letter to 

the applicant  FDA required that the labeling should be modified to 

include the following  effectiveness data on the different lead 

configurations via the different pathways  information and or 

recommendations about implanting the leads and testing the different 

configurations  for example  when to use a 2 lead versus a 3 lead 

configuration and when to implant in the SVC versus the CS   information 

or reconunendations regarding implanting in patients who do not have the 

10 J safety margin  information about how the incidence of infection can 

be reduced  a warning regarding the use of dual anchoring sleeves on the 

RV  SVC and CS leads  and an explanation regarding the necessity for 

explant and return of the lead upon the patient s death  In addition  

FDA requested that the manufacturer note the following  The indications 

and contraindications for use of the Medtronic  Transvene4  Lead System 

must be the same  with certain modifications  as those for the 

Medtronic  PCD  Epicardial System  Modifications pertaining to the 

labeling included the foliowi ng  Tbe second indication was changed to 

read as follows   poorly tolerated  sustained ventrirular tachycardia 

and or fibrillation which recurs spontaneously or can be induced despite 

the best antiarrhythmic drug therapy   The following note in the 

labeling was also recommended   The clinical outcome of hemodynamically 

stable  sustained VT patients is not fully known  The safety and 

effectiveness of the PCD  System in this subgroup of VT patients has not 

been determined   The technical manuals for Transvene  Leads must state 

that the leads are for use together as a system  The labeling  where 
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appropriate  must be consistent in all Transvenee Lead manuals  The 

information regarding the Transvenee Leads in the Medtronic  PCD  

Epicardial manual must also be included in the Transvene  Lead manuals  

There should be an identifying mark on the package label of the 

Transvene  Leads which distinguishes nonthoracotomy leads from 

thoracotomy leads  The Warnings and Precautions in the labeling must be 

identified and reported separately according to FDA s Blue Book 

Memorandum of March 8  1991  The manufacturer should also provide a 

copy of the Patient s Manual which includes a reference to the use of 

nonthoracotomy leads with the PCD  models  

On October 12  and November 3  1993  Medtronic  Inc  submitted an 

amendment to the application providing the information recommended by 

the panel and required by FDA  

FDA approval is subject to the applicant s compliance with the 

 Conditions of Approval for Implantable Defibrillators and Programmers  

 Attachment A   and the conditions that  1  the sale  distribution  and 

use of this device are restricted to prescription use in accordance with 

21 CFR 801 109 within the meaning of section 520  e  of the Federal 

Food  Drug and Cosmetic Act  the act  under the authority of section 515 

 d   1   B   ii  of the Act  and  2  that the device is further 

restricted within the meaning of section 520  e  under the authority of 

section 515  d   1   B   ii  insofar as the approved labeling specifies 

the requirements that apply to the training of physicians who may use 

the device  

XIV  A roval S ecifications 

The post approval reconunendations are discussed above in Section XIII  



Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  Minnesota 55432 3576 

OEC 9 893 

Re  P920015 
Medtronic  Transvene  Lead System 
Filed  April 1  1992 
Amended  August 27  September 21  October 27 and November 5  1992  

March 29  June 2  14  July 9  October 12  and November 3  1993 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 

Administration  FDA  has completed its review of your premarket approval 

application  PMA  for the Medtronic  Transvene  Lead System  The Medtronic  

Transvene  Lead System  Models 6963  6966 and 6999    hereafter referred to as 

the Transvene  Leads  with Medtronic Pacer Cardioverter Defibrillator  PCD   

Model 7217B Multiprogrammable Tachyarrhythmia Control System  hereafter 
referred to as the PCS Transvene  System  is intended for single long term 

use and each lead is designed to be used only with a compatible Medtronic 

implantable tachyarrhythmia control device along with at least one other 

Medtronic defibrillation lead  The lead system has application where 

implantable tachyarrhythmia cardioversion or defibrillation systems are 

indicated  Current medical research indicates that such patients should   1  

have survived at least one episode of a cardiac arrest presumably due to a 

ventricular tachyarrhythmia as evidenced by resuscitation using a 

transthoracic defibrillator  The ventricular tachyarrhythmia should not be 

caused by an acute myocardial infarction  or  2  in the absence of a prior 
cardiac arrest  have poorly tolerated sustained VT and or VF  which occurs 

spontaneously  or can be induced  despite the best antiarrhythmic drug 

therapy  

The natural history of patients with hemodynamically stable sustained VT is 

not well defined  While this patient population was included in the 

Transvene  Lead clinical study  no conclusions were drawn from the data 

obtained on this specific patient group  

Prior to Transvene  implant  it is strongly recommended that patients undergo 

a complete cardiac evaluation  which should include extensive 

electrophysiologic testing  Also  extensive electrophysiologic evaluation and 

testing of the safety and efficacy of the proposed pacing  cardioversion  or 

defibrillation therapies are recommended during and after the implantation of 

the Transvene  System  
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We are pleased to inform you that the PMA is approved subject to the 
conditions described below and in the  Conditions of Approval for Implantable 
Defibrillators and Programmers   enclosed   You may begin commercial 
distribution of the device upon receipt of this letter  

Expiration dating for this device has been established and approved at 2 
years  

The sale  distribution  and use of this device are restricted to prescription use in accordance with 21 CFR 801 109 within the meaning of section 520 e  of 
the Federal Food  Drug  and Cosmetic Act  the act  under the authority of 
section 515 d  1  B  ii  of the act  

The device is further restricted within the meaning of section 520 e  under 
the authority of section 515 d  1  B  ii  insofar as the approved labeling 
specifies the requirements that apply to the training of physicians who may 
use the device  

In addition to the postapproval requirements  postnarket surveillance should 
track the explanted Transvene  leads for evidence of metal ion oxidation 
 MIO   

CDRH will publish a notice of its decision to approve your PNA in the FEDERAL 
REGISTER  The notice will state that a summary of the safety and 
effectiveness data upon which the approval is based is available to the public upon request  Within 30 days of publication of the notice of approval in the 
FEDERAL REGISTER  any interested person may seek review of this decision by 
requesting an opportunity for administrative review  either through a hearing 
or review by an independent advisory comnittee  under section 515 g  of the 
act  

Failure to comply with the conditions of approval invalidates this approval 
order  Commercial distribution of a device that is not in compliance with 
these conditions is a violation of the act  

All required documents should be submitted in triplicate  unless otherwise 
specified  to the address below and should reference the above PNA number to 
expedite processing  

PMA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

In addition  under Section 522 a  of the act  manufacturers of certain types 
of devices identified by the act or designated by FDA are required to conduct 
postmarket surveillance studies  FDA has identified under Section 522 a  1 A  
the device cleared for marketing by this order as requiring postmarket 
surveillance  
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Within thirty  30  days of first introduction or delivery for introduction of 
this device into interstate commerce you are required to submit to FDA 
certification of the date of introduction into interstate commerce  a detailed 
protocol which describes the postmarket surveillance study  and a detailed 
profile of the study s principal investigator that clearly establishes the 
qualifications and experience of the individual to conduct the proposed study  
For your information  general guidance on preparing a protocol for a 
postmarket surveillance study is enclosed  

Submit five  5  copies to  

Postmarket Studies Document Center 
Suite 405  HFZ 107  
1801 Rockville Pike 
Rockville  Maryland 20852 

Within sixty  60  days of receipt of your protocol  FDA will either approve or 
disapprove it and notify you of the Agency s action in writing  Do not 
undertake a postmarket surveillance study without an FDA approved protocol  

Failure to certify accurately the date of initial introduction of your device 
into interstate commerce  to submit timely an acceptable protocol  or to 
undertake and complete an FDA approved postmarket surveillance study 
consistent with the protocol  will cause your product to be misbranded and 
could lead to the imposition of civil money penalties or other regulatory 
actions  Any distribution of a misbranded device is a violation of the act 
and may result in a number of FDA enforcement actions  including  but not 
limited to  withdrawal of your PNA  

If you have questions concerning postmarket surveillance study requirements  
contact the Postmarket Surveillance Studies Branch at  301  594 0639  

Under Section 519 e  of the act  as amended by the Safe Medical Devices Act in 
1990   manufacturers of certain devices must track their products to the final 
user or patient so that devices can be located quickly if serious problems are 
occurring with the products  The tracking requirements apply to  1  permanent 
implants the failure of which would be reasonably likely to have serious 
adverse health consequences   2  life sustaining or life supporting devices 
that are used outside of device user facilities the failure of which would be 
reasonably likely to have serious adverse health consequences  and  3  other 
devices that FDA has designated as requiring tracking  Under Section 519 e   
FDA believes that your device is a device that is subject to tracking because 
it is a permanent implant whose failure would be reasonably likely to have 
serious adverse consequences  FDA has designated your device for tracking  

FDA s tracking regulations  published in the FEDERAL REGISTER on August 16  
1993  appear at 21 CFR Part 821  These regulations set out what you must do 
to track a device  In addition  the regulations list example permanent 
implant and life sustaining or life supporting devices that FDA believes must 
be tracked at 21 CFR   821 20 b  and the devices that FDA has designated for 
tracking at 21 CFR   821 20 c   FDA s rationale for identifying these devices 
is set out in the FEDERAL REGISTER  57 FR 10705 10709  March 27  1991   57 FR 
22973 22975  Nay 29  1992   and 58 FR 43451 43455  August 16  1993    
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If you have questions concerning this approval order  please contact Doris 
Terry at  301  594 1523 or Arnold Alpert  Ph D   at  301  594 2186  

Sincerely yours  

Susan Alpert  Ph D   M D  
Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 

Enclosures 

cc  HFZ 107 
HFZ 401 
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HFZ 450 Prepared by DTERRY  au 11 02 93 
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DEC 9 l99   

Acting Director  Office of Device Evaluation  HFZ 400  
Center for Devices and Radiological Health  CDRH  

Premarket Approval of Medtronic  Transvene  Lead System   ACTION 

The Director  GDRH 
Through  ORA 

ISSUE  Publication of a notice announcing approval of the subject PMA  

FACTS  Tab A contains a FEDERAL REGISTER notice announcing  

 1  a premarket approval order for the above 
referenced medical device  Tab B   and 

 2  the availability of a summary of safety and 
effectiveness data for the device  Tab C   

RECOMMENDATION  I recommend that the notice be signed and published  

Susan Alpert  Ph D   M D  

Attachments 
Tab A   Notice 
Tab B   Order 
Tab C   S   E Summary 

DECISION DEC e mes 
Approved Disapproved Date 
prepared by CDRH  HFZ 450  Doris Terry  8 26 93  594 24E8  

CC  HFC 10  w original attachments and one copy  
HFZ 401 DMC  with attachments  
HFZ 402 PMA  with attachments  
HFZ 450  with attachments  
typed by jau 10 29 93 
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Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  Minnesota 55432 3576 

RE  P920015 
Medtronic  Transvene  Lead System 
Filed  April 1  1992 
Amended  August 27  September 21  October 27 and November 5  1992  

March 29  June 2  X4  and July 9  1993 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 
Administration  FDA  has completed its review of your premarket approval 
application  PMA   The Circulatory System Devices Panel which also reviewed 
your PMA  recommended to CDRH at the August 2  1993  panel meeting that the PMA be considered approvable  CDRH is pleased to inform you that the PMA is approvable subject to your submission of the following  

1  The labeling should be modified to include the following directions 
for use  

a  diagrams which demonstrate the proper insertion technique and 
final anatomic position of the intravascular leads and the Sub Q 
patch  

b  defibrillation efficacy data on the different lead 
configurations  various polarity combinations and sequential 
versus simultaneous discharges  

C  infer nation and or recommendations regarding specific 
implantation techniques and methods of testing the different 
configurations  For example  when is it recommended to use a 
two lead configuration versus a three lead configuration  when to 
implant in the superior vena cava  SVC  versus the coronary sinus 
 CS   and how the most advantageous position of the Sub Q patch is determined  

d  information or recommendations  based on your experience  
regarding implantation in patients who do not have at least a 10 
Joule safety margin  

e  information aimed at reducing the incidence of infection  

f  instructions stressing the importance of pausing between 
inductions of ventricular fibrillation  VF  at the time of 
implantation for at least a specified period of time in order to 
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decrease morbidity and aortality  The comments and the pause 
duration suggested should be based on the experience of the 

primary investigators in your study  

K   information regarding the change in defibrillation thresholds 
that one may expect with time as based on the experience of your 
investigators in your study  

h  guidance and techniques for separating permanent pacemaker leads 
from the Transvene  leads to minimize the interaction between the 
two devices  and diagnostic methods which can be employed at 
implant or predischarge to confirm the absence of adverse 
interaction  

i  a statement which emphasizes the need for x rays and pace sense 
threshold testing at follow up to check for lead dislodgement  x  
rays should be done at 3 month intervals for 1 year   

J   information regarding techniques for placing the leads via the 
cephalic vein when possible  and 

k  an explanation regarding the necessity for explant and return of 
the leads upon the patient s death  

2   Tile labeling should be modified to include the following warnings  

a  a statement that the Sub Q patch lead is not for use on the 

pericardium or epicardium  because it is too inflexible to be 
used as such  

b  stronger and more specific language regarding the use of dual 
anchoring sleeves on the right ventricle  RV   SVC  and CS leads  
Based on the experience of your investigators  please describe 
the techniques used to fixate the lead at the insertion into the 
vein to minimize dislodgment  and 

C  information which states that after extensive VF inductions at 
implant testing with the nonthoracotomy lead system  serious 
consideration should be given to delaying the thoracotomy for at 
least 2 days  Please include a statement which states that the 
clinical data showed that when a thoracotomy was performed 
immediately after testing  the perioperative mortality rate was 
increased from 0 7 to 9 3 percent  

3  In addition you should note the following  

a  The indications and contraindications for use of the Medtronice 
Transvene  Lead System must be identical  except for certain 
modifications which pertain to the Transvene  Leads and those 
described below  to those for the PCS Epicardial System  Please 
change your second indication to read  Poorly tolerated  
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sustained ventricular tachycardia and or fibrillation which 
recurs spontaneously or can be induced despite the best 
antiarrhythmic drug therapy  Please also include the following 
statement in your indications section  

Note  The clinical outcome of hemodynamically stable  sustained 
VT patients is not fully known  The safety and effectiveness of 
the PCD4 Transvene System in this subgroup of VT patients has not 
been determined  

b  The technical manuals for the Transvene  Leads must state that 
the leads are for use together as a system  The labeling  where 
appropriate  must be consistent in all of the Transvene  Lead 
manuals  The information regarding the Transvenee Leads in the 
PCD  Manual must also be included in the Transvenee Lead manuals  

c  There should be an identifying mark on the package label which 
distinguishes nonthoracotomy leads from thoracotony leads  

d  The Warnings and Precautions in the labeling must be identified 
and reported separately according to FDA s Blue Book Memorandum 
of March 8  1991   a copy of this memorandum was previously sent 
to you   

4  Provide a copy of the Patient s Manual which includes a reference to 
use of the non thoracotomy leads with the PCD  models  

The PMA must be amended to include your concurrence with  or suggested 
revision of  the enclosed  Conditions of Approval for Implantable 
Defibrillators and Programmers   

The condition that the sale  distribution and use of this device are 
restricted to prescription use in accordance with 21 CFR 801 109 within the 
meaning of section 520 e  of the Federal Food  Drug  and Cosmetic Act  the 
act  under the authority of section 515 d  1  B  ii  of the act  

The device is further restricted within the meaning of section 
520 e  under the authority of section 515 d  1  B  ii  insofar as 
the approved labeling specifies the requirements that apply to the training of 
physicians who may use the device  
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In addition to the above  an FDA inspection must find that the manufacturing 

facilities  methods and controls comply with applicable device Good 

Manufacturing Practice Regulations  21 CFR Part 820   If applicable  amend 

the PNA to include required manufacturing information not previously 
submitted  

This is to advise you that  following receipt of an approvable letter  an 

applicant is required by 21 CFR 814 20 e  to update its pending PMA with new 

safety and effectiveness information learned about the device from ongoing or 

completed studies that may reasonably affect an evaluation of the safety or 

effectiveness of the device or that may reasonably affect the statement of 

contraindications  warnings  precautions and adverse reactions in the draft 

labeling  This updated reporting is limited to studies sponsored by the 

applicant or to which the applicant has reasonable access  The update report 

shall be consistent with the data reporting provisions of the protocol  Any 

update report shall be submitted in three copies as an amendment to the PMA 

and shall include the FDA reference number assigned to the PMA  

CDRH will issue an approval order after the requested information has been 

reviewed and determined to be acceptable  You may not begin commercial 

distribution of the device until you have received an approval order  

As provided by 21 CFR 814 44 e  2   you may amend your PMA as requested  or 

withdraw it  or you may treat this letter as a formal denial of approval  If 

you choose the latter  you may request administrative review  either through a 

hearing or review by an independent advisory committee  under section 

515 d  3  and 515 g  of the act by filing a petition with the Food and Drug 

Administration  Dockets Management Branch  HFA 305   Room 1 23  12420 Parklawn 

Drive  Rockville  Maryland 20857  within 30 days of the date you receive this 

letter  A petition for administrative review must be submitted in accordance 

with general administrative procedures for submission of documents to the 

Dockets Management Branch  21 CFR 10 20  and in the form of a petition for 

reconsideration  21 CFR 10 33   After reviewing the petition  FDA will decide 

whether to grant or deny the petition and will publish a notice of its 

decision in the FEDERAL REGISTER  If FDA grants the petition  the notice will 

state the issues to be reviewed  the form of the review to be used  the 

persons who may participate in the review  the time and place where the review 

wi11 occur  and other details  

The above requested information must be submitted in the form of an amendment 

 3 copies   Unless you amend this PMA to request an extension  and the 

extension is approved  FDA will consider the PNA to have been withdrawn 

voluntarily if you fail to respond in writing to this request for an amendment 

within 180 days of the date of this letter as provided under 21 CFR 814 44 g   

Any request for an extension must be submitted within the 180 day period  

justify the need for the extension  and provide a reasonable estimate as to 

when the requested information will be submitted  



Page 5   Jennifer N  Marrone 

All amendments to the PMA must be submitted in triplicate to the address below 
and shall reference the above PMA number to expedite processing  

PMA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

In addition  under Section 522 a  of the act  manufacturers of certain types 
of devices identified by the act or designated by FDA are required to conduct 

postmarket surveillance studies  FDA has identified under Section 
522 a  1  A  the above noted device as requiring postmarket surveillance  

Upon approval and within thirty  30  days of first introduction or delivery 
for introduction of this device into interstate commerce you will be required 
to submit to FDA certification of the date of introduction into interstate 
commerce  a detailed protocol which describes the postmarket surveillance 
study to include the evaluation of the explanted leads for evidence of metal 
ion oxidation  MIO   and a detailed profile of the study s principal 
investigator that clearly establishes the qualifications and experience of the 
individual to conduct the proposed study  For your information  general 
guidance on preparing a protocol for a postmarket surveillance study is 
enclosed  

At that time you should submit five  5  copies to  

Postmarket Studies Document Center 
Room 408  HFZ 107  
12720 Twinbrook Parkway 
Rockville  Maryland 20852 

Within sixty  60  days of receipt of your protocol  FDA will either approve or 
disapprove it and notify you of the Agency s action in writing  Do not 
undertake a postmarket surveillance study without an FDA approved protocol  

Failure to certify accurately the date of initial introduction of your device 
into interstate commerce  to submit timely an acceptable protocol  or to 
undertake and complete an FDA approved postmarket surveillance study 
consistent with the protocol  will cause your product to be misbranded and 
could lead to the imposition of civil money penalties or other regulatory 
actions  Any distribution of a misbranded device is a violation of the act 
and may result in a number of FDA enforcement actions  including  but not 
limited to  withdrawal of your PMA  

If you have questions concerning postmarket surveillance study requirements  
contact Postmarket Surveillance Studies Branch at  301  594 0639  

Finally  on August 16  1993  the Final Rule for Device Tracking was published 
in the FEDERAL REGISTER  pages 43442 43455  enclosed   FDA is required to 

provide notice to PMA applicants in an approvable letter that their device is 
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subject to the regulation  Therefore  be advised that under Section 519 e  of the act  FDA has identified the above device as a device which requires 
tracking  You are required to adopt a method of tracking that follows the 
devices through the distribution chain and then identifies and follows the 
patients who receive them  The specific requirements of the regulation are 
found in 21 CFR 821 as described in the August 16  1993  FEDERAL REGISTER 
beginning on page 43447  

If you have questions concerning this approvable letter please contact Doris 
Terry at  301  594 2018 or Arnold Alpert  Ph D   at  301  594 2186  

Sincerely yours  

i  
SusaqlAlpert  Ph D   M D  
Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 

Enclosures 
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Food and Drug Administration 
1390 Piccard Drive 

Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  Minnesota 55432 3576 

SEP 2 3 l993 

RE  P920015 
Medtronic  Transveneo Lead System 
Filed  April 1  1992 

Rockvilie  MD 20850 

Amended  August 27  September 21  October 27 and November 5  1992  
March 29  June 2  14  and July 9  1993 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 
Administration  FDA  has completed its review of your premarket approval 
application  PMA   The Circulatory System Devices Panel which also reviewed 
your PNA  recommended to CDRH at the August 2  1993  panel meeting that the 
PNA be considered approvable  CDRH is pleased to inform you that the PMA is 
approvable subject to your submission of the following  

1  The labeling should be modified to include the following directions 
for use  

a  diagrams which demonstrate the proper insertion technique and 
final anatomic position of the intravascular leads and the Sub Q 
patch  

b  defibrillation efficacy data on the different lead 
configurations  various polarity combinations and sequential 
versus simultaneous discharges  

C  information and or recommendations regarding specific 
implantation techniques and methods of testing the different 
configurations  For example  when is it recommended to use a 
two lead configuration versus a three lead configuration  when to 
implant in the superior vena cava  SVC  versus the coronary sinus 
 CS   and how the most advantageous position of the Sub Q patch 
is cieterrnined  

d  information or reconvnendations  based on your experience  
regarding implantation in patients who do not have at least a 10 
Joul e safety margin  

e  information aimed at reducing the incidence of infection  

f  instructions stressing the importance of pausing between 
inductions of ventricular fibrillation  VF  at the time of 
implantation for at least a specified period of time in order to 

q  
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decrease morbidity and mortality  The comments and the pause 

duration suggested should be based on the experience of the 

primary investigators in your study  

g  information regarding the change in defibrillation thresholds 

that one may expect with time as based on the experience of your 

investigators in your study  

h  guidance and techniques for separating permanent pacemaker leads 

from the Transvene  leads to minimize the interaction between the 

two devices  and diagnostic methods which can be employed at 

implant or predischarge to confirm the absence of adverse 

interaction  

i  a statement which emphasizes the need for x rays and pace sense 

threshold testing at follow up to check for lead dislodgement  x  

rays should be done at 3 month intervals for 1 year   

j   information regarding techniques for placing the leads via the 

cephalic vein when possible  and 

k  an explanation regarding the necessity for explant and return of 

the leads upon the patient s death  

2  The labeling should be modified to include the following warnings  

a  a statement that the Sub Q patch lead is not for use on the 

pericardium or epicardium  because it is too inflexible to be 

used as such  

b  stronger and more specific language regarding the use of dual 

anchoring sleeves on the right ventricle  RV   SVC  and CS leads  

Based on the experience of your investigators  please describe 

the techniques used to fixate the lead at the insertion into the 

vein to minimize dislodgment  and 

c  information which states that after extensive VF inductions at 

implant testing with the nonthoracotomy lead system  serious 

consideration should be given to delaying the thoracotomy for at 

least 2 days  Please include a statement which states that the 

clinical data showed that when a thnracotomy was performed 
immediately after testing  the perioperative mortaiity rate was 

increased from 0 7 to 9 3 percent  

3  In addition you should note the following  

a  The indications and contraindications for use of the Medtronic  

Transvene  Lead System must be identical  except for certain 

modifications which pertain to the Transvene  Leads and those 

described below  to those for the PCS Epicardial System  Please 

change your second indication to read  Poorly tolerated  
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sustained ventricular tachycardia and or fibrillation which 
recurs spontaneously or can be induced despite the best 
antiarrhythmic drug therapy  Please also include the following 
statement in your indications section  

Note  The clinical outcome of hemodynamically stable  sustained 
VT patients is not fully known  The safety and effectiveness of 
the PCD  Transvene System in this subgroup of VT patients has not 
been determined  

b  The technical manuals for the Transvene  Leads must state that 
the leads are for use together as a system  The labeling  where 
appropriate  must be consistent in all of the Transvene  Lead 
manuals  The information regarding the Transvene  Leads in the 
PCD  Manual must also be included in the Transvenee Lead manuals  

c  There should be an identifying mark on the package label which 
distinguishes nonthoracotomy leads from thoracotomy leads  

d  The Warnings and Precautions in the labeling must be identified 
and reported separately according to FDA s Blue Book Memorandum 
of March 8  1991   a copy of this memorandum was previously sent 
to you   

4  Provide a copy of the Patient s Manual which includes a reference to 
use of the non thoracotomy leads with the PCD  models  

The PNA must be amended to include your concurrence with  or suggested 
revision of  the enclosed  Conditions of Approval for Implantable 
Defibrillators and Programmers   

The condition that the sale  distribution and use of this device are 
restricted to prescription use in accordance with 21 CFR 801 109 within the 
meaning of section 520 e  of the Federal Food  Drug  and Cosmetic Act  the 
act  under the authority of section 515 d  1  B  ii  of the act  

The device is further restricted within the meaning of section 
520 e  under the authority of section 515 d  1  B  ii  insofar as 
the approved labeling specifies the requirements that apply to the training of 

physicians who may use the device  
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In addition to the above  an FDA inspection must find that the manufacturing 

facilities  methods and controls comply with applicable device Good 

Manufacturing Practice Regulations  21 CFR Part 820   If applicable  amend 

the PMA to include required manufacturing information not previously 

submitted  

This is to advise you that  following receipt of an approvable letter  an 

applicant is required by 21 CFR 814 20 e  to update its pending PMA with new 

safety and effectiveness information learned about the device frozen ongoing or 

completed studies that may reasonably affect an evaluation of the safety or 

effectiveness of the device or that may reasonably affect the statement of 

contraindications  warnings  precautions and adverse reactions in the draft 

labeling  This updated reporting is limited to studies sponsored by the 

applicant or to which the applicant has reasonable access  The update report 

shall be consistent with the data reporting provisions of the protocol  Any 

update report shall be submitted in three copies as an amendment to the PMA 

and shall include the FDA reference number assigned to the PMA  

CDRH will issue an approval order after the requested information has been 

reviewed and determined to be acceptable  You may not begin commercial 

distribution of the device until you have received an approval order  

As provided by 21 CFR 814 44 e  2   you may amend your PMA as requested  or 

withdraw it  or you may treat this letter as a formal denial of approval  If 

you choose the latter  you may request administrative review  either through a 

hearing or review by an independent advisory conunittee  under section 

515 d  3  and 515 g  of the act by filing a petition with the Food and Drug 

Administration  Dockets Management Branch  HFA 305   Room 1 23  12420 Parklawn 

Drive  Rockville  Maryland 20857  within 30 days of the date you receive this 

letter  A petition for administrative review must be submitted in accordance 

with general administrative procedures for submission of documents to the 

Dockets Management Branch  21 CFR 10 20  and in the form of a petition for 

reconsideration  21 CFR 10 33   After reviewing the petition  FDA will decide 

whether to grant or deny the petition and will publish a notice of its 

decision in the FEDERAL REGISTER  If FDA grants the petition  the notice wi11 

state the issues to be reviewed  the form of the review to be used  the 

persons who may participate in the review  the time and place where the review 

will occur  and other details  

The above requested information must be submitted in the form of an amendment 

 3 copies   unless you amend this PMA to request an ext ension  and the 

extension is approved  FDA vill consider the PMA to have been withdrawn 

voluntarily if you fail to respond in writing to this request for an amendment 

within 180 days of the date of this letter as provided under 21 CFR 814 44 g   

Any request for an extension must be submitted within the 180 day period  

justify the need for the extension  and provide a reasonable estimate as to 

when the requested information wi ll be submitted  
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All amendments to the PMA must be submitted in triplicate to the address below 
and shall reference the above PMA number to expedite processing  

PNA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

In addition  under Section 522 a  of the act  manufacturers of certain types 
of devices identified by the act or designated by FDA are required to conduct 
postmarket surveillance studies  FDA has identified under Section 
522 a  1  A  the above noted device as requiring postmarket surveillance  

Upon approval and within thirty  30  days of first introduction or delivery 
for introduction of this device into interstate coaunerce you will be required 
to submit to FDA certification of the date of introduction into interstate 
commerce  a detailed protocol which describes the postmarket surveillance 
study to include the evaluation of the explanted leads for evidence of metal 
ion oxidation  MIO   and a detailed profile of the study s principal 
investigator that clearly establishes the qualifications and experience of the 
individual to conduct the proposed study  For your information  general 
guidance on preparing a protocol for a postmarket surveillance study is 
enclosed 

At that time you should submit five  5  copies to  

Postmarket Studies Document Center 
Room 408  HFZ 107  
12720 Twinbrook Parkway 
Rockville  Maryland 20852 

Within sixty  60  days of receipt of your protocol  FDA will either approve or 
disapprove it and notify you of the Agency s action in writing  Do not 
undertake a postmarket surveillance study without an FDA approved protocol  

Failure to certify accurately the date of initial introduction of your device 
into interstate commerce  to submit timely an acceptable protocol  or to 
undertake and complete an FDA approved postmarket surveillance study 
consistent with the protocol  will cause your product to be misbranded and 
could lead to t he imposition o civil money penal ties or other regulatory 
actions  Any distribution of a misbranded device is a violati on ef the act 
and may result in a number of FDA enforcement actions  including  but not 
limited to  withdrawal of your PMA  

If you have questions concerning postmarket surveillance study requirements  
contact Postmarket Surveillance Studies Branch at  301  594 0639  

Finally  on August 16  1993  the Final Rule for Device Tracking was published 
in the FEDERAL REGISTER  pages 43442 43455  enclosed   FDA is required to 
provide notice to PMA applicants in an approvable letter that thei r device is 

3 
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subject to the regulation  Therefore  be advised that under Section 519 e  of 

the act  FDA has identified the above device as a device which requires 

tracking  You are required to adopt a method of tracking that follows the 

devices through the distribution chain and then identifies and follows the 

patients who receive them  The specific requirements of the regulation are 

found in 21 CFR 821 as described in the August 16  1993  FEDERAL REGISTER 

beginning on page 43447  

If you have questions concerning this approvable letter please contact Doris 

Terry at  301  594 2018 or Arnold Alpert  Ph D   at  301  594 2186  

Sincerely yours  

usan Alpert  Ph   M D  
Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 

Enclosures 
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Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  Minnesota 55432 3576 

RE  P920015 
Transvene  Lead System 
Filed  April 1  1992 
Amended  September 21  1992 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 

Administration  FDA  has completed an initial scientific review of the above 

referenced premarket approval application  PMA   We regret to inform you that 

on the basis of this review  we have concluded that the PNA lacks information 

needed to complete the review and determine whether there is reasonable 

assurance that the device is safe and effective for its intended use  

We recognize the potential public health significance of this device and 

acknowledge the separate discussions underway to expedite the review  

However  because of this lack of information  review of the PMA cannot 

continue and  accordingly  we have listed the folloving significant 

deficiencies which require the responses as indicated  

1  To clearly establish the purpose of the clinical data in the PMA 

application  please provide the following  

a  the hypothesis and the objectives of your clinical study  

b  a discussion of  i  how your clinical study addresses the use of 

a control  which is relevant to all clinical studies   ii  the 

appropriateness of the AICD  as a historical control  and  iii  

your rationale for not using a concurrent control during an 

implantable cardioverter defibrillator  ICD  study  

c  the endpoints of your study  and 

d  how the data provided in the PMA application support the 

specified endpoints  
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2  Based on data provided in your PMA application  please prepare 
table s  which include a side by side comparison of the PCD  
Transvene M and the PCD  Epicardial System and the PCD  Transvene  and 
Ventak P AICD  populations  The table must also include the 
inclusion and exclusion criteria which were used for each study  You 
must include a discussion of how these data may or may not represent 
a valid comparison  and other continents which justify and support the 
use of these groups as controls  

3  An update of the PMA clinical study population must be provided  The 
update must include the data as presented in the PMA application  and 
must include the clinical experience in the use of the new anchoring 
sleeves  which are aimed at decreasing the incidence of dislodgement  
and a summary of the clinical experience  spontaneous treatment 
efficacy of ventricular tachycardia  VT  and ventricular fibrillation 

 VF   observations and complications  number of patient deaths and 
overall survival  of the patients followed for a year or more  

4  Please provide a clear description of how you identified the  patient 

who did not meet the implant criteria   Please discuss your implant 
criteria and how implant testing attempted to satisfy protocol 
requirements  

5  Of the 214 patients who did not meet the implant criteria and yet 
were implanted with the device  170 patients had successful 
defibrillation with 24 Joules  J  Please provide an update of the 
clinical experience on these patients  as described in item 3 above  
Also  please discuss how your proposed labeling will address this 

protocol deviation  Vill implant criteria be changed  

6  There were 20 patients among the 214 who did not meet the implant 
criteria and were implanted without the 10 J safety margin  An 
update of the spontaneous episode experience in the treatment of VT 
and VF in these patients and the overall survival must be provided  

7  Table IK 4  page 151  compares the patients meeting the implant 
criteria to those who did not meet the criteria  However  many of 
the percentages were presented without numerical support  Please 

provide the appropriate numbers  

8  Please provide an update on the patients who are implanted with the 
Transvene  System and were not counted in the PNA population  The 
update must include a summary of the clinical experience as 
referenced in item 3 above  

9  Based on your study protocol  please differentiate between 
defibrillation threshold  DFT  testing and lowest energy to 
defibrillate  LED  testing  Based on the individual patient report 
forms of the 757 patients  how many patients underwent what is 
described as DFT testing and how many had LED testing  Samples of 
the patient report forms showing the scheme of testing which was 

gv 
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categorized as DFT and LED testing must be provided  Please discuss 

how the DFT and LED data were reported and presented in the PMA 
application  

10  There is a statistically significant difference between the mean DFT 
obtained with the RV CS SQ lead configuration and the mean DFT 
obtained with the other lead configurations  How do you account for 

this difference  Was the DFT as reported and discussed for all lead 
configurations obtained using an identical or similar scheme  Please 
discuss  You must document that there were no significant 
differences between the scheme for performing DFT and LED testing 
between the Transvene  and PCD  Epicardial patient populations  if 

that is the case  

11  Please elaborate on how the comparison of DFTs obtained from the PCD  

Epicardial Lead study and the Transvene  study can be considered as a 

valid comparison in that the majority of the patients  574  75 3 

percent   in the Transvene  study were programmed with the sequential 

pathway and 178  23 4 percent  were prograauned via the simultaneous 

pathway  The majority of the patients  496  65 2 percent   in the 
PCD  Epicardial study were programmed with the single pathway  Based 
on your PCD  Epicardial study  please discuss the DFTs or energy 
requirements obtained with the use of the single defibrillation 

pathway versus the sequential and simultaneous pathways  

12  Please discuss the time between detection and delivery of therapy of 

the Transvene  System versus the PCD  Epicardial System  

13  On page 125 of the application  please explain and or discuss what is 

meant by  a 2 1 VF sensing margin   how it is determined  and if the 

patients met the criteria  

14  Of the 329 patients who were followed for 6 months  130 patients had 
spontaneous episodes  What was the average number of VT and VF 
episodes per patient  Of the patients followed for a year  how many 

had spontaneous episodes of VT and VF and what was the mean number of 

episodes per patient in this group  

15  On page 130  Table IF 4  you report that there were 5362 episodes of 

VT successfully terminated  On page 131  paragraph 2  you state that 

25 patients experienced 45  0 8 percent  episodes of sinus 
tachycardia or atrial fibrillation  Are these patients included in 

the success or failure category  Nine hundred and sixty four 
episodes of VF were reported  however  75 episodes were not actual 
VF  You must clarify how the successful and ineffective therapies 
and failures are discerned and categorized  Please prepare a table 

which includes a category of ineffective therapies with actual 

patient numbers and percentages  In addition  what assurance is 

there that an episode of supraventricular tachycardia or atrial 

fibrillation is not misinterpreted as VT or VF by the physician and 

considered a successful therapy  

Q7 
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16  Table IM 6  page 173 must be modified to include a column on 
inappropriate therapy or therapies delivered as the device was 

programmed so that the percentages add up to 100 percent  

17  On page 162  Table IL 2 lists a category  Fail to 
Cardiovert Defibrillate  as 0 8 percent  Please clarify  If a 

patient survives an episode of an inappropriate therapy  is it 
categorized as a success  Please discuss  The tables must include 

percentages with the representative numerical support  

18  There were 38 inactive patients reported in Table IH 1  however  34 

patients were reported to be no longer active  Please clarify  

19  Please discuss how the 1 year sudden cardiac death survival  as 
reported in Table IF 2 page 128  was calculated  The numbers and an 

explanation of patient classification must be included  Was every 

patient included who had a prior cardiac arrest regardless of the 
arrhythmia   

20  On page 177  the number of patients must be provided so that the 

percentages and calculated p values can be confirmed  

21  Table IV C  page 649 of the original submission shows a comparison of 

patient variables for the three lead systems and provides p values 
for the variables tested  but the hypothesis was not clearly stated  
Please state the hypothesis and discuss the p values obtained when 
reporting by primary indication  and the chi square test of the data 
set and how it was computed  

22  For purposes of justification of data pooling and data analysis of 
Table IV C  please discuss why the multiple statistical significant 
difference was not adjusted at a 0 05 significance level using a more 
widely accepted procedure such as the Hochberg procedure  Dunnett and 

Tarnhoue  A Step up Multiple Test Procedure  Journal of the American 
Statistical Association March  1992  Vol 87  pp 162 170   

23  You claim that confidence interval analysis was performed to compare 
the overall mortality of the PCD  and AICD  populations  What was 
the confidence interval  

24  Please clarify and or discuss the following regarding Table XB 1  

page 378  Volume 2  

a  the total number of patients in the Ventak P population  292  
versus those reported by primary indication  291   and 

b  a chi square test of primary indication  using the ----------- 
computer software  yields a p value of nearly 0  This is 
statistically significant  indicating the PCD  and Ventak P 

populations are significantly different  

(b)(4)
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25  Please discuss the incidence of inappropriate therapies reported as 
observations in the Transvene  study  It appears as if there has 
only been a slight improvement over the PCD  Epicardial study as it 
relates to programming and patient management  drug therapy   Please 
discuss the experience of both studies and how the labeling supports 
effective programming of the device parameters and the use of the 
Onset and Stability algorithms  How many patients in the Transvene  
study have the Onset and Stability algorithms programmed ON  At what 
interval during the study were the majority of patients programmed 
with the algorithms  Your experience in the treatment of induced and 
spontaneous episodes with use of the algorithms must be discussed  

26  Please discuss the  device related  complications reported for the 
Transvene  and the PCD  Epicardial System  

27  Please describe in detail the complications reported in the patients 
followed for a year  

28  There was a substantial increase in the number of infections reported 
in the Transvene  study  Even though you discussed why there was an 
increase  based on your experience  how will your labeling address 
the procedures for reduction in the number of infections  Please 
validate these procedures  

29  A discussion of your experience in the use of the different entry 
sites for the placement of the Transvene  leads  and how your 
labeling assists in the selection of an entry site  must be provided  

30  Of the 22 deaths  15 systems were explanted and returned for 
analysis  The results of the analyses  PCD  and Transvene  leads  
must be provided  What did device interrogation reveal  How many of 
the 41 Transvene  lead systems which were explanted were returned and 
analyzed  How long were the leads implanted  A description of the 
protocol for analysis and the results of the analyses on all leads 
and devices must be provided  The PMA application must document how 
your study has addressed the need for the return and analysis of all 
Transvene  leads and the PCD   

31  Please di------- the circumstances surrounding the death of the patient 
who died ------ months post implant  What did interrogation of the 
device reveal  

32  Of the perioperative deaths  how many devices were programmed OFF  
Please discuss the circumstances surrounding each death  The number 
of perioperative deaths must be reported in a table and be identified 
as sudden cardiac  non sudden cardiac or non cardiac  Were there 
other deaths when the device was programmed OFF  

33  You state that there have been no reported patient deaths in the 
group with a 1 year sudden cardiac death survival and overall 

(b)(4)
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actuarial survival of 100 percent  Does this include the 
perioperative deaths and the patients who have been followed out for 
a year  

34  Please provide an engineering drawing of each Transvene M lead model 
which identifies the segments of the lead and a description of the 
tests that each segment and the full lead body underwent  

35  Since flex testing exerts a considerable amount of stress on the 
lead  and is essential to life testing  vhy was it considered that 
--------- cycles at a bend radius of ------- inch per lead model over a --- 
month period would be sufficient  Describe how the fu11 lead and 
different segments were flexed  Did you do a finite element stress 
analysis to validate the flex testing stress  

36  In light of the failure of your platinum sputtered polyurethane 
bradycardia pacing leads  and since the Transvene  lead Model 6966 is 
also a platinum sputtered polyurethane lead  please provide 
documentation regarding the failure mechanism of the pacing leads and 
all relevant information pertaining to these cases  How can we be 
assured that the failure may be restricted to the bradycardia pacing 
leads  Based on your testing to date regarding the pacing leads and 
the testing of the Model 6966 lead  discuss the potential and the 
probability of failure of the Model 6966 lead  A side by side 
comparison of the Model 6966 and the 4 000 series bradycardia pacing 
leads must be provided  The comparison must include material  
design  dimensions  function  tests performed and a schematic 
drawing  

37  A copy of the Summary of Safety and Effectiveness which includes the 
updated data must be provided  

This is to advise you that an amendment including the above requested 
information will be considered a major amendment and may extend the FDA review 
period up to 180 days  As provided by 21 CFR 814 37 c   you may decline to 
submit a major amendment requested by FDA in which case the review period may 
be extended for the number of days that elapse between the date of such 
request and the date that FDA receives the written response declining to 
submit the requested amendment  

As provided under 21 CFR 814 44 g   FDA will consider this PNA to have been 
voluntarily withdrawn if you fail to respond in writing within 180 days of the 
date of this request for a PNA amendment  You may  however  amend the PNA 
within the 180 day period to request an extension of time to respond  Any 
such request is subject to FDA approval and should justify the need for the 
extension and provide a reasonable estimate of when the requested information 
will be submitted  If you do not amend the PMA with in the 180 day period to 
 1  correct the above deficiencies  or  2  request an extension of time to 
respond and have the request approved  any amendment submitted after the 180  
day period will be considered a resubmission of the PNA and will be assigned a 
new number  

(b)(4) (b)(4) (b)(4)
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You may amend the PMA to provide the above requested information  12 copies   
voluntarily withdraw the PMA  3 copies   direct CDRH to complete processing the PMA without the submission of additional information  3 copies  or request 
an extension  The required copies of the amended PMA should include the FDA 
reference number for this PNA and should be submitted to the following 
address  

PMA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

Upon receipt of an amendment adequately addressing the above requests or a 
written response declining to submit the requested amendment  CDRH may 
schedule an advisory panel meeting at which your PMA will be reviewed  You 
will be notified of the location and date of this meeting should one be 
necessary  In order to provide adequate time for CDRH and advisory panel review  information received by FDA less than 6 weeks in advance of any 
scheduled advisory committee meeting will not be considered or reviewed at the 
meeting and may delay consideration of your PMA until a subsequent advisory 
committee meeting  

If you have questions concerning this deficiency letter  please contact Doris 
Terry at  301  427 1018 or Arnold Alpert  Ph D   at  301  427 1186  

Sincerely yours  

F  Alan Andersen  Ph D  
Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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DEPARTMENT OF HEALTH 6  HUMAN SERV1CES Public Health Sewice 

Food and Drug Administration 

1390 Piccard Drive 

Rockville  MD 20850 

MAR l 7 l993 

Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  Minnesota 55432 3576 

RE  P920015 
Transvene  Lead System 
Filed  April 1  1992 
Amended  September 21  1992 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 

Administration  FDA  has completed an initial scientific review of the above 

refeienced premarket approval application  PMA   We regret to inform you that 

on the basis of this review  ve have concluded that the PMA lacks information 

needed to complete the review and determine whether there is reasonable 

assurance that the device is safe and effective for its intended use  

We recognize the potential public health significance of this device and 

acknowledge the separate discussions underway to expedite the review  

However  because of this lack of information  review of the PMA cannot 

continue and  accordingly  ve have listed the following significant 

deficiencies which require the responses as indicated  

1  To clearly establish the purpose of the clinical data in the PMA 

application  please provide the following  

a  the hypothesis and the objectives of your clinical study  

b  a discussion of  i  how your clinical study addresses the use of 

a control  which is relevant to all clinical studies   ii  the 

appropriateness of the AICD  as a historical control  and  iii  

your rationale for not using a concurrent control during an 

implantable cardioverter defibrillator  ICD  study  

c  the endpoints of your study  and 

d  how the data provided in the PMA application support the 

specified endpoints  
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2  Based on data provided in your PMA application  please prepare 

table s  which include a side by side comparison of the PCD  

Transvene  and the PCD  Epicardial System and the PCD  Transvene  and 

Ventak P AICD  populations  The table must also include the 

inclusion and exclusion criteria which were used for each study  You 

must include a discussion of how these data may or may not represent 

a valid comparison  and other comments which justify and support the 

use of these groups as controls  

3  An update of the PMA clinical study population must be provided  The 

update must include the data as presented in the PMA application  and 

must include the clinical experience in the use of the new anchoring 

sleeves  which are aimed at decreasing the incidence of dislodgement  

and a summary of the clinical experience  spontaneous treatment 

efficacy of ventricular tachycardia  VT  and ventricular fibrillation 

 VF   observations and complications  number of patient deaths and 

overall survival  of the patients followed for a year or more  

4  Please provide a clear description of how you identified the  patient 

who did not meet the implant criteria   Please discuss your implant 

criteria and how implant testing attempted to satisfy protocol 

requirements  

5  Of the 214 patients who did not meet the implant criteria and yet 

were implanted with the device  170 patients had successful 

defibrillation with 24 Joules  J   Please provide an update of the 

clinical experience on these patients  as described in item 3 above  

Also  please discuss how your proposed labeling will address this 

protocol deviation  Will implant criteria be changed  

6  There were 20 patients among the 214 who did not meet the implant 

criteria and were implanted without the 10 J safety margin  An 

update of the spontaneous episode experience in the treatment of VT 

and VF in these patients and the overall survival must be provided  

7  Table IK 4  page 151  compares the patients meeting the implant 

criteria to those who did not meet the criteria  However  many of 

the percentages were presented without numerical support  Please 

provide the appropriate numbers  

8  Please provide an update on the patients who are implanted with the 

Transvene  System and were not counted in the PMA population  The 

update must include a summary of the clinical experience as 

referenced in item 3 above  

9  Based on your study protocol  please differentiate between 

defibrillation threshold  DFT  testing and lowest energy to 

defibrillate  LED  testing  Based on the individual patient report 

forms of the 757 patients  how many patients underwent what is 

described as DFT testing and how many had LED testing  Samples of 

the patient report forms showing the scheme of testing which was 

Q 
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categorized as DFT and LED testing must be provided  Please discuss 
how the DFT and LED data were reported and presented in the PMA 
application  

10  There is a statistically significant difference between the mean DFT 
obtained with the RV CS SQ lead configuration and the mean DFT 
obtained with the other lead configurations  How do you account for 
this difference  Was the DFT as reported and discussed for all lead 
configurations obtained using an identical or similar scheme  Please 
discuss  You must document that there were no significant 
differences between the scheme for performing DFT and LED testing 
between the Transvene  and PCD  Epicardial patient populations  if 
that is the case  

11  Please elaborate on how the comparison of DFTs obtained from the PCD  
Epicardial Lead study and the Transvene  study can be considered as a 
valid comparison in that the majority of the patients  574  75 3 
percent   in the Transvene  study were programmed with the sequential 
pathway and 178  23 4 percent  were programmed via the simultaneous 
pathway  The majority of the patients  496  65 2 percent   in the 
PCD  Epicardial study were programmed with the single pathway  Based 
on your PCD  Epicardial study  please discuss the DFTs or energy 
requirements obtained with the use of the single defibrillation 
pathway versus the sequential and simultaneous pathways  

12  Please discuss the time between detection and delivery of therapy of 
the Transvene  System versus the PCD  Epicardial System  

13  On page 125 of the application  please explain and or discuss what is 
meant by  a 2 1 VF sensing margin   how it is determined  and if the 
patients met the criteria  

14  Of the 329 patients who were followed for 6 months  130 patients had 
spontaneous episodes  What was the average number of VT and VF 
episodes per patient  Of the patients followed for a year  how many 
had spontaneous episodes of VT and VF and what was the mean number of 
episodes per patient in this group  

15  On page 130  Table IF 4  you report that there were 5362 episodes of 
VT successfully terminated  On page 131  paragraph 2  you state that 
25 patients experienced 45  0 8 percent  episodes of sinus 
tachycardia or atrial fibrillation  Are these patients included in 
the success or failure category  Nine hundred and sixty four 
episodes of VF were reported  however  75 episodes were not actual 
VF  You tnust clarify how the successful and ineffective therapies 
and failures are discerned and categorized  Please prepare a table 
which includes a category of ineffective therapies with actual 
patient numbers and percentages  In addition  what assurance is 
there that an episode of supraventricular tachycardia or atrial 
fibrillation is not misinterpreted as VT or VF by the physician and 
considered a successful therapy  
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16  Table IM 6  page 173 must be modified to include a column on 
inappropriate therapy or therapies delivered as the device was 

progranuned so that the percentages add up to 100 percent  

17  On page 162  Table IL 2 lists a category  Fail to 
Cardiovert Defibrillate  as 0 8 percent  Please clarify  If a 

patient survives an episode of an inappropriate therapy  is it 
categorized as a success  Please discuss  The tables must include 

percentages with the representative numerical support  

18  There were 38 inactive patients reported in Table IH 1  however  34 

patients were reported to be no longer active  Please clarify  

19  Please discuss how the 1 year sudden cardiac death survival  as 
reported in Table IF 2 page 128  was calculated  The numbers and an 
explanation of patient classification must be included  Was every 

patient included who had a prior cardiac arrest regardless of the 
arrhythmia   

20  On page 177  the number of patients must be provided so that the 

percentages and calculated p values can be confirmed  

21  Table IV C  page 649 of the original submission shows a comparison of 

patient variables for the three lead systems and provides p values 
for the variables tested  but the hypothesis was not clearly stated  
Pleas e state the hypothesis and discuss the p values obtained when 
reporting by primary indication  and the chi square test of the data 
set and how it was computed  

22  For purposes of justification of data pooling and data analysis of 
Table IV C  please discuss why the multiple statistical significant 
difference was not adjusted at a 0 05 significance level using a more 
widely accepted procedure such as the Hochberg procedure  Dunnett and 
Tarnhoue  A Step up Multiple Test Procedure  Jo mal of the Ame c n 
Statistical Association March  1992  Vol 87  pp 162 170   

23  You claim that confidence interval analysis was performed to compare 
the overall mortality of the PCS and AICD  populations  What was 
the confidence interval  

24  Please clarify and or discuss the following regarding Table XB 1  

page 378  Volume 2  

a  the total number of patients in the Ventak P population  292  
versus those reported by primary indication  291   and 

b  a chi square test of primary indication  using the ----------- 
computer software  yields a p value of nearly 0  This is 
statistically significant  indicating the PCD  and Ventak P 

populations are significantly different  

I 

l 

(b)(4)
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25  Please discuss the incidence of inappropriate therapies reported as 
observations in the Transvene  study  It appears as if there has 
only been a slight improvement over the PCD  Epicardial study as it 
relates to programming and patient management  drug therapy   Please 
discuss the experience of both studies and how the labeling supports 
effective programming of the device parameters and the use of the 
Onset and Stability algorithms  How many patients in the Transvene  
study have the Onset and Stability algorithms programmed ON  At what 
interval during the study were the majority of patients prograauned 
with the algorithms  Your experience in the treatment of induced and 
spontaneous episodes with use of the algorithms must be discussed  

26  Please discuss the  device related  complications reported for the 
Transvene  and the PCD  Epicardial System  

27  Please describe in detail the complications reported in the patients 
followed for a year  

28  There was a substantial increase in the number of infections reported 
in the Transvene  study  Even though you discussed why there was an 
increase  based on your experience  how will your labeling address 
the procedures for reduction in the number of infections  Please 
validate these procedures  

29  A discussion of your experience in the use of the different entry 
sites for the placement of the Transvene  leads  and how your 
labeling assists in the selection of an entry site  must be provided  

30  Of the 22 deaths  15 systems were explanted and returned for 
analysis  The results of the analyses  PCD  and Transvene  leads  
must be provided  What did device interrogation reveal  How many of 
the 41 Transvene  lead systems which were explanted were returned and 
analyzed  How long were the leads implanted  A description of the 

protocol for analysis and the results of the analyses on all leads 
and devices must be provided  The PMA application must document how 

your study has addressed the need for the return and analysis of all 
Transvene  leads and the PCD   

31  Please di------- the circumstances surrounding the death of the patient 
who died ------ months post implant  What did interrogation of the 
device reveal  

32  Of the perioperative deaths  how many devices were programmed OFF  
Please discuss the circumstances surrounding each death  The number 
of perioperative deaths must be reported in a table and be identified 
as sudden cardiac  non sudden cardiac or non cardiac  Were there 
other deaths when the device was programmed OFF  

33  You state that there have been no reported patient deaths in the 

group with a 1 year sudden cardiac death survival and overall 

q 

(b)(4)
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actuarial survival of 100 percent  Does this include the 

perioperative deaths and the patients who have been followed out for 
a year  

34  Please provide an engineering drawing of each Transvene  lead model 
which identifies the segments of the lead and a description of the 
tests that each segment and the full lead body underwent  

35  Since flex testing exerts a considerable amount of stress on the 
------ and is essential to life testi---- why was it considered that 
--------- cycles at a bend radius of ------- inch per lead model ower a --- 
month period would be sufficient  Describe how the full lead and 
different segments were flexed  Did you do a finite element stress 
analysis to validate the flex testing stress  

36  In light of the failure of your platinum sputtered polyurethane 
bradycardia pacing leads  and since the Transvene  lead Model 6966 is 
also a platinum sputtered polyurethane lead  please provide 
documentation regarding the failure mechanism of the pacing leads and 
a11 relevant information pertaining to these cases  How can we be 
assured that the failure may be restricted to the bradycardia pacing 
leads  Based on your testing to date regarding the pacing leads and 
the testing of the Model 6966 lead  discuss the potential and the 

probability of failure of the Model 6966 lead  A side by side 
comparison of the Model 6966 and the 4 000 series bradycardia pacing 
leads must be provided  The comparison must include material  
design  dimensions  function  tests performed and a schematic 
drawing  

37  A copy of the Summary of Safety and Effectiveness which includes the 
updated data must be provided  

This is to advise you that an amendment including the above requested 
information will be considered a major enendment and may extend the FDA review 

period up to 180 days  As provided by 21 CFR 814 37 c   you may decline to 
submit a major amendment requested by FDA in which case the review period may 
be extended for the number of days that elapse between the date of such 
request and the date that FDA receives the written response declining to 
submit the requested amendment  

As provided under 21 CFR 814 44 g   FDA will consider this PNA to have been 
voluntarily withdrawn if you fail to respond in writing within 180 days of the 
date of this request for a PMA amendment  You may  however  amend the PMA 
within the 180 day period to request an extension of time to respond  Any 
such request is subject to FDA approval and should justify the need for the 
extension and provide a reasonable estimate of when the requested information 
will be submitted  If you do not amend the PNA with in the 180 day period to 

 1  correct the above deficiencies  or  2  request an extension of time to 
respond and have the request approved  any amendment submitted after the 180  
day period will be considered a resubmission of the PMA and will be assigned a 
new number  

(b)(4) (b)(4) (b)(4)
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You may amend the PMA to provide the above requested information  12 copies   
voluntarily withdraw the PNA  3 copies   direct CDRH to complete processing 
the PMA without the submission of additional information  3 copies  or request 
an extension  The required copies of the amended PMA should include the FDA 
reference number for this PNA and should be submitted to the following 
address  

PNA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rock ille  Maryland 20850 

Upon receipt of an amendment adequately addressing the above requests or a 
written response declining to submit the requested amendment  CDRH may 
schedule an advisory panel meeting at which your PMA will be reviewed  You 
will be notified of the location and date of this meeting should one be 
necessary  In order to provide adequate time for CDRH and advisory panel 
review  information received by FDA less than 6 weeks in advance of any 
scheduled advisory committee meeting will not be considered or reviewed at the 
meeting and may delay consideration of your PNA until a subsequent advisory 
committee meeting  

If you have questions concerning this deficiency letter  please contact Doris 
Terry at  301  427 1018 or Arnold Alpert  Ph D   at  301  427 1186  

Sincerely yours  

r Alan Andersen  Ph D  
Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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Memorandum 
Date  December 16  1992 

From Mathematical Statistician  T  C  Lu  HFZ 162 
Statistical Branch  Division of Biometric Sciences  OST 

Subject Statistical Review of PMA P920015 Amendment  Nedtronic Nultiprogrammable 
Tachyarrhytheia Control System with Non thoracotomy Cardvioversian and 
Defibrillation Electrodes  Nedtronic  Inc  

To 

Doris Terry   HFZ 450 
Division of Cardiovascular  Respiratory  and Neurological Devices 
Through  Director  Division of Bioeetric Sciences  OST  Y 
Through  Chief  Statistics Branch  DBS  OST   Ffp   

1  

Per our te1ephone conversation on December 7  1992  you requested 
a statistical review of this PNA amendment  This amendment vas 
received at FDA on September 21  1992  I wasn t notified of any 
action until December 7  This amendment was sent to me on 
December 8  1992  You indicate that you would like to receive my 
comments before December 18  1992  With the limited time frame  I 
can only concentrate on the sponsor s response to the deficiency 
letter dated August 6 from FDA to the sponsor  

2  V 

2 l  Item 21  Sponsor provided the p values for Tables IU B and 
IV C of the original PNA  This reviewer recomputed the p  
values and found them identical to those of the sponsor s  
However  there is a problem  sample sizes are 18 for 72l6A 
and 739 for 7217B  With such a large difference in sample 
size  this will cause very low statistical power  then the 
sma11  difference is very difficult to detect  

2 2  Table IV C shows comparisons of patient variables for the 
three lead systems  All the p values computed by this 
reviewer is identical to those of the sponsor s  The total 
numbers of patients of primary indication are 329 for 
RV SVC Sg  of which 187 for SCD  114 for VT  and 28 for 
SCDlVT   which are not in agreement with a total sample size 
of 496  403 males and 93 females   The spansor provided p  
values for variables tested in Table IV C  The hypothesis 
was not clearly stated  After recomputing the p values 
listed in the table  all are in agreement except primary 
indication  - he chi square test of this data set  computed 
using ---------- computer softvare  yield a p value of nearly 
0  which is also different from that of sponsor s computed 
p value of -------- 

(b)(4)

(b)(4)
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2 3  The sponsor  for the purpose of justification of data 
pooling and data analysis of Table IV C  adjust the multiple 
statistical significant difference at 0 05 significance 
level using Hochberg procedure  Dunnett   Tarnhoue  A Step  
up Multiple Test Procedure  Journal of the American 
Statistical Association  March 1992  87 162 170   Although 
this is a published  peer reviewed article  the sponsor s 
multiple test adjustment procedure is not widely accepted by 
the biostatistical and clinical community  

2 4  0 0 0 1 W a d e 

Item 25  The sponsor compared the end points of the two 
devices  Sponsor claimed that confidence interval analysis 
was performed but that confidence interval was not given  
Confidence interval should be computed by the sponsor to 
support this claim  

Sponsor provided a table for the comparison of patient 
characteristics  PCD versus ventak P  I have two questions 
about Table XB 1  Page 378  Vol  2  

 i  The total numbers of patients of primary indication  291 for 
Ventak P  49 for SCD  169 for VT  and 73 for SCD VT  are not 
equal to the total number of patients of Ventak P of 292  

 ii  A chi square test of primary indication  using ----------- 
computer software  yield a p value of nearly 0  This is 
statistically significant  indicating that PCD and Ventak P 
are significantly different  

The inclusion and exclusion criteria for patients of PCD and 
AICD studies are not discussed by the sponsor  

Co lusion 

The sponsor needs to adequately address the issues raised in Section 2 
above before the safety and effectiveness of the PCD transvene system 
can be evaluated from a statistical perspective  

7  C  gt 
T  C  LU 

cc  Abhijit Acharya  Ph D  
Donald F  Dahms 
Lynne A  Reamer 
PMS Group 
DCC 
Medical Device File 
Board File 

HFZ 4 50 
HFZ 450 
HFZ 450 
HFZ 402   
HFZ 401  

C7 

(b)(4)



Ms  Jennifer Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Ninneapolis  Minnesota 55432 3576 

Re  P920015 
Transvene Lead System 
Filed  April 1  1992 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 
Administration  FDA  has completed an i nitial scientific review of the 
above referenced premarket approval application  PMA   We regret to inform 

you that on the basis of this review  we have concluded that the PMA lacks 
information needed to complete the review and determine whether there is 
reasonable assurance that the device is safe and effective for its intended 
use  

Because of this lack of information  review of the PNA cannot continue and  
accordingly  we have listed the following significant deficiencies which 
require the responses as indicated  

1  Discuss how the use of a silicone adhesive prevents tissue in  

growth in the Model 6963 lead  Where is the adhesive placed  
From experience  discuss the use of polyurethane and silicone in 
leads to prevent tissue in growth  

2  -------- --------- ---- ----- lts of mutagenicity testing for the 
-------------------- ------- and the ---------- ------------------- --------- 

 anchor sleeve   If the tests have not been done please provide a 

justification for not doing so  

3  Provide a description of the helix electrode fixation tool and of 
the tests to verify the torsional force for implanting the helix 
electrode  

4  Based on your experience  identify the minimum number of flex 
cycles that a lead should withstand  Also  give the stress level 
exe----- --- the Model 6907 lead  from which the median failure time 
of ---------- cycles was observed   and on the Transvene leads  

5  Since the electrode coil is flexed separately from the insulated 
conductor  discuss the reliability of the section where the 
electrode is coaxial to the conductor  Is there friction between 
the electrode and the conductor when the section is flexed  

(b)(4)

(b)(4) (b)(4)
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6  The Model 6999 s --- ------------ electrode coil fails at a much 
lower flex cycle than t--- --- ------------ electrode coil  Discuss 
the reliability of the --- ------------ electrode coil  and the 
effects of its failure on the performance of the lead  

7  Please discuss how patient treatment is affected if one or two of 
the electrode coils of the Model 6999 patch lead becomes damaged  

8  Please specify the section of each lead assembly that was flexed 
during life testing  Does this section include the electrode 
coil  The results of the tests should be included  

9  Provide an update of the --- month life test  

10  The data indicate that a new lead is used for each  temperature 
tolerance  crush load  or life  test  Correlate the results from 
those tests to the worst case condition where the same lead has to 
face temperature differences  crushing  and flexing  Why was 
sequential testing not performed  

11  Discuss the differences in battery life or energy requirements 
between the epi lead system and the Transvene system  

12  An update of the chronic animal stud1es should be provided  

13  An update of the clinical experience of the Transvene Lead System 
should be provided  The update should include all additional 
patients and the clinical experience to date  The data should be 
presented as done in your original PMA application  and should 
include  e g   implant and follow up data  lead orientations 
including patch location  spontaneous episode experience  analyses 
by different groups  complications observations  and survival 
analysis  All remaining deficiencies listed below which pertain 
to your patient population should be addressed using the updated 
patient group  

14  Please discuss your clinical data which support the claim which 
states that the Transvene Lead System improves both perioperative 
and long term patient morbidity  

15  Based on your experience and on the data as reported in the 
literature  what is the percentage of patients who have been found 
unable to withstand a thoracotomy  

16  Data such as treatment efficacy  complications and survival 
analysis on the patients followed for 6 months should be provided  

(b)(4)
(b)(4)

(b)(4)

(b)(4)
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17  Please discuss your clinical experience  treatment efficacy  lead 

orientation  complications and survival rates  of the patients who 

have been followed for 1 year and more  

18  Provide a detailed discussion of the clinical experience  implant 
duration  lead orientations  spontaneous episodes  treatment 
efficacy  survival analysis  complications  etc   of the patients 
who did not meet the implant criteria and were implanted with the 
Transvene System  Also discuss the experience of the patients 
who were implanted without the 10 Joule safety margin  

19  A breakdown of the different lead orientations within the patient 
population  and the treatment efficacy reported for each 
configuration should be included  

20  Based upon your clinical experience  the Physician s Manual should 
recommend the sequence of testing wi th the different lead 
orientations during implant  

21  Please provide the P values as listed in Table IV B and IV C of 

the original PMA application for the new patient population  

22  Please discuss the reasons why some patients dropped out of the 
study  either withdrawn alive or lost to follow up  There were 
224 patients at 1 month and only 154 patients at 3 months  Please 
explain the difference of 70 patients during this 2 month period  

23  For the cotnparison of complications observations rates for the 
PCD versus the AICD   please provide the following  

a  the number of complications and patients for the PCD and 
AICD populations  

b  the clinical successlfailure criteria used for  Failure to 
CardiovertlDefibrillate and Inappropriate Problematic VT VF 
Therapy Delivery   and 

c  a discussion of the pocket infection rate of the PCD and the 
AICD and the lead related complications of the PCD 
Transvene System versus the PCD Epicardial System  

24  Some Transvene patients were also evaluated with the Model 10388 

hollow can electrode  Please compare the infection rate of these 

patients to those who did not undergo the hollow can evaluation  

25  Please discuss and or provide the following regarding the 1 year 
actuarial survival comparison of mortality between the PCD and 
the AICD 

a  the statistical test that was used to compare survival  and 

b  the two survival or li fe tables by year of follow up  

g 
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26  Please discuss the statistical techniques used to derive the 
P values in Table XI G 2  page 862  Vol  5 and Table J 2  page 54  
Vol  1  

The following additional deficiencies were noted in this initial scientifi c 

review and the indicated responses should be provided  

1  Discuss the properties of polyurethane which make it the ideal 
insulation material for the 6966 lead  Why was silicone not 

chosen  

2  Discuss the biostability tests  stress cracking  metal induced 

oxidation  etc   performed on the two types of polyurethane  
Why was a different polyurethane chosen for the inner coil  

3  Based on the results of the life test  what is the life 
expectancy of the leads  Please include your assumptions  

4  Provide a side by side comparison between the Model 6999 and 
the epicardial patch lead  

5  Discuss the possible interactions between implanted pacemaker 
leads and the Transvene leads  Also  discuss the effects of 
the leads on the tricuspid valve and the host vein  

6  The Transvene leads seem to tolerate crush testing better than 
the pacing leads  Please discuss the properties of the 
Transvene leads which support this capability  

7  Are there patients currently implanted with the Model 6895 and 
10317 patch leads  If so  please provide a breakdown of the 
clinical data  e g   complications  survival  etc  for each 
lead  

8  Please list the reasons for not performing pre hospital 
discharge testing  

9  The number of spontaneous episodes of the patients followed for 
6 months and beyond should be provided  

10  A copy of the Summary of Safety and Effectiveness with the 
updated clinical data should be submitted  

This is to advise you that an amendment including the above requested 
information will be considered a major amendment and may extend the FDA 
review period up to 180 days  As provided by 21 CFR 814 37 c   you may 
decline to submit a major amendment requested by FDA in which case the 
review period may be extended for the number of days that elapse between 
the date of such request and the date that FDA receives the written 
response declining to submit the requested amendment  
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As provided under 21 CFR 814 44 g   FDA will consider this PMA to have been 
voluntarily withdrawn if you fail to respond in writing within 180 days of 
the date of this request for a PMA amendment  You may  however  amend the 
PMA within the 180 day period to request an extension of time to respond  
Any such request is subject to FDA approval and should justify the need for 
the extension and provide a reasonable estimate of when the requested 
information w ill be submitted  If you do not amend the PMA within the 
180 day period to  1  correct the above deficiencies  or  2  request an 
extension of time to respond and have the request approved  any amendment 
submi tted after the 180 day period wi11 be considered a resubmission of the 
PMA and will be assigned a new number  

You may amend the PMA to provide the above requested information 12 
copies  voluntarily withdraw the PMA  3 copies   direct CDRH to complete 

processing the PNA without the submission of additi onal information  3 
copies  or request an extension  The required copies of the amended PNA 
should include the FDA reference number for this PNA and should be 
submitted to the following address  

PMA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

Upon receipt of an amendment adequately addressing the above requests or a 
written response declining to submit the requested amendment  CDRH nay 
schedule an advisory panel meeting at which your PMA will be reviewed  You 
will be notified of the location and date of this meeting should one be 
necessary  In order to provide adequate time for CDRH and advisory panel 
review  information received by FDA less than 8 weeks i n advance of any 
scheduled advisory committee meeting wi ll not be considered or reviewed at 
the meeting and may delay consideration of your PMA until a subsequent 
advisory committee meeting  

If you have questions concerning this deficiency letter  please contact 

py is  grgg at  301  427 1018 or Arnold Alpert  Ph D   at  301  427 1186  

HFZ 401 
HFZ 402 
HFZ 450  DCRND  
HFR MW300 

402 4 22 91 

Sincerely yours  

F  Alan Andersen  Ph D  

DTerry P2 PMA doc f17 
Draft crd 6 11 92 
Final crd 6 16 92 
Revised Draft crd 7 16 92 
Revised Final crd 7 20 92 
Revised crd 7 24 92 
Decspell crd 7 20 92 
Proofread  

Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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DEPARTMENT OF HEALTH lk HUMAN SERVICES Public Health Service 

Food and Drug Administration 

1390 Piccard Drive 
Rockville MD 20850 

Ms  Jennifer Marrone 
Manager  Regulatory Affairs 

  Cardiac Pacing Bustiness 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  Minnesota 55432 3576 

Igg  

Re  P920015 
Transvene Lead System 
Filed  April 1  1992 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 
Administration  FDA  has completed an initial scientific review of the 
above referenced premarket approval application  PMA   We regret to inform 
you that on the basis of this review  we have concluded that the PMA lacks 
information needed to complete the review and deteanine whether there is 
reasonable assurance that the device is safe and effective for its intended 
use  

Because of this lack of information  review of the PMA cannot continue and  
accordingly  we have listed the following significant deficiencies which 
require the responses as indicated  

1  Discuss how the use of a silicone adhesive prevents tissue in  

growth in the Model 6963 lead  Where is the adhesive placed  
From experience  discuss the use of polyurethane and silicone in 
leads to prevent tissue in growth  

2  Please --------- the results of mutagenicity testing for the 
-------------------- ------  and the ---------- ------------------- --------- 
 anchor sleeve   If the tests have not been done please provide a 

justification for not doing so  

3  Provide a description of the helix electrode fixation tool and of 
the tests to verify the torsional force for implanting the helix 
electrode  

4  Based on your experience  identify the minimum number of flex 
cycles that a lead should withstand  Also  give the etress level 
exe----- --- the Model 6907 lead  from which the median failure time 
of ---------- cycles was observed   and on the Transvene leads  

5  Since the electrode coil is flexed separately from the insulated 
conductor  discuss the reliability of the section where the 
electrode is coaxial to the conductor  Is there friction between 
the electrode and the conductor when the section is flexed  

hJ 

(b)(4)

(b)(4) (b)(4)
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6  The Model 6999 s --- ------------ electrode coil fails at a much 

lower flex cycle than t--- --- ------------ electrode coil  Discuss 

the reliability of the --- ------------ electrode coil  and the 

effects of its failure on the performance of the lead  

7  Please discuss how patient treatment is affected if one or two of 

the electrode coils of the Nodel 6999 patch lead becomes damaged  

8  Please specify the section of each lead assembly that was flexed 

during life testing  Does thi s section include the electrode 

coil  The results of the tests should be included  

9  Provide an update of the --- month life test  

10  The data indicate that a new lead is used for each  temperature 

tolerance  crush load  or life  test  Correlate the results from 

those tests to the worst case condition where the same lead has to 

face temperature differences  crushing  and flexing  Why was 

sequential testing not performed  

11  Discuss the differences in battery life or energy requirements 

between the epi lead system and the Transvene system  

12  An update of the chronic animal studies should be provided  

13  An update of the clinical experience of the Transvene Lead System 

should be provided  The update should include all additional 

patients and the clinical experience to date  The data should be 

presented as done in your original PMA application  and should 

include  e g   implant and follow up data  lead orientations 

including patch location  spontaneous episode experience  analyses 

by different groups  complications observations  and survival 

analysis  All remaining deficiencies listed below which pertain 

to your patient population should be addressed using the updated 

patient group  

14  Please discuss your clinical data which support the claim which 

states that the Transvene Lead System improves both perioperative 

and long term patient morbidity  

15  Based on your experience and on the data as reported in the 

literature  what is the percentage of patients who have been found 

unable to withstand a thoracotomy  

16  Data such as treatment efficacy  complications and survival 

analysis on the patients followed for 6 months should be provided  

    

(b)(4)
(b)(4)

(b)(4)

(b)(4)
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17  Please discuss your clinical experience  treatment efficacy  lead 

orientation  complications and survival rates  of the patients who 

have been followed for 1 year and more  

18  Provide a detailed discussion of the clink cal experience  implant 
duration  lead orientations  spontaneous episodes  treatment 
efficacy  survival analysis  complications  etc   of the patients 
who did not meet the implant criteria and were implanted with the 

Transvene System  Also discuss the experience of the patients 
who were implanted without the 10 Joule safety margin  

19  A breakdown of the different lead orientations within the patient 
population  and the treatment efficacy reported for each 
configuration should be included  

20  Based upon your clinical experience  the Physician s Manual should 

recommend the sequence of testing with the different lead 
orientations during implant  

21  Please provide the P values as listed in Table IV B and IV C of 

the original PMA application for the new patient population  

22  Please discuss the reasons why some patients dropped out of the 

study  either withdrawn alive or lost to follow up  There were 
224 patients at 1 month and only 154 patients at 3 months  Please 
explain the difference of 70 patients during this 2 month period  

23  For the comparison of complications observations rates for the 
PCD versus the AICD   please provide the following  

a  the number of complications and patients for the PCD and 
AICD populations  

b  the clinical success failure criteria used for  Failure to 
Cardiovert Defibrillate and Inappropriate Problematic VT VF 
Therapy Delivery   and 

c  a discussion of the pocket infection rate of the PCD and the 
AICD and the lead related complications of the PCD 
Transvene System versus the PCD Epicardial System  

24  Some Transvene patients were also evaluated with the Model 10388 
hollow can electrode  Please compare the infection rate of these 

patients to those who did not undergo the hollow can evaluation  

25  Please discuss and or provide the following regarding the 1 year 
actuarial survival comparison of mortality between the PCD and 
the AICD 

a  the statistical test that was used to compare survival  and 

b  the two survival or life tables by year of follow up  
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26  Please discuss the statistical techniques used to derive the 
P values in Table XI G 2  page 862  Vol  5 and Table J 2  page 54  
Vol  l  

The following additional deficiencies were noted in this initial scientific 
review and the indicated responses should be provided  

1  Discuss the properties of polyurethane which make it the ideal 
insulation material for the 6966 lead  Why was silicone not 
chosen  

2  Discuss the biostability tests  stress cracking  metal induced 
oxidation  etc   performed on the two types of polyurethane  
Why was a different polyurethane chosen for the inner coil  

3  Based on the results of the life test  what is the life 
expectancy of the leads  Please include your assumptions  

4  Provide a side by side comparison between the Model 6999 and 
the epicardial patch lead  

5  Discuss the possible interactions between implanted pacemaker 
leads and the Transvene  leads  Also  discuss the effects of 
the leads on the tricuspid valve and the host vein  

6  The Transvene leads seem to tolerate crush testing better than 
the pacing leads  Please discuss the properties of the 
Transvene leads which support this capability  

7  Are there patients currently implanted with the Model 6895 and 
10317 patch leads  If so  please prov de a breakdown of the 
clinical data  e g   complications  survival  etc  for each 
lead  

8   Please list the reasons for not performing pre hospital 
discharge testing  

9  The number of spontaneous episodes of the patients followed for 
6 months and beyond should be provided  

10  A copy of the Summary of Safety and Effectiveness with the 
updated clinical data should be submitted  

This is to advise you that an amendment including the above requested 
information will be considered a major amendment and may extend the FDA 
review period up to 180 days  As provided by 21 CFR 814 37 c   you may 
decline to submit a major amendment requested by FDA in which case the 
review period may be extended for the number of days that elapse between 
the date of such request and the date that FDA receives the written 
response declining to submit the requested amendment  
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As provided under 21 CFR 814 44 g   FDA will consider this PMA to have been 

voluntariIy withdrawn if you fail to respond in writing within 180 days of 

the date of this request for a PMA amendment  You may  however  amend the 

PMA within the 180 day period to request an extension of time to respond  

Any such request is subject to FDA approval and should justify the need for 

the extension and provtde a reasonable estimate of when the requested 

information will be submitted  If you do not amend the PMA within the 

180 day period to  1  correct the above deficiencies  or  2  request an 

extension of time to respond and have the request approved  any amendment 

submitted after the 180 day period will be considered a resubmission of the 

PMA and will be assigned a new number  

You may amend the PMA to provide the above requested information 12 

copies  voluntarily withdraw the PMA  3 copies   direct CDRH to complete 

processing the PMA without the submission of additional information  3 

copies  or request an extension  The required copies of the amended PMA 

should include the FDA reference number for this PMA and should be 

submitted to the following address  

PNA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 

Pood and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

Upon receipt of an amendment adequately addressing the above requests or a 

written response declining to submit the requested amendment  CDRH may 

schedule an advisory panel meeting at which your PNA will be reviewed  You 

vill be notified of the location and date of this meeting should one be 

necessary  In order to provide adequate time for CDRH and advisory panel 

review  information received by FDA less than 8 weeks in advance of any 

scheduled advisory committee meeting will not be considered or reviewed at 

the meeting and may delay consideration of your PMA until a subsequent 

advisory committee meeting  

If you have questions concerning this deficiency letter  please contact 

Doris Terry at  301  427 1018 or Arnold Alpert  Ph D   at  301  427 1186  

QF  
Alan Andereen  Ph D  

Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 

 pi 



Ns  Jennifer M  Narrone 
Manager  Regulatary Affairs 
Cardiac Pacing Business 
Nedtronic  Inc  
7000 Central Avenue  Y E  

Ninneapolie  NInaeeota 55432 3576 
  is  

Re  P920015 
Nedtronice Traaevene Lead System 

Filed  April 1  1992 

Dear Ns  Narrone  

The Center for Devices aad Radiological Health  CDRH  of the Food and Drug 

Administration  FDA  has completed an init1al review of your premarket 

approval application  PNA   We are pleased to inform you that we have made 

a threshold determination that the PYA is sufficiently coep1etc to permit a 

substanttve review and is  therefore  evitable for filing  The f5 ling date 

is April  1  1992  which is the date of CDRH receipt of the PNA  

Foll oving receipt of a filing l etter  aii applicant is required by 21 CFR 

814 20 e  to update their pending PNA 3 months afreet the filing date with 

new safety and effectiveness information learned about the device from 

ongoing or completed studies when the inforeat1oa may reasnnably affect an 

evaluation of the safety or effectiveness of the device or may reasonably 

affect the statement of contreindications  warnings  precautions and 

adverse reactions i e  the draft labeli ig  

This updated reporting is limited to studies sponsorerl by the applicant or 

to which t1 e appl  cant  has reasonable access  The update report should be 

eonalstent with the data reporting provisions of the protocol  Please 

submit update reports in three copies as an aeendment to the PNA and 

include the above PNA reference number a sipned to tt e PNA  

This letter reflects t ie current progress of our rev e  of your 

application  Please be advised that continued review of  your application 

or any response to this letter may resu t i a additional deftciencies  

The PNA cannot be approved until FDA has determined that the eanufacturing 

facilitates  methods and controls comply  ith applicable device Good 

Manufacturing Practice eegulatinns  21 CFR Part 820   If you have not 

already done sc  please notify CDRVi as soon  a possible in the form of an 

amendment to the PNA is  there wfll be a Delay in setting up your 

eanutacturing facility for production of the device and provide the 

expected date that the facility wali h     rap red for an PDA inspection  

4 
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A meeting of the Circulatory System Devices Panel will be held at which 

your P8A vill be reviewed  You vill be notified of the location and date 
of this meeting  hay additlanal information to be 1ncluded Ia your PHA 
must be submitted in the form of a PNA supplement aeendmeat aad be received 
by FOA at least 6 weeks in advance of the scheduled advisory coaeuittee 
meeting in ordex for FDA and the panel aeebers to have adequate time to 
review the new inforaetion  Information received 1 CDRH lees than 6 weeks 
in advaaee of a scheduled advisor eomai ttee eeetin vill not be cenaldeEed 
or reviewed st the eeetin   

For your iaformation  there is an industry representative on this FM 
advisory committee whose name  address and telephone number you can obtain 
by contacting the Coeeittee Nanageeene staff at  301  443 4016  CDRH 
believes that the industry representatives vill be better pxepared to 

participate in panel discussions if they have been pravided vith a copy of 
the Sueaary of Safety aa8 Effectiveness for review prior to the panel 
meeting  In accordance with 21 CFR 14 86 b   all panel meebers are  subject 
to all rules and regulstioas adopted by FDA and the coemittee  therefore  
even though the industry representatives usually are net given access to 
trade secret and confident1al  commercial information  they are bound to 

protect the confideatia11ty of documents that would be sent to them in 

preparation fox panel review of a PNA  If you would like the industry 
representative to have access to any portion of your PEW   including the 
Sunuaary of Safet y and Effectiveaess  please pravide a copy for that purpose 
and notify the executive secretary of the panel st  301  427 1205  
However  review of your PNA vill not be pre udiced if you elect not to 

provide a Sumeax y for industry representative review  

All correspondence regarding this PMA should be submitted in 3 copies in 

the form of a PNA amendment  Please address all submissions to  

PNA Document Nail Center  HFZ 401  
Center for Devices and Radiological Health 
Pood and Drug Administratic u 
1390 Piccard Drive 
Rockville  Naryland 2085    

If you have questions  please contact Doris Terry at  301  427 1618 or 

Arnold Alpert  Ph D   at  301  427 1186  

cc  HFZ 116 
HFZ 331 
HFZ 401 
HFZ 402 
HFZ 450 
DO 

302 4 22 91 

 Statistics Staff  Sincerely yours  
 ocr  
 DMC  

kF  20  her   
 DCRND  Phiiip J  Phillips 

Director 
Program Operations Staff 
Office of Device Evalua 

DTerry P2 PMA Disk doc fi 3 
Draft crd 5 29 92 
Final crd 6I2 92 

EtlkE      
COP P 

Center for Devices and 
Radiology eal Health 

4 U S  GOVERNMENT PRINTING OFFICE 1991419 771 
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DEPARTMENT OF HEATH 6  HUMAN SERVICES J Public Health Service 

dna 

Food and Drug Administration 
1390 Piccard Drive 
Rockville  MD 20850 

gag l 7 l9E 

Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  Minnesota 55432 3576 

Re  P920015 
Medtronic  Transvene Lead System 
Filed  April 1  1992 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 
Administration  FDA  has completed an initial review of your premarket 
approval application  PMA   We are pleased to inform you that we have made 
a threshold determination that the PMA is sufficiently complete to permit a 
substantive review and is  therefore  suitable for filing  The filing date 
is April 1  1992  which is the date of CDRH receipt of the PMA  

Following receipt of a filing letter  an applicant is required by 21 CPR 
814 20 e  to update their pending PNA 3 months after the filing date with 
new safety and effectiveness information learned about the device from 
ongoing or completed studies when the information may reasonably affect an 
evaluation of the safety or effectiveness of the device or may reasoaably 
affect the statement of contraindications  warnings  precautions and 
adverse reactions in the draft labeling  

This updated reporting is limited to studies sponsored by the applicant or 
to which the applicant has reasonable access  The update report should be 
consistent with the data reporting provisions of the protocol  Please 
submit update reports in three copies as an amendment to the PMA and 
include the above PMA reference number assigned to the PMA  

This letter reflects the current progress of our review of your 
application  Please be advised that continued review of your application 
or any response to this letter may result in additional deficiencies  

The PMA cannot be approved until FDA has determined that the manufacturing 
facilities  nethode and controls comply with applicable device Good 
Manufacturing Practice regulations  21 CFR Part 820   If you have not 
already done so  please notify CDRH as soon as possible in the form of an 
amendment to the PMA if there will be a delay in setting up your 
manufacturing facility for production of the device and provide the 
expected date that the facility will be prepared for an FDA inspection  
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A meeting of the Circulatory System Devices Panel will be held at which 

your PMA will be reviewed  You will be notified of the location and date 

of this meeting  Any additional information to be included in your PMA 

must be submitted in the form of a PNA supplement amendment and be received 

by FDA at least 6 weeks in advance of the scheduled advisory committee 

meeting in order for FDA and the panel members to have adequate time to 

review the new information  Information received b CDRH less than 6 weeks 

in advance of a scheduled advisor committee meetln will not be considered 

or reviewed at the meetin 

For your information  there is an industry representative on this FDA 

advisory committee whose name  address and telephone number you caa obtain 

by contacting the Committee Management Staff at  301  443 4016  CDRH 

believes that the industry representatives vill be better prepared to 

participate in panel discussions if they have been provided with a copy of 

the Summary of Safety and Effectiveness for review prior to the panel 
meeting  In accordance with 21 CFR 14 86 b   all panel members are subject 

to all rules and regulations adopted by FDA and the committee  therefore  

even though the industry representatives usually are not given access to 

trade secret and confidential  commercial information  they are bound to 

protect the confidentiality of documents that would be sent to them in 

preparation for panel review of a PMA  If you would like the industry 
representative to have access to any portion of your PMA  including the 

Summary of Safety and Effectiveness  please provide a copy for that purpose 
and notify the executive secretary of the panel at  301  427 1205  
However  review of your PNA will not be prejudiced if you elect not to 

provide a Summary for industry representative review  

All correspondence regarding this PNA should be submitted in 3 copies in 

the form of a PNA amendment  Please address all submissions to  

PNA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

If you have questions  please contact Dori s Terry at  301  427 1018 or 
Arnold Alpert  Ph D   at  301  427 1186  

Sincerely yours  

Tp  Ta 

QCPhilip   Phillips 
Director 
Program Operations Staff 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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Food and Drug Administration 
1390 Piccard Drive 
Rockville  MD 20850 
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Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  MN 55432 3576 

Re  P920015 
PCD Transvene System 

Dear Ms  Narrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 
Administration  FDA  is continuing to process the above named premarket approval 
application  PNA   Simultaneously with a reviev by the Office of Device 
Evaluation  ODE   the Office of Compliance and Surveillance  OCS  must review 
the manufacturing information in your PMA to determine that it is sufficiently 
complete and appropriately organized to permit FDA to determine vhether your 
firm  or your contract manufacturer  has the capability of manufacturing your 
PMA device in accordance with  1  the conditions specified in the PNA 
application and  2  the requirements of the medical device GMP regulation  

The Division of Compliance Programs  DCP  of OCS has reviewed the manufacturing 
section of your PNA and believes that it lacks the information necessary to 
effectively complete a review and determine whether to initiate a PMA inspection 

 see enclosed   While the deficiencies outlined in the enclosure do not 

preclude further review of your PMA  if left uncorrected they may delay or 

preclude evaluation of your manufacturing process and final approval of your PMA 
application  We request that you respond as indicated  Please be advised that 
continued review by ODE of your application  including the manufacturing 
section  may identify additional deficiencies  Also  the OCS review of your 
response to this letter may identify additional deficiencies  

For your information a Guidance for Preparation of PMA Manufacturing Information 
was published on March 22  1991  a notice of availability vas published in the 
August 20  1991 Federal Register   It is also available as part of the PMA 
Manual Supplement which may be obtained from the Division of Small 
Manufacturer s Assistance at 1 800 638 2041  

Information supplied in response to the encloserl request should be submitted in 
the form of an amendment AND BE CLEARLY IDENTIFIED AS A RESPONSE TO AN OCS 
REQUEST IN YOUR REFERENCE BLOCK  FDA will consider the PNA to have been 
withdrawn voluntarily if you fail to respond in writing to this request for an 
amendment within 180 days of the date of this letter as provided under 21 CFR 
814 44 g   You may  however  amend the PMA within the 180 day period to request 
an extension of time to respond  Any such request is subject to FDA approval 
and must justify the need 



l 

Page 2   Ms  Jennifer M  Narrone 

for the extension and provide a reasonable estimate of when the requested 

information will be submitted  If you do not amend the PMA within the 180 day 

period to  1  correct the above deficiencies  or  2  request an extension of 

time to respond and have the request approved  any amendment submitted after the 

180 day period will be considered a resubmission of the PMA and vill be assigned 

a new number  A resubmission should be complete and self contained without 
reference to earlier submissions because of potential difficulties in assembling 
files from storage  

All correspondence regarding this PMA should be submitted in three  3  copies in 

the form of a PMA amendment to the address below and reference the above PNA 

number to expedite processing  

PMA Document Mail Center  HFZ 401  
ATTN  MQAB 
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

This letter reflects the current progress of our reviev of your 
application  Please be advised  hovever  that continued review of your 
application or questions arising from any response to this letter  may 
result in additional deficiencies being identified  

If you have any questions concerning this deficiency letter  please contact 
Frank Twardochleb at  301  427 1128  

Sincerely yours  

 J g4 
Director  Program Operations Staff 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 



I  
Deficiency List 

The Office of Compliance and Surveillance  OCS  in the Center for 
Devices and Radiological Health  CDRH  has completed an initial review 

of your premarket approval application  PMA   P920004  with regard to 

the Good Manufacturing Practice  GMP  regulations  Please address the 
following issues and provide the requested documentation  

1  The Design Assurance P----- --------- 68B4 6996  dated 2 7 91 for the 
new helix electrode  part --------------- is not representative of the 
manufacturing operations  The qualification report dated 4 16 91 does 

not address the effects of the sterilization process on the integrity 

of the helical electrode   vol 2  pp 153 156  

2  Provide the locations of the biological indicators used during the 
sterilization validation and routine production for the 6966 lead  

 vol 2  p 207  

3  Provide the product density and configuration pattern for the 6966 

sterilization cycle   vol 2  p 207  

4  Provide the maximum parameter of the humidity specification for the 

sterilization cycle of the 6966 lead   vol 2  p 211  

5  The finished device evaluation for the 6966 lead does not adress 
the effect of sterilization on device performance   vol 2  p 174  

6  The validation plan for 6963 lead does not address the effects of 

the sterilization cycle on device performance   vol 3  p 327  

7  The process qualification report  ------ ----------- does not address the 

effects of the sterilization cycle on the performance of the 6999 lead  

fvol 3  p 335  

8  Provide the product location of biological indicator and spore 
inoculation for the validation and production sterilization cycles of 

the 6963 and 6999 leads   vol 3  p 372  

9  Provide the maximum parameter of the -------- ---------- ------- ---- 
exposure for the 6999 lead  fvol 3  p 376  

10  Explain the difference in the sterilization ---- exposure 

parameters of the 7217B PCD Con---- Device between the two 
manufacturing --------- s  The ---- exposure parameter at the Rice Creek 

facility is ---------- minutes  the ---- exposure parameter at the Kerkrade 
facility is --- minutes minimum  ----- Kerkrade facility does not specify 
a maximum ---- exposure   vol 4  p 415 and p  432  

11  Provide the manufacturing methods  controls  and evaluation 

procedures for the facility identified as Nedtronic Milaca  900 6th 
Ave  N E  Milaca  NN 56353   vol 4  p  437  

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
(b)(4) (b)(4)

(b)(4)
(b)(4)
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DEPARTMENT Of HEALTH R HUMAN SERVICES Public Health Service 

Memorandum 
April 23  1992 

Date 

Mathematical Statistician  T C  Lu  HFZ 162 
Statistical Branch  Division of Biometric Sciences  OST 

Statistical Review of PMA P920015  Medtronic Nultiprogrammable 
Subject Tachyarrhythmia Control System vith Non thoracotomy Cardioversion and 

Defibrillation Electrodes  Nedtronic  Inc  

To Doris Terry   HFZ 450 
Division of Cardiovascular  Respiratory  and Neurological Devices 

Through  Director  Division of Biometric Scien es  OST  ii   0 ST   f C    

Through  Chief  Statistical Branch  DBS  OST 

1  Back round 

The Nedtronic Pacer Cardioverter Defibrillator  PCD  is an 

implantable  multiprogrammable  automatic tachyarrhythmia control 

device  This device is used for treatment of patients at risk of 

sudden cardiac death due to ventricular tachycardia  VT  and or 

ventricular fibrillation  VF   

2  eviewer s Comnents 

2 1 Pooling 

There are a total of 319 implants in 317 patients of the PCD 

device  A total of 52 investigative centers participated in 

the clinical trials with 20 centers in the U S  and 32 in 

foreign countries  In Vol 5  p 646   p 650  a section was 

devoted to the justification for data pooling  Sponsor 

performed a comparison of U S  and foreign patients and 

summarized the variables tested in Table IVA  Sponsor first 

combined and then compared all the data in U S  centers and 

in foreign centers  However  much information was lost in 
these gross combinations  The initial design with centers 
nested within countries was reduced to a two way 
classification  This is not good statistical practice  
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Doris Terry 2 

This reviewer recomputed all the p values listed in Table 
IVB and IVC  they were all found to be correct  except for 
the following  

Table IVC 

p value  sponsor   p value  reviewer  
NYHA 

Classification ------- ------- 

Congestive Heart 
Failure ------- ------- 

Cardiomyopatbv ------- ------- 

2 2 Patient follow up 

Table E 2  p  34  vol  1  shows the follow up time by type 
of data form  This is not an adequate presentation of the 
follow up data  Sponsor should refer to p  93  Table 4 6  
in  Statistical Methods for Survival Data Analysis  by Elisa 
Lee for a more proper life table analysis  Sponsor should 
also discuss the reason why some patients dropped out of the 
follow up study  either withdrawn alive or lost to follow  
up  For example  there are 224 patients at 1 month and only 
154 patients at 3 months  Please explain the difference of 
70 patients during this 2 month period  

2 3 PCD transvene system compared to AICD Epicardial System 
clinical experience 

For the comparison of complication observation rates for PCD 
vs AICD  as reported in Table IL 1  p634  vol 5  I have the 
following comments  

2 3 1  Please provide the numbers of complications and patients for 
PCD and AICD  

2 3 2  Please provide the clinical success failure criteria used 
for  Failure to Cardiovert Defibrillate and 
Inappropriate Problematic VT VF Therapy Delivery   

2 3 3  I am concerned that pocket infection is 3 5X for PCD as 
compared to 2 2  of AICD  even though the sponsor argues 
that the PCD System implant procedure requires multiple lead 
configurations  There are other  lead related  
complications as reported on Table X1 Fl and F2  P857  Vol  
5  PCD Transvene System has more  lead related  
complications than PCD Epicardial System  

(b)(4)



L 

Doris Terry 
3 

2 4  One year actuarial survival comparison of mortality between 
the PCD and AICD systems was discussed on p  842  Vol  5  
Sponsor stated  there was a statistical difference in the reported  AICD  perioperative mortality  p   0 017  with the PCD Transvene System having a lower reported perioperative mortality   I have the following comments concerning this statement  

2 4 1 What statistical test was used to compare survival  

2 4 2  Please provide the two survival or life tables by year of follow up  so that this reviever can reproduce the 
statistical test and the derived p value  

2 5  Comparison to PCD Epicardial System  

P values for one year survival comparison of PCD Transvene 
System vs  PCD Epicardial System for freedom from death by  sudden cardiac    non sudden cardiac    all cardiac  and  noncardiac  

causes are provided in Table Xl G 2  p  862  Vol  5  also Table J 2  p  54  Vol  1  The sponsor should discuss the statistical techniques used to derive the p  values  

2 6  PCD device longevity data  

Sponsor stated in Section M 1  p  66  Vol  1   Thus  the PCD device longevity  which is monitored  utilizing battery voltage and change time obtained via telemetry  was analyzed  The PCD device longevity data collected is consistent with the longevity projection   This reviewer needs to see the data and statistical test used to support the above statement  

3  Reviewer s Conclusion 

The sponsor needs to adequately address the issues raised in Section 2 above before the safety and effectiveness of the PCD Transvene Svstern can be evaluated from a statistical perspective  

T C  LU 

cc  Abhijit Acharya  Ph D  HFZ 450 
Donald F  Dahms   HFZ 450 
Lynne A  Reamer   HFZ 450 
PMS Group   HFp 402 
DCC   HFZ 401 j 
Medical Device File 
Board File 



DEPARTMENT OF HEALTH K HUMAN SERVICES Public Health Service 

Memorandum 
april 7  1992 

Date 

Mathematical Statistician  G  Karner  HFZ 162 
From 

Statistics Branch  Division of Biometric Sciences  OST 

Subject 
PMA Review Statistical Checklist Recommendations for PMA P920015  
Medtronic Multiprogrammable Tachyarrhythmia Control System with Non  
thoracotomy Cardioversion and Defibrillation Electrodes  Medtronic  Inc  

To 
Donald F  Dahms   HFZ 450 
Division of Cardiovascular  Respiratory  and Neurological Devices 
Through  Director  Division of Biometric Sciences  OST 
Through  Chief  Statistics Branch  DBS  OST  sp  

The Statistics Branch  DBS  OST has received the PMA referenced above 
and evaluated it against the attached PMA Review Statistical Checklist  
The failures to provide justification for sample size or pooling of data 
over investigational sites were the only non serious omissions of a 
statistical nature  Therefore  we recommend this PMA be filed  We will 
now begin an in depth statistical review of this PMA  This review 
should be completed and our comments sent to you within 30 days  If you 
have any questions  please contact me at 227 8629 or the statistical 
reviewer  T  C  Lu  at 227 8627 The omissions found are from the 
Clinical Investigations Section of the checklist and are stated below 
for your information  

1  This submission does not include any acceptable 

justification of sample size  Please provide a 
complete description of your sample size 
determination  This should include effect criteria  
alpha and beta statistical error tolerances  
anticipated variance of the response variables  and 
any assumptions or statistical formulae with 
references that are required for sample size 
determination  

2  This submission does not include any justification 
for pooling  combining  the patient data over site  
Please review and analyze your prognostic variables 
to provide a detailed justification why the data may 
or may not be pooled for evaluation  Note that an 
analysis by site is always necessary in any case  

Gary L  Kamer 
cc  Abhijit Acharya  Ph D    HFZ 450 

Lynne A  Reamer   HFZ 450 
Doris J  Terry   HFZ 450 
T  C  Lu   HFZ 162 
Mel Seidman   HFZ 162 
PMS Group   HFZ 402 

DCC   HFZ 401   
Medical Device File 
Board File 
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PMA REVIEW STATISTICAL CHECKLIST 

Yes No Comment 

I  Organizational and Administrative 
Elements including Table of Contents 
with volume and page nurabers J 

II  Summary of Safety and Effectiveness 

A  Indications for use 
B  Claims for the device 

J 
C  Summary of studies 

III  Clinical Investigations 

A  Protocol 

l  included 
2  adhered to 
3  deviations described 

B  Patient Accountability 
tv  

t    sod 1  patient inclusion  
exclusion criteria 

2  follow up schedule 
3  study period completed 
4  all patients accounted for 

J 
pe lcm 

C 

C  Description of Safety and 
Effectiveness Parameters CV   

o   
1  safety 
2  effectiveness 

b  
C  

sensitivi 

pecifi 
se ositive 

d  fal 
e  r 

negative 
ro cibility 

f  epeat ility 

K  stabilit 

D  Documentation of Statistical 
Analysis and Results 

c  0  

p qWuw icml A 4 CD 
1  control  comparison  

group 
2  sample size justified 
3  hypothesis test stated 

p 
 y 
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Yes No Cogent 

4  potential of bias adequately 
evaluated 
a  randomization or 

blinding techniques 
b  descriptive and stratified 

analyses 
 1  patient demographics 
 2  investigator 
 3  site 
 4  surgical technique 

5  pooling of data justified 
6  statistical test given 
7  clear presentation of data 
8  statistical results stated 
9  statistical conclusions 

drawn from results 

IR 

W vw W Jw 

F      R 

p  c W 

 E g 

S id  

bWb jW 598 
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DEPARTMENT OE HEALTH D HUMAN SERVICES Public Health Service 

 rvna  Memorandum 

v      
From Chemist 

Premarket Approval Staff  ODE  HFZ 402 

g g    Request for PMA Filing Review 

To 
pC tpg yp 

PMA Application bio      XO0 5 

pm Applicane   Ug 7H8lV   C CAlC 

dP 
Device Trade Name  IQC  pVl40 AlC   XCfhl ppNp g g yj J gee    

Date of Uocumeat  g 3  p   

Date Received by DNC  Cj I y  

Date keceivea by PMA Staff from DNC  4 t 5 w 

Date letter and checklist due from ODE Divieion to PNA Staff  Jlll Ft  

Date Lettex Due out of CDkii  5 Ik ft   

Please review the above referenced PMA for a filing nonfiling 
determination  a complete checklist and  filea or  not filea letter 

should be returned to the PMA Staff by the due date specified above  

If the PHA is to be filed  please specify in the checklist special 

considerations or important aspects of the manufacturing process that 

should be included in the hDkO inspection oi the manufacturing facility  

preliminary determination of whether the aevice is a  critical aevice for 

purposes of the device Gooa  manufacturing Practice regulations shoula t e 

included  see checklist   

The biostatistics staff  HF  lib  is notified of every  MA receivea and 

will notify the ODh Division as to the identity of the statistical 
reviewer  The biostatistics staff will review appropriate segments of the 

PMA and forward a statistical review memo to the reviewing Vua division 

before the due date specified above  Please let me know if you need any 

further assistance  

g c y g 
Arnold Alpert  Ph L   
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3 Apr f992 

FROM  
MEDTRONIC INC  
ATTN  JENNIFER M  MARRONE 
7000 CENTRAL AVENUE  N E  

ILETTER DATE 
03 31 92 

I 
iDOCUMENT  

em 
NINNEAPOLIS   MN 554323576 

I 
SUBJECT  

MEDTRONIC R  TRANSVENE LEAD SYSTEN 

I OFFICE 

ILOGIN DATE iDUE DATE 

04 01 92 
I 
DECONTROL 4 

P920015 SOOO 
I 

I DATE REFERRED 

I 
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IN TEROFF I CE MEMORANDUM 

Date  
From  

10 Sep 1993 09 02am DST 

Raymond R  O NeiI1 
RRO 

Dept  
Tel No  

TO  Lynne A  Reamer 
  LAR   

CC  Anita N  Rayner 
  ARB   

Subject  OK for Nedtronic ICD lead 522 language 

OST DBS PSSB 
594 0644 

Anita asked me to respond to your inquiry about the language referring to 

section 522 in the PMA approvable letter for the Medtronic transvenous 

ICD leads  I am the coordinator so far for the ICD protocols for section 

522  It looks fine to me  

Thanks for your interest  

Ray 

Pv 
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DEC 89  33 12 8ZPM PACING RF i  AFFAIPS p zie 

Medtronlc  Inc  
7000 Central Avenue N E  
Minneapolis  ITIN 55432 USA 
 812  574 3409 
 B12  5744424 fax 

Charles H  Swanson  Ph D  
Vice President  Regulatory Affairs 
Cardlsc Pacing Business 

SENT VIA TELECOPY TO 301 584 3078 

December 9  1993 

Ms  Doris Terry 
Office of Device Evaluation  HFZ 450  
Center for Devices and Radiological Health 
Food and Drug Administretien 
1380 Piccard Drive 
Rockville  MD 20860 

RE  TRANSVENF PMA Submission 

Dear Ms  Terry  

This is to confirm our telephone conversation this morning regarding the Summary of 
Safety and Effectiveness for the TRANSVENE lead and the labeling for the Model 6963 
lead  Regarding the Summary of Safety and Effectiveness  Medtronlc agrees to the 
modification as you proposed that the statement regarding the patients with 
hemodynamlcatly stsble VT read ss follows  

 While this pstient population was Included in the TRANSVENE laad 

c  Inlcal study  no conclusions were drawn from the data obtained on this 
specific patient group   The latter part of the sentence reflects a change 
from the earlier version and we agree to this modlf Ication  The relevant 

pages of our technical  manuals have been modlf led and ere attached  

With regard to the labeling for the Model 6963  the last sentence on page 8 does not 
make sense as written and should be modified by the deletion of the word  snd  as 
indicated on the attachment  

If you have any questions  please call Dennis Connolly immediately at 612 574 4696  

Sincerely  

cs1 20893 of 5  
Attachment 



p  i6 DEC 89  9  1Z 8 PM PACING REG AFFAIRS 

il 
R 

         l     
4  

 1 

 i 
Oy 

4  

00 

 g  g  

g     
 c 

g 
V 

 ggl 
8g P     O 

g ae 

  a      Pl 

Cl   l  g   a O 

50  p  

 go yj 
c    8g Q   

g 
gt     0 CO 

CO    g3j  

I   g4k 

 g   g g I D 
k  gf o3 

    J eg   
tD 
Q 

kaai4    
  O   g 

n 
 Cl 

IO 

OO 



DEC  9  9  12 84PM PACING REG RFFAIRS P 4i6 

r 

0 

  QC 

 j iI  
   P5 4  

 i   3 
 5 

 8 4   
 ij          K 

g s g  
 c  4 8 
gnaw 

5o   ST  
C w g 

g 
8 

I jli j   2  j  

g 9 

  
a 

   
R 

8g 
g o  
Rg o 

Cl 
o   E  

8 

 5   ggg R  A 5 
 4 jj3 yak 

o  g 

g g 0 g 
3 g4 ID 

 W v 
Q R j 

z  43  
0 

w o 

a 
O o   3  

Ch 

X g   UJ       Pa  
Q  Den  

0 

EE  R8 go4 

o   g gyP e 

  
g 

Q 

mal 

8 4 a 
g g 
 c o 

O  a  

n 



DEC 89  8   
12  9PM PRCING PEG AFFCIIP w 

P  S 6 

l 

  I 

Ie  
j3 x    k J 

  jjj r  g 
  f3     It s 

   E    

     
5 op 

  
f8      

a  3  
j afj   

 fit  ha 

Q 

  
C4g g 

8 
gPg 

V 

R ill 
3 

IC1 
O g LJ 

1 v 
Pi 

CO 

O 

g38 

W 
0  
O 5 aitf 0 8 

jfig 
g Ega 

Z 
  aj    
j lee  

48 

K   HX   

x f  
C 

l 



P 5i6 
DEC 89  93 12 85PN PACING REG AFFAIRS 

l cs 

 5 

  
  4 84 

     P  gg  4 
j 

i  
R  I 

S  
8 

4     
u 

   p   
R 

ah   

  4 Z 
Q 

     5 Rg 
V 

8 
8 

3 pa  
 la   

      
    

jc 
o 

j   F   g   5j 
gl 
4 

 j  
E gaga  

IN 

Pl 

D 

0 4   
 54 

jig 
ca 

g 
0 

Sjl   
lg   Q 

Q 0 
  5 

  3  C 
3   3 
3   
 i 

 i  
4 

W 

vD 

D 

1 

gj  Oy   

f 

kg 4    g J 
g 

a  

C4 



SElVT BY  12  8 M   8 08AM   OFFIC  vF C O MPLIASC  42977 0 1  1 

DEPARTNMI  OP HEA TH   RURAL SERVICES Public He        Serv1ce 
Food and Drug Administratipn 
Roekville  MD 20850 

M 1 H 0 R A N D U N 

DATE t December 8  1993 

FRON  Field Programa Branch  CDRH  HFZ 331 

sounder  mum  arraova    nee8rrc 
AND RORRXCII FERM 

PHA F920015 

Nfrs   Nedtxonic  Xnc  
7000 Central Avenue NE 
Fridley  MN 55432 

Nedtronic SV 
Venckebaehstraat 10 
6466 NC Kexk ade Weat 
The Netherlands 

TQ  Chief  Program Operations Staff 
HPZ 402 

Applicant  Medtronic  Zac  
7000 Central hvenue NE 
Fridf ey  MN 55432 

Predict  Transverse Lead System 

This is in response to your request for final approval regarding the above PNA 

application  OC concurs vith final approval for this PHA  

  ms   L a  W 
Vertleen Covington 

CCa 
HFZ 331 
DOE IXI 
MFA 224 
 92 79 

 G 



Ic Lt    1I7 J  J 

DEPARTMENT OF HEALTH 6 HUMAN SERVICES Pubs  c Health Service 
Food and Drig Administration 
Rockville  3 D 20850 

HEH iRANDUM 

DATE   December 6  1993 

FROM   Field Programs Branch  CDRH  HFZ 331 

SUBJECT  GAP Inepection CMARANCR 
PMA P920015 

Hft   Nedtronic  Inc  
7000 Central Avenue NE 
Prid1ey  NN 55432 TO  Premarket Approval Coordinator 

HFZ 402 Applicant  Same 

Product  Transvene Lead Systee 

A follov up inspection of the above referenced manufacturer vms accomplished on 10 27 93  

On the basis of the information reviewed  the firm has an acceptable GHP program  

This should complete all of the sites awaiting inspection that are currently outstanding concerning this PNA  

 JuQu C gpup5  

CC  

HPZ 331 
HPA 224 
tea rrx 
HFR NV300 
f92 79 



DEPARTMENT OF HEALTH   HUMAN SERVICES Public Health Service 
Food and Drug Administration 
Rockville  MD 20850 

MEMORANDUM 

DATE  July 19  1993   euy ef 
FROM  Field Programs Branch CDRH  HFZ 331 

SUBJECT  GMP Inspection 4iQDWiDIADQigE 
PMA F920015 

Mfrs   Nedtronic  Inc  
7000 Central Avenue NE 
Fridley  MN 55432 

TO  Premarket Approval Coordinator 
HFZ 402 Medtronic B V  

Slenckebatchstraat 10 
Kerkrade  The Netherlands 

Applicant  Medtronic  Inc   
7000 Central Avenue NE 
Fridley  NN 55432 

Product  Transvene Lead System 

An inspection of the above referenced manufacturers was accomplished on 

5 27 93 and 12 18 92  On the basis of the information reviewed  Medtronic 

Inc   located in Fridley  MN  has an unacceptable GMP program  

Attached  please find a copy of the reviev performed by the Manufacturing 

uality Assurance Branch which details the GMP deficiencies revealed by the 

inspection  

On the basis of the information reviewed  Medtronic B V   located in The 

Netherlands  has an acceptable GMP program  

PLEASE NOTE THAT NEITHER A COPY OF THIS EVALUATION MAY BE SENT TO THE FIRM  

NOR MAY ITS CONTENTS BE DISCUSSED VITH THEM  

A follov up inspection is being requested for the above manufacturing site  
When that inspection has been completed and we have had an opportunity to 
review the results  you vill be advised of the findings of the inspection  

This should complete all of the sites awaiting inspection that are currently 
outstanding concerning this PMA  

0 E      
Attachment 
CC  

HFZ 331 
HFA 224 

 Z 332 

rR HW300 
 92 79 



 ATE  7 i 1y 6  1 393 

TO  4   r l   e     J    0 v    tip  011  PMP 

i  o  d i r a or   P ie  rf Program French 

1HRU Actinp Chi  f  C   rd avascular    kg 
Br ricky  I OP  I I I 1    

FROM   QIl  i 11i16 iaaf  f P u   0 f i iCP  

Cardiovascular Branc h  DOE II  

SVEUECT 

CFH 

PRODUCT 

DISTRICT RECOMMENDATION 

PEA PR   G015 Pre 
slav 10  14  
  Janui  ac t  re    

 Approval Inspe  t i   n 

   5  27  1993 
Hedtronic  Iric  

0 iO Central terence NE 
Fr id lev  Ml  5543    

2lB      P  

Transven I cad System 

RB   Om111P tlat t1OP  CGilCU1 r ence wi th the Pl  A 

appr ova  ard tha   he distr ic   send a nor    

concur rer ce letter to the f irm  

I NVEST1GATORS Karen A Co lensman  ATL   DG 
Joseph Yi Edwin  MIN D  

SITUATION Situation 1  In accordance with Part V of 

Compliance Program 73S2 830  dated 9 1 91  

CDBH OCS 
RECOMMENDATION  PNA Non Appeal  ax 

A review of the EIR  FDA 483  and exhibits for Nedtror ic  Inc facility 

indicate that the criter is for a Situatior 1 has been  riel  in accordance 

vith the requirements of Part V of Compliance Program 7382 830  dat ed 9 1  

91 Conditions exist whereby there is a revisor able probability that unsa e 

or ineffective devices w 1  be produced arid distributed 

The following is an evaluat ion of the EIR  exhibit s  and FDA 483 he f  rm 

d d no  respond to the observations male be  t he investigator on the FDA 

 83 

1 

X3 



 I C J B Or 0 100  a    1   

Fa i  111I 5 t O BBt Bbl i sh procedure es for   p  C      Rt ion control mei  sur es to 

assize  that the de  i gn bnsis for the  3evice i     correctly translated into 

approve d speci f ic  at ions  as requir d by   1 CFR 8  0  00 a    i  For example 

1 the irm ha   not validated criti el achy   cad Manufacturing Operation   

current ly u eel in producti on in  iudir g but  ac    irnited to  Welding  

Crimping  an i ond in  Op rat iona F  r m AQF S ilG have data showirg they 

have run niriimi m of three con ecut ive successful runs to provide 
assurance t h    e ----- esses aze validated  2 a review of sterilization 

cert     icat  ion ------ reports dated 4 20 85  adding Permanent Lead Introducer 

 PLI   di d 3  4 32  adding 6966 Tach  HU Lead   and 3 30 93  update 
certification ad ling   ------------- -- cnntro3ler   y  tarn  revealed a  D value  

-----------     i  m    d Ci iili nts and SOP   do rat d     re or describe 
-------- 

------------  Es o  5      93 f rm did  ot h ve     written explanation 

vox rein  -   e p  c    i   1 1  RCl 6PI131i3l Character ist  pcs o f a fully loaded 

supe--- ----- --- ----------- of product in packages versus a fully loaded chamber 

of 
------------ 

----------- 
-    Firing does no have a repar t correlating the 

results con   a ined in ttie 4 10 85 ana 3 4  92 cert  f icates with conclusions 

that show the PJ I i s a   tual 1v the 
 warst case pr oduct for this 

cert  f cat  on vroup The FLI is rcutine  iy used as the sample for 

requcilifyine  products or addling new pr oducts  o this group c  D va ue 

calculatioris   or  st  eri1 ization cert i  icate ------ dated 3 4 82 and 3  30   93 

sly -------- t he D value at confidence iniervals calculated at  ---- Firm s 

SOP -- - ----- requires they calculate it at ---- d   Certif ications dated 

3 4 92 and 3  30 193 do not  identify the actual ---------- ------------- Level 

that xi 1 1 be obtained  3 Coil Part Number --------- - ----- -- - ---- ------ 

diatneter  platinum coil sputtering process has not been ----------- 

2 AU 

(b)(4)

(b)(4)

(b)(4) (b)(4) (b)(4)
(b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4) (b)(4)

(b)(4)



Tile   C flBE gw 1    RLlpp 3 l t t   1 

exhibits F1   3  Ll   6  Nl   4  N 
an 1 FDA 48 3  f1       the disc 
14  A1 22  E1 43  D1 13  P 1   
discussion on page 7 of the 

1   the d i scuss ic  ia oil pea     
       3 o f tha EI R  

1 6  G3  11  01 4  Tl    K   Fl    Gi  11   anrl GH  

ussion on pages    7 of the i4  IR  Exhibit  Pl   

10  and Cl 11  ancf FDP  4       44    3  th  
EIR  Exhibits A  3 and S1 26  and FDA 483 P5 

2L CPS 820 181 

Failure to prepare  dat e  and sign by a designated individual device 
master  records  as required by 2  era a o ill For example  a r2V1PW of 
the Plans and Qualification Reports for the Nev Iaser ur ce  Model 6P84 

Split Build  and I cad Model 6966 Connector Subassembly reveal ed the 
following a  The plans did not require process validate ion b  Sampling 

plans were not ident ified c  Test methods or procedure   are not alwavs 
identified d  They do not describe how the re u  ts will  re irterpret ed 
and or analyzed 

This charge is supported bv the discussions on pages 3 5    of the EIR  
Exhibita F1 3   31 11  Ll 6  td1 6  N1 4  and 01 4  and FDA 483 W2 

21 CFR 820 160 

Failure to check and  where necessary  
device specifications each production run  

 r distribution  as requ  red b  a 21 CFR 8 0 
 scads have not been tested under simulated 

tv t for  or  f      gt lBP CB Wi    
  at  or ba tch pr d or to re lea e 

160 For     amp i       ransvene 

use conditior s  

This charge is support ed by the discussion on pages 7 ar d 6  of the EiH and 
FDA 483 06 

21 CFR 820 162 

Failure to investigate any failure of a device to wee  performance 
specifications after it has been released for distribut ion  --- ---------- by 
21 CFR 820 162 For example  Transvene Lead Model 6884 ----- --------------- was 
ret urned and found to have cosmetic MIO on both the inner and middle coi   
insulation  The coils were not analyzed  examined to verify that the 

platinum sputt ering process was done to specification 

This charge is supported by  he discussion an page 8 of the EIR  exhibits 
S1 26  Q1 9  T1 4  and U1 3  and FDA 483 A7 

UNSUPPORTABLE FDA 483 OBSERVATIONS 

ZQ5 403 D3   There is no GNP requirement for design issues 

jap 
Kent A Berthold 

3 

   

(b)(4)
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DEPARTMENT OF HEALTH 6 HUMAN SERVICES Public Health Service 
Food and Drug Administration 

I 

Rockville  HD 20850 

M E M 0 R A N D U 

DATE  April 19  1993 

FROM  Chief  Program Development Section 

Program Development and Analysis Branch 

CDRH  HFZ 331 

SUBJECT  Request for Assistance Mfr   Medtronic  Inc  
Rice Creek Facility 

TO  Chief  IPTSB 
ORO  HFC 133 

7000 Central Avenue  N E  

Minneapolis  MN 55432 

Applicant  Same as  above 

Product  PNA P920015 
Transvene Lead System 

Me are requesting that your office provide a device expert for a Premarket 

Approval  PHA  preclearance inspection of the above referenced manufacturer with 

the Minneapolis district office  We are making this request directly to your 

office because the subject PNA covers a complex  critical device  and several of 

t  firm s other sites have violative histories  During the last year and a 

t    the Ninneapolis district has failed to complete seven of their ten PMA 

preapproval inspections vithin two months of the due date because  according to 

the Inspection Branch management  they do not have a sufficient number of 

investigators who are qualified to conduct device inspections  

It will be necessary to perform a complete PMA inspection of Hedtronic per C P  

7383 001 to determine if the firm is meeting all of its PMA commitments and GYP 

requirements  Emphasis should be placed upon determining whether the firm has 

validated all significant manufacturing processes  

We have requested that the Minneapolis district office contact you to schedule 

the inspection  see attached assignment   If you need any further information  

please do not hesitate to call me at 427 1125  

Cd   V 
 les Morg 

Product Code  74 
PAC  83001 
Priority  Top 
Est  Comp  Time  
Due Date  6 1 93 
Contact Officer  

45 hours 

Mes Morgenstern 
1390 Piccard Drive 
Rockville  MD 20850 
Phone  427 1125 
FAX  427 1076 

stern 
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MEMORANDUM 

From  Doris Terry  HFZ 450  To  File g P920015 
Subject  Medtronic Transvene System Date  October 28  1993 
Office  DCRND ODE 

The manufacturer responded to our approvable letter of September 23  1993  In addition  the manufacturer mentioned that a follow  up inspection is scheduled for October 18  1993  the PMA application might be amended to provide inspection information   The manufacturer also stated that there are no new data from the clinical study of the Medtronic Transvene System which could impact safety and effectiveness  

Deficienc 1 

The manufacturer modified the labeling to include the following  diagrams for proper insertion and the final position of the leads  defibrillation efficacy data for the different lead configurations and polarity combinations  including sequential and simultaneous discharges   information and or recommendations regarding implantation techniques and testing methods  information regarding implanting in patients who do not have a 10 Joule safety margin  information aimed at reducing the incidence of infection  instructions stressing the importance of pausing between VF inductions  information regarding the expected change in defibrillation thresholds  guidance regarding permanent pacemaker separation from the Transvene leads  RV and SVC CS   a statement which emphasizes the need for x rays and pace threshold testing  information regarding techniques for placing the leads via the cephalic vein  and an explanation regarding the necessity for explant and return of the leads upon the patient s death  
The manufacturer provided the requested data  No concerns about how the data are presented in the labeling  

Deficienc 

The manufacturer modified the labeling to include warnings which pertain to the following  use of the Sub Q patch lead on the pericardium or epicardium  language regarding the use of dual anchoring sleeves  and information regarding extensive inductions during implant  

No significant concerns about the warnings as written  
Deficienc 3 

Ne told the manufacturer that the indications and contraindications for use of the Medtronic Transvene Lead System should be identical to the PCD Epicardial System with certain exceptions  The exact language which states   The safety and 



effectiveness of the PCD       was not used  However  the 

proposed language is acceptable  The indications as written are 

acceptable  It should be noted that the contraindication 

proposed by the manufacturer  The Transvene Lead System is 

contraindicated for use in any system other than a Medtronic 

implantable tachyarrhythmia control device system for which it 

has been tested  will not be included in the labeling as a 

contraindication  The manufacturer was informed of our decision 

in a phone conversation  They agreed to remove the 

contraindication  and will send documentation confirming our 

agreement  

The manufacturer also satisfactorily responded to the requests 

which consisted of the following  placing an identifying mark to 

distinguish nonthoracotomy leads from thoracotomy leads  

reporting warning and precautions separately and providing a copy 

of the Patient s Manual  

I also told the manufacturer that the Warnings and Precautions 

should be included in the labeling according to our Blue Book 

Memorandum of March  8  1991  manufacturer has a copy   We 

reviewed the manual and found that caution statements within the 

context of the manuals should also be included on the list of 

precautions  They agreed to revise their labeling to include the 

referenced cautions on the list  

Recommendation 

The manufacturer modified the labeling as requested  Formal 

documentation pertaining to the warnings and precautions and the 

removal of the requested contraindication will be submitted  In 

the interim  faxed information will be sent confirming their 

agreement  as we discussed  regarding those concerns  

Approval of the referenced PMA application  



MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File g P920015 
Subject  Medtronic  Transvene  Lead System 
Date  August 16  1993 
Office  DCRND ODE 

On August 2  1993  the Circulatory System Devices Panel reviewed 
the PMA application for the Medtronic  Transvene  Lead System  
Specific questions and labeling concerns generated from FDA s 
review of the PMA application are included in my memoranda of 
July 9  1993  FDA review and panel presentation   

The panel addressed all FDA s questions  and concurred with the 
labeling recommendations  

The panel recommended approval of the Medtronic  Transvene  PMA 
with modifications to the labeling  A list of FDA s and the 

panel s recommendations are listed below  

FDA s and the Panel s Recommendations 

The labeling should be modified to include the following  

0 diagrams which show proper insertion of the endocardial 
leads and how the patch lead should be applied to the 
subcutaneous tissue  

0 a caution statement that the patch lead is not for use 
on the pericardium or epicardium  

0 efficacy data of the different lead configurations via 
the different pathways  

0 pictures or diagrams of the various electrode 
configurations which serve as a guide for selection  

0 information and or recommendations about implanting the 
leads and testing the different configurations  For 
example  when to use a two lead versus a three lead 
configuration and when to implant in the superior vena 
cava  SVC  versus the coronary sinus CS   

0 information or recommendations regarding implanting in 
patients who do not have the 10 Joule safety margin  

0 information about how the incidence of infection can be 
reduced  

0 a reference about using 5 minute intervals between 
ventricular fibrillation  VF  inductions during 
testing  



o stronger language regarding the use of dual anchoring 
sleeves on the right ventricle  RV   SVC and CS leads  

o information which states that a thoracotomy after 
extensive testing with a nonthoracotomy lead system 
should be delayed at least 2 days  the clinical data 
showed that when a thoracotomy was performed 
immediately after testing  the perioperative mortality 
rate was increased from 0 7 to 9 3 percent   

0 guidance regarding separating pacemaker leads from the 
Transvene leads  

o a statement which emphasizes the need for x rays and 
pace sense threshold testing at follov up to check for 
lead dislodgement  

0 information regarding placing the leads via the 
cephalic vein when possible  and 

o an explanation regarding the necessity for explant and 
return of the leads upon the patient s death  

In addition the manufacturer should note the following  

o The indications and contraindications for use of the 
Medtronic  Transvene  Lead System should be the same  with 
certain modifications  as those for the PCD  Epicardial 
System  

o The technical manuals for the Transvene  Leads should state 
that the leads are for use together as a system  The 
labeling  where appropriate  should be consistent in all of 
the Transvene  Lead manuals  The information regarding the 
Transvene  Leads in the PCD  Manual should also be included 
in the Transvene  Lead manuals  

o There should be an identifying mark on the package label 
which distinguishes nonthoracotomy leads from thoracotomy 
leads  

o The Warnings and Precautions in the labeling should be 
identified and reported separately according to FDA s Blue 
Book Memorandum of March 8  1991  a copy of this memorandum 
was previously sent to you   

o Postmarket surveillance will track the explanted leads for 
evidence of metal ion oxidation  MIO   

The manufacturer should provide a copy of the Patient s Manual 
which includes a reference to use of the nonthoracotomy leads 
with the PCS models  



Recommendation 

The above information will be included in an approvable letter to 

the manufacturer  
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Table JD2 7  Reported Complications  PCD Transvene System versus 

PCD Eplcardial System   2 1 93 

Table lD2 8  Reported Observations  PCD Transvene Systsm versus PCD 

Epicardial System   2 1193 

e  Suruival Analysis 

 a 
Despite their excellent clinical pertormance  
epicardial defibrillation lead system have important 

limitations  The requirement for dirsct thoracic 

access contributes significantly to patient morbidity 

and mortality  patient discomfert and prolonged 
hospitalization  The availability of reliabte 
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DEPARTMENT OF HEALTH   HUMAN SERVICES Public Health Service 
Food and Drug Administration 
Rockville  MD 20850 

AN DU M 

DATE  July 19  1993 

FROM  Field Programs Branch CDRH  HFZ 331 

SUBJECT  GMP Inspection NONCLEAEUDCE 
PMA P920015 

Mfrs   

 rue   
Medtronic  Inc  
7000 Central Avenue NE 
Fridley  MN 55432 

TO  Premarket Approval Coordinator 
HFZ 402 Medtronic B V  

Menckebatchstraat 10 
Kerkrade  The Netherlands 

Applicant  Medtronic  Inc  
7000 Central Avenue NE 
Fridley  MN 55432 

Product  Transvene Lead System 

An inspection of the above referenced manufacturers vas accomplished on 
5 27 93 and 12 18 92  On the basis of the information revieved  Nedtronic 
Inc   located in Fridley  MN  has an unacceptable GMP program  

Attached  please find a copy of the reviev performed by the Manufacturing 
Quality Assurance Branch vhich details the GMP deficiencies revealed by the 
inspection  

On the basis of the information reviewed  Hedtronic B V   located in The 
Netherlands  has an acceptable GMP program  

PLEASE NOTE THAT NEITHER A COPY OF THIS EVALUATION MAY BE SENT TO THE FIRM  
NOR MAY ITS CONTENTS BE DISCUSSED VXTH THEM  

A follov up inspection is being requested for the above manufacturing site  
When that inspection has been completed and we have had an opportunity to 
review the results  you vill be advised of the findings of the inspection  

This should complete all of the sites awaiting inspection that are currently 
outstanding concerning this PMA  

H E   e   
Attachment 
CC  

HFZ 331 
HFA 224 
HFZ 332 
HFR MV300 
592 79 
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DATE  Phily 6  1993 

TO     r tween 3 Coviiigton  PHA 
Cooed ir ator    Field Program  Branch 

THRU  
Acting Chief  Cardiovascular     Z Br nch  DOE I I I 1 1    

FROM 
Consumer Safety Qfiicer 
Cardiovascular Branc i  DOE 11 I 

SUBJECT 
PNA PS   0015 Pre   Approval Inspect t i r n 
May 10 14  24  25  27  15 93 
 manufacturer  Medtroni   Irc  

7000 CP11 T61 Avence NE 
Fridley  MI7 55432 

CFN 
2 JBC 2UPJ 

PRODUCT 
Transvene Lead System 

DL STRICT RECOMMENDATION Recommend non concurrence with the PHA approval ard that  he district send a non  concurrence letter  o the firm  
1 NVE STI GATORS Karen A Coleman  ATE DO 

Joseph N Edwin  MIN D  
SITUATION 

Situation 1  In accordar ce with Part V of Compliance Program 7382 830  dated 9 1 91  
CDRH OCS 
RECOMMENDATION 

PNA Non Approval 

A review of the EIR  FDA 483  and exhibits for t5edtronic  Inc  facility indicate that the criteria for a Situation 1 has been  net  in accordance t ith the requirements of Part V of Compliance Program 7382 830  dat ed 9 1  91  Conditions exist  hereby there is a reasonable probability that unsafe or ineffective devices wil  be produced and distributed 

The following is an evaluation of the EIR  exhibit s  and FDA 48  The  irm  I d not r espond to t he ohse ruat ions macle be the invest i gator on the FDA  483 

l 

  



21 CFH Or 0 300     1  

Fai 1 re t o eatable sh procedures for spec   f ic ation control me  sures to ass sre that  the de  ign basis for the  device i correctly translated int o approved specif ications  a  requir d by   CFR 8 0  100 a   1    For example l the firm has not validated critical Tachy Lead Manufacturing Operations currently useci in productinn in ludir g but  no  Jirnited to Welding  Crimpinp  and Bonding Operations Fir rn does net have data showirg they have run a minim  m  of three con ecut ive suc cessful runs to provide assurance these ----- esses aze vali dated  2 a review of sterilization cert  fication ------- reports dated 4  10 85  adding Permanent Lead Introducer   PL I     821d 3g 4  92   add lng ------ ------ y HV Lead     and 3 30  93   update cert i f i at ion adding a ---- --- ------ -- cent ra 1 ler system   revealed a   D value    -----------  l using ---- ----------  r  ates i J i   a al  oher beva 1v8de  i with 
- 

--------- --- -------- ------------ ----------- 3 no t  can   in praduct or im-- ------ --------- --    i 7  Ql S GOCliiilents and SOP    do r at de   r  or describe -------- 
---------- --- As of 5 13 93 fi rn did  at have a written explanation   ogre  t ng pa   due t load density characte  ist ics of a fully loaded steri ----------- ----------- of product in packages versus a fully loaded chamber of --------- 

-----------   b  Firci does not have a report correlating the result- contained in the   10 S5 and 3  4   92 cert  f icates with conclusions that  show i he PT I i s actual 1v the  r  orst 
case product for this certif cation group The PLI is routine1y used as the sample for requal ilying products or adding new pe oducts --- this group c  D value calculations   or sterilizatiori cert if icate ------ dated 3  4 92 ----- 3i 30  93 only -------- t he D value at confidence inte------ calculated at ---- Firm s SOP -- - ----- requires they calculate it at ----- d  Certifications dated 3 14 9  and 3  30 i93 do not  idertify the actual ---------- ------------- ---- el that  ill be obtained  3 Coil Part Number --------------- -- ----- ------ diameter  platinum coil sputtering process has not been validated 

2 

(b)(4)

(b)(4)
(b)(4) (b)(4)

(b)(4)(b)(4)

(b)(4)

(b)(4)
(b)(4)(b)(4) (b)(4)

(b)(4)



This charge i  support  ed by  1  the discussion   on pages 
   x 3 of the EIR  

Exhibits F1 3  L1 6  N1 4  Nl 6  Gl ll  01 4  f1   K   Fl 3  Gl 11  and G8  
and FDA 483 01   2  the discussion on pages 5 7 of the EIR  Exhibits Pl  
14  A1 22  E1 43  D1 13  81 10  and Cl ll  ancl FDA 483 44   3  t he 
discussion on page 7 of the EIR  Exhibits Q  9 and S1 26  and FDA 483  5 

21 CFH 820 l81 

Failure to prepare  date  and sign by a designated individual device 
master records  as reczuired by 21 CFR 820 181 ---- ----------- a review of 
the Plans and Qualification Reports for the ------ ------- --------- Model 6P84 
Split Build  and Iead Model 6966 Connector Subassembly revealed the 
following a  The plans clid not require process validation  b  Sampling 
plans were not identified  c  Test methods or procedures are not alvavs 
identified d  They do not describe how the re u  t s vill be interpret ed 
and or analyzed 

This charge is supported by the discussions on pages 3 Bc 4 of the EIR  
Exhibita F1 3  Gl ll  Ll 6  tel 6  N1 4  and 01 4  and FDA 483 02 

21 CFR 820 160 

Failure to check and  where necessary  te  t  for conformance vith 
device specifications each production run   at  or batch prior to release 
for distribution  as required by 21 CFH 8 0 160  Fo e   arnple  Trans   ene 
Leads have not been tested under simulated use conditions  

This charge is supported by the discussion on pages 7 ard 8  of the EER and 
FDA 483 06 

21 CFR 820 162 

Failure to investigate any failure of a device to meet performance 
specifications after it has been released for distribution  --- ---------- by 
21 CFR 820 16Z For example  Transvene Lead Model 6884 ---- --------------- was 
returned and found to have cosmetic NIO on both the inner and middle coil 
insulation  The coils were not analyzedjexamined to verify that the 
platinum sputt erirlg process was done to specification 

This charge is s ipported by the discussion on page 8 of the EIR  exhibits 
S1 26  Q1 9  T1 4  and U1 3  and FDA 483  7 

UNSUPPORTABLE FDA 483 OBSERVATIONS 

K8A63     There is no GNP requirement for design issues 

Kent A Berthold 

3 

(b)(4)

(b)(4)



MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File 4 P920015 
Subject   Review   Transvene PMA 

Date  July 9  1993 
Office  DCRND ODE 

Descri tion of the S stem 

The PCD Transvene System consists of the Model 7217B PCD pulse 

generator  programmer  external accessories and leads  Model 

6966 RV lead  Model 6966 CS SVC lead and the Model 6999 patch 

lead  see description of leads and summary of testing in attached 

memo and in Volume 3  Section A  Bench Testing   The leads may 

be implanted in 3 configurations  RV CS SQ  RV SVC SQ and 

RV CS SVC via a single  simultaneous or sequential pathway  

Stud Desi n and Ob ectives 

----- ------ ------------- --------- ----- ----------- --- ---------- ---- ------- ----- 

---------------- --- ---- -------- -------- ------ ----- ------------- ------- ----- 

------------ --- ---- ------- --------- ---- ------------- --- ------------- ----- 

-------------- ---- --------- --- ---- ----------- ----- ------------ --- ---- ----- 

----- ----- --- ------------- ---- ---------- ------ --------- --------- ------- ----- 

--------- ----------- 

----- ---------------- ------ ----- ----------- ---- -------- -------- ------ 

------------- ------ --------- --- -- ------------- --------- ----- ---- --------- -- 

-------- ------------- ------ --------- --- -- ----------- ---------- 

----- ---------------- ---------- ----- -- ------- -------- ------------ 

------------------ --- -- -------------------- ----- --------- ----- -- --------------- 

----- --------- ----- ---- ----------- --- ----------- --------------- 

--------- Po ulation 

----- ------ -------- ------------- ---------- ----------- ----- ------------ 

------ ---- ------------- ------ ---------- ---------- ----- ---------- ----- 

-------- ------ ----- --- ------ ----- ----- ------- ------------- ---------- ----- 

---------- ------ ------ ----- ----- ---------- ------------ -- --- --------- ---- 

------ ----- --- ---------- ----- ------ ----- --------- ----- ------ -------- --- 

---------- ---- ------- ----- ---------------- --- ---- ------------- ------ 

---------- -------------- ------------- ------------ ------ ------- ---------- 

---- ------ ----- --------- --------------- ------- ------------ ----------- -- 

-------- ------- ----- -- --------- ------------- --- ---------- ------ ------- ----- 

-------------------- ----- -- ------- ------- ---------- ---------- -------- ---- ------ 

------------- -------- ---- --------- -------------- ------- ------ ------ ------ 

--- --- ---------- ------ ---- --- -- ---------- ------------- ------ --------- ---- 

U 

(b)(4)

(b)(4)



2 

-------------- ---------- ---- ----- -------------- ------ -------------- 

-------------- ---- ---------------- ------ ---- ---------- ---- -------- --- --- 

----------- ------------- --- --------- --------------- --- ---- ------ 

----- ------- -------- ------------- -- ------------------ ------ ------ ---------- 

------ -- ------- ---- --- ------ ------- ------- ---- ----- ------ ---------- 

---------- ------ ----------- ----------- ---- --------- --- --------- --- --------- 

--------- ------- -------- ----- ------ ---------- ------ ---------- ----- --- 

------ ---------- ---------- ------ -- --------------- --- ----------- ----------- 

---- ----- ------- 

--- ---- ----- ------------- ---------- ----- ------ ---------- ---------- ------ 

------------ ------ ---- ------ -------- -------- ----- --- ----- ---------- ---------- 

------ ------------ ------ ---- ------ -------- --------- --------- ---------- ------ 

------- ------- ------------- --- -------------- ------ ---- ------- ------ ---------- 

----- --------------- ---------- ------ ------------ ------- ---- ------------ 

---------------- ----------- ----- ---------- ------ ------------ ------- ---- 

---------------- ---------- ----- --- ---------- ------ ---- ------- ----------- 

------ ------ ----------- --- ------ -------- --------- ------------- 

-------------- ----- --------- -------- -- ---------- -------------- 

------------- ----- ------------ -------------- -- -- --------- -- --------- 

---------- -------- --------- ----- -- -- -------- ----------- ------------- 

------- ---- ----- ---------- ----------- ---- -- --------- ----- ----- ---------- 

----------- ---- --- ---------- ----- ------- ------------ --- ---- -------- 

------------- -- ------ --------- ------ --------- ------ -------- --------- --- 

-------------- --------- -------------- --- ------------ -- -------- -- ------- --- 

------ --- ------ --------- ------ --- --- --- ---------- 

----- ------- ------------- ----- ----------- --- ---------- ------------- ---------- 

----- ----- --------- ---------- ---------- ----- ---- ---- ------ ---- --------- 

---------- ---------- ----------- ---- ----- ----- ----- --------- ---------- 

------ ---------------- ----- ------------------ ----- ------------ ---------- ----- 

------ ---- ---------- --- ---- ------- --------- 

Clinical Ex erience 

As of February 1  1993  the data cutoff   the clinical experience 

includes data from 762 impIants in 757 patients  The data 

 stratified as described above  were provided in support of the 

Transvene Lead System  The data included the following   1  the 

results of testing at implant and the follow up intervals  

 2  the efficacy of the treatment of VT and VF  spontaneous and 

induced episodes    3  complications and observations   4  

patient deaths  and  5  survival  A comparison of the data 

obtained from the patient population and the different subgroups 

is also included  

Defib 
 ll t  Th o 

Three hundred and sixteen patients had DFT testing at 

implant  The mean DFT was 14 8 Joules  J   The remaining 

w x sr 

(b)(4)
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-------------  LED  and or DFT testing  The mean LED was 

--- - ---- ------ 

Twenty patients were implanted with the Transvene System 

without a 10 J safety margin  see Volume 2  page 42   

ontaneous and Induced E isode erience a 

Efficac of and VF   Tota Patient Po 
d Treatment 

0 597  78 9 percent  patients had a spontaneous VT or VF 

episode or had VT or VF induced post implant  

0 458  60 5 percent  patients had a spontaneous episode 

of either VT and or VF treated by the PCD Transvene 

System  

0 141  60 5 percent  patients had VT only  

0 142  18 8 percent  patients had VF only  

0 175 patients  23 1 percent  had an episode of VT and 

VF  

0 90 7 percent of VT episodes were successfully treated 

with VT therapy 4 1  

0 89 1 percent of the VF episodes were successfully 

treated with VF therapy 4 1  

0 60 patients experienced 163  1 6 percent  spontaneous 

VT episodes which the PCD Transvene System was 

ineffective in terminating the arrhythmia  see Volume 

2  page 19   

0 16 patients experienced 31  1 3 percent  spontaneous VF 

episodes which the PCD Transvene System was ineffective 

in terminating the arrhythmia  see Volume 2  pages 20   

21    

0 450  59 5 percent  patients had induced or spontaneous 

episodes by the 3 month follow up  

0 532  70 3 percent  patients had either a spontaneous or 

induced episode by the 6 month follow up  

0 597  78 9 percent  patients had a spontaneous or 

induced episode by the 12 month follow up  

(b)(4)
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Device Ex erience   Patients Followed for 6 months or More 

0 Of 657 patients followed for 6 months or more  544 

 82 8 percent  patients had an induced or spontaneous 

episode at predischarge or later  

0 113 patients did not have a chronic episode  however 

pace sense parameters were measured at the chronic 

follow up intervals on all patients except one  see 

Appendix I   

Summar of Com lications and Observations 

o 176 complications  required invasive intervention  

occurred in 147 patients  included pocket infection 

 24   lead fracture  9   patch crinkling  7   explants 

 4  and total lead dislodgement  91    The 91 cases of 

lead dislodgement occurred in 86 patients  see Appendix 

I   

o 212 observations  corrected by reprogramming or 

antiarrhythmic drug therapy  in 178 patients included 

inappropriate VT delivery  57   oversensing  52   

seroma  17   hematoma  17   patch crinkling  5  and 

total lead dislodgement  12   

The manufacturer provided tables which report the complications 

and observations over time  see Table IB3 2 and Table IB3 3  

Volume 2  pages 24 25   

The manufacturer stratified the complications and observations by 

U S  and foreign patients  see Table IB3 6 Vol  2  page 28   The 

complication and observation rates were comparable for the two 

patient groups  However  more total lead dislodgements 

 complications  were reported for the U S  patients and more 

cases  observations  
of inappropriate delivery of VT therapy 

occurred in the foreign population  There was also a higher 

incidence of oversensing  observations  in the U S  population  

It should be noted that there should be 7 observations related to 

loss of capture for the foreign patients instead of 9  Volume 2  

Table IB3 6  page 28   

Because of our concerns about the complications involving lead 

dislodgement and infection the manufacturer responded as follows  

In resolving the concern regarding lead dislodgement  the 

manufacturer received IDE approval  September 1992  to use dual 

anchoring sleeves on the Models 6963 and 6966 leads  However  it 

is unclear if all patients  after IDE approval  are implanted 

with dual sleeves  The manufacturer confirmed that all patients 

are receiving dual sleeves  In support of the dual anchoring 
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sleeves in reducing the rate of lead dislodgement  a report of 

the clinical experience of additional patients was provided  
Data from 439 patients  not a part of the PMA cohort  implanted 

with dual anchoring sleeves were submitted  Of the 439 patients  
292 were followed for 1 month  195 were followed for 3 months and 

17 were followed for 6 months  Thirteen dislodgements in 10 

patients were reported  incidence of dislodgement of 2 3 percent 

 10 439   Regarding the cases of infection  the manufacturer 
stated that the incidence of infection in the Transvene study is 

not significantly different from that reported for the Ventak P 

Epi study  Therefore  the applicant feels that there is no 

substantial increase  and that labeling to address this concern 

is not warranted  

Patient Deaths 

There have been 51 deaths  sudden cardiac  5   nonsudden cardiac 

 31   noncardiac  15   Five perioperative deaths  sudden cardiac 

 2   nonsudden  2  and noncardiac  1   are counted within the 51 

deaths  None of the deaths were attributed to the PCD Transvene 

System  

Ex lants 

Sixty three PCD Transvene Systems were explanted  N 762   patient 
death  22   infection  22   heart transplant  9   low battery 

voltage  1   PCD performance issues  4   integrated circuit 

problem  1  and lead problems  4   The results of analyses on 42 

units returned indicated that the devices were performing within 

specifications  

Of the 42 PCD Transvene Systems returned  23 lead systems or 

portions of systems were returned and analyzed  Of these the 

helix of one Model 6966 lead was damaged  The remaining leads 

were found to be within specification  The analyses on 19 lead 

systems are still outstanding   It should be noted that one of 

the Model 6884 leads  implanted for 27 months  which was 

explanted due to heart transplant  exhibited metal ion oxidation 

 MIO  upon analysis  Metal ion oxidation can cause the 

polyurethane of the leads to degrade  see Volume 2  Section on 

Explants  page 296 or Appendix I   

Survival Anal sis 

The survival analyses encompassed all patients  screened and 

implanted   The projected one year actuarial survival rates for 

the PMA cohort  N 757  are as follows  sudden cardiac death  99 5 

percent   nonsudden cardiac  96 2 percent   all cardiac  95 8 

percent   noncardiac  98 1 percent   and overall  93 3 percent   
The perioperative mortality is 0 7 percent  
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The survival rates for 854 patients are included in Volume 2  

Table IB4 2  page 31  The survival data were updated to include 

the 897 patients screened for the Transvene System  The one year 
actuarial survival rates for these patients are as follows  
sudden cardiac death  99 5 percent   nonsudden cardiac  96 6 

percent   all cardiac  96 1 percent   noncardiac  98 4 percent   
and overall  92 9 percent   The perioperative mortality rate is 

1 6 percent  see Appendix I   

Com arison Between the Patients Who Met the Im lant Criteria and 

Patients Who Did Not Meet the Im lant Criteria 

A comparison of the clinical outcome between the patients who met 

the implant criteria and those patients who did not meet the 

implant criteria was included  The comparison was made to 

determine if there was a greater risk of morbidity and mortality 

among the patients who did not meet the implant criteria and 

received the Transvene System  The data showed the following  

The efficacy of the patient groups in the treatment of 

spontaneous episodes of VT and VF was similar  There was no 

significant difference in the one year sudden cardiac death 

survival and the overall survival reported for the two groups  
Ninety one per cent of the patients who did not met the implant 

criteria had at least one successful termination of an induced 

ventricular comparison at 24 joules or less  In addition  there 

were 170 patients who had successful defibrillation of VF at less 

than or equal to 24 Joules  As a result the manufacturer 
requested and received IDE approval for a change in the implant 

criteria  Instead of 3 of 4 successes at 18 Joules or less  the 

manufacturer can implant with successful defibrillation at 24 

Joules  referenced in Volume 2  page 53   

Labelin 

The manufacturer has included information about the Transvene 

leads in the PCD Manual as well as in the technical manual for 

each Transvene lead model  

The technical manuals of the Transvene Models 6966  6963 and 6999 

leads should be modified to included additional information  
The following modifications are included for the Panel s 

consideration  

0 The indications and contraindications for use of the 
Transvene lead system should be identical to those of the 

PCD  with certain modifications   

O The technical manuals for the Models 6966  6963 and 6999 

leads should state that the leads are intended for use 

together as a system  The labeling  where appropriate  
should be consistent throughout the manuals  The 

1  
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information in the PCD Manual regarding the Transvene leads 

should also be included in the technical manuals for the 

leads  

o There should be more explicit diagrams in the technical 

manuals which show the proper insertion of the endocardial 

leads and the various positions for placement of the patch 

lead  

0 Efficacy data of the different lead configurations via the 

different pathways should be included  

0 The labeling should recommend and or provide some direction 

about implanting the leads and testing the different 

configurations  For example  when to use a two lead versus 

a three lead configuration and when to implant in the SVC 

versus the coronary sinus  

0 Information or recommendations regarding implanting in 

patients who do not have the 10 J safety margin should be 

addressed  

0 There should be stronger language regarding the use of 2 

anchoring sleeves  

0 The labeling should address how the incidence of infection 

can be reduced  
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Questions 

1  One hundred and thirteen patients within the PMA population 
did not have a spontaneous or induced episode of VT or VF 
after predischarge  Therefore  the performance of the 
system in the treatment of VT and VF was not assessed  
However  the pace sense parameters of these patients were 
measured at the different follow up intervals  Are these 
measurements sufficient in assessing the chronic performance 
and integrity of the lead system in these patients  

2  In light of the differences between the U S  and foreign 
patients within the PMA population  are there any concerns 
about the poolability of the data  

3  A statistically significant decrease in the perioperative 
mortality was demonstrated for the PCD Transvene System 
versus the PCD Epicardial System  However  there was a 
statistically insignificant decrease in perioperative 
mortality for the PCD Transvene Lead System  when calculated 
from the intention to treat  as compared to the historical 
control  Are there specific concerns regarding the 
perioperative mortality rates reported for the PCD Transvene 
System versus the historical control  

4  Are there concerns regarding the potential risks of 
dislodgement of the leads  and the reported incidence of 
infection  

5  The results of analyses of an explant of the Transvene lead 
Model 6884  earlier version of the Model 6966  have raised 

questions about the lead s chronic structural integrity  
Are there significant concerns which could question the 
reliability of the lead  Do the benefits of the Transvene 
Lead Model 6966 outweigh the risks which might be associated 
with its potential for MIO  

In addition  the labeling modifications as referenced on pages 6 
and 7 should be considered  



MEMO 

To  
From  
Date  

Doris Terry 
Quynh Hoang 
7 9 93 

Regarding  Descriptions of the Transvene leads from Medtronic   P920015 

Parameter 

----------- ----- 

----------- --- ---- 

---------- 

------ -------- 

------ ----------- 

Model 6963 

----------------- 
---------------- 

----------- ------- 
--- ---------- ------ 
------ 

---------- 

----- ---- 

-- --------- 

Model 6966 

---- -------- ----- 
---------------- 

-------- 
--------- 

------ ----------- 

--------- 

----- ---- 

--- --------- 

Model 6999 

----------------- 
---------------- 

----------------- 
---- ---------- 

---------- 

--- ---- 

---- ----- ------- ----- 
------- -- ----- ------- 

------- ----- 

------------ ------ ----- ------- ------ ------ 
--------- ----- 

----------- ------ ----- 

-- ------------- 
------ ------------- 
--- -- ---------- 

----------- ------- 

------- 

---- -------------- 
---------------- ----- ----- ----- 

-------- 

--------- 

------ - ----- 

------ - ----- 
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---------- --------------------- 

--- ------ ---- ----- 

---------- --------- --------- 

------- ------ 

------------ 
---------- -- ------ --- ------- 

----- ------ ------------ 
------------ 

------ -- ------- -------- 
-------- ------ ------ 

--------------------- 
----- -- --- ------ 

---- ----- 

--------------------- 
-- ------ ------ 
---- --- ------ ---- 
------ -- ------ 
------ ---- --- 
------ ---- ----- 

--------------- --- --------- --- ---- 

------- -- ------ --- 
------- ----- ------ 

-- ------ --- ------- 
----- ------ 

------------ ------ -- ------- ------- 

--------- -- ------ --- -------- ------ ------ 

------- ----- ------ 
------------ 

------- -- ------ --- 
------- ----- ------ ------------ 

------ -- ------- -------- 
-------- ------ ------- 

----------- -------- 

------------ 
---------- ---------- -------- 

------- ----- ------ 
------- ----- --------------- ---------- -------- 
------- ----- ------ ------ ----- ------ 

--------- ----- ---------------- 
------- ----- ------ 

------- ----- ---------------- 
------- ----- ------ 

----------- ----- 

------------ ---------- ---- ----- --------- ---- ----- ---------- ---- ----- 

---------- ---- ----- 
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------------ 
---------- ---------- ------ 

------------ ----- 
---------- -------- 
-------- 

------------ -------- ---------- --------- 
---------- ---------- --------- 

Electrical testing ------- ---- ---- 
------------ ---------- 

---- ------------ ---- 
----- ----------- ----- 
-- ---- -------- 

---------- ---------- 
------ ----- ----- 
----------- ----- 

----------- ---------- 
------ ----- 

---------- -------- -------- 

---------- ------ 
------------ ----- 
---------- -------- 
-------- 

---------- --------- 
---------- --------- 

------- ---- ---- ------------------- ---- ---- 
---------- ---- ------------ ------------ ---------- 

----- ----- ------ ----------- 
-------- 
------- ------- --- --- --- 
------ ------ ----- --- ---- 
------- ------ - --- 

------ ----- ----- ---- 
----------- -------- 
------ ------- ---- 
--- ----- 

------- ------ - --- 
------ ------ - ----- 
----- ------ - ----- 
------- ------ - ----- 

Environmental testing ------ ------ ------------ --- ----- -------- ------ ---- --- ---- -------- -- ------ -- ------ ------ --- --- ---------- -- ------ ---------- ----- -- ------------ --------- ------ --- -- --------- ----- --------------- ---------- ------- ----- ----------- ------ ------ -------- 

Mechanical testing 

flexing ----- ---------- --- -- ---------- ----- ------ ---- ---- ---- ----- ----- ----- --------- ------- ------ ---- ------ --- ---- ------- ----- ---- ------ ------ ---- -- ---- ---------------- ------ ----- ------- ----- --- ---- ----- -- ------ ----- ----- ---- -------- ----- ---- ---- ---------- ------ -------- ------- ---------- ------- --------------- -- --- --- -------- ------ -- ------- ----- -------- -- ---- ----- ----- ------ ---------- ------ -------- ------ --------- ----- ---- ----- ----- ---- -------- --- ---- ---- -------- -- ---- ------- --- ------- ---- -------- ------ ----- ------------- ---- ----- ---- ----- ---------- ------ ----------------- --- ---- ------ --------- --------- ----- ----- ---- --------- -------- ------- -------- --- -- ------ ----------- ------- --- --------------- ------------- ------ ---- -------- ------ ------------ ---------- ----- --------------- -------- ----- -------- ---- 

Q U 

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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------ --- ---- --------- ---- ------- --- ------- ----- ---- -- -------- ----- --- 

------- ----- --------- ------- -- -------- -------- ----------- ---- ------ ----- 

------ 

------- - --- --------- ------- - ---------- 

------ - --- --------- ------ - --- --------- 
------- - -- --------- 
--- ------------ ------ 

- ---------- 
--- ------------ ----- 

- --- --------- 

composite pull 
test ----------- ----- ----- --------- --- --------- ------- ---------- --- --- -------- 

--- ----- ------- ----- ----- -------- --- ---------- ----------- ---------- ------ 

-------- ------ -------- -- -- ----- --- ----- -------- ---- --------- -- ----- 

------ --------- ---- ---- --- ------------ ---- ---- ------- ----- ----- ---- ---- 

------------ ---- ---- ----------- ----- 

crimp weld pull 
test ---- ----------------- --- -- ----- ------ ------- ---------- --- --------- --- 

------ ------- ---- ---------- ---- ---------- --- ------ -------- ---- ---------- 

------ --- ------ ------- --- ------ ------ --------- ----- -------- -- ----- 

-------- ---- --------- ------ --------- ---- --- ------ ------- -------- ------ ---- 

--- --- ---- ---- ---- ------ ------- --- ------- 

anchoring sleeve 
test  Models 696-- 
and 6966  ------------ --------- ------ ------------ ---- ----------- --- -- ---- --- -------- 

------ ------- --- -------- ----- --- ---- ------ ------------ --- ------ ---- 

------------ -------- --- ---- ----- ------ ---- ------------ ------ ------ 

----- -------- 

leak test  applicable 
to only Model 
6966 lead  ------ ------ ------ ------------ --- -------------- ------- -- -- --- ---- ---- 

---- -- --- ---- ----------- ----- ------------ -- ---- ----------------- ---- 

----------- --- ------- ---------- ---- -------- --------- ----- ------- -------- 

----- -------- ----------- ------ ------- ------------ --- -------- --- ---------- 

--- ---- ---- -- --------- --- ---- ------- ----- --- ---- -------- ------ ---- -- 
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(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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----------- ----- ----- ------ ----- ------------ ---- ------ ----------- ---- 

------ --- --- ---------- 

lead tip stiffness 

 Models 6963 an-- 
6966  -- -- ----- ------- --------- --- ---- ----- ----- ----------- --- --- --------- 

-------- ----- -------------- -- -- ----- --- -- ----- ---- --------- ------ ---- -- 

----------- ----- ---------- --- ---- --- -------- --- ----- ----- ---- ----- 

anchoring sleeve 
sliding force ------------ --------- ------ --------- --- ----- -------- ------ -- ------ --- ---- 

---- ------- --- -------- ----- -- ------------ ------ --------- ------- ----- ----- 

---------- -- ---- -------------- ------------ ----- ---- ----- -------- ------ 

-------------- ----- ---------- ------ -------- --- -- ------ ------ --- 

connector test ------ ------ ------ ---------- --- ------ ------------ ---------- --- 

------------ ------------ ---- ----------- ----- -------------- -------- ----- 

----------- ------ -------- --- -- ------ ---- --- ----- -------------- ------ -- 

------ ---- --- 

Biocompatibility 
testing -------- ---- ---- -------------------- ------- --- ------------ ----------- 

------ --------------- ------- --- -------------- ------ ---- ----------- 

----------------- ----- -------------------- ------- ----- ---- ------------ --- 

------- ---- --- ----- --- ---- ----------- ------------ ------- ----- -------- 

------ --- 

Biostability testing 

Models 6963 and 
6999 ----------- --- -------------- ------ --- ------------- ----------- ------- ------ 

------ ----- --- ------ -------------- ----- ---------- --- ------------- ---------- 

-------- ------ ---- --- -------- --- --------- ----- ------------- ------ --- 

---------- -- ----- ------------------ --------- ----------- ------------------ 

------- ------ ----- ---------- --- ------- ------ ------------ -- ----- 

------------------ ---------- -------- --------- -- --- ------ ------ ----- ------ 

------------- ------ ----------- ------ ------- ------ --------- ----------- --- 

------ ---- ------ ----- ------------ ------------------- --- -------- --- ------- 

---- ----------- --- ------- ----------- --------- ---------- ------ ---- --- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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-------- ------ ------------ -- ----- ------------------ ---- --- ---- -------- 

----- -------- ---------- ---- ---- ------- ----- ----------- --- --------------- 

Model 6966 
MIO testing -------------- ------------ --- ---------- --------- ------- ---------- ------------ 

-------- --- ----------------- ----- ------------- --- --------- ---- ------ --- -- 

--- ------------ ----------- ----- ----- ------- ---------- ----------- ---- 

--------- ---- ----- -- --------- ------ ----- ----- ----------- --------- ----- 

-------- --- -- ------ ---------- -- -------- -- ----- ------------ --- ----- 

---------------- -------- -- ----- -- ----- ---- ---- ------- -------- ------------ 

-------- --- -------- ------ ---------- ---------- -- ---- ------ ----- ------ ------ 

-- -- --------- ------------------ --- ---- ------ ----- -------------- 

------------- ---------- ---- ----- --------- ------ ------------ ---- 

---------------- --- ---------- -------- 

----- ------- ------ -------- ----- ------------- ------ ---- ----- -------- ----- 

--- ---------- --- --------- --------- ---- --------- ---- --- --------- ------ 

------------ --- -- -- ----- --------- ---- ------- -------- ------ ---------- ----- 

-- ----------- --------- --- ----------- -------- ---- ----- ------ ------ ---- 

--------- ---------- --- ---- ------ --------- --- ---- --- --------- ------ 

----------- ---------- ---- ----- ----------- ----- ----- ------- -------- ---- 

----- -------- ----- ------ ------ ------------- --------------- 

------- ------------- ---- ------ --------- ------ ------- ------- ------------- 

------------- ----- ---- ----------- ---- ------ -- --------- -- ---- --------- ----- 

---------------- ------------ ------- ----- ------ ------ ------ -- ------- ------ 

----- ---------------- -------- -- ------ ---------- --- ------- ------- ------ 

------ -- ---------- --- -- ---- ---- ------ ------------- ------------ ---------- 

----------------- --- ---- --------- ------------ -------- --------- --------------- 

----- --------- ---------- ---- ------ ----- ---- ---------------- ----------- 

---------- --- ---------- ---- ------ ----- ------- --------------- ----- ------- 

--- ---------------- --------- ---------- -------- ------------- ------------ -- 
------ --------- --- ------ --- ---- ----- --- ------------ ----- ----- --------- 

--------- -- --------- --- ---- ----- ---------- ----------------- 

ESC testing --------------- ------- ----------- --- ----------- --------- --- -------- ---------- 

--- ------ ----------- ---- ---------- ------------------ ------- ----------- 

Life testing --- ------ ------ ------------ --- -- -------- --- --------- ------ ------- ---------- 

---- ------------ ------------ ------ --------- ----- 
--------------- ---------- 

------- ---- --------- -- --------- --- ---- ------- ---- --------- -------- --------- -- 

3  

(b)(4)

(b)(4)

(b)(4)
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--------- --- ---- ---------------- ----- ---- --------- -------- ---------- ---- 

------- ----- --- ------------------------ ------ ------- -- --- -------- -- ---- 

--- ------- --------- --- -------- -- ----- -- ---------- ---- ------ ---------- ---- 

------- ----- --- ----- -- --- -------- -- ---- --- ------- ----- ------------ 

------- ------------- ------- ---- ---- ----- ---------------- ----- ----------- 

--- ---- ------------ ---- ----- ---- ----------- ----- --- ------- -------- ------ 

------- ---- ---- ------ -------- ---- ------------- -------------- ----- 

----------- --------- --- ---- ------ ------ ----- -------- ------ --------- ---- 

--------- -------- ------- ---- ------ ----- ----- - -- ---------- 

Crush testing  Models 
6963 and 6966  ---- ---------- ---- ----------- ----- --------------- --- ---- ----- --- ---- ----- 

---- ----- ---------- -- -------- ------ ----- -- -------- ------ ------ ---------- 

---------- --- -- ------ ---------------- ---------- ----- ------- ------ ------- 

---------- --- ----- ---------- ---- --- -------- ---- ------ ------ -------------- 

-- ------- -- ------ ---- --- --- --- ------- ------ --------------- ----------- ---- 

------------ ------------ --- ------- ----- ----- --- ----- ------ ----- ----- 

----- ------- ----- -------- -- ------ -------------- --------- ------ --- ------ 

------ ------ ----- ------ --- ------------- ---------- ---- ------ ----- ---------- 

------ ------ ------- --- ----- --------- ----------------- -- ------ ---- -- 

------ -- ----- ---- -------- ----- ------------ 

Animal Studies ------ -------- --------- ---- ------- ------ -------------- -------------- 

------------- ----- ---- --------- ------ ------ ------ --- ---- --------- 

---------- ----- ----- ----- ------ --------------- ------------- -------- 

---------- ---------------- -------- ---- -------------- ------- ----- 

------------------- --------------- ---------- ------------------ ----------- 

-------- ------ ------------ --- ------- ----- ------------ --- --- -------- --- ---- 

---------- --- ---- ---------------- ---------- --- ---- ----- --------- ----- 

---------- --- ------- --------- -------------- ---------------- ----- -------- 
------------- ------------ --------------- --------- --------------- --------- 

--------- ------------ -- -------- ------- --- ------------ ------------------ 
-------- ----- ------- -------- ------- ----- ---------- ------ ----------- 

---------- ---- --- ---- -------- ---- ----- ----------------- ----- ---------- --- 

---- ---- ----- ---- ------- ------ ----------- ------ ----- --------- ------ 

------- --- ---- ------ ----- ----------- --- ----- ------ ----- ------ --------- 

----- ---- -------- ----------- --- ------ -------- ------ ------ ---- ----- ------- 

---------- ------ ---------- ------ --- ------- -- --- --------- 

(b)(4)

(b)(4)

(b)(4)



MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File g P920015 
Subject  Panel Presentation   Transvene Lead System 
Date  July 8  1993 
Office  DCRND ODE 

The manufacturer  Medtronic  Inc  is seeking approval of the PCD 
Transvene Lead System  

STUDY DESIGN 

The primary objectives of the PCD Transvene Lead System study 
include the following   1  evaluating and monitoring the system 
in the detection and treatment of VT and VF  and  2  estimating 
the survival from sudden cardiac death and the overall survival  
These data lend support to the endpoints of the study  conversion 
efficacy and survival from sudden cardiac death and total death  

The PNA population consists of 757 patients implanted with the 
Transvene Lead System and either of 2 PCD Models  the 7217B or 
the 7216A  The performance of the PMA population 
was compared to the historical control  Ventak P AICD population 
and a concurrent control  the PCD Epicardial System  

CLINICAL EXPERIENCE 

As of February 1  1993  the clinical experience includes data 
from 762 implants  447 U S  and 315 foreign  in 757 patients  
Data from the PMA population  stratified according to different 
subgroups  included the following   1  results of testing at 
implant  predischarge and the follow up intervals   2  efficacy 
of the treatment of induced and spontaneous episodes of VT and 
VF   3  complications and observations   4  patient deaths  and 

 5  survival  

Defibrillation Threshold DFT Testin 

300 patients had DFT testing at implant  The mean DFT was 
14 8 Joules  J   

702 patients had lowest energy to defibrillate  LED  testing 
at implant  The mean LED was 16 J  

S ontaneous and Induced Treatment Efficac 

0 597  78 9 percent  patients had a spontaneous VT or VF 
episode or had VT or VF induced post implant  

o 458  60 5 percent  patients had a spontaneous episode 



of either VT and or VF  

o 90 7 percent of the VT episodes were successfully 
treated with VT therapy g 1  

o 89 1 percent  of the VF episodes were successfully 
treated with VF therapy g 1  

o 60 patients experienced 163  1 6 percent  spontaneous 
VT episodes which the PCD Transvene System was 

ineffective in terminating the arrhythmia  

o 16 patients experienced 31  1 3 percent  spontaneous VF 

episodes which the PCD Transvene System was ineffective 

in terminating the arrhythmia  

o Of the 657 patients followed for 6 months or more  544 

 82 8 percent  patients had an induced or spontaneous 
episode at predischarge or later  

0 113 patients did not have a chronic episode however  

pace sense parameters were measured at the different 

follow up intervals  

Corn lications and Observations 

o 176 complications occurred in 147 patients  The 

complications included pocket infection  24   lead 

fracture  9   patch crinkling  7   explants  4  and 

total lead dislodgement  91   

0 212 observations occurred in 178 patients  The 
observations included inappropriate VT delivery  57   
oversensing  52   patch crinkling  5  and total lead 

dislodgement  12   

Ex lants 

Sixty three PCD Transvene Systems were explanted  patient 
death  22   infection  22   heart transplant  9   low 

battery voltage  1   PCD performance issues  4   integrated 

circuit problem  1  and lead problems  4   The results of 

analyses on 42 PCDs returned indicated that the devices were 

performing within specifications  

Of the 42 PCD Transvene Systems returned  23 lead systems or 

portions of lead systems were returned and analyzed  Of 

these the helix of one Model 6966 lead was damaged  The 

remaining leads were found to be within specifications  The 

results of analyses of 19 lead systems are outstanding  It 

should be noted that one Model 6884  an earlier version of 

the Model 6966 lead  implanted for 27 months  which was 

explanted due to heart transplant  exhibited metal ion 

oxidation  MIO  upon analysis  



SURVIVAL ANALYSIS 

There have been 51 deaths  sudden cardiac  5   nonsudden cardiac 

 31   noncardiac  15   Five perioperative deaths  sudden cardiac 

 2   nonsudden  2  and noncardiac  1  are counted within the 51 

deaths  

The survival rates for the patients who were implanted with the 

Transvene leads are as follows  sudden cardiac death  99 5 

percent   nonsudden cardiac  96 2 percent   all cardiac  95 8 

percent   noncardiac  98 1 percent   and overall  93 3 percent   
The perioperative mortality rate is 0 7 percent  

UESTIONS 

1  One hundred and thirteen patients did not have a spontaneous 

or induced episode of VT or VF after predischarge testing  

Therefore  the performance of the system in the treatment of 

VT and VF was not assessed  However  the pace sense 

parameters of these patients were measured at the different 

follow up intervals  Are these measurements sufficient in 

assessing the chronic performance and integrity of the lead 

system in these patients  

2  In light of the differences between the U S  and foreign 

patients within the PMA population  are there any concerns 

about the poolability of the data  

3  A statistically significant decrease in the perioperative 
mortality was demonstrated for the PCD Transvene System 

versus the PCD Epicardial System  However  there was a 

statistically insignificant decrease in the perioperative 
mortality for the PCD Transvene System  when calculated from 

the intention to treat  as compared to the historical 
control  Are there specific concerns regarding the 

perioperative mortality rates reported for the PCD Transvene 

System versus the historical control  

4  Are there concerns regarding the potential risks of 

dislodgement of the leads and the reported incidence of 

infection  What are considered as acceptable rates of lead 

dislodgement and infection as they relate to complications 
and observations  

5  The results of analyses of an explant of the Transvene lead 

Model 6884  an earlier version of the Model 6966  have 

raised questions about the lead s chronic structural 
integrity  Are there significant concerns which would 

question the reliability of the lead  Do the benefits of 

the Transvene lead Model 6966 outweigh the risks which might 

be associated with its potential for MIO  



In addition  the labeling modifications as referenced in my 

review memo should be considered  The modifications include the 

following   1  diagrams which show proper insertion of the 

endocardial leads and the various positions for placing the patch 
lead   2  efficacy data of the lead configuration via the 

different pathways   3  stronger language regarding the use of 

dual anchoring sleeves   4  information about how the incidence 

of infection might be reduced  and  5  recommendations regarding 

the use of the different lead configurations  

c  



MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File 4 F920015 
To  Dr  Subramanian 
Subject  Transvene Lead System   Consulting Review 

Date  July 6  1993 
Office  DCRND ODE 

Please review the death summaries included in the referenced file 

 Volume 2  Section III  Death Summaries   The review should 

evaluate the accuracy in classifying the deaths  In addition  

please look at the causes of death to determine if any of the 

deaths could be possibly linked to device performance  

Please note the following  A definition of the different death 

classifications can be found in Volume 2  page 293  Medtrenic  

Inc  has reported 51 deaths  sudden cardiac  5   nonsudden 

cardiac  31   noncardiac  15  in the PCD Transvene population 

 N 757   The perioperative deaths  5  are counted within the 

following classifications  sudden cardiac  2  nonsudden  2  and 

noncardiac  1   

Please let me know if you can review the data  If so  when do 

you think you will be done  Hopefully  by the first of next 

week  Your assistance is greatly appreciated  

cg 
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MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File 0 P920015 Amendment 
Subject  Transvene Lead System 
Date  June 3  1993 
Office  DCRND ODE 

The manufacturer submitted the referenced amendment to inform us 
of a case of  cosmetic  metal ion oxidation  MIO   The MIO was 
found on the Model 6884  comparable to Model 6966  Transvene RV 
lead explanted from a patient who underwent a heart transplant  

According to the manufacturer  the presence of MIO on the middle 
insulation is not entirely unexpected  It was stated that if the 
middle insulation completely degrades  shorting the sensing 
ring   then an integrated bipolar sensing system would result 

 sensing would occur between the unipolar pacing tip and the 
common defibrillation electrode instead of true bipolar  sensing 
between the pace sense tip and the ring electrodes   However  if 
the innermost insulation degrades and the pacing tip electrode is 
shorted  intermittent sensing could result  This type of 
behavior such as intermittent sensing  oversensing  undersensing  
etc  could be detected at the follow up intervals  

Consultation and the review of the issue in the referenced 

   amend------- --- -- ell as previous IDE supplements  have taken place 
with ------ ------- Due to the failure of the Medtronic  Inc  brady 
leads -------- ------ oy the platinum sputtering process as the Model 
6966 and 6884 leads  she is very concerned  In past reviews  we 
have requested that the manufacturer institute long term testing 
to asses the MIO problem  

The monthly report of all observations and complications  as 
referenced in our letter regarding the IDE expansion  was 
requested  In addition  the following concerns were conveyed to 
the manufacturer  

1  The differences between the Model 6884 and the Model 6966 
Transvene leads   The Model 6884  3 2 connector size and the 
Model 6966   6 5 connector size   The number of leads 
explanted to date and the MIO and environmental stress 
cracking  ESC  noted   As of 150 explants  there was no 
evidence of MIO   

2  To date  how many patients have received the Transvene lead 
System  How many patients have been implanted for 2 years 
and greater   at least 50  What is the compliance to 
follow up of these patients   Compliance to follow up 98 to 
99 percent   Update on clinical experience  lead related 
complications  first shock VT VF efficacy  survival rates  

(b)(6)
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 r etc  Are there patients with a dilated RV counted in the 

group followed for 2 years or more  At what intervals were 
the complications noted  

3  A description of the expected failure mechanism of the 
leads  In the referenced case  evidence of MIO was noted at 
2 years  MIO visible on the innermost insulation and the 
middle insulation   What is considered the life expectancy 
of the leads void of signs of MIO  What is the projected 
rate of progression  Are their studies to confirm these 
speculations  

4  Based upon the review of the requested data  the protocol 
and testing at follow up might need to be modified to 
include the following  x rays or fluoroscopy when there are 
recurring and or suspect lead complications or observations 
and periodically at preset intervals  

5  Regarding the patient whose lead was explanted  

1   When were the 6 spontaneous VT VF shocks delivered  
Was the system interrogated after explant   This was 
the implant history   

b  Was there more damage noted on the innermost or middle 
insulation  

I c  What were the lead impedance and threshold 
measurements  

d  Explain how the patient s dilated RV contributed to the 
MIO noted  

The occurrence of MIO noted upon explant of the Model 6966 leals 
and its significance will be brought to the attention of the 
Panel  

The manufacturer agreed to provide answers to the above questions 
and additional supporting data in the Panel volumes  



DOCUP   P9200151A 
TO  Record  PEDB 

DATE  6193 

FROM  Albert E  Moyal  PEDB COMP  Medtronic  Inc  
DEVICE  Transvene NTL System 

SUBJECT  Phone MEMO  re  Questions on Amendment 

I phoned and spoke with Ms  Jennifer Marrone  Regulatory Affairs Manager  regarding 
several questions that I had concerning the file F920015 A  

The first question concerned the use of a two lead Transvene system  The amendment 
stated the use of an RV SQ or RV SVC configurations  Ms  Marrone stated that there were 
several of these configurations present within the group of patients implanted in the non  
standard configuration  A total of 37 patients were implanted in this group  Most of the 
implant population  about 80 90  were implanted with a three lead configuration  

I asked if these configurations would be included in the final labeling  Ms  Marrone 
responded by stating that they would be included in the final labeling under  Alternate 

Configurations   Data on those implanted with a two lead configuration will be needed 
before the final review is completed on this device  

Regarding question lb  the disparity was explained as being 24 couldn t be induced into 
VF VFlutter and those patients who couldn t get an LED were also excluded  

Regarding question two  the peri operative deaths are not included in the overall death 
calculations  They are stated to be reflected in the duration  

Concerning question number three  the entry sites for the SQ patch are between the first 

and fifth intercostal muscles  



DOCUP  P920015 DATE  5 17193 

TO  Record  PEDB 

FROM  Biomedical Engineer  PEDB COMP  Medtronic  Inc  

Albert E  Moyal 
DEVICE  Transvene NTL System 

SUBJECT  Review of Amendment  Response to FDA Questions  

Medtronic has responded to the questions asked in the FDA Letter March 17  1993  They 

have responded to the various concerns raised in the evaluation of the Transvene Non  

Thoracotomy Lead System  

A total of 1330 patient have been implanted with the Transvene NTL System  The PMA 

total number of Transvene patients followed up until February 1993 is 757 patients  
Out of this number  657 have been followed for greater than six months  with 393 patients 

followed for greater than one year  

f 

The one year survival rate for SCD is 99 3   There were 458 spontaneous episodes of VT 

that occurred  Sixty  60  patients experienced 163 episodes that were ineffectively treated 

terminated  This represents a company claim of 1 6   although 60 patients out of 757 

represents 7 9  of the population  

Other information provided included patients meeting  and not meeting implant criteria  

clinical experience  survival rates  clinical complications and observations  and comparisons 

between the PCD Tr5nsvene with the PCD Epicardial and AICD Ventak P historical data  

The concerns that I have with this amendment are as follows  

l  On page S12  the company describes the lead configurations jhat may be done with 

the leads making up the transvene system  In the first paragraph  they mentioned a 

three lead system that includes the RV CSISQ  RV SVCISQ  RV SQ  and RV SVC  

Does Medtronic plan on including the use of a one lead patch  RV SQ  and or a ttwo 

lead  RV SVC  RV CS  system as a recommended implant technique  Have they 

tested this type of two lead system  Does the use of the RV CSISVC configuration 

in only 37 out of 702 lead system preclude the use of this configuration  in 

comparison the configurations using the SQ patch  

It is stated on page S21  table IF 3  the breakdown of the of the lead systems used  

The total is 702  yet  there are 757 patients implanted with the PCD Transvene 

system  Please explain the disparity  and describe what  if any  other implant 

configurations used with the Transvene Leads  
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2  Table IK 5 on page S45 lists the Survival Analysis for patients not meeting the 

implant criteria for the PCD Transvene System and the patients not meeting the 

implant criteria for the PCD Epicardial System  

Please explain the breakdown of survival rates for those patients not meeting the 

PCD Epicardial Implant Criteria when there is a total of 92 patients  of which there 

are 17 patient deaths  18 5    

3  On page 105 of the amendment  the response to question 26  listed in tabular form 

is the breakdown of venous entry sites for the RV and CSISVC leads  What about a 

breakdown of the entry sites for the SQ lead  Please provide  

These are initial concerns that I have with this amendment  that I am submitting to comply 

with the May 17 18 Panel decision date  I will submit further concerns if and when they 

arise  

SUMMARY  The company has provided the responses to the questions asked in the FDA 

letter sent to them regarding the review of this Non Thoracotomy Lead System  The data 

provided appears to be satisfactory  although several concerns have arisen regarding the 

presentation of this data  The course of action to be taken is to explore any and all 

concerns questions that may arise from the review of the amendment prior to the panel 

taking place  

The recommendation for this application is to submit this to the panel at the earliest time 

possible  

  leap 
Albert Moyal  



MEMORAN DUM 

From  Doris Terry  HFZ 450  
To  File 4 P920015 
Subject  Transvene Lead System 

Date  April 19  1993 
Office  DCRND ODE 

The manufacturer responded to the deficiencies listed in our 

letter of March 17  1993  The data provided in the referenced 

amendment includes the experience of the PMA population  757 

patients  as of a data cutoff of February 1  1993  The letter 

contains deficiencies from a team of reviewers  The team 

consists of a medical officer  3 scientific reviewers  including 

myself  and a statistician  The memos from the other reviewers 

will address specific requests  

Re 1 

We told the company to state the hypothesis and the objectives of 

the study  The hypothesis of the PCD Transvene clinical study 

is to demonstrate that the PCD Transvene System is safe and 

effective in treating VT and VF  We also asked the manufacturer 

to   1  address the use of a control and the rationale for not 

using a concurrent control during the study   2  randomization  

 3  endpoints of the study  and  4  how the data will support the 

specified endpoints  

Objectives of the Stud 

The objectives are to determine the safety and effectiveness 

of the Transvene Lead System by  

evaluating the sensitivity and specificity of the PCD 

with the Transvene lead system in detecting episodes of 

VT and VF  To evaluate the ability of the system to 

appropriately discriminate between VT and VF and other 

potentially nonmalignant rhythms  

monitoring the efficacy of the PCD with the Transvene 

leads in treating VT and VF episodes  

evaluating the performance of the Transvene leads  

estimating one year sudden cardiac death survival and 

overall survival  and 

evaluating the safety and perfo--------- --- the Model 9710 

Programmer and the Model 9788 ---------------- software 

cartridge in terms of effective programming  

Use of a Control 

In addressing the use of a control  the PCD Epicardial  Epi  

(b)(4)



system which is used as a control is similar to the PCD 
Transvene system with the exception of the lead system used  
The manufacturer considers the PCD Epi group as the most 
closely matched population to the PCD Transvene population  
This is because there is concurrent enrollment of the 
patients in the studies  In addition  the primary 
indications  implant criteria and clinical data requirements 
are identical for the two groups  A comparison between the 
PCD Transvene and Ventak P Epicardial lead system was also 
made  This was done essentially for comparison of the 
desired endpoints  overall survival and sudden cardiac death 
survival   

Randomization 

In addressing the issue of randomization  the manufacturer 
identified patients who may not be able to withstand a 
thoracotomy  Therefore  randomization would not be feasible 
or clinically appropriate for these patients  These 
patients include   1  those where there is no indication for 
concomitant surgery at the time of ICD implant   2  those 
with pulmonary disease   3  those with severe congestive 
heart failure  and  4  those who may require open chest 
procedures for treatment of their CAD or cardiac transplant  
In these cases  the non thoracotomy lead system is 
considered as the only therapy available for the ICD 
candidates  

Randomization was not employed  nor considered during the 
design of this study  This was due to  the investigators  
preference  the known risks to the patient which are 
associated with a thoracotomy  and the urgency regarding the 
public health need for the product  A study such as the PCD 
Transvene will aid in determining  and or making a case for 
or against a randomized trial involving nonthoracotomy and 
thoracotomy leads  The study could generate certain 
questions or concerns which could be answered through a 
randomized trial  

End oints of the Stud 

freedom from sudden cardiac death and all causes of 
mortality shown through the 1 year survival  and 

treatment efficacy of spontaneous episodes of VT and VF 
episodes  

The data which will be used in the support of the endpoints 
will include data from the following   1  patient deaths 
 sudden cardiac death survival and overall survival at 1 
year    2  complications and observations   3  patient 
indications   4  VT and VF detection and therapy 
performance  and  4  PCD Transvene System performance  



Re uest 2 

We asked that the manufacturer provide a side by side comparison 
between the PCD Transvene and the PCD Epi populations  and the 

PCD Transvene and the Ventak P AICD populations  The comparison 
between the named groups included  patient demographics  implant 
data  DFTs   programmed parameters  spontaneous VT and VF 
efficacy  complications an observations  and 1 year actuarial 
survival  

Corn arison   PCD Transvene and Ventak P E i 

There were more patients with the indication of sudden 
cardiac death in the PCD Transvene group than in the Ventak 
P Epi group  The results of the Cox regression analysis 
showed that primary indication had no influence on the 

probability of survival  Therefore  it vas considered that 
the two groups could be compared  Basically  the two groups 
were found to be comparable  The sudden cardiac death 
survival rates for the two patient groups were also 
comparable  99 7 percent for the PCD Transvene and 98 6  for 
the Ventak P Epi  

Com arison   PCD Transvene and PCD E i 

It was noted that there are more patients with the primary 
indication of sudden cardiac death in the PCD Transvene than 
in the PCD Epi population  As with the Ventak P analysis  
the results showed that primary indication did not have an 
impact on patient outcome  The spontaneous VT episode 
efficacy for the PCD Transvene System was 98 4  which is 
comparable to that of the PCD Epi System of 98 3 percent  
The spontaneous VF episode efficacy for the PCD Transvene 
System was 98 4 percent which is comparable to 98 7 percent 
reported for the PCD Epi System  The incidence of lead 
related complications is somewhat higher in the PCD 
Transvene population versus the PCD Epi population  3 5 1 
percent versus 2 8 percent   The incidence of observations 
was statistically lower in the PCD Transvene group  The 
sudden cardiac death survival rate for the PCD Transvene was 
99 5 percent and 98 9  for the PCD Epi group  The overall 
one year actuarial survival  including death from all causes 
for patients receiving the PCD Transvene System was 93 3 

percent  A marked improvement of the overall one year 
survival for the PCD Epi of 88 6 percent  It is believed 
that the improvement is primarily due to the improvement in 

perioperative mortality of the PCD Transvene System  0 7 
percent for the Transvene and 5 3 percent for the PCD Epi   

The implant pace sense parameters  pacing threshold  R wave 
amplitude  slew rate and resistance  were found to be 
statistically significant  The mean implant DFT for the 
PCD Transvene System and PCD Epi System was 14 8 Joules  J  
and 9 8 J respectively  



The majority  574  75 3 percent   of the patients in the 

PCD Transvene study had defibrillation programmed in the 

sequential pathway  Two hundred and fifty one  33 percent  

patients in the PCD Epi study were programmed in the 

sequential pathway  Four hundred and ninety six  65 2 

percent of the PCD Epi population were programmed with 

single defibrillation with only 10  1 3 percent  patients in 

the PCD Transvene group with single  

Overall  the two groups were considered as closely matched 

as possible  The inherent difference being the design of 

the lead system  

Re uest 3 

The manufacturer provided an update of the PMA population  757 

patients with a mean implant duration of 11 7 months  as of 

February 1  1993  

Ex erience of Patients with the Dual Anchorin Sleeves 

Two hundred and thirty four patients  not included in the 

PMA population of 757 patients  were implanted with two 

anchoring sleeves  These patients received an additional 

sleeve due to the reported cases of lead dislodgement  This 

group of patients was similar to the PMA population with a 

slightly higher percentage of VT patients  Of the 234 

patients  186 have been followed for one month and 49 

patients have been followed for 3 months  Only one lead 

dislodgement was reported in these patients  

Clinical Ex erience   Patients Followed for One Year or 

Greater 

393 patients followed for one year or greater 

mean follow up time 16 3 months 

primary indication  SCD   150  38 2 percent   VT   191 

 48 6 percent  and SCD VT  52  13 2 percent  

defibrillation pathway  sequential   296  74 9 

percent   simultaneous   93  23 6 percent  and single   

6  1 5 percent  

mean LED   15 6 J  N  365   mean DFT   14 3 J  N 184  

spontaneous VT success  99 0 percent  

spontaneous VF success  98 6 percent  

patient deaths   7  0 sudden cardiac  4 nonsudden 

cardiac and 3  noncardiac  



complications   89 in 76 patients  19 3 percent  

observations   122 in 99 patients  25 2 percent   forty 
of the observations involved inappropriate VT therapy 
delivery and 29 observations associated with 
oversensing 

none of the complications and observations resulted in 
patient death 

Lead Dislod ements 

Twenty nine lead dislodgements occurred at greater 
than 30 days  None of these dislodgements 
resulted in ineffective therapy for the treatment 
of spontaneous episodes of VT or VF or patient 
death  The dislodgements were found during 
fluoroscopy at EP evaluation  chest x ray or 
during pacing sensing thres1rold evaluation during 
follow up testing  In 29 cases  reoperation was 
necessary to reposition the lead  

Re uest 4 

A discussion of the implant criteria and how the implant testing 
attempted to satisfy the protocol requirements was provided  

The manufacturer described the patients who did not meet the 
implant criteria  These patients are among those patients 
referenced above who are at risk with a thoracotomy procedure  
In these cases the investigators felt that if the patients had a 
lowest energy to defibrillate  LED  of 24 J  then they could be 
implanted with a 10 J safety margin  34 J max output of the 
device   

Re uest 5 

We requested that an update of the clinical experience of the 
patients who did not meet the implant criteria be provided  
Also  a discussion regarding hov the proposed labeling will 
address the deviation was requested  

One hundred and seventy patients did not  meet the implant 
criteria  but had successful defibrillation at 24 J  were 
implanted with the PCD Transvene System  In determining if the 
patient s not meeting the implant criteria had a higher risk for 
morbidity and mortality  a comparison of their survival was made  
There were no statistically or clinically significant differences 
in outcome between the patients who met the implant criteria and 
those who did not  one year survival   overall 93 8 percent for 
the patients not meeting the implant criteria and 93 2 percent 
for the patients who met the criteria   



Of the 170 patients  41 complications were reported in 33  19 4 

percent  patients and 34 observations were reported in 31  18 2 

percent  patients  None of the complications and observations 

resulted in patient death  

Lead Dislod ements   Patients who did not Meet the Im lant 

Criteria 

There have been 14 lead dislodgements which occurred at 

greater than 30 days  The dislodgements were discovered and 

documented as described in the PMA application  In all 14 

cases reoperation was required to reposition the lead  

There were no clinically significant differences in the 

characteristics and patient outcome of the patients who did 

not meet the implant criteria versus those who did  Based 

on these data  the manufacturer plans to recommend revising 

the defibrillation efficacy requirements to include the 

following   1  two consecutive successful defibrillations 

with the final lead configuration with a stored output 

energy of 24 J or less  or  2  three successful 

defibrillations in four attempts with the final 

configuration at a stored output energy of 24 J or less  

Re uest 6 

Twenty patients who did not meet the implant criteria were 

implanted without the 10 J safety margin  We asked that an 

update of the clinical experience of these patients be provided  

The mean ejection fraction of these patients was 26 9 percent  

It is believed that the patient s condition was responsible for 

the termination of the implant procedure which resulted in the 

patients not meeting the implant criteria  Of these 20 patients  

VT was induced at chronic follow up in 16 patients and in aI1 

cases successful treatment was documented  The overall 

spontaneous VT episode efficacy was 98 9 percent  The 

spontaneous VF efficacy was 96 percent  There have been 2 

deaths  both classified as nonsudden cardiac secondary to end 

stage heart failure  The one year sudden cardiac death survival 

in this population is 100 percent  The overall one year survival 

was 85 5 percent  

Re uest 7 

The manufacturer provided a table with percentages and the 

numerical support where appropriate  

Re uest 8 

An update of the patients who were implanted with the Transvene 

Lead system and were not counted in the PMA population was 

provided  The data covers a total of 1335 implants in 1330 

patients with the PCD Transvene Lead System  757 patients in the 

PMA population and 573 additional patients   Of the 1330 



patients  the primary indication was VT in 725  54 5 percent   
The spontaneous efficacy for VT and VF was 98 1 percent and 98 1 

percent respectively  The overall survival was reported as 93 

percent  

As of February 1  1993  there have been 225 complications 
reported in 195 patients and 275 observations reported in 228 

patients implanted with the PCD Transvene Lead System  How many 

of the complications and observations were from the additional 
573 patients  According to the manufacturer  the percentage of 

patients with a complication or observation has decreased 
compared to the original PMA population of 757  Also  according 
to the applicant  the percentage of patients with lead 
dislodgements was reported to have also decreased from 12 percent 
of the population with a complication to 8 8 percent  and from 

1 60 percent of the population with an observation to 0 9 

percent  

Of the 1330 patients  there have been 30  2  3 percent  
complications involving pocket infection  and a total of 117  8 8 

percent  lead dislodgements  Included in the lead dislodgements  
there were 36 cases which involved the SVC lead   The 
manufacturer should discuss this information to clarify that 
every attempt has been made to address the complications  There 

should be evidence that the frequency of the complications has 

decreased   There have been a total of 68 deaths  10 sudden 
cardiac  37 nonsudden cardiac and 21 noncardiac  of the 

population of 1330 patients  The patients in whom the PCD was 

programmed OFF were included in the survival analysis  The 

perioperative death rate was 0 84  10 1330   The one year 
actuarial survival rates were reported as follows  sudden cardiac 

death   99 3 percent  nonsudden cardiac   96 3 percent  all 
cardiac   95 6 percent  noncardiac   98 1 percent  
perioperative   0 8   and overall   93 percent  

Re uest 9 

We asked that the manufacturer differentiate between DFT testing 

and lowest energy to defibrillate  LED  testing  Also  we asked 

that samples of patient report forms which show the scheme of 

testing which was used in determining DFT and LED be provided  
DFT testing was described as 3 out of 4 successes at 18 Joules  
The protocol which included step down testing was included  The 

investigators were allowed to waive the step down testing if the 

patients could not tolerate the additional VF inductions  In 
these cases  the LED which is the lowest energy that successfully 
defibrillated the heart was programmed  

Re uest 10 

There was a statistically significant difference between the mean 

DFT obtained with the RV CS SQ lead configuration and other 
configurations  We asked the manufacturer to discuss the 

difference and the intended ramifications  The manufacturer 



stated that the tests demonstrated that the RV CS SQ 
configuration had a lower DFT than the other configurations  
This was simply due to the energy being better distributed 
throughout the myocardium with this configuration  It was 
pointed out that the intent of the study was not to show that 
lower DFTs result in better patient outcome  The primary 
emphasis was to demonstrate that the patient could be reliably 
defibrillated over time  and that there is a high probability of 
survival from sudden cardiac death regardless of the lead 
configuration or pathway chosen  

In terms of comparison of the PCD Transvene and PCD Epi groups  
it was stated that the defibrillation efficacy protocol was 
identical for both groups  

Re uest 11 

The manufacturer provided a discussion of the DFTs or energy 
requirements obtained with the use of the single versus the 
sequential and simultaneous pathways  Essentially  even though 
the majority of the patients in both PCD populations were 
programmed with different defibrillation pathways  the DFTs were 
comparable  single   mean DFT 10 5 J and for 
sequential simultaneous   mean DFT 8 8 J   It was reported that 
there was no difference in outcome for the patients with either 
of the systems  

Re uest 12 

According to the manufacturer  the time between detection and 
delivery of therapy of the PCD Transvene System is dependent upon 
the programmable VT and VF detection parameters   The 
manufacturer should respond to the effect that an increase in 
lead impedance could have on the time from detection to delivery 
of therapy   In both of the PCD populations  Transvene and Epi   
the majority  90 percent  of the spontaneous episodes of VT and 
VF were converted with the first shock  The most frequently 
programmed VT detection an-- ---- apy parameters were  VT number of 
intervals --- --- ect  NID  - ---- VT tac----------- detection interval 
 TDI  - ----- ----- VT therapy g 1 type   ------- VT th----- y g 1 
parameters - --- percent rate adaption  -- --------- -- sequences  --- 
ms decrements  VT therapy -- -  type   cardioversion  and VT 
therapy 4 2 parameters - -- -- The most frequently programmed 
parameters for VF detection ----- therapy included  VF number of 
intervals --- --- ect  NID  - ---- VF tachycardia detection interva- 
 TDI  - ----- ----- VF therapy gl type parameter   defibrillation 34 
J  charge time for VF therapy 4 --   ---- seconds  VF therapy g 2 
type parameter   - efibrillation 34 -- and charge time for VF 
therapy 4 2   ---- seconds  

Re uest 13 

In response to the deficiency regarding the 2 1 VF sensing 
margin  the manufacturer provided the following information  The 
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recommendations for programming include a programmed sensitivity 
value of 0 3 mV for the PCD  During defibrillation testing  the 
ETCD is programmed with a nominal sensitivity value of 1 2 mV 
which is four times the nominal sensitivity setting  0 3 mV  of 
the PCD  When the PCD is programmed at 0 3 mV  it provides a 
four step safety margin  because sensing was evaluated at a value 
four times less sensitive than the programmed value   When the 
device is programmed at 0 6 mV  there would be a 2 1 VF sensing 
margin  It was stated that all of the patients who received the 
PCD Transvene System had a 2 1 VF sensing margin  At the last 
known follow up  the manufacturer mentioned that 76 6 percent of 
the patients were programmed to 0 3 mV and 22 3 percent were 
programmed to 0 6 mV  There have been no reports of undersensing 
during induced VF episodes and no deaths due to the nondetection 
of a spontaneous VF episode  

Re uest 14 

As of the June 24  1992 data cutoff  130 of the 329 patients 
followed for 6 months or greater had a spontaneous VT episode 
with a mean of 28 9  3752 130  episodes per patient  One hundred 
and twenty patients had a spontaneous VF episode with a mean of 
5 6  667 120  episodes per patient  A total of 179 patients had 
either spontaneous VT or VF episodes with a mean of 24 7 
 4419 179  episodes per patient  

Of the 115 patients followed for 12 months or greater  60 
patients had a spontaneous VT episode with a mean of 29   5 
 1770 60  episodes per patient  Thirty seven patients had a 
spontaneous VF episode with a mean of 6 7  248 37  episodes per 
patient  A total of 67 patients had either spontaneous VT or VF 
episodes with a mean of 30 1  2018 67  spontaneous episodes per 
patient  will be updated   

Re uest 15 

We asked that clarifications be provided regarding how the 
treated episodes  designated as success or failure  were 
categorized  The manufacturer reiterated that spontaneous 
episodes  VT and VF  are defined as those which satisfy the 
detection criteria for VT and VF  A table which included the 
spontaneous VT and VF experience was provided  The table clearly 
outlined the experience which included a breakdown of the number 
of episodes and patients and the ineffective episode experience  

It was noted that 60 patients had 163 VT episodes in which the 
PCD was ineffective in terminating the spontaneous episode of VT 
despite the delivery of all four therapies  No patient deaths 
occurred as a result of the ineffective VT therapy  
Reprogramming and an adjustment of the patient s drug regimen 
resolved the problems  There are no concerns regarding the data 
as presented  

Sixteen patients experienced 31 episodes of VF in which the PCD 



was ineffective in terminating the episodes despite the delivery 
of all four programmed VF therapies  Three of the patients 
experienced ineffective therapy of a spontaneous VF episode due 
to lead performance or  secondary to a terminal event   One 
patient had an episode of ineffective VF therapy due to lead 
dislodgement  A second patient had an episode of ineffective VF 
therapy due to lead fracture which generated  noise  which was 
detected as VF by the PCD  The third patient had two episodes of 
ineffective therapy at the time of his monitored  death  
Pharmacologic intervention and reprogramming was used in 
resolving the events associated with the majority of the 16 
patients  

Re uest 16 

The Table IM 6 was modified to include the episodes which were 
unsuccessfully terminated due to atrial fibrillation or sinus 
tachycardia  The percent of unsuccessful termination 
 ineffective in terminating the arrhythmiaa  despite the delivery 
of all four therapies  is also included for VT and VF  There was 
a higher incidence  0 9   Epi and 0 4 Transvene  of unsuccessful 
termination of VT with the PCD Epi System versus the PCD 
Transvene System  The information in the Table is as of the June 
24  1992 cutoff date  It is unclear if the data on the 
proceeding pages are as of the updated cutoff  February 1  1993   
These data state that 30 patients out of 757 had 68 spontaneous 
VT episodes where the PCD was ineffective in terminating the 
episode despite delivery of all four therapies  Twenty five of 
the patients experienced 45  0 94  episodes vhich were due to 
sinus tachycardia or atrial fibrillation flutter with a rapid 
ventricular response which were detected as VT  Five patients in 
the Transvene population had 9 spontaneous VF episodes where the 
device was ineffective in terminating the episode despite the 
delivery of all four VF therapies  This was due to the detection 
oi sinus tachycardia and atrial fibrillation with a rapid for 
The device responded appropriately as programmed  However  the 
rhythms were not VF as seen by the device  Reprogramming and 
pharmacologic intervention resolved these problems and those 
mentioned regarding the detection of the spontaneous episodes of 
VT  

Re uest 17 

We asked for a clarification regarding the category  Failure to 
Cardiovert Defibrillate  and how an episode of an inappropriate 
therapy is categorized  The manufacturer reported that the 
incidence of  Fail to Cardiovert Defibrillate  was 0 8 percent is 
now 1 2 percent due to the increased follow up time  The 
manufacturer stated that the instances of failure to cardiovert 
and or defibrillate were due to increased defibrillation 
requirements during induced episodes of VF  It was stated that 
the failures reported in the article by Winkle  et  al   AICD 
patient population used for comparison to the PCD Transvene 
population  were associated with patch dislodgement  patch 



crinkling  lead conductor fracture and elevated defibrillation 
thresholds due to changing patient condition  The comparison 
between the complications observations of the PCD Transvene and 
the AICD showed a somewhat greater incidence of pocket infection 
within the PCD Transvene population  

Re uest 18 

We asked the manufacturer to differentiate between the 38 
inactive patients reported in Table IH 1  previous amendment  and 
the 34 patients who were reported as no longer active  The 
manufacturer stated that the amendment contained an error  
According to the manufacturer  the text preceding the Table 
should have read  there are a total of 38 patients who had 
received a PCD System and are no longer active in the study as of 
6 24 92   As of the data cutoff  it was reported that 82 
patients  patient deaths   51  infection  explant    22 and heart 
transplant   9   who received a PCD system are no longer active 
in the study  

Re uest 19 

This request had to do with how the sudden cardiac death survival 
was calculated and if all patients who had a prior cardiac arrest 
were included in the analysis  The manufacturer adequately 
responded to the request  It was mentioned that additional data 
regarding the statistics would be available upon request if there 
was a need to verify the survival probability  It was mentioned 
that all patients in the Transvene study were included in the 
analysis regardless of the indication or prior cardiac arrest 
status  

Re uest 20 

At our request the manufacturer included the number of patients 
in the referenced Table with the percentage and calculated p  
values  It was again referenced that verification of the  
percentages and p values are available upon request  

Re uest 21 

As requested  the manufacturer stated that the null hypothesis 
was that the patient characteristics are equivalent for the three 
lead configurations  RV SVC SQ  RV CS SQ and RV CS SVC  The Chi  
Square test was used to test for association between variables 
 the Pearson chi square statistic was used   The commercial 
statistical software package was used in calculating the 
statistical information presented in Table IV C  The validity of 
the statistical analyses performed along with statistical methods 
employed will be reviewed by FDA s statistician  

Re uest 22 

In order to justify data pooling and data analysis  the FDA 



12 

statistician questioned the statistical procedure which was used  
The manufacturer responded by saying that there is no reason to 
adjust the significance level below 0 05 to eliminate type 1 
errors because none of the comparisons are significant at a 0 05 
significance level  However  the adequacy of the response will 
be addressed by the statistician  

Re uest 23 

The manufacturer discussed how the confidence interval was 
calculated  According to the manufacturer  the inter---- -- as 
calculated by taking the survival probability - the ------ 
 survival standard -------  It was stated that the survival 
standard error was ----- therefore the confidence interval for 
Transvene survival at 1 year was 95 3   2 2 or  93 1  97 5   The 
statistician should review this response  provided  

Re uest 24 

Clarifications regarding the information presented in Table XB l  
page 378 of ---------- 2 were requested  The response involved the 
use of the ----------- computer software in analyzing whether there 
were significant differences between the PCD and Ventak P 
populations  The FDA statistician should also address the 
adequacy of this response  

Re uest 25 

The manufacturer discussed the instances of inappropriate 
therapies  The majority of the cases involved atrial 
fibrillation with a rapid ventricular response or sinus 
tachycardia  In these cases the rhythms overlapped the 
programmed detection criteria  In cases like these  the 
investigator either reprogram the device or modifies the 
patient s drug regimen  The manufacturer stated that the  
labeling for the PCD contains programming recommendations and 
warnings for potential programming problems  

The Manual also contains explicit recommendations for programming 
the Onset Criterion and the Stability Criterion  It was reported 
that as of February 1  1993  33 of the 757 Transvene patients 
had the Onset Criterion enabled and 55 patients had the Stability 
Criterion enabled  Eleven of the patients had both the Onset and 
the Stability algorithms enabled  The majority of the patients 
with the Onset and Stability enabled had the algorithms 
programmed ON within 30 days of implant  However  many patients 
had the algorithms programmed ON for the first time very late in 
the follow up period  The efficacies for the treatment of VT and 
VF  induced and spontaneous episodes  when the algorithms are 
programmed ON were provided  In the cases of induced episodes  
it was reported that the PCD performed appropriately  
Specifically  the spontaneous experience includes the following  

(b)(4) (b)(4)
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The efficacies for VT and VF of the patients with the Stability 
Criterion programmed ON was 94 8 percent and 100 percent 
respectively  The efficacy for VT and VF in patients with the 
Onset Criterion programmed ON was 97 percent and 100 percent 
respectively  

Re uest 26 

We asked the manufacturer to provide a discussion of the   device 
related  complications reported for the Transvene and the PCD 
epicardial populations  The manufacturer stated that device 
related  complications have reference to the complications which 
resulted in explantation of the device for reasons other than 
death  infection or transplant  

There were 4 patients within the Transvene population who were 
explanted due to reasons other than those named above  Reasons 
for explant included   1  low battery voltage due to leakage at 
the input of one of the integrated circuits   2  failure to 
appropriately synchronize and deliver cardioversion therapy for 
an induced VT episode   3  Power on Reset condition which was not 
related to the delivery of external defibrillation or cautery  
and  4  inappropriate delivery of VF therapy during manual 
capacitor charge time  In all cases  it was reported that the 
devices were safely replaced with no adverse consequences to the 
patient  

There were 7 patients in the PCD Epi population in whom the PCD 
was explanted due to reasons other than death  The reason for 
explant in all 7 cases was because of lower than expected battery 
voltage  The causes for low battery voltage included the 
following   1  failure of the integrated circuit   2  leakage at 
the input of one of the integrated circuits  and  3  tantalum 
capacitor leakage  In all of these cases  the devices were also 
safely removed with no adverse effects on the patients  

There were 4 patients in whom the PCD was explanted due to 
reasons other than those mentioned above  In these cases the 
events were classified as complications  These cases involved  
low battery voltage  1   inappropriate VF therapy  1   failure to 
synchronize and delivery therapy  1  and Power On Reset condition 
due to electrocautery or external defibrillation  1    The 
results of all pending analyses should be provided  

Re uest 27 

The manufacturer discussed complications reported in the patients 
followed for one year or greater  As of February 1  1993  there 
have been 393 patients implanted for one year or greater  There 
have been 89 complications reported in 76 patients and 122 
observations reported in 99 patients  Therefore  19 3 percent 
 76 393  of the patients had an event categorized as a 
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complication and 25 2 percent  99 393  had an event categorized 
as an observation  The observations included 40 cases of 
inappropriate VT therapy and 29 cases of oversensing  

The complications included 5 cases of pocket infection  6 cases 
of lead fracture and 56 cases of total lead dislodgement  Of 
these there were 29 dislodgements which occurred at greater than 
30 days  Reoperation was required in all cases to reposition the 
lead  

None of the complications and observations have resulted in a 
patient death  

Re uest 28 

We questioned the infection rate reported for the Transvene 
study  The manufacturer stated that the incidence of infection 
in the Transvene study is not significantly different form that 
reported for the Ventak P epicardial lead system  2 3 percent for 
the Transvene and 2 4 for the Ventak P   The manufacturer feels 
that there is no substantial increase in the infection rate  
Therefore  the current labeling is appropriate  

Re uest 29 

The manufacturer discussed the experience in the use of the 
different entry sites  We wanted to know whether the labeling 
would aid in the selection of an entry site  The manufacturer 
stated that the left subclavian vein was the most frequently used 
entry site regardless of the lead and location  It was stated 
that the physician makes the decision about the specific entry 
site  However  the technical manuals contain information about 
the selection of a entry site  and cautions regarding the 
different entry sites  There are no specific concerns regarding 
this information  

Re uest 30 

This deficiency asked about the Transvene Systems that were 
explanted  returned and analyzed  Of the 762 implants in 757 
patients  41 units were explanted  Fifteen systems were 
explanted due to patient death  infection  17   cardiac 
transplant  5  low battery voltage measurement  1  and PCD 
performance issues  3   Fifteen systems of the 22 deaths were 
explanted and returned to the company for analysis  five systems 
were interred with the patients   Of the 15 systems which were 
returned  ten were analyzed and found to be performing to 
specifications  Of the 41 devices explanted  final analysis on 
19 systems showed that the systems were performing to 
specifications  It was reported that final analysis is pending 
on 17 units  The report of the analyses of these units should be 
provided  The manufacturer mentioned that of the 41 lead 
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systems  21 lead systems or portions of the systems were 
returned  Of these 21 lead systems  the helix of one 6966 lead 
was damaged  explant data will be updated in requested volumes   

Re uest 31 

The manufacturing discussed the death of the patient vho died 
22 5 months post implant  The manufacturer stated that the 
patients was admitted to the hospital for heart failure and 
increased episodes of VT and VF  In addition  the patient was 
reported to have digitalis toxicity  The patients later expired  
described as secondary to heart failure due to LV dysfunction  
The death was categorized as nonsudden cardiac and not related 
tot e PCD Transvene System  Interrogation of the device at the 
explant revealed a normal battery voltage and charge time  
Therefore  the patient had experienced no new episodes of VT or 
VF since the last follow up visit  The analysis showed that the 
PCD was performing to specifications  Were the leads returned 
and analyzed  

The manufacturer provided all relevant data  implant and follow  
up data  programmed status --- the ------  etc   pertaining to the 
patient  PCD Serial Number ----------------- implanted for 22 5 months  

Re uest 32 

We asked about the number of perioperative deaths  and if in 
these cases there were devices programmed OFF  As of February 1  
1993  there have been 51 deaths in the Transvene PMA population  
Five  0 7 percent  of the deaths were perioperative  sudden 
cardiac  2  nonsudden cardiac  2  and noncardiac  1    The 
patient death in which the PCD was programmed OFF  was classified 
as non sudden cardiac not related to the tachyarrhythmia episode  
A copy of the death summaries vas provided for our review  

Re uest 33 

This deficiency deals with the 1 year sudden cardiac death 
survival and overall actuarial survival of the patients followed 
for a year  According to the manufacturer  the survival 
calculations took in to account the following  all of the 
patients were alive at one year post implant so their survival 
from all causes of death was 100 percent  Patients who died 
within 30 days are not counted within this group  There are no 
concerns about how the manufacturer addressed this deficiency  

Data  treatment efficacy  lead orientation  complications and 
survival rates  etc   of the patients who have been followed for 
1 year or more were provided  Of the 115 patients followed for 
one year or more  the majority  94 7 percent   the primary 
indication was recurrent  sustained VT without an episode of 
sudden cardiac death  The treatment efficacy for the patient 

(b)(4)
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population was 98 9 percent for spontaneous VT and 98 8 percent 
for VF  The treatment efficacy is equivalent to the overall 
patient population  Twenty four of the patients followed for 1 

year or more had a complication  There are no specific concerns 
regarding the data submitted  

Re uest 34 

The manufacturer provided an engineering drawing of the Transvene 
lead models and a description of the testing of each segment and 
the full lead body  These data have been reviewed in the IDE 
application  However the adequacy of the response will be 
assessed by one of the reviewers on the team  

Re uest 35 

We asked that the manufacturer ------- s the adequacy of the 
--------- procedures employed --------- cycles at a bend radius of 
------- inch per lead model over a --- month period   The 
manufacturer discussed the life testing protocol and how the 
leads were tested  These data were also reviewed in the IDE 
application  We asked that the manufacturer document  for 
clarity  all relevant testing of the Transvene leads  The 
response will be reviewed further by one of the reviewers on the 
team  

Re uest 36 

The manufacturer provided documentation regarding the potential 
for failure of the platinum sputtered Transvene Model 6966  A 
side by side comparison of the Model 6966 and the 4 000 series 
bradycardia leads  platinum sputtered leads where failure was 
noted  was included  The review of other team members will 
specifically address the specifics of the response  

Re uest 37 

The manufacturer provided a copy of the Summary of Safety and 
Effectiveness with the updated clinical data  

The manufacturer submitted copies of the technical manuals 
for our review  Data as referenced in the review will be 
considered for incorporation into the labeling  At this time 
there are no specific concerns  The Transvene Lead System will 
be labeled for use with the pulse generator with which it has 
been tested  Namely the Medtronic Model 7217B PCD  

It should be noted that as a condition for approval of expansion 
 allotment of 200 patients per month   the manufacturer has 
agreed to submit monthly reports  The reports should include a 

(b)(4)
(b)(4) (b)(4)
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trend analysis of the observations and complications  returned 
devices and deaths  These data will be a beneficial adjunct to 
the data contained within the PMA application  These data will 
lend support and help to alleviate any concerns which might be 
related to the incidence of complications and observations 
reported for the PCD Transvene System  

Discussion of the Review ef the PMA A lication for the PCD 
Transvene 8 stem 

The manufacturer has responded satisfactorily to the 
deficiencies listed in our letter of March 17  1993  Several 
issues which are noted in the teleconference memo  attached  were 
discussed with the manufacturer  Namely  presentation of the 
data for Panel review  questions pertaining to the performance of 
the PCD Transvene and the reported observations and 
complications  The manufacturer adequately responded to our 
questions and or agreed to include specific data in the Panel PMA 
volumes  



18 

Teleconference 

Between  Medtronic Representatives 
And  Doris Terry  HFZ 450  
Date  April 29   May 17  1993 

We discussed and or requested the following  

1  Updated information on patients with non standard Transvene 
configurations should be provided  It was stated that 
twenty four patients received the Transvene leads initially 
 not counted in the 757   Need data on this group  Four of 
the patients with non standard configurations received the 
leads after implant and are counted  Data are not separated 
out  The manufacturer will provide a patient tree  which 
includes all patients  

2  Updated data on the 97 patients who were screened for the 
Transvene and went on to receive the Epi system should be 
provided  

3  How many of the patients followed for a year or greater did 
not meet the implant criteria  Need to know the experience 
of these patients  

4  The PMA Data should be arranged to include the following 
sections for panel reviev  

Preclinical Tests  Bench  Animal  Life  

Investigational plan  protocol  hypothesis  objectives of 
the study  patient report forms  

Updated clinical report 

Patients who did not meet the implant criteria  
Patients in the non standard lead configuration 
Patient followed for one year and greater 
patient folloved for 6 months and greater 
 spontaneous experience  
experience by primary arrhythmia 
Foreign patients 

Observations and Complications 

Additional Transvene patients 

Pertinent Data from June 24  1993 
Clinical Report 

Comparison Data 
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Explants 

Deaths 

Labeling 

Summary of Safety and Effectiveness 

Survival curves  statistics  

Pertinent Articles  when referring to an article  please 
include  

Patient Manual 

Responses to FDA Concerns  Reviewers and Statisticians   
All questions will be included an addressed  If data are 
incorporated into other sections of the volumes  the section and 
page number will be referenced  

4  A comparison table of mortality and survival data for the 
PCD Epi and PCD Transvene and the Ventak P should be 
provided  

5  Number of patients followed for one year or greater who had 
spontaneous episodes or were induced after 6 months  Update 
of Table  page 73  

6  Update of table  complications and observations by follow up 
interval  as presented in Volume 2  September 21  1992 
amendment  Complications and observations for the two 
patient populations  PMA cohort and additional Transvene 
patients  should be reported separately  

7  Update on foreign experience  namely complications and 
observations  

8  Trend analysis of the incidence of complications 
observations and complications within the patient groups 
 patients followed for 1 year and more  patients implanted 
with nonstandard lead configuration  etc   and by primary 
indication  VT  VF  and VT VF   These data should be 
updated  Statistical methods employed should be identified  

9  The complications and observations of the 573 additional 
Transvene patients should be reported separately  How many 
have dual sleeves  

Update on experience with dual anchoring sleeves  Update on 

 3 
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573 patients  complications and observation by follow up  

10  There should be a section which includes ineffective 
therapies  The Section should report the circumstances 
surrounding these patients  

11  There should be an update on the reprogrammings  Table VIIF  
5  September amendment   

12  Incidence of ineffective therapies with the PCD Epi and PCD 
Transvene  Updated data as reported in Table IM6  page 78 
of the March amendment should be provided  

13  Data obtained from interrogation of the device upon the 
patient s death should be provided  The data should be 
referenced as explant data  

14  On Page 338  it was stated that all 58 devices were 
returned  A Table which contains these data should be 
prepared  

Continued   May 12  1993 

15  Evidence to support the claim that gender  primary 
indication and the system implanted  PCD Epi or PCD 
Transvene  had no impact on survival outcome  The evidence 
would consist of a description of the computer program used  
data input and output  and the decision criteria  

26  A statistically significant difference between the PCD 
Transvene and the AICD Epicardial System using the 
confidence interval analysis was found  How was the 
confidence interval computed  

27  The table on page 24 shows the actuarial survival of  PCD 
Transvene versus PCD Epi  The statistician would like to 
see a Table which includes mortality data according to 
monthly intervals  e g   number dead number at risk for the 
Transvene and Epi systems  Then the Mantel Haenszel Chi 
square test should be used to compute the p values  The 
manufacturer should also discuss how the p values in Table 
2 16  page 24 were derived  

28  Based on the clinical experience  will include addition to 
the labeling  different positions for patch placement  
Majority  75 percent  of patients had patch leads placed at 
the mid axillary line or fourth or fifth intercostal space  
Data will be provided about surgical approach  

29  In support of the chronic performance and integrity of the 
lead system  We asked the manufacturer to provide data 
regarding the induced and spontaneous activity of the 
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patients followed for 6 months and beyond  We reiterated 
that they should be able to account for the experience of 
each patient  Each of the patients should have been tested 
or should have had spontaneous episodes  The data can be 
presented at 90 days and beyond  6 months and beyond  12 
months and beyond  etc  

30  Results of remaining analyses on all device explants  
should be provided  Note  There was a total of 58 explants  

31  Update of the observations and complications as per the time 
interval  The data in Table XII E 2 in the September 
amendment will be updated  

32  In response to Albert Moyal s review  I asked the company 
about the use of a two lead configuration  The manufacturer 
stated that the patients who were imp nted with a two lead 
configuration are counted within the group of patients  43  
with a non standard configuration  Among these  6 patients 
have a RV SVC or RV SQ  and 10 patients have three leads  
programmed in a two lead configuration  

The 702 patients counted in the table on page 289  March 
Amendment  include only those patients who had LED and or 
DFT testing  Other concerns included in the reviewer s memo 
will be documented in a phone conversation by the reviewer  

The manufacturer agreed to provide the requested information  
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Res onse to Statistician s Review 

Items 2 1 and 2 2 

The statistician stated that the p values for sex and primary 
indication rendered the two groups  PCD Transvene and PCD Epi  
significantly different  Therefore  the statistician contends 
that the two groups are not compatible  According to the 
manufacturer  primary indication and gender did not impact 
survival  However  the implanted system did influence the 
probability of survival  The manufacturer used the Cox 
Regression Analysis to support this position  The statistician 
asked that the manufacturer provide evidence  description of the 
computer program  the data input and output and the decision 
criteria which were used  to support the claim  The request was 
discussed with the manufacturer  Appropriate data will be 
submitted in the Panel Volumes to address this issue  

Item 2 3 

The manufacturer was asked to provide data regarding how the 
confidence interval  as referenced on pages 13 and 256  March 
Amendment  for the one year overall survival data was computed  
The response will be included in the Panel volumes  

Item 2 4 

The manufacturer was asked to prepare a table which depicts the 
number of patients dead versus the number at risk or total 
patient population at the different monthly intervals  e g  0 3  
3 6  6 9 and 9 12  In addition  the manufacturer was asked to 
use a specific Chi square test to compute the p value for the 

association between the Transvene and Epi survival  It was 
unclear how the p values were derived  The requested data will 
be submitted in the Panel volumes  

Item 2 5 

The similarities and differences between Table 2 12 and Table 3 3 
essentially involve data presented for the entire population 
versus patients followed for one year  

Item 2 6 

The data set and a description of the computation procedure for 
calculating the survival probabilities were requested  These 
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data are necessary for verification purposes  A response will be 
included in Panel volumes  The manufacturer mentioned that the 
requested data consists of reams of raw data  However  a 
response which includes a description of the statistical 
procedure utilized and how the probabilities were calculated will 
be provided  

Item 2   7 

The similarites and differences between the one year actuarial 
survival in Table 1K 4  page 43 and Table 8 5  page 451 should be 
discussed  The numerators and denominators used to derive the 
one year actuarial survival shown in Table 8 5 should be provided 
in the requested volumes  

Item 2 8 

The data set and the computation procedure  as referenced on page 
83  used in the calculation of the survival probability should be 
provided for verification  Same as in Item 4 2 6  However  the 
requested data will be condensed  and included in the Panel 
volumes  

Item 2 9 

C 

The manufacturer should provide the data set and the SAS 
procedure  statistical software package  used to derive the 
p values for the data provided in Table 1M 10  page 84  
Information will be included in the Panel volumes  

Item 2 10 

The manufacturer reported -- ----- ue of --------- The statistician 
calculated a p value of --------- The manufacturer should discuss 
how the p value was calculated  The manufacturer will address 
the difference in the calculations  

Item 2 11 

We requested that the results of the analyses pending on the 
devices that underwent early explant should be provided  Data 
will be included in the requested volumes  

Item 2 12 

The choice of 30 days  in reporting lead dislodgement  can be 
justified because of its use historically on an acute basis  
Acute is described as vithin the first 6 weeks  

C 

(b)(4)
(b)(4)
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Item 2 13 

The concern deals vith justifying pooling the data from all 78 
centers which participated in the PCD Transvene clinical trial  
It should be noted that all centers used the same protocol or 
investigational plan  patient selection criteria  follow up plan  
data collection procedures  etc   for the PCD Transvene study  
The manufacturer will also address this issue in the data which 
will be submitted  

Item 2 14 

The statistician stated that Table E 2  page 215 does not provide 
an adequate presentation of the follow up data  The statistician 
directed the manufacturer to Table 4 6 as published in Lee  
Elisha   Statistical Methods for Survival Data Analysis   page 93 
to see how the data could be best presentect  This was considered 
as a good reference for preparing a life table analysis  It was 
pointed out that the manufacturer should also discuss the reasons 
why some of the patients were not represented in the follow up 
data  It should be noted if the patients were withdrawn alive or 
lost to follow up  The statistician s request was relayed to the 
manufacturer  The response will be provided in the Panel 
volumes  

Item 2 15 

The statistician would like to see the survival table  page 231  
stratified monthly as referenced in Item g 2 4  How the 
projected one year survival calculations were done should be 
explained  The manufacturer agreed to provide the data for our 
review  

Item 2 16 

The numerators and the denominators for the percent success 
 Table I l  page 233  Table IF 2  page 287   and Table IF 4  page 
290  for the treatments of spontaneous episodes should be 
provided  These data will be included in the Panel volumes  

Item 2 17 

The data collected at the designated follow up intervals will be 
included in the updated report and reflected throughout the Panel 
volumes  

Item 2 18 

The manufacturer was asked to address the calculation of the p  
values reported in Table 2 16  page 24  FDA s statistician 
calculated the p values and obtained different values than those 
reported by the manufacturer  This will be addressed in the 
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Panel volumes  

Note  These data are for clarification and verification 
purposes  The data do not significantly impact upon the safety 
and effectiveness of the PCD Transvene System  Therefore  the 
request for these data are being made via a telephone 
conversation to the manufacturer  



MEMO 

TO  
From  
Date  

Doris Terry 
Quynh Hoang 
1 27193 

Regarding  Review of the Medtronic PCD Transvene System   P920015 amendment 
dated 9 18192 

SUMMARY 

This amendment contains the response to the deficiencies of the original PMA  It also 
contains a clinical update on the PCD Transvene System  

Res onse to Deficiencies 

The amendment have fully addressed a majority of the deficiencies  There remain  
however  a few items which were not fully answered  Please refer to the Questions section 
below  

Clinical u date 

The clinical update covers 757 Transvene patients  447 US  in 78 investigational centers 
 35 US   as of 6124192  For the 757 patients  762 Transvene systems were used since 5 
systems were explanted and replaced due to infection  The 762 lead systems included 762 
RV leads  801 CSISVC leads  and 723 SQ patches  

By indication  37 1  of the implants were due to SCD  281 757   49 8   for VT 
 377 757   and 13 1  for SCD VT  99 757   Coronary artery disease existed in 74 1  
 56 1757   The mean ejection fraction was 35 6   688 757   Only 1 5  were of NYHA 
class IV  I 1 757   The patients were primarily male  80 6   6101757  with a mean age of 
59 4 years  

At implant  71 7   543 757  met criteria  97 4   737 757  had at least a 10 J margin 
safety  and 2 6   20 757  failed to finish the implant evaluation due to poor conditions  
The most chosen Transvene configuration included  left subclavian as the entry site  RV  
SVC SQ as the lead system  65 6   5001762   and sequential as the shock pathway 
 75 3   5741762   The RV always served as the common     defibrillation electrode  The 
mean DFT at implant was 14 8J  316 757   and mean LED was 16 0J  702 757   Sixteen 
patients also have each a concomitant pacemaker  

Follow up at one year have been performed on 113 patients  and six month follow up on 
329  Spontaneous VT occurred in 226 patients for a total of 5430 episodes  There were 
68 episodes  1 3   6815430  in 30 patients where all four VT therapies were unsuccessful 
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in terminating the problem  none resulted in a patient death  Spontaneous VF occurred in 
198 patients for a total of 973 episodes  Nine episodes   0 9   91973  in 2 patients could 
not be terminated by the four VF therapies  no patient died  At 3 month  the mean DFT 
was 15 9 J  54 patients   and mean LED was 19 3 J  88 patients   

There were 138 complications occurred in 138 patients  1S 2   1381757  and 157 
observations occurred in 157 patients  20 8   1571757   The majority of the 
complications were because of lead dislodgement  77 cases  and pocket related  26 cases   
Most of the observations were due to inappropriate therapies  62 cases   pocket related  37 cases   and pace sense related  31 cases   Of the 295 complications and observations  
48  I    142 295  occurred during the perioperative period  There were 22 patient deaths 
with 5 in the perioperative period  Thirty eight patients are no longer active in the study 
 22 deaths  1 1 explants due to infection  and 5 heart transplants   Forty one systems were 
explanted  

As of 6124192  there are also 548 patients who received the Transvene after the cutoff for 
the study population  These patients and the 43 who received non standard lead systems 
were not included in this clinical update  

Please refer to the Questions section below  for the clarifications required of this update  

QUESTI NS 

 i    I   Please describe the similarities and differences between the 6966 and 6968 to justify the use of the 6968 lifetest results in supporting the reliability of the 6966  

Given their respective defibrillation thresholds  discuss the differences in battery or 
energy requirement of the Transvene and Epicardial systems  

g  3  Clearly identify the objectives  endpoints  and indicators which show that the 
endpoints have been met  Also  discuss the control in this study  

J 4  Provide data to show that the new anchoring sleeve does reduce the number of lead 
dislodgement  

js  Please give the time between Detection and Delivery of therapy  Compare the data 
from the Transvene and the patch leads  

js  Please provide a breakdown of the electrodes polarities  cathode or anode  and 
pathways  
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7  Provide the number of patients who died when their devices were turned off  Please 
breakdown the number by follow up period  

8  Provide an update analysis of the explanted devices  

9  Provide a profile of the explanted system  how long were the leads implanted  what 
was found with the leads  and  explanting due to lead or device failure  

10  Document the comparability of the PCD Transvene and the PCD epicardial systems  

12  Provide the status  complications  observations  and death rate  of the  Other  

patients who were not in the study population  and of the patients with the non  

standard lead systems  

PHONE MEMO 

On 1 26193  Medtronic is contacted  Jennifer Marrone and colleagues responded  

1  Please explain the discoloration of the 6999 lead which occurred during lifetesting  
Was it also observed in the explanted leads from human implants  

Response  The discoloration was an anomaly induced by the lifetest procedure  
because the lead was in and out of the saline solution for flexing  They attempted 
to dry the lead before flexing  but were not entirely successful  Analysis showed 
that the discoloration was not due to corrosion and there were no electrical problem  
It is not expected that the lead would discolor while implanted  since the lead would 
not be moved in and out of the liquid environment  

2  Please identify the sections on the leads where flex testing was performed  Describe 
the comparability of the Transvene lead and the 6907 lead  such that the flexing 
criterion derived from the 6907 data may be applied to the Transvene  

Response  A section of the defibrillation coil and a section of the cable body were 
flexed  The whole lead was not flexed since the flex equipment can handle a small 
section at a time  It is assumed that the cable body is homogeneous so that one 
section is identical to another  No testing on the distal tip of any of the lead was 

performed because that part is stiff and not expected to flex  

There does not exist a model to predict the reliability of a lead  thus  data on the 
Model 6907 pacing lead were used because the lead has the worst performance of 
any Medtronic leads  The only determining factor for the choice is the fact that the 
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Model 6907 is an endocardial lead  and so are the Transvene  The Model 6907 is a 
silicone lead  however  this should not be a factor where the functional specification 
is concerned  

--- ring benchtesting  the m------- m of flex cycle to failure was ------- for 6966 where 
---  leads were tested  Only ----- 6966 underwent lifetesting because the 6968 is 
considered equivalent to the 6966 lead  and ---- 6968 were used in the lifetest  

3  In this study  is the RV coil always serves as the common electrode  

Response  No  

4  Please verify these tables  

a  Tables E 2 and E 3  the number of patients followed at 6M does not match  

Resp  329 is the correct number  

b Table E 7  switch the numbers under the  attempts  and  successes  

headings  

Resp  will modify accordingly  

c  Explain why the numbers in Table F 2 do not add up to the 18 2  rate of 
complications and 20 7  rate of observations  

Resp  some data are not included  Will be more complete in the next 
summary 

d  Include all lead related complications in Table F 3  and not just those beyond 
the perioperative period   since it is intended to be a summ of clinical 
experience  

Resp  will modify accordingly  

5  Discuss how the screening requirements  Transvene leads or epicardial patches  are 
different from the implant requirements  If they are the same  explain the 
Transvene subset that did not meet implant criteria  

Resp  All study subjects undergo the Transvene implant evaluation  3 out of 4 at 18 
J or less   Those who didn t have a lOJ safety margin were screened out to receive 

Q 

(b)(4)
(b)(4) (b)(4)

(b)(4)
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the epicardial patches  Of the remaining  they were divided into two groups  one 

which meets the implant criteria and one which didn t meet the implant criteria  

The ones designated to have the epicardial patches would then undergo the patch 
lead implant evaluation  

6  In the cases where inappropriate VT therapy was delivered  was ONSET 

programmed On  If so  please explain why this algorithm fails to detect  

Resp  Refer to page 417 of the 9 18192 submission  Out of 49 instances of 

inappropriate VT therapy  21 was resolved by reprogramming  26 by drugs  1 with 

no action  and 1 by AV node ablation  In 2 patients with sinus tachycardia  the 

ONSET algorithm was enabled and was successful in resolving the problem  In 3 

patients with atrial fib  the STABILITY algorithm was enabled and resolved the 

problem  

7  How are those dropped from the study  due to infection or heart transplant  

classified in the survival analysis  

Those patients who were alive when they received heart transplants  a new PCD 

system  etc  were included in the analysis up to the day where the changes took 

place  After which  they were censored out of the data  Those receiving the new 

PCD system will be considered as new patients in the survival curve  



MEMO 

TO  
From  
Date  

Doris Terry 

Quynh Hoang  ODE DCRND PEDB 
117193 

Regarding  Descriptions of the Transvene leads from Medtronic   P920015 

Parameter 

Intended Use 

----------- --- ---- 

---------- 

--- -------- 

------ ----------- 

Model 6963 

cardioversion 
defibrillation 

----------- ------- 
--- ---------- ------ 
------ 

---------- 

----- ---- 

-- --------- 

Model 6966   

cardioversion 
defibrillation 
pacing 
sensing 

------ ----------- 

--------- 

----- ---- 

--- --------- 

Model 6999 

cardioversion 
defibrillation 

----------------- 
---- ---------- 

---------- 

--- ---- 

---- ----- ------- ----- 
------- -- ----- ------- 

------- ----- 

------------ ------ ----- ------- ------ ------ 
--------- ----- 

----------- ----- ----- 

-- ------------- 
------ ------------- 
--- -- ---------- 

----------- ------- 

------- 

----------------- 
---------------- ----- ----- ----- 

-------- 

--------- 

------ - ----- 

------ - ----- 

(b)(4)
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----------- 
---------- --------------------- 

--- ------ ---- ----- 

---------- --------- --------- 

------- ------ 

------------ 
---------- -- ------ --- ------- 

----- ------ ------------ 
------ -- ------- -------- 
-------- ------ ------ 

--------------------- 
----- -- --- ------ 
---- ----- 

--------------------- 
-- ------ ------ 
---- --- ------ ---- 
------ -- ------ 
------ ---- --- 
------ ---- ----- 

--------------- --- --------- --- ---- 

------- -- ------ --- -- ------ --- ------- 
------- ----- ------ ----- ------ ------------ 
------------ ------ -- ------- ------- 

--------- -- ------ --- -------- ------ ------ 
------- ----- ------ 
------------ 

------- -- ------ --- 
------- ----- ------ ------------ 

------ -- ------- -------- 
-------- ------ ------- 
----------- -------- 

------------ 
---------- ---------- -------- 

------- ----- ------ 
------- ----- --------------- ---------- -------- 
------- ----- ------ ------ ----- ------ 

--------- ----- ---------------- 
------- ----- ------ 

------- ----- ---------------- 
------- ----- ------ 

----------- ----- 

------------ ---------- ---- ----- --------- ---- ----- ---------- ---- ----- 
---------- ---- ----- 

g  

(b)(4)
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------------ 
---------- ---------- ------ 

------------ ----- 
---------- -------- 
-------- 

------------ -------- ---------- --------- 
---------- ---------- --------- 

---------- ---------- 
------ ----- ----- 
----------- ----- 

----------- ---------- 
------ ----- 

---------- -------- -------- 

---------- ------ 
------------ ----- 
---------- -------- 
-------- 

---------- --------- 
---------- --------- 

Electrical testing ------- ---- ---- 
------------ ---------- 
---- ------------ ---- 
----- ----------- ----- 

-- ---- -------- 

------- ---- ---- ------------ 
---------- ---- ------------ 

----- ----- ------ ----------- 

-------- 
------- ------- --- --- --- 

------ ------ ----- --- ---- 

------- ------ - --- 

------- ---- ---- 
------------ ---------- 
------ ----- ----- ---- 
----------- -------- 
------ ------- --- 

--- ----- 
------- ------ - --- 

------ ------ - ----- 

----- ------ - ----- 

------- ------ - ----- 

Environmental testing ------ ------ ------------ --- ----- -------- ------ ---- --- ---- -------- -- ------ 

-- ------ ------ --- --- ---------- -- ------ ---------- ----- -- ------------ --------- 

------ --- -- --------- ----- --------------- ---------- ------- ----- ----------- 

------ ------ -------- 

Mechanical tests  passing criteria 

flexing ----------- ------- ------ ----- ---------------- ----------- ----- ------ -------- 

------- ---------- ------- --------------- -- --- --- -------- ------ -- ------- 

----- -------- -- ---- ----- ----- ------ ---------- ------ -------- ------ --------- 

--------- --------- ----- ----- ---- --------- -------- ------- -------- --- -- ------ 

----------- ------- --- ------------- ------------- ------ ---- -------- ------ 

-------- ----- -------- ---- ------ --- ---- --------- ---- ------- --- ------- ----- 

---- -- -------- ----- --- ------- 

-- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)



Transvene lead descriptions   F920015 4 

median flexing 
failure cycle ------- - --- --------- ------- - ---------- 

------ - --- --------- ------ - --- --------- 
------- - -- --------- 
--- ------------ ------ 

- ---------- 
--- ------------ ------ 

------- --- - 
- -- - --- --------- 

composite pull 
test 

--------- - - - --- --- 
----------- ----- ----- --- -- --- --------- ------- ---------- --- 
----- ------- ----- ----- -------- --- ---------- ----------- ---------- ------ 

-------- ------ -------- -- -- ----- --- ----- -------- ---- --------- -- ----- ------ 

--------- ---- ---- --- ------------ ---- ---- ------- ----- ----- --------- ------------ 

---- ---- ----------- ----- 

crimp weld pull 
test ------- ----- ------ ------ -------- -- ----- -------- ---- --------- ---- --- ------ 

------- -------- ------ ---- --- --- ---- ---- ---- ------ ------- --- -- --- 
- - ---- --- ---- 

-- - 

anchoring sleeve 
test  Models 696-- 
and 6966  ------------ --------- ------ ------------ ---- ----------- --- -- ---- --- -------- 

------ ------- --- -------- ----- --- ---- ------ ------------ --- ------ ---- 

------------ -------- --- ---- ----- ------ ---- ------------ ------ ------ 

----- -------- 

leak test  Model 
6966  -------- ------ ------ ------ ------------ --- -------------- ------- -- -- --- ---- 

---- ---- -- --- ---- ----------- ----- ------------ -- ---- ----------------- ---- 

----------- --- ------- ---------- ---- ------- --------- ----- ------ --------- 
------ ------- ------------ --- -------- --- ---------- --- ---- ---- -- --------- --- 

---- ------- ----- --- ---- -------- ------ ---- -- ----------- ----- ----- ------ ----- 

------------ ---- ------ ----------- ---- ------ --- --- ---------- 

connector test ------ ------ ------ ---------- --- ------ ------------ ---------- --- ------------ 

------------ ---- ----------- ----- -------------- -------- ----- ----------- ------ 

-------- --- -- ------ ---- --- ----- -------------- ------ -- ------ ---- --- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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Biocompatibility 
testing -------- ---- ---- -------------------- ------- -------- -- ------------- --- ---- 

---------- ----- -------- ------- ---- ----------------- --- --- ---- ------ 
----------- ------ ------ ------- --- -------------- ------ ---- ----------- 
----------------- 

Biostability testing 

Models 6963 an-- 
6999 ----------- --- -------------- ------ --- ------------- ----------- ------- ------ 

------ ----- --- ------ -------------- ----- ---------- --- ------------- ---------- 
-------- ------ ---- --- -------- --- --------- ----- ------------- ------ --- 
---------- -- ----- ------------------ --------- ----------- ------------------ 
------- ------ --- ----------- ------ ------------ -- ----- ------------------ 
---------- -------- --------- -- --- ------ ------ ----- ------ ------------- ------ 
----------- ------ ------- ------ --------- ----------- --- ------ ---- ------ ----- 
------------ ------------------- --- -------- --- ------- ---- ----------- --- ------- 
----------- --------- ---------- ------ ---- --- -------- ------ ------------ -- 
----- ------------------ ---- --- ---- -------- ----- -------- ---------- ---- ---- 
------- ----- ----------- --- --------------- 

Model 6966 -------------- ------------ --- ---------- --------- ------- ---------- ------------ 
--- ----------------- ----- ------------- --- --------- ---- ------ --- -- --- 
------------ ----------- ----- ----- ------- ---------- ----------- ---- --------- 
---- ----- -- --------- ------ ----- ----- ----------- --------- ----- -------- --- -- 
------ ---------- -- -------- -- ----- ------------ --- ----- ---------------- -------- 
-- ----- -- ----- ---- ---- ------- -------- ------------ -------- --- -------- ------ 
---------- ---------- -- ---- ------ ----- ------ ------ -- -- --------- 
------------------ --- ---- ------ ----- ------------- ---------- ---- ----- 
--------- ------ ------------ ---- ---------------- --- ---------- -------- 
--------------- ------- ----------- --- ----------- --------- --- -------- ---------- 
--- ------ ----------- ------------------ ------- ----------- 

Life testing --------- ----------- ------- ----- --------- ------ ------------ --- -- -------- --- 
--------- --------- --------------- ---------- --- ------------------------ ------ 
------- -- --- -------- -- ---- -------------- ------ -------- --------- ---- 
-------- -- ----- -- ---- ----------------- ---------- --- ----- -- --- -------- -- 
- --- ------- ----- ------------------- ------------- ----------------- ----- 
----------- --- ---- ------------ ---- ----- ---- ----------- ----- --- ------- 
-------- ------ ------- ---- ---- ------ -------- ---- ------------- 
----------------- ----- ----------- --------- --- ---- ------ ------ ----- -------- 

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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------ --------- ---- --------- -------- ------- ---- ------ ----- ----- - -- 

---------- 

Crush testing  Models 
6963 and 6966  ---- ---------- ---- ----------- ----- --------------- --- ---- ----- --- ---- ----- 

---- ----- ---------- -- -------- ------ ----- -- -------- ------ ------ ---------- 
---------- --- -- ------ ---------------- ---------- ----- ------- ------ ------- 
---------- --- ----- ---------- ---- --- -------- ---- ------ ------ -------------- -- 
------- -- ------ ---- --- --- --- ------- ------ --------------- ----------- ---- 
------------ ------------ --- ------- ----- ----- --- ----- ------ ----- ----- 

----- ------- ----- -------- -- ------ -------------- --------- ------ --- ------ 
------ ------ ----- ------ --- ------------- ---------- ---- ------ ----- ---------- 
------ ------ ------- --- ----- --------- ----------------- -- ------ ---- -- ------ 
-- ----- ---- -------- ----- ------------ 

Animal Studies ------ -------- --------- ---- ------- ------ -------------- -------------- 

------------- ----- ---- --------- ------ ------ ------ --- ---- --------- ---------- 
----- ----- ----- ------ --------------- ------------- -------- ---------- ------ 
---------- -------- ---- -------------- ------- ----- ------------------- 
--------------- ---------- ------------------ ----------- -------- ------ ------------ 
--- ------- ----- ------------ --- --- -------- --- ---- ---------- --- ---- 
---------------- ---------- --- ---- ----- --------- ----- ---------- --- ------ --- 
--------------- --------- -------------- ---------------- ----- -------- 
------------- ------------ --------------- -------- ---- --------- --------- ------ 
----- --------- --- ------ ----- ----------- --------------- --------- --------- 
------------ -- -------- ------- --- ------------ ------------------ -------- ----- 

------- -------- ------- ----- ---------- ------ ----------- ---------- ---- --- ---- 
-------- ---- ----- ----------------- ----- ---------- --- ---- ---- ----- ---- 
------- ------ ------ ---- ----- ------- ---------- ------ ---------- ------ --- 
------- -- --- --------- 

F43 
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MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File 4 P9110015 
Subject  Medtronic Transvene Lead System 
Date  December  8  1992 
Office  DCRND ODE 

The sponsor has responded to our deficiency letter dated August 
6  1992  

U date of Patient Po ulation 

The update of the clinical experience of the Model 7217B and 
Transvene System is as of June 24  1992  The Medtronic Models 
7216A and 7217B PCD with epicardial leads underwent panel 
approval in February  1992  The System presented for review in 
the referenced file is the Models 7216A and 7217B with non 
thoracotomy leads  Transvene  System   The review will 
concentrate on the study of the Transvene leads in conjunction 
with the PCD models  

The patient population consists of 757 patients  three hundred 
and twenty nine patients have implant durations greater than or 
equal to 6 months  Identical data pertaining to the spontaneous 
VT and VF efficacy  overall success rate  complications and 
observations and deaths were reviewed in the expansion request 

 IDE supplement G870102 S87   To reiterate there were 22 deaths 

 sudden cardiac   3  non sudden cardiac   15 and noncardiac   4   

A total of 854 patients were evaluated for the Transvene System  
The patients were divided into the following groups   1  patients 
who received a Transvene System  757  and  2  patients screened 
for a Transvene System and received an epicardial lead system 

 97   Of the 757 patients who received the Transvene System  543 

patients  71 14  met the implant criteria and 214 patients 
 28 3   did not  Of these 214 patients  170 had an LED of less 
than or equal to 24 J and 194 214 had at least one successful 
termination of an induced ventricular tachyarrhythmia at 24 
Joules or less  In 20 patients  their condition precluded 
further testing  Of the 97 patients who received the epicardial 
system  81 patients met the implant criteria for the epicardial 
system and 16 patients did not  The overall survival for 

patients who met the implant criteria for the Transvene System 
was 94 94 and for the patients who did not was 97 4   For the 

patients who received the epicardial system who met the criteria  
the overall survival was 92 9  and for those who did not meet the 
implant criteria for the epicardial system was 80 7   

It was stated that 737 757  97 4   received the Transvene System 
with at least a 10 Joule safety margin  The cardiovascular 
condition of 20 patients  2 6   precluded an adequate definition 
of the safety margin  The investigators in these cases felt that 
the benefit of the Transvene System outweighed the risks of 



further inductions and a thoracotomy  In most cases  the venous 

entry site for the placement of the Transvene Leads was the left 

subclavian vein  The majority of the investigators placed the SQ 

patch subcutaneously and laterally near the mid axillary line  

The choice of the lead system was at the physician s discretion  
The RV SVC SQ configuration was the selection in most cases  

A comparison between the PCD Transvene Study and the PCD 
Epicardial Lead System and Ventak P AICD studies was made  The 
comparison entailed looking at patient demographics  clinical 

performance  DFTs  incidence of spontaneous VT and VF episodes  
incidence of complications  and one year survival  Overall 
there were no issues that rendered the groups significantly 
different and could be of concern in the evaluation of the data  

The pace sense performance of the PCD Transvene versus the PCD 
Epicardial System was compared  In both systems sensing is 

performed in a standard bipolar configuration and pacing is 

performed in the integrated bipolar configuration  The 

pace sense implant criteria are as follows  pacing threshold 
less than or equal to 1 5V at 0 5 ms  R wave amplitude   greater 
than or equal to 5 mv  slew rate   greater than or equal to 0 75 
volt sec  and resistance   200 880 ohms  There was a 
statistically significant difference in all of the pace sense 
parameters of the Transvene versus the epicardial lead system  
This was anticipated due to reportedly better endocardial 

pace sense parameters  However  it was stated that the 
difference had no impact on the pacing and sensing performance of 
the PCD Transvene System  The PCD Transvene System reported a 
higher mean implant DFT  14 8J versus 9 8J for the PCD Epicardial 
System   There was a statistically significant difference 
between the mean DFT obtained with the RV CS SQ System and the 
mean DFT obtained with the other lead systems  RV CS SVC and RV  
SVC SQ   

There was also a higher incidence of lead related complications 
in the PCD Transvene System  6 6  versus 2 84 in the epicardial 

population   Observations of interest included  inappropriate 
therapy   8 2  for the Transvene   10 6  for the Epicardial 
System  pace sense related   4 1  for the Transvene and 10 2  for 
the epicardial  

Statistical Anal sis 

The applicant provided a justification for pooling the U S  and 
foreign data  The patient selection criteria  investigational 
protocol procedures and indications for implant of the Transvene 
System were identical in all of the studies  Even though there 
were statistically significant differences in the patient groups 
 U S  and foreign   they were not considered to be clinically 
sitgnificant enough to require stratification of the U S  and 
foreign populations  This issue will be left to the discretion 
of the reviewing statistician  



Patient Data 

The applicant provided a list of the primary indications for use 

which are identical to those for the PCD Epicardial System  The 

patient demographics of the PCD Transvene Lead System were 

presented and discussed in detail  A description of the implant 

and follow up procedures and a discussion of the data obtained at 

each interval were provided  The procedures performed at 

implant and follow up were identical to those for the PCD 

Epicardial System  

Res onse to Deficiencies 

The deficiencies relating to the leads were adequately addressed  
as per the consulting review  I have the following concerns 
about the life testing  I have repeatedly questioned the 
sequence of testing flexing   soaking   high energy pulsing   

soaking   electrical and ------- inspection  The -------- ----- ld 

h----  involved m---  than --------- cy----  per lead  ------------ leads 

---- Model 6963  -- Model 6966 and --- Model 6968  tined version of 

the Model 6966 ---- ch is not a subject of the PMA    I question 
the use of only -- Model 6966 leads during the life testing  How 

many Model 6966 leads were used during the course of bench 
testing and life testing  The data obtained from testing only -- 

leads during life testing appears to be inadequate  It was 
stated that the leads vere placed back onto the test and flexed 
until failure  and that the data would be used only for 
improvement of the leads  It seems as if only the defibrillation 
segment of the leads were flexed to failure  Data from the 
-------- llation electrode segment of each lead model flexed at 
------ inch radius was reported --- ------- s for the Model 6963 lead  
---- median was greater than ------------ cycles  for the Model 6966  
the median was greater than ----------- cycles and for the Model 
6999  median gr------ than -------------- cycles  A justification 
for the use of ------ inch radius for flexing should be discussed  
It is unclear how each segment  other than the defibrillation 
coil  of the Model 6966 lead was tested  The Model 6963 which 
has a polyurethane platinum sputtered lead body has the job of 
both pacing and sensing and defibrillation  In light of the 
recent failure of platinum sputtered brady leads  alot of 
concentration should be placed on how each of the segments of the 
Model 6966 were tested  Some background about the failure and 
mechanism of the failure of the brady platinum leads should be 

provided for our review  

An update of the animal studies which addressed the tumorigenesis 
issue was included  These findings were reviewed during the IDE 
study  There are no new findings to report  

The results of chronic animal studies which assessed chronic 

performance of the lead system were provided  Data  such as 
defibrillation thresholds  pacing thresholds  slew rates and R  
wave amplitudes  the amount of energy delivered through the lead 
system for each shock delivered and the amount of current and 

(b)(4) (b)(4)
(b)(4) (b)(4) (b)(4)

(b)(4)
(b)(4)

(b)(4)
(b)(4)

(b)(4)
(b)(4)

(b)(4)



voltage across the lead system for each delivered shock were used 

in the chronic assessment of the Transvene Lead System  

According to the manufacturer  the results of testing 

demonstrated the acceptable stability and performance for its 

intended use  

The manufacturer provided information regarding the improvement 

of perioperative and long term patient morbidity with use of the 

Transvene Lead System  The perioperative mortality of the 

patients implanted with the Transvene and the epicardial leads 

were compared and discussed  Undoubtedly  there is a decrease in 

perioperative mortality with use of the Transvene System  For as 

it was discussed  the majority of ICD patients are patients in 

which a thoracotomy poses an additional risk  The study has shown 

that the use of the Transvene Lead System which is implanted via 

a non thoracotomy approach results in a decrease of perioperative 
death  

Treatment efficacy  complications and survival analysis on the 

patients followed for 6 months vere provided for our review  

There were 329 patients followed for 6 months  The primary 
indication for this group was recurrent sustained VT without an 

episode of sudden cardiac death  Sixty six percent of the 

patients were implanted with the RV SQ SVC lead orientation  The 

mean LED was 15 4J  n 306  and the mean DFT was 13 9J  n 155   
Percent success of VT spontaneous episodes was 99 0  and 4 

success of spontaneous VF episodes was 98 7  The one year 
overall survival for patients followed for 6 months was 99 4  and 

the one year survival from sudden cardiac death was reported to 

be 100 0   

There were 115 patients followed for one year  The primary 
indication was VT in 56 patients  48 7    The mean LED and DFT 

were 15 2 J  n 105  and 13 8J  n 62  respectively  The treatment 

efficacy was 98 94 for spontaneous VT and 98 8  for spontaneous 
VF episodes  The overall and sudden cardiac death at one year 
was reported as 100   It was stated that one death which was 

classified as non sudden occurred 22 5 months post implant  It 

was reported that 24 of the 115 patients followed for a year had 

as complication  Specific information will be requested 
regarding the patient deaths  

Corn lications and Observations 

Complications were reported in 138 patients and 157 patients 
experienced clinical observations  The incidence of 
complications was 18 2   18 757  and 20 8 o  157 757  for the 

observations  

Complications included  increased defibrillation requirements 
0 84  pace sense performance related   0 8   infection related  
explant required   2 04  infection related   1 54  lead related 
12 4   and device related   0 5   The observations were 
increased defibrillation requirements 0 5   inappropriate 



therapy delivery  8 24  pace sense performance related  4 1   

infection related   4 9  and lead related 2 6   Of the 

observations related to inappropriate therapy delivery  there 

were 49 observations which involved inappropriate VT therapy 

delivery 
and 13 observations of inappropriate VF therapy delivery  The 

manufacturer made a comparison of the Transvene complications and 

observations to those reported for the PCD Epicardial System  Of 

interest  the comparison showed that the lead related 

complications for the Transvene were 6 6  versus 2 8  for the PCD 

epi and pace sense related complication which weie considerably 

less  0 9   for the Transvene and 3 5  for the epi  there were 

more infection related observations with the Transvene  5 34  
versus 2 24 for the epi and more lead related observations with 

the Transvene  2 2   than with the epi  1 2    

Lead dislodgement which has been a problem in the study  has been 

addressed in earlier IDE supplements  IDE approval was granted 
for the use of new anchoring sleeves  It was requested that the 

results of the experience of at least 50 patients with the new 

sleeves implanted for 30 days be provided in the PMA for our 

review According to the manufacturer the lead dislodements have 

occurred within the first 30 days of implant  However  the 

frequency of dislodgement greater than 30 days is also of 

interest  The majority of the dislodgements were reported as 

complications since reoperation was necessary Most of the 

dislodgements involved the Model 6881 6963 CS SVC lead  

Patient Deaths 

As of 6 24 92  there have been 22 deaths  15 U S  and 7 foreign   

Three of the deaths were sudden cardiac  non sudden cardiac 16 

and noncardiac 3  The PCD Transvene sudden cardiac death 
survival at one year is 99 8  which is comparable to that of the 

PCD Epicardial System  98 7   and the commercially available AICD 

 98 6    There were 5 perioperative deaths out of the total 

deaths with a resultant perioperative mortality of 0 7   sudden 
cardiac 2  non sudden 2 and non cardiac 1   A Table which 

included the clinical characteristics of the patients who expired 

was submitted for our review  Death classifications were also 

provided by primary indication  There was no difference in 

patient survival based on the Transvene configuration or the 

indication for implant  The PCD Transvene one year actuarial 
survival is as follows  sudden cardiac 99 8   non sudden cardiac 

96 8   all cardiac 96 6   noncardiac 99 4   and overall 95 34 

 includes perioperative deaths   

My concerns regarding the referenced will be relayed in the form 

of deficiencies which should be fully addressed and documented in 

a PMA Amendment for our review  



uestions and Concerns 

1  For documentation and purposes of the PMA application  
please reiterate and outline the following  

a  the hypothesis and the objectives of the study  

b  a discussion of the use of the AICD  as a 
historical control  and how your study addressed 
the concept of a control which is pertinent in 
clinical trials  and the practicality  at this 
time  of the use of a concurrent control during an 
implantable defibrillator study  ICD   

c  the endpoints of the study  and 

d  and how the data provided in the PMA application 
support the specified endpoints  

2  Based on data provided in your PMA application  please 
prepare Tables which will include a side by side comparison 
of the PCD  Transvene  and the PCD  Epicardial System and 
the PCS Transvene  and Ventak P AICD  populations  The 
data should also include inclusion and exclusion criteria 
which were used in each study  A discussion of how these 
data may or not represent a valid comparison and other 
comments which justify  and support the use of these groups 
as controls should be included  

3  An update of the PMA population should be provided  The 
update should include the data as presented in the PMA 
application  Your update should also include the clinical 
experience in the use of the new anchoring sleeves which are 
aimed at decreasing the incidence of dislodgement  and a 
summary of the clinical experience  spontaneous treatment 
efficacy of VT and VF  observations and complications  
number of patient deaths and overall survival  of the 
patients followed for a year or more  

4  For purposes of documentation in the PMA  please clarify and 
reiterate how you identified the patient who did not meet 
the implant criteria   Please discuss your implant criteria 
and how implant testing attempted to satisfy protocol 
requirements  

5  Of the 214 patients who did not meet the implant criteria  
170 patients had successful defibrillation with 24 Joules 
 J   Please provide a updated summary of the clinical 
experience  as referenced in item 4 2  on these patients  

6  There were 20 patients among the 214 who did not meet the 
implant criteria who were implanted without the 10 J safety 
margin  An update of the spontaneous episode experience in 



the treatment of VT and VF in these patients and the overall 
survival should be provided  

7  Table IK 4  page 151  compares the patients meeting the 
implant criteria to those who did not met the criteria  
However  many of the percentages were presented without 
numerical support  Please provide the appropriate numbers  

8  Please provide an update on the patients who are implanted 
with the Transvene  System and were not counted in the PMA 
population  The update should include a summary of the 
clinical experience as referenced in item 4 2  

9  Based on your study protocol  please differentiate between 
defibrillation threshold  DFT  testihg and lowest energy to 
defibrillate  LED  testing  Based on the individual patient 
report forms  of the 757 patients  how many patients 
underwent what is described as DFT testing and how many had 
LED testing  Samples of the patient report forms shoving 
the scheme of testing which was categorized as DFT and LED 
testing should be provided  Please discuss how the DFT and 
LED data were reported and presented irp the PMA application  

10  There is a statistical  y significant difference betveen the 
mean DFT obtained with the RV CS SQ lead configuration and 
the mean DFT obtained vith the other lead configurations  
How do you account for this difference  Was the DFT as 
reported and discussed for all lead configurations obtained 
using an identical or similar scheme  Please discuss  It 
should be documented that there vere no significant 
differences between the scheme for performing DFT and LED 
testing between the PCD Transvene  and PCD Epicardial 
patient populations  

11  Please elaborate on how the comparison of DFTs obtained from 
the PCS Epicardial Lead study and the Transvene  study can 
be considered as a valid comparison in that the majority of 
the patients  574  75 3    in the Transvene  study were 
programmed with the sequential pathway and 178  23 4   were 
programmed via the simultaneous pathway  The majority of 
the patients  496  65 2    in the PCD  Epicardial study were 
programmed with the single pathway  Based on your PCS 
Epicardial study  please discuss the DFTs or energy 
requirements obtained with the use of the single 
defibrillation pathway versus the sequential and 
simultaneous pathways  

12  Please discuss the time between detection and delivery of 
therapy of the Transvene  PCD  System versus the PCS 
Epicardial System  

13  On page 125 of the application  please explain and or 
discuss what is meant by a 2 1 VF sensing margin   how it 



is determined and if  the patients met the criteria  

14  Of the 329 patients who were followed for 6 months  130 
patients had spontaneous episodes  what was the average 
number of VT and VF episodes per patient  Of the patients 
followed for a year  how many had spontaneous episodes of VT 
and VF and what was the mean number of episodes per patient 
in this group  

15  On page 130  Table IF 4  it was reported that there were 
5362 episodes of VT successfully terminated  On page 131  
paragraph 2  it was stated that 25 patients experienced 45 
 0 8   episodes of sinus tachycardia or atrial fibrillation  
Are these patients included in the success or failure 
category  Nine hundred and sixty four episodes of VF were 
reported  however  75 episodes were not actual VF  It 
should be clarified how the successful and ineffective 
therapies and failures are discerned and categorized  
Please prepare a Table which includes a category of 
ineffective therapies with actual patient numbers and 
percentages  

16  Table IM 6  page 173 should be modified to include a column 
on inappropriate therapy or therapies delivered as device 
was programmed so that the percentage pan add up to 1004  

17  On page 162  Table IL 2 lists a category Fail to 
Cardiovert Defibrillate as 0 8   please clarify  If a 
patient survives an episode of an inappropriate therapy  is 
it categorized as a success  Please discuss  The Tables 
should include percentages with the representative numerical 
support  

18  There were 38 inactive patients reported in Table IH 1  
however  34 patients were reported to be no longer 
active  Please clarify  

19  Please discuss how the one year sudden cardiac death 
survival  as reported in Table IF 2 page 128  was 
calculated  The numbers and an explanation of patient 
classification should be included  Was every patient who 
had a prior cardiac arrest regardless of the arrhythmia 
included  

20  On page 177  the number of patients should be provided so 
that the percentages an calculated p values can be 
confirmed  

21  Table IV C shows a comparison of patient variables for the 
three lead systems  Please state the hypothesis of the 
study  The p values obtained when reporting by primary 
indication should be discussed  The chi square test of the 
data set and how it was computed should be discussed  



22  For purposes of justification of data pooling and data 
analysis of Table IV  C  please discuss why the multiple 
statistical significant difference was not adjusted at a 
0 05 significance level using a more widely accepted 
procedure such as the Hochberg procedure  Dunnett and  
Tarnhoue  A Step up Multiple Test Procedure  Journal of the 
American Statistical Association March  1992  Vol 87  
pp 162 170   

23  A comparison was made between the mortality between the PCS 
and AICD  populations  What was the confidence interval  

24  Please clarify and or discuss the following regarding Table 
XB 1  page 378  Volume 2   

a  the total number of patients in the Ventak P 
population  292  versus those reported by primary 
indication  291   and 

b  -- ------------  test of primary indication  using the 
----------- computer software  yields a p value of 
nearly 0  This is statistically significant  
indicating the PCD  and Ventak P populations are 
significantly different  

25  Please discuss the incidence of inappropriate therapies 
reported as observations in the Transvene  study  It appears 
as if there has only been a slight improvement over the PCD  
Epicardial study as it relates to programming and patient 
management  drug therapy   Please discuss the experience of 
both studies and how the labeling supports effective 
programming of the device parameters and the use of the 
Onset and Stability algorithms  How many patients in the 
Transvene  study have the Onset and Stability algorithms 
programmed ON  At what interval during the study were the 
majority of patients programmed with the algorithms  Your 
experience in the treatment induced and spontaneous episodes 
with use the algorithms should be discussed  

26  Please discuses the  device related  complications reported 
for the Transvene  and the PCD  epicardial System  

27  Please describe in detail the complications reported in the 
patients followed for a year  

28  There was a substantial increase in the number of infections 
reported in the Transvene  study  Even though you discussed 
why there was an increase  based on your experience  how 
will your labeling address the reduction in the number of 
infections  

29  A discussion of your experience in the use of the different 
entry sites for the placement of the Transvene  leads and 
how your labeling assist in the selection of an entry site 
should be provided  

(b)(4)



30  Of the 22 deaths  15 systems were explanted and returned for 
analysis  The results of the Analyses  PCS and Transvene  
leads should be provided  What did device interrogation 
reveal  How many of the 41 Transvene  lead systems which 
were explanted were returned and analyzed  How long were 
the leads implanted  A description of the protocol for 
analysis and the results of the analyses on all leads and 
devices should be provided  The PMA application should 
document how your study has addressed the need for the 
return and analysis of all Transvene  
leads and the PCD   

31  Please discuss the circumstances surrounding the death in 
the patient who died 22 5 months post implant  What did 
interrogation of the device reveal  

32  Of the perioperative deaths  how many devi ces were 
programmed OFF  Please discuss the circumstances 
surrounding each death  The number of perioperative deaths 
should be reported in a Table  The deaths should  iso be 
reported as sudden cardiac  non sudden cardiac and cardiac 
non cardiac  Were there other deaths when the device was 
programmed OFF  

33  It was stated that there have been no reported patient 
deaths in the group with a one year sudden cardiac death 
survival and overall actuarial survival of 100   Does this 
include the patients who have been followed out for a year 
and the perioperative deaths  

34  An engineering drawing of each Transvene  lead model which 
identifies the segments of the lead and a description of the 
tests that each segment and the full lead body underwent 
should be provided  

35  Since flex testing exerts a considerable amount of stress on 
the lead  and is ----------  to life testing  why wa- -- 
considered that --------- -- cles at a bend radius of ------ inch 
per lead model over a --- month period would be sufficient  
Describe how the lead and different segments were flexed  

36  In light of the failure of your platinum sputtered 
polyurethane bradycardia pacing leads  and since the 
Transvene  lead Model 6966 is also a platinum sputtered 
polyurethane lead  please provide documentation regarding 
the failure mechanism of the pacing leads and all relevant 
information pertaining to these cases  How can we be 
assured that the failure may be restricted to the 
bradycardia pacing leads  Based on your testing to date 
regarding the pacing leads and the testing of the Model 6966 
lead  discuss the potential and the probability of failure 
of the Model 6966 lead  A side by side comparison of the 
Model 6966 and the 4 000 series bradycardia pacing leads 
should be provided  The comparison should include material  

(b)(4) (b)(4)
(b)(4)



design  dimensions  function  tests performed and a 
schematic drawing  

The deficiencies also include the concerns as per the consulting 
reviews  See memos  



MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File 4 G870102 S87 
Subject  Medtronic Transvene System 
Date  December 7  1992 
Office  DCRND ODE 

The sponsor is requesting expansion of the Transvene study to 
include an additional 150 patients  

The following is an overview of the clinical data as of June 24  
1992  

Patient population of 757  329 patients have implant 
durations equal to or greater than 6 months 

744 PCD implants and 18 7216A implants  of these 444 Model 
7217B in U S  and 300 Model 7217B implants internationally  

Mean implant duration   5 6 months 

Defibrillation pathway  sequential   574  75 3    
simultaneous   178  23 4    and single   10  1 3   

Mean DFT   14 8J  n 316  

Mean LED 16 0J  n 702  
  

Spontaneous VT  226 patients  5430 episodes 4 success 
98  7 o 

Spontaneous VF  198 patients  973 episodes    success 
99 1  

One year survival 99 8  

Of the 757 patients who received the PCD Transvene System  443 
patients  58 5   443 757  have either experienced a spontaneous 
VT or VF episode or had VT or VF induced during a post implant EP 
study  

There have been 138 complications identified in 138 patients  77 
U S   and 157 observations identified in 157 patients  68 U S   
in the Transvene patient population  None of the complications 
and observations resulted in patient death  Included among the 
complications were 33 lead dislodgements reported in 33 patients 
at greater than 30 days  The dislodgements vere identified 
through fluoroscopic examinations during EP evaluation and chest 
x rays and pacing sensing threshold evaluations during routine 
follow up  In all cases reoperation was performed and the leads 
were repositioned  Approval was obtained under IDE in September  

U 



1992 for the use of new anchoring sleeves which will aid in 
eliminating lead dislodgement  In the last expansion request  we 
requested one month follow up experience on at least 50 patients 
implanted with the new anchoring sleeves to be reported in the 
PMA application  

Recommendation  Approval to add 150 patients to the study  At 
this time  no specific plan of expansion which will allow a 
certain number of patients per month to be added to the study is 
being approved  

  

 Q 
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DEPARTMENT OF HEALTH 8L HUMAN SERVICES 
3  

0 

lola 

Date 
DEC g  ggp 

From Engineer  DCRND  ICDB 

Subject Platinum Iridium Mesh Leads 

To Doris Terry  DCRND  PEDB 

Public Health Service 

Memorandum 

This memorandum is a forrnal response to your question regarding the 
possibility that platinum iridium could be a contributing factor in the 
observation of tumor growth in canines in which epicardial patch 
defibrillation leads were implanted  It should be noted that my comments are 
purely speculative and are not based upon a review of the leads in question or 
any data associated with such  

The toxicity of elements contained in alloys is related to the solubility of 
their corrosion products and the levels of the element present  Tumors can 
result because of one or several of the following factors  

1  
2  

3  

Presence of a chemical carcinogen  
Generation of a carcinogenic chernical s  through degradation of the 
material or through a chemical reaction of an ingredient in the 
material  
Cancer through physical effects  referred to as a solid state 
cancer   

With the defibrillation patch leads  solid state carcinogenicity is a definite 
possibility  The use of platinum iridium in the lead  versus another 
material  could influence this phenomenon since the mechanical physical 
properties of the patch will be influenced by the materials of construction  
i e   stiffness  thickness  etc  

With respect to the presence of a chemical carcinogen in the --------------------- 
it is doubtful that the metal itself would produce a toxic eff----- ------------ 
the use of platinum iridium in defibrillation leads could present new safety 
concerns  One obvious - roblem would be the fatigue resistance of the 
--------------------- ------- This material is not used as a coil material in 
permanent pacing leads so I am unsure of its fatigue properties for this 
application  Given the large amount of current used in defibrillation leads  
----- ----------- cou--- --- ---- ------- --- ---- ------------------------- ----------- --- ------- 
studies  Also if -- ----- ------ --- ------- ---------- ----------- ---------- --- ---- ----- 
----- -------------- ----- --- --------- ----------- the metal is subject to accelerated 
corrosive attack  Products of corrosion will diffuse out and local tissues 
can suffer from both metallic toxicity and electrochemical changes at the 
implant surface  

The issue of electrochemical reaction at the stimulation electrode  
physiological saline interface is significant and the possibility of dangerous 
electrochemical reactions should be eliminated  A conservative requirement 

(b)(4)
(b)(4)

(b)(4)

(b)(4)

(b)(4)



for any  safe  electrical stimulation is the absence of chemical changes 
adjacent to the stimulating electrode  In electrochemical terms  this means 
that charge transfer processes producing dissolved species or gaseous products must be avoided  Possible dissolved species ----------- ------ ----------- --  he 
Pt saline -- terface ------ de ---------- ------------ ----------- ------- -------- ----- --- 
--- ----- ----- and --- ------ Lit--- information is available about the body s 
tolerance for the species produced at the Pt saline interface and I cannot 
provide any estimate of a  safe level   Possible damage resulting from the 
flow of electric current through the physiologic solution produced at the 
interface presents another layer of complexity which may need to be 
considered  

In summary then  it may be advisable to have the manufacturers of these 
devices explore these areas in more detail to ensure safety and effectiveness  
particularly long term  If you have any questions please let me know  

  a g 

cc  Nancy Teague 
Christopher B  Sloan 

 t  
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DEPARTMENT OF HEALTH   HUMAN SERVICES Public Health Service 
Food and Drug Administration 
Rockville  MD 20850 

M E M 0 R A N D U M 

DATE  September 28  1992 All  ir       c 
FROM  Program Development and Analysis Branch 

CDRH  HFZ 331 

SVBJECT  Request for Follov up 
Pre Approval Inspection 
PMA P92001 5 

Hfr   Medtronic  B V  
Venchebachstraat 10 
6466 N  Kerkrade West 
The Netherlands 

TO  Madalyn Sheldon 
PDAB  HFZ 331 Applicant  Medtronic  Inc  

7000 Central Avenue  N E  

Minneapolis  MN 55432 

Product  PVD Transvene System 

A Premarket Approval application is still pending for the above referenced 

product due to the previous violative inspection completed on 1 9 92 for the 

manufacturer identified above  Our records indicate that the firm is 

currently on Automatic Detention  

Please arrange to have a follow up inspection conducted vhich should be 

scheduled as soon as possible after the manufacturers has indicated that the 

necessary corrections have been made and a satisfactory response to the 

Warning Letter has been received  

Please have the finished report  EIR  submitted to HFZ 331 and mark the 

coversheet  PMA PRE APPROVAL FOLLOV VP INSPECTION   

Mary nn Fitzgerald 

Product Code  74 
PAC  83001 
Priority  Top 
Est  Comp  Time  
Contact Officer  

30 Hours 
Mary Ann Fitzgerald 
1390 Piccard Drive 
Rockville  Maryland 20850 
Phone  8 301 427 1125 
FAX  8 301 427 1076 



CC  

HFZ 402  
HFZ 332 
HFA 224 
HFZ 331 
HFR NE1  Beebe  
592 79 
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MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File   P920015 
Subject  Medtronic Transvene System 

Date  June 5  1992 
Office  DCRND ODE 

On the basis of a further review of the referenced file  the 

following concerns have been identified  These deficiencies 

should be included in a major amendment letter for the 

manufacturer s response  

uestions and Concerns 

1   

2  

3  

4  

5  

6  

7  

  8  

An update of the clinical experience of the Transvene Lead 

System should be provided  The update should include all 

additional patients and the clinical experience to date  

The data should be presented as done in your original PMA 

application  and should include  e g   implant and follow up 

data  spontaneous episode experience  analyses by different 

groups  complications observations  
and survival analysis  

All remaining deficiencies listed below which pertain to 

your patient population should be addressed using the 

updated patient group  

What is the mean time of device activation for the patient 

population  

Please discuss your clinical data which support the claim 

which states that  the Transvene Lead System improves both 

perioperative and long term patient morbidity  

A discussion of the data or past performance --- --------  

marketed leads which support the adequacy of ---------- flex 

cycles in support of lead performance should be provided  

Please discuss how patient treatment is affected if one or 

two of the electrode coils of the Model 6999 patch lead 

becomes damaged  

Please specify the section of each lead assembly that was 

flexed during life testing  the results of the tests should 

be included  

Please provide a detailed discussion of all cases of 

crinkling and curling of the patch leads and dislodgement of 

the coronary sinus lead  

An update of the chronic animal studies should be provided  

9  
L 

Are there patients currently implanted with the Model 6895 

(b)(4)



 4 

and 10317 patch leads  If so  please provide a breakdown of 

the clinical data  e g   complications  survival  etc  for 

each lead  

  10  A side by side comparison of the Model 6897 epicardial patch 

lead and the Model 6999 patch lead should be provided  

11  Please discuss the results of tests performed with the 

Transvene System and the Model 2394  

12  Data such as treatment efficacy  complications and survival 

analysis on the patients followed for 6 months should be 

provided  

13  Please list the reasons for not performing pre hospital 

discharge testing  

14  The number of spontaneous episodes of the patients followed 

for six months and beyond should be provided  

15  Based on your experience and on the data as reported in the 

literature  what is the percentage of patients who have been 

found unable to withstand a thoracotomy  

16  

j 

Provide a detailed discussion of the clinical experience 

 implant duration  spontaneous episodes  treatment efficacy  

survival analysis  complications  etc   of the patients who 

did not meet the implant criteria and were implanted with 

the Transvene System  Also discuss the experience of the 

patients who were implanted without the 10 Joule safety 

margin  

17  Please discuss your clinical experience  treatment efficacy  

complications and survival rates  of the patients who have 

been followed for one year and more  

18  Based upon your clinical experience  the Physician s Manual 

should recommend the sequence of testing with the different 

lead configurations during implant  

19  A breakdown of the different lead configurations within the 

patient population  and the treatment efficacy reported for 

each configuration should be included  

20  An update of the life tests on the leads should be provided  

21  A discussion of the energy requirements of the Transvene 

versus the epicardial lead system should be provided  

22  

r 
A copy of the Summary of Safety and Effectiveness with the 

updated clinical data should be submitted  



MEMO 

TO  Doris Terry 

FR  Quynh Hoang 

RE  Questions concerning the benchtest prior investigations 

performed on the Transvene leads from Medtronic   P920015 

DA  6 5 92 

SUMMARY 

  

Medtronic requests market approval for the Transvene lead system  

The Transvene leads are used with the Model 7217B PCD for pacing  

sensing  cardioversion  and defibrillation of the heart  They 

require non thoracotomy means for implantation  For a detailed 

summary of the prior investigations  please refer to the 5 7 92 

memo  

Based on my review and the comments given at the working group and 

filing meetings  the questions for Medtronic include  

1  Discuss the use of a silicone adhesive to prevent tissue in  

growth in the Model 6963 lead  Where is the adhesive placed  

From experience  discuss the use of polyurethane and silicone 

in leads to prevent tissue in growth  



2  provide a description of the helix electrode fixation tool and 

  
of the tests to verify the torsional force for implanting the 

helix electrode  

3  From experience  identify the minimum number of flex cycles 

that a lead should withstand  Also  give the stress level 

exerted on the Model 6907 lead  from which the median failure 

time of ---------- cycles was observed   

4  Since the electrode coil is flexed separately from the 

insulated conductor  discuss the reliability of the 

section where the electrode is coaxial to the conductor  Is 

there friction between the electrode and the conductor  when 

the section is flexed  

    
5  Model 6999 s --- ------------ electrode coil fails at a much lower 

flex cycle than the --- ------------ electrode coil  Discuss the 

reliability of the --- --------- electrode coil  and the effects 

of its failure on the performance of the lead  

6  Discuss the properties of polyurethane which make it the ideal 

insulation material for the 6966 lead  Why was silicone 

not chosen  

7  Discuss the biostability tests  stress cracking  NIO  etc   

performed on the two types of polyurethane  Why chose a 

(b)(4)

(b)(4)

(b)(4)

(b)(4)



different polyurethane for the inner coil  

8  Discuss why the -------------------- ------- and the ---------- 

------------------- ---------  anchor sleeve  have not undergone the 

mutagenicity test  

9  Based on the results of the lifetest  what is the life 

expectancy of the leads  Please include your assumpt ions  

10  What section of each lead was flexed in the lifetest  Does 

this section include the electrode coil  

11  Provide an update of the --- month lifetest  

12  The Transvene leads seem to tolerate crush testing better than 

the pacing leads  Please discuss the properties of the 

Tranvene leads which take them better  

13  The provided data indicate that a new lead is used for each 

 temperature tolerance  crush load  or life  test  correlate 

the results from those tests to the worst case condition where 

the same lead has to face temperature differences  crushing  

and flexing  Why was sequential testing not performed  

14  Compare the 6999 against the epicardial patch leads  

15  Discuss any differences in battery life  between the epi lead 

  

(b)(4)

(b)(4) (b)(4)

(b)(4)



system and the Transvene system  

16  Some Transvene subjects were also evaluated with the Model 

10388 hollow can electrode  Please compare the infection rate 

of these subjects to the ones who did not undergo the hollow 

can evaluation  

17  Discuss any possible interaction between the pacemaker leads 

and the Transvene leads  Also  discuss the effects of these 

leads on the tricuspic valve and the host vein  

  

   
L 



MEMO 

TO  
FR  

  RE  

Doris Terry 
Quynh Hoang 
Review of the benchtest prior investigations performed on the 

Transvene leads from Medtronic   P920015 

DA  5 7 92 

SUMMARY 

Medtronic requests market approval for the Transvene lead system  

The Transvene leads are used with the Model 7217B PCD for pacing  

sensing  cardioversion  and defibrillation of the heart  They 

require non thoracotomy means for implantation  

Device Descri tions 

The Transvene lead system consists of three leads  Models 696--- 

------- and ------- ----- ------ ----- ain conductor coils made of a ------- 

----- ----- -- ---------- -------- ------ shell  Their electrodes are made of a 

--------------------- ------- 

Model 6963 is a unipolar  transvenous  coronary sinus superior vena 

cava  CS SVC  lead  It serves as --- ----- e for cardio--------- ----- 

defibrillation  I- ---------- --- -- ---- ----  connector ----------- ------ 

connector pin ----- ---------- -------- sleeve   a conduc---- ----- 

insulated --- ---------- --------- ----   a coil electrode of -- inches in 

length ---- ------ ---- ------- To prevent tissue in growth  a silicone 

adhesive is used ------ ---- lead  

Model 6966 is a tripolar  transvenous  right ventricular  RV   
screw in lead  It serves as the pacing sensing  as well as a 

cathode  comm---- ---- cardioversion ----- ------------ on  It consists 

of a bipolar ---- ----- ------------ ----------- ------ connector ring and 

rotatable pin  and ---------- -------- --------- ---- ---- ----- ----  helix 

electrodes  --- unipolar ---- ----- connector ----------- ------ connector 

pin and ---------- -------- slee---- ---- the coil ------------ -- ---------- 

conductor coil -------- -- ith ----------- and insulated by ---------------- 
rubber  a coil electrode --- -- -------  in length ---- ------ ---- ------- 

a r---- ------ ode with --- ------- surface area  and  -- ------ ----------- 

of --- ------- surface area  Correlating the functions of the lead and 

its three - lectrodes  pacing takes place between the coil and helix 

electrodes  sensing takes place between the ring and helix 

electrodes  and  cardioversion defibrillation ------ -- ace between 

the coil electrode and the other leads  ---------------- tubing 

prevents tissue in growth in the lead  

  

Model 6999 is a unipolar  sub cutaneous  SQ   patch lead  It serves 

--- --- - node for c--------------- ----- defibrillatio--- It consists of a 

---- ----  connector ----------- ------ ---- and -------- -------- sleeve   a 

------------  coil in--------- --- ---------- rubbe-- ----- -- ---------- rubber 

phbddd hply - dl 1 dpi   h  

(b)(4)
(b)(4) (b)(4)

(b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4) (b)(4)
(b)(4) (b)(4)

(b)(4)
(b)(4)

(b)(4)
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inside of the electrode coils is filled with ---------- rubber to 

prevent tissue in growth in the patch  

  

-------------- s for use with the leads are  a ---------- ------------------- 

--------- anchoring s------- for stationing the lead ------ -- ---- 

----------- ----- -- ------- for stiffening the lead during insertion  

and  an ------- ---------- tool for entrenching the helix  

Descriptions --- ---- ---------- tool have not been provided  

Performance Data 

---------------- --- ---- ------ ----- ------ ------ ----------- ---- ------------- 

----------------- --------- -------- --------- --- ---- ----------- ------------ 

----- ---- ----- ------------ ----- -------- --- ------ --------- ----- ----------- 

----- ----------- ----- -------- ---------- ------ ------ ----- -------- ------- 

----- ------------- --- ---- ---------- ------------ ---------- ----------- 

----------- ---- -------- -------- ----------- ----- ------------- ---- ----------- --- 

--------- ----- ------ --- -------- --------------- -------- -------- ---- 

----------- ---- ------- ----- --------- -- -- ---- ------ ----- ---------- ----- 

------ ------ ------------- --- ---- ----- ----------- ----- ---- ----------- 

------------- ------ ---- ---------- ----- -------- --------- --- ----------- ----- 

--------- --- ---- ----------- ------------- ------- ---- -------- --- ---- -------- 

-------- --- ----------- ----- -- -- ------- ------- ------- ----- ---- --- ----------- 

----- ---- ---- ------ ------------- 

           

--- ---------- --- ------- ------------ --- ---- ------- ----------- ----- 

-------------- ------ ---- ------ ----- ------------ ------- -- ----- ---- --- ------- 

---- ----------- --- ------- ---------- ---- -------- ----- ---------- ---- ------- ----- 

------------- --- ---- ---------------- ------------ ---------- ----------- ---------- 

---- ----- --- -- ------------------------- ------ ---- --- ------- ------------ ----- 

-------- -- -------- ----- ----------- ---- ------ --- ------- ---------- ------------ 

----------- --- -- ----------- ---------- ------ ------- ----- ----- ----------------- 

----- ----- ----- -------- --- -------- ----- ------------ --- ------------- ---- ---- 

----------- ------ ---- ------------- ---- ------ ----- ----- ---- ------- 

----------- ---- --- ---- ---------------- ------ 

----- ----------- ------ --- ---- ------ ------ ---- ----------- ----------------- 

------ ---- ------------ --- ---- -------------------- ------- ----- ---- ---------- 

------------------- --------- ------------ -------- -------- ------ ---- ------------- 

---------------- ------ 

------------- --- ---- ------ ----------- ---------- --------------- -------- ------ 

--------- ------------- ----- ---------- ----- ---- ---------------- ------------ 

------- ----- ---- -------------- ----- ---------- -- --- --------- ------ ----- 

------------------ ----- ---------- ----- --------- ------------ --- ------ ------ 

-------- --- --------- --- -------- ---- ------------ 

------- -------- ------------ ---- ---------- --------- --------------- --------------- 

--- ---- --------------- ------- --- --- ---- ------- ----- ---------- ---- ----- ---- 

----- ---------- ----- ----- ----- --- ---------- ---- ---------- --- ---- ----- 

------------- --------- ------ ----- ------ ------ -------------- --- ----- ----- ----- 

---- --- ---- ------------ ------------ ------- ------ ---------------- -- ------- --- 

----- -------- -- ------ ------ ------ ----- ------ -- ------ -------- ------------- ----- 

---------- ------ ------ ----- -------- ----- -- -------- ---- --- ------- ------------ 

(b)(4)

(b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4)

(b)(4)
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-------------- ---- ---------- ----- ------------ 

------------- --- ---- ----- ------------- ----------- ------------------------- 

------ ---- ------------- -------------- ----- --------- ------ ---- ------------- 

--------------- ----- --------------- ----- ------ -------- 

------ -------- --------- ------ ------ --- ---------- ---- --------------- --- ---- 

----- --------- ----- --- -------- --- ---- --------- -------- -------------- ----- 

------------ ------ -------- ------ ------------- --- ---- ------- ------- ----- ------ 

------ ------ --- ---- ------- --------- --------- ---- --------- ---------- ----- 

----- ----- ------ --------------- ------------- -- ---------- ---------------- 

-------- ---- -------------- ------- ----- ------------------- --------------- 

---------- ------------------ ----------- -------- ------ ------------ --- ------- ----- 

-------- ---- ------- --- ------------ -------------- --- ---- ---------------- 

---------- --- ---- ----- --------- ----- ---------- --- ------ --- --------------- 

--------- -------------- ---------------- ----- -------- ------------- ------------ 

--------------- -------- ---- --------- ----------- --------------- --------- --------- 

------------ -- -------- ------- --- ------------ ------------------ -------- ----- ------- 

-------- ------- ----- ---------- ------ ----------- ---------- ---- --- ---- 

-------- ----- ----------------- ----- ---------- --- ---- ---- ----- ---- ------- 

------------ ---- ----------- ------ ---------- --- ------------------- --- ----- 

-------------------------------- ----- ---- ------ ------ --- ---- ----------- 

-------- ----- ------- ------ -------- ----------- 

RECOMMENDATION 

Based on the above review of the Transvene lead system  filing is 

recommended  A major amendment  regarding the concerns raised here  

is expected  
I 

I 

(b)(4)

(b)(4)
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MEMORANDUM 

From  Doris Terry  HFZ 450  

  To  File   P920015 
Subject  Medtronic Transvene System 

Date  April 13  1992 
Office  ODE DCRND 

The applicant seeks approval of its non thoracotomy leads  the 

PCD Transvene System  The system is composed of the Model 6963 

Unipolar Coronary Sinus or Superior Vena Cava lead for 

cardioversion and defibrillation  the Model 6966 Tripolar  

Endocardial  Screw In Lead for pacing  sensing and cardioversion 

and defibrillation and the Model 6999 unipolar  subcutaneous 

patch lead for cardioversion and defibrillation  

The indications for use of the Transvene System are similar to 

those of the Medtronic PCD models  The applicant contends that 

due to the less invasive nature of the non thoracotomy leads  

the system can be implanted in patients who may not be able to 

undergo a thoracotomy  

Descri tion of the S stem 

The Model 6963 is a silicone  ----------   coronary sinus or 

superior vena cava lead with ---- ----  connector and platinum alloy 

electrode for delivery of cardioversion and defibrillation 

therapies  

The Model 6966 is a ----------------- tripolar 

extendable retractable  screw in lead with a ---- ----  connector and 

platinum alloy electro--- for cardioversion and defibrillation  

The lead also has a ---- ----  connector for pacing and sensing  

The Mod-- ------  is a ---------- unipolar  oval subcutaneous patch 

with a ---- ----  co--------- ----- platinum alloy electrode coils 

embedded in the ---------- patch  The lead is intended for 

cardioversion an-- ----------- ion  

------ S stem Life Testin 

--------- ---------- ------ --- ---- --------- ------ ----- ------ ------ ----- ----- 

--- ---- -------- ------ ----- --- -------- ------ ------ ------ ------------ --- 

--------------- -------- ---------- ------- -------------- ----- -------------- 

---------- ------------ ------------- --- ---- ------ ------ ------------ 

------------- ---- --------- ----- ------ ------ ---------- ------------ ------ 

--- --- ------ -------------- --- ---- --------- ----- ----------- --- --------- 

----- ---------- -- -------- ----------- ------- ------------- - ----- ------- 

------ --------- -------- - -------- ------ ------ - ----- ----- ------ --------- 

-------- - --- ------- - ------ --- ------------------------ 
------ ------- -- 

--- --------- -- ---- ------- - ------ -------- --------- ---- --------- - ------ 

(b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4)

(b)(4)



--- ----- -- --- --------- -- ---- ------- ----- ------------------- 

------------- ----- ----------- ---------- --- ---- ------ -- --- ---------- 

----------- ----- --------- --- -------- ------ ------ ------------- -------- 

---------- ---------- ----- -------- ----- ----- ---------- ----- ----------- ----- 

----- -------- ---- ------ ------ ------------- -------------- --- ---- ---- 

------ -- ----- ------------- ----- ---- ------ ----- ---------- ------------ 

---------- ----- ---------------- --------- ----- ------ ----- --- -------- ------ 

--- ---- ----- -------- ------ -------- --- -- ------ ----- --------- --------- 

----- -------- --- ---- ----- ------- ----- --- ------ ------ ----- --------- 

------- ----- ----------- ------ -------- ----- --- ------ --- ----------- 

------- -------- --- ---- ------- 

------ --------- ------- -------- ----- ------------- --- ---- -------- ------ ----- 

------ ------- ---- -------------- --- ---- ------------ ----- ----------- 

------------------------- 
-------- ----- ------ --- ---- ------ ----- ------------ 

----------- --------------- ------------- ------ --- -------- ------- ------ ----- ------ 

------ -------- 

---- ----------------------- -------- ----- -------------- ----- ------ ------ 

---------- ----- -- ------------ --------- ----------- ----- ------------ --- -- ------ 

------- ---------- -- --- ---------- ------------- ----------------- ------ ------- 

---------- ---- ------------ ---- ----- --- ------------- ------------ ------- --- 

------ -- ----- ------- ----- ---- ------------ --------------- ------------ 

------------- ------ ------- ------ ------------- ---------- --------- --- --- -------- 

---------- --------- 

----- --------- ------ --- --- ------------- ---- ------ --------- ----- ----------- 

--- ----- ---------- ----- ---------- ------ ------ ----------- ---- -- ---------- 

--- ---- ---------- --------- --- ---- ---------- ---- ---------- ------------ 

---- --------- ----- ----------- ----------- ---- --------- --- --------- --- 

--------- --------- -------- ----- ---------------- ---------- ----- ------------ 

--- ----- ---------- --------- ---------------- --- ---------- ------ ----- 

------- -- ---------- ------- ----- ------- ------ ---- --- ----- 

------------------ ----- ------ -------- ---------- ------- ------ --------- -------- 

--- -------------- ------ - ---------- ---------- --------- -- ---- --- -- 

------------ -- --- -------- --- ----- ------ -- ------- ----- ----------------- 

----- ---------- ----- ------ ---------- -------- ------ --------------- -- 

--------------- ---- --------- ----- ---- ------ ---------- ----- -------- ------ 

---- ------------------- ------- ----- ---------- -------- --------------- ---- ------ 

----- --- ---------- -------- --------------- --- --------- --- ------ ---- ----- ----- 

---- ------ ------ --------------- ----------- --- ---- ------ ------ ---------- --- 

---- ------------------- --- --- ---------- ------ ---------- --------------- --- 

----------- --- -------- ---- -------- ----- ---- ----- --- ------------ ---- 

------------- ---------- ---------- ----------- ------ ----- --- ------ 

-------------- --- ------ ------------- ------ -- ------ ------------- 

----------- -------- ----- ---------- --- ----- ----- ------------ --------- ----- --- 

-- ---------- -------- ------ ---------- ----- --- --- ------------ 

---------------- --------- ----- --- ---------- ------------- ----- --------- ----- 

---- ---- ------------ --- ---- ----- ---- ------ ----------- ------- ------ ----- 

  

(b)(4)

(b)(4)



---------- ------ ----- ------------ ------- ----------- ------ ------------ 

I ---------- ---------- ---------- ----- --- ------------ ------ ---------------- 
---------- ---- ----------- ------------ ---- ----- --- ------------- 

  ----- --------- --------- ----- --- ---- ------------------- --------- --- 
-------------- ----------- --- ------- ---- --- ---- ----- ------- ------ -- ---- 
--------- ----- --- ------- ----- ---- --------- ----- --- ------- ----- 
------------ --- ---------------- -------------- --- --- --------- --- ---- ----- 
---------- --- ------ ----------- ----- ------------ --- ---------------- 
-------------- --- --- --------- --- ---- --------- ---------- --- --- ----- 
----------- ----- ------ --------- 

------- ------ ------ --- ----------------- ------------ --- --- ---------- ----- --- 
--------------- ------------ --- --- ---------- --- ---- ------------------- 
--------- -------- -------------- ----- ----- -------- 
--------------------------------- ----------- -------------- ----- ---------- 
---------------- ------- ------------ ----- ----- ----------------- ------- ------ 
------ --- ----- ------------------ ---------- --- --- ---------- ------ -- ------- 
--------- ---------- --- ---- ---------- -- ----- ---------- ----- ------ --- ---- 
----- ------------------ ---------- --- ------------- --------- ---- -- 
--------------- --------- --- ---- --- ---- --- -------- -------- 

----- ----- ----- ----------- ---------- ----- --- ---------- --------- --------- 
------- - --------- -------------- --------- - ------- --- --------- - ------- 
------------- - --- - --- ---------------- - ------ ----- --------- ------------ 
----------------- - ------- 

I 
1  

----- --------- --------- ----- --------- --- ------- ----- --- ------ -- ---- --- 
-- ------- ------ ---- ------ ----- ---------------- ------ --- -------- -------- 
--- --- -------- --- ------ ------- ---------- ----- ------------- ---------- 
------ ------------ ---- --------- ------ ---- ------------- ---------- ----- --------- 
----- ------------ --- ------ ------------ --- ---- ---------- ----- ------ 
------------ ------ ---------- ----- ------------- ---------- --- ---- ----- ---- 
--------- ---------- -- ----- ------- ----- ------ ---- ---- ------ ---- 
----------------- --------- ---------- ---- ----- ---------- ---- 
------------------- ---------- 

--- ---- ------------------- ----- --------- ------ --- ---- ---------- ---- ---- 
------ ---- --------- --------- ---- ---------- ---- --------- -- ----- ------- 
----- ---- ------------ ----------- ----- ----- --------- --------- ------- 
---------- ----- --------- ----- ----- ---------- ----- ----- --------- --- ---- 
---------- ----- ----- ---- ---------- 

----- --------- ----- ------------ --- --- ---------- -------- ------ ----- --- --- 
------- ------- ---------- ----- ------------ --- -------- ----------- ----- 
---------- --- --- -------- --- ---- ------------------- ------------- ----- --- ---- 
------------- --- ---------- ----- -------------- --- -------- ----------- 
---------------- ----------- 

   
Recommendation  There are no concerns regarding the data as 
submitted  Based on our review  to date  the determination has 
been made that the application is suitable for filing  

4  

(b)(4)
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MEMORANDUM TO THE RECORD 

From  R  Subramanian  M D   DCRND 

Subj  Addendum to review of death summaries  Medtronic 
Transvene Lead   P920015 

Date  October 1  1993 

              

                                

                                

            

            

            

            

            

            

  t         

            

              

The death summaries were rereviewed to determine if the 
infections noted  
a  were related to the device  and to 
b  obtain further details regarding time and sites of infection  
This rereview does not include pocket infections   vhich have 
been listed separately in the submission and have been addressed 
previously  see memo from Dr  J  Jones   

1  A total of 68 deaths were reported in the PCD Transvene 
System population of 1330  

2  Eleven  11  of these patients had clinical evidence of  or 
were clinically suspected to have had  infections as follows  

Patient F 

1  -------- 

Infection Autopsy 

2  -------- 

3  -------- 
4  -------- 

5  -------- 
6  -------- 

7  -------- 
8  -------- 
9  -------- 
lo  -------- 
11  -------- 

Staph sepsis    prosthetic valve 
infection  

Sputum and blood positive for 
enterobacteriaceae 
Pneumonia 
Pneumonia  sepsis  83 year old with 
metastatic lung CA  

pt  diagnosed with sepsis 
  Pneumonia  pleural effusion of 
unknown cause 
Pneumonia vs  amiodarone toxicity 
Sepsis  no source noted 

Pneumonia with subsequent sepsis 
Sepsis due intestinal perforation 
Sepsis secondary to pneumonia 

No 

NA 

NA 
NA 

NA 
NA 

No 
No 
NA 
No 

NA 

NA   Not available 

Conclusien  Although the information provided in the death 
summaries is limited  there does not appear to be any evidence of 
device related infection causing death in this group of patients  

CC Ms  Doris Terry  reviewer  DCRND 
a 5deathsum res 
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MEMORANDUM 

To  Dor is Terry  DCRND 

From  R  Subramanian  DCRND 

Subj  Review of death summaries  Medtronic Transvene lead   

P920015 

Date  August 4  1993 

I have reviewed the death summaries provide with the amendment to 

the above application  As we have discussed previously  

1  The classification of deaths appears to be reasonable  

2  It is not  possible  with the information provided in the 

death summaries  to state categorically  whether or not any of 

the deaths could be possibly linked to device performance  

3  As indicated --- -- e sponsor  there appears to be only one 

death  Patient --------- vol 2  page 134  that is clearly device 

related  

Recommendation  In future studies  instances where the cause of 

death is considered unknown  and no autopsy is performed  such 

death should classified as device related  

a transvene  res 

J 
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Memorandum 

June 11  1993 

To  Doris Terry  B S   M S   Medical Reviewer  DCRND 

From  Jeffrey D  Jones  M D   F A C C   Medical Officer  DCRND 

RE  Medtronic PCD Transvene Lead System  PMA Amendment P920015 

At your request I have reviewed the relevant clinical aspects of 
the Medtronic PCD Transvene PMA amendment  The clinical study 
involved 757 patients followed for a mean of 11 7 months  657 
patients were followed for 6 months or greater and 393 patients 
were followed for 1 year or greater  Inclusion criteria were as 
follows  

1  Those patients who have survived at least one episode 
of cardiac arrest due to a ventricular arrhythmia not 
caused by an acute myocardial infarction  

2  Those patients who have recurrent sustained ventricular 
tachycardia that remains inducible via programmed 
electrical stimuli or exercise  or occurs spontaneously 
despite the most efficacious antiarrhythmic drug 
therapy that can be tolerated by the patient 
chronically  

The 757 patient population was compared to three  3  different 
historical controls in a retrospective fashion  The three 
historical controls were 1  the Ventak P Epicardial syst  em PMA 
 which was obtained through the freedom of information act   the 
published AICD clinical experience published from Winkle et al  
in the May 1989 JACC  copy attached to this consult for reasons 
described below  and the PCD Epicardial System clinical 
experience  

This retrospective picking and choosing of historical controls is 
not only not scientifically sound but it gives the impression 
that Medtronic is attempting to maximize any demonstrable benefit 
or minimize less desirable qualities by inappropriate 
manipulation of historical data  For example  the JACC article 
by Winkle which was referenced by Medtronic was conducted over a 
seven  7  year period  It is inappropriate to use these total 
complication rates as a comparison  To do so markedly minimizes 
the  complication and observation  rates presented in this study 
of lesser duration than the control  Specifically  it minimizes 
the significance of the incidence to failure to cardiovert or 
defibrillate  of inappropriate VT VF therapy delivery  pocket 

v 



infection  explant  and erosion rates  Approximately half of 
the infection in the control was due to generator replacement at 
end of life  It clearly is misleading to compare this to the 
incidence of primary infection in the study population  In 
addition  I was unable to determine how the 4 1  failure to 
cardiovert or defibrillate that is presented by Medtronic was 
calculated from this article  

Regardless of their flawed scientific approach and manipulation 
of the historical data several important clinically relevant 
statements can be made based on the data provided by the company  

1  The patient population of the Ventak P is likely 
similar enough to the PCD Transvene study population to 
allow the comparison of carefully selected endpoints  

2  The one year actuarial survival from SCD in probably 
comparable between the PCD Transvene and the Ventak P 
Epicardial system  Regardless of the fact that 
survival distributions were not compared by an 
acceptable statistical method  eg  Mentel Haenszel   
the conclusion is probably a reasonable one  

3   The perioperative mortality of the PCD Transvene is 
comparable to the Ventak P patient population but not 
statistically lower  When all patients screened for a 
PCD Transvene are included into the study group  as is 
clinically appropriate  the perioperative mortality 
increases from 0 74 to 1 64 and is no longer 
statistically significantly different than the 2 7  in 
the Ventak P population which Medtronic chose as their 
comparison  

4  The PCD Transvene and the PCD Epicardial patient 
populations are likely similar enough to alloV the 
comparison of carefully selected endpoints  

5  The one year actuarial survival from SCD is probably 
comparable between the PCD Transvene and the PCD 
Epicardial system  Again however  survival 
distributions were not compared  

The comparison of spontaneous VT VF episode efficacy is so 
inconsistently performed and contradictory that no definite 
conclusions can be drawn from this analysis in my opinion  In 
addition  R R interval analysis is not accurate enough to make 
the bold claims of the high success rates of appropriate therapy 
that are made by the company  My overall impression is that this 
device delivers inappropriate therapy much more frequently than 
the 9 64 that the current method of analysis suggests  In other 
words  the device is over sensitive to avoid under detection  
Medtronic recognizes this and states that  the philosophy behind 
Medtronic s labeling recommendations and the practice of PCD  i 



investigators is to accept some over detection of non VT VF 
rather than risk under detection of a life threatening 
tachycardia   At this stage in the development of these devices 
this is a very reasonable approach  Therefore  the PCD Transvene 
is probably no more oversensitive than currently available 
devices but this has not been clearly established from the data 
in the PMA  

Of continued concern is the very high incidence of lead 
dislodgment  15 7  total  9 7  for SVC  10  for CS  with a 
reported lead related complication rate of 15 14  Recall that 
Medtronic defines complications as requiring invasive 
interventions to correct  This explains the 5 3  infection rate 
in the PCD Transvene patient population compared to the 2 54 in 
the PCD Epicardial system population  Re operation and 
repositioning of the lead contributes to the iatrogenic infection 
rate  This absolute difference is even more alarming when one 
considers that the mean follow up in the epicardial group was 
16 3 months compared to the lesser 11 7 months is the Transvene  
The infection related explant was 2 9  in the PCD Transvene 
patient population compared to 2 34 in the PCD Epicardial study 
and 2 4  in the Ventak P study  No statistical analysis was 
provided by Medtronic between these comparisons  

In response to FDA s deficiency letter  Medtronic has submitted 
data in an additional 234 patients which have been implanted with 
two  2  separate anchoring sleeves  These patients were not 
included in the 757 patients in the study population  186 
patients completed their one  1  month follow up and 49 completed 
a 3 month follow up  Reportedly  there has been only a single 
documented dislodgment  Additional follow up on these patients 
is needed  If prior to panel review  the follow up data appears 
favorable  changing the labeling to emphasize the need for the 
use of 2 anchori ng sleeves should be adequate  FDA should 
inquire as to the recruitment method used to obtain these 
additional 234 patients  It could be phrased in the foll owing 
question  

In reference to the 234 patients who received 2 anchoring 
sleeves  please explain how these patients were chesen  
For example  were they consecutive patients from selected 
institutions or were consecutive patients from all institutions 
represented  Are all patients currently undergo  ng implantation 
implanted with 2 anchoring sleeves  If not  why not and how are 
you assured that alternate ve methods are as effective as the two 
anchoring sleeve methed  

In summary  this collection of clinical data presented by 
Medtronic in support of their PMA has demonstrated the following  

1  In a similar patient population the PCD Transvene had 
an equivalent  1 year SCD survivorship when compared to 
the PCD epicardial system and the Ventak P systems  



2  A higher incidence of lead dislodgment and infection 
and probably infection related explant is present in 
the PCD Transvene PMA patient population when compared 
to controls  

3  No definite improvement in perioperative mortality has 
been demonstrated in the PMA population when compared 
to the Ventak P study population  

4  No definite conclusions can be drawn about the 
appropriateness or efficacy of spontaneously 
delivered VT or VF therapy  

The above conclusions can be summarized in the following question 
which can be posed to the panel  

Has Medtronic demonstrated in its clinical study that the 
increased ri sk of lead dislodgment and potential iatrogenic 
infection justifies a small but statistically insignificant 
decrease in perioperative mortality  

Lastly  I have a ------------ - oncern regarding the perioperative 
death of patient ----------------- This death was classified as Sudden 
Cardiac and rightfully so  however  even though the device was 
interrogated  we have not been told of the results of that 
interrogation  This information was to be provided to us with 
this submission but as with the last update Medtronic states  
 The results of this analysis are not available as of this 
submission but will be provided to the FDA  I suggest we 
require this information before the device is allowed to be 
reviewed by the panel  

If I may be of further assistance please do not hesitate to ask  

(b)(6)
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Memorandum 

January 25  1993 

To  Doris Terry  Reviewer  DCRND 

From  Jeffrey D  Jones  M D   F A C C   Medical Officer 

RE  Medtronic PCD Transvene  Clinical Review 

At your request I have reviewed the clinical data found in the PMA 
Amendment to the Nedtronic PCD Transvene System  I will first answer 
your specific questions but will then expand to a more general evaluation 
with specific comments  

In response to your questions regarding the data presented by the company 
concerning the patients that did not met the recommended defibrillation 
implant criteria but who received a device anyway  Apparently each 
individual investigator who implanted such a device was given the 
latitude to make such a decision if he she felt it was clinically 
appropriate  Reportedly  when the implant criteria could not be met but 
the patient was felt to be at increased risk for an arrhythmic death the 
device was subsequently implanted  Medtronic claims that regardless of 
the implant criteria that almost all of the patients had a 10 j safety 
margin  This  safety margin  has not been established in the literature 
by a well controlled prospective study  The reference sited by Medtronic 
on page 145 of the PMA does not discuss safety margins at all  It was 
however discussed in a subsequent reference of theirs  In addition  20 
patients had no DFT trial performed because they were judged to be in  poor condition   One could argue that if their general medical status 
was so poor that they could not undergo testing of the device then 
perhaps their short term survival was such that they should not have 
received the device at all  However  with such a high risk group of 
patients with a high likelihood of cardiac death perhaps it is acceptable 
to proceed in this fashion  It does unfortunately give the impression 
that Medtronic has little control over its investigators  Regardless  
the reported overall survival in this group is 97 4  This is presented 
on pg  153  We are not informed as to the average time of follow up and 
maximum time of follow up in these patients  

Therefore  my recommendations are as follows  We insist that Medtronic 
restrain investigators from implanting devices in patients that do not 
meet the implant criteria  This is not only bad science but it will 
decrease the actual patient population cohort that will be available and 
potentially prolong their study and subsequent approval  If Medtronic 
wishes to change their implant criteria they should ---- vide data to 
support their position  I spoke to -------- --- ------------ M D  who was 
recently appointed Chief of Cardiovascul--- -------------------- y at Baylor 
College of Medicine in Houston  He claims that no standard for 
dt s 
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recently presented at the NASPE Board Review Course in Cardiac 
Electrophysiology are based on his experience in electrophysiology  We 
need a more scientific approach  This burden should be placed on the 
manufacturer  I would also like to see up to date data on the overall 
survival between those meeting implant criteria and those patients not 
meeting implant criteria along with statistical analysis of those 
data  They should include the average and total time of follow up  

Medtronic uses three historical control study populations in evaluating 
the safety and effectiveness of the PCD Transvene  They utilize the 
Ventak P data  obtained through the freedom of information act  for 
comparison of patient characterists  clinical performance  and survival 
analysis  to include perioperative death   

The comparison is acceptable and favors the PCD Transvene in several 
ways  92  of VT s were successfully treated with anti tachycardia pacing 
and did not require further therapy  This represents an advantage with 
translates into better tolerance by the patient  My concern as explained 
below is that this figure may be artificially inflated  It requires that 
we assume that the attending physician is correct 100  of the time when 
he reports the device functioned properly after treatment  All that is 
available to the physician is the R R interval and it would be relatively 
easy to misinterpret SVT as VT  For this reason we should refrain 
Medtronic from boldly proclaiming 99   success rate  also see  4 and  5 
below   

Perioperative mortality was lower in the PCD Transvene population at 0 7  
compared to 2 7  with P   -------- DFT s were reported as similar although 
we are not told how Ventex P determined the DFT s  this is necessary to 
make an accurate comparison  

In addition to the specific questions you asked I would like to take this 
opportunity to comment in general on the presentation of the clinical 
data  A recurring difficulty I encountered was the presentation in table 
form of percentages when comparing two or more variables  It is very 
frequently unclear how these percentages are calculated  For example  in 
the table on pg  128 it is unclear how the  One Year SCD Survival  
percentages presented are calculated  They repeatedly place the burden 
on us to manipulate the numbers to achieve their percentages  In 
addition  an accompanying P value is often presented and again  it is 
unclear how this number is calculated  Frequently the number of patients 
is very small and representing this information as a percentage is 
misleading  eg  the number of patients in several categories followed for 
one year   In future submissions  all data presented as percentages 
should be accompanied by the number of patients so that the numbers can 
be easily verified and all P values can be easily confirmed by our 
statisticians  This would also allow us to easily add up all patients at 
a glance to confirm that all patients are accounted for and 
appropriately classified  

The general presentation of the data is also disorganized and very often 
redundant  I would suggest that for future submissions we insist on a 
clinical study mainframe for presentation of their data  For example  
all the clinical data is presented in a section called  Clinical Data  in 

(b)(4)



table form where all the information can be easily review and compared 
and all calculations confirmed  They should save their comments and 
conclusions for those specific sections  This would greatly reduce our 
review time  There were also several occasions in which I came upon a 
term that had not yet been defined and I had to  stumble  through the 
data until I eventually came upon a definition  eg  DFT and LED   A 
section entitled   Definitions  would have been helpful  We should 
insist on the same standards that a peer review journal would insist upon 
prior to publishing a manuscript  

In addition  when a manufacturer sites a specific reference and or author 
to support their position they should not only provide a copy of the 
reference but also highlight the pertinent portion of the document  This 
would greatly reduce our reviewing time and speed up the review process in general  I spent approximately 6 hours looking up references cited by 
the authors in this current clinical section  The librarian had to call 
several other libraries to find one particular reference which was 
subsequently faxxed to me  

To continue  I have several additional recommendations to make and 
specific questions to pose  

1  Pg  125   2 near the bottom of the page  It is unclear to me 
what a 2 1 VF sensing safety margin is  This is not defined  How is 
it determined and did the patients meet the criteria  

2  Pg  128  at the bottom of the table  How was  One 
year SCD 

Survival  calculated   We need the specific numbers and an explanation 
of patient classification  Was every patient that had a prior cardiac 
arrest regardless of the arrhythmia included   

3  Pg  129  end of paragraph 2  Do we know what the manufactures 
recommendations are that they reportedly give to institutions  that 
prefer to obtain DFT s during the implant procedure   

4  Pg  130  table  The manufacturer claims that there were 5362 
successful episodes of VT termination  On pg  131  paragraph 2  they 
claim that 25 patients experienced 45  0 8   episodes of sinus 
tachycardia or atrial fibrillation  Are these patients included in the 
success or failure category  They should not only clarify this but 
restructure the table to include a category of ineffective therapy with 
actual patient numbers and percentages  

5  As in  4 above  964 successful episodes of VF are reported but on 
pg  131 at the bottom they claim that 75 episodes were not VF  It 
appears to me that they count these episodes as successes when they 
should place them in the category of ineffective therapy  I would also 
like to know how they definitively confirm that an episode of VT or VF 
was definitely an episode  Is there a blinded third party interpreter of 
the interrogated retrieved events or is this based solely on the opinion 
of the attending physician   

6  Pg  136  Table H  There are a total of 38 patients who are 
inactive according to the chart but this does not correlate with the 34 



patients as listed in the paragraph above the table  
7  There should be a similar table for periopeative deaths as the 

one shown on pg  138  Perioperative deaths should be classified in chart 
form with numbers and percentages into sudden cardiac  non sudden cardiac 
and non cardiac deaths  I realize this is done in sentence form on page 
451 but it would lend itself to more efficient review and comparison if 
it was present with the rest of the clinical data  

8  Pg  139  The table at the top of the page relates a value for 
overall one year actuarial survival and again it is unclear how many patients actually were followed for a year  As I mentioned previously  
every percentage should have an associated number of patients so we may 
verify the calculations immediately and not spend unnecessary time trying 
to confirm their calculations  

9  Pg  151  The table compares the patients meeting and those not 
meeting implant criteria but again many percentages are presented without 
numerical support  

10  Pg  156  They claim that there have been no reported patients 
deaths in the patient group with a resultant one year sudden cardiac death survival and overall actuarial survival of 100   The real important data is the number of patients followed out this far  Does this also include perioperative deaths   

11  Pg  160  The DFT of the Ventak P is compared to the DFT of the 
Transvene but we are never told how the DFT of the Ventak P is determined  This is a worthless comparison without that knowledge  This 
mistake is repeated when the PCD Transvene is compared to the PCD Epicardial device in chart form on pg  171  

12  Pg  162  The chart lists a Fail to Cardiovert Defibrillate 
as 

0 8  but for the reasons I provided above this is a gross misrepresentation  If a patient survives an episode of inappropriate therapy it should not be class fied as a success  Again  tables of percentages are not acceptable without the numbers of patients in an adjacent column  

13  Pg  173  The chart lists efficacy of termination of spontaneous episodes of VT and VF  The chart should be modified to include the total number of episodes out of the total and a column on inappropriate therapy so that the percentages all add up to 100  in each column  
14  Pg 177  Again  the number of patients should be provided so that the percentages and calculated P Value can be confirmed  

In general  the comparison of the Transvene clinical data to data collected from three different historical sources gives the impression of 
manipulation to selectively compare in a manner aimed at maximizing the advantage of the Transvene  In the future  a single historical source should be used unless the manufacturer can convincingly argue to the contrary  Lastly  I would suggest that you obtain statistical input fr m 
our statistician in those areas that I have suggested above  
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REV1EW OF STATISllCIAN 

PMA  P 

YES NO 

Has this PMA been reviewed by a statistician  

Have all the concerns of the statistician been addressed  

If not  is there a memo in the file explaining why each of the 

statistician s concerns are not germane to this PMA  

Branc Chief 



Public Health Service 

DEPARTMENT OF HEALTH 5 HUMAN SERVICES Food and Drug Administration 

Memorandum 

Dee October 29  1993 

From Nathematical Statistician  T  C  Lu  HFZ 162 

Statistics Branch  Division of Biometric Sciences  OSB 

subject Statistical Review of PMA P920015 Panel Package  Medtronic 

Multiprogrammable Tachyarrhythmia Control System with Non thoracotomy 

Cardioversion and Defibrillation Electrodes  Medtronic  Inc  

To 

Doris Terry   HFZ 450 

Division of Cardiovascular  Respiratory  and Neurological Devices  ODE 

Through  Director  Division of Biomettic Sci OS  

Through  Chief  Statistics Branch  DBS  OSB 

In my July 9  1993 memo to you  I asked for the numerators and 

denominators used for the percent success  Table I l  page 233  Table 

1F 2  page 287 and Table 1F 4  page 290  PMA Amendment  March 26  1993  

for the treatment of spontaneous episodes  After thorough 

investigation  I have the following results  

Spontaneous VT X success 98 4X of Table I l  p  233 can be 

obtained from Table 8 1  p  110  June 11  1993   9864 10027 

98 4X  

Spontaneous VF X success 98 4  of Table I l  p  233 can be 

obtained from Table ID2 6  p 98  June 11  1993   1951 1982 
  

98 4X  

Spontaneous VT X success 99 0  after 12 months of follow up of 

Table 1F 2  p  287 can be obtained from Table ID3 1  p 78  Vol  2  

June 11  1993   6273 6338   99 0   

Spontaneous VF X success 98 6X after 12 months of follow up of 

Table IF 2  p  287 can be obtained from ID3 1  p  78  Vol  2  June 

11  1993   1090 1105   98 6X  

I couldn t locate the section or table to address 6 months of follow up 

for spontaneous VT and VF X success  

Table IF 4  p  290  March 26  1993 agrees with the table in the June 11  

1993 panel package  

If you have any questions concerning this memorandum  please contact me 

at 594 0627  

T  C  LL1 

cc  Thomas J  Callahan  Ph D  HFZ 450  

Donald F  Dahms HFZ 450 

Lynne A  Reamer HFZ 450 

PNS Group HFZ 402 

Medical Device File 

Board File 
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  Ju3 y 9  1993 

From mathematical Statistician  T  C  Lu  HFZ 162 

Statistics Branch  Division of Biometric Sciences  OSB 

Subject Statistical Review of PMA P920015 Panel Package  Nedtranic 

Multiprogrammable Tachyarrhythmia Control System with Non thoracotomy 

Cardioversion and Defibrillation Electrodes  Medtronic  Inc  

To 
Doris Terry   HFZ 450 
Division of Cardiovascular  Respiratory  and Neurological Devices  ODE 

Through  Director  Division of Isometric Scien OS  

Through  Chief  Statistical Branch  DBS  OSB 

 gMu3L4 

The original PNA was submitted in April 1992  Amendment two wss 

submitted for reviev in Narch 1993  The purpose of this memo is 

to review the response from the sponsor to the deficiencies stated 

in the FDA letter and in the telephone conference call held on 

July 7  1993  Information provided in this panel package includes 

clinical experience of 757 patients through February 1  1993  

2  e 

2 1  Cox Regression 

This reviewer wants the sponsor to provide a description of 

the computer program  including data input and output  and 

the decision criteria used to support the sponsor s claim 

that primary indication and gender do net impact survival  

Sponsor stated that  Appropriate data will be submitted in 

the panel volumes to address this issue  in x epponm ta 
--- ---- ----- hone conversation  the 

sponsor stated that ------ ----- was used for survival 

curve comparison  but the ------------ test was used for 

testing the equality of survival curves   Table 1D2 10  

page 76   

2 2  Actuarial Survival 

In my March 10  1993 memo to you  I asked for the number of 

deaths  number at risk for trans ene and epicardial by month 

intervals  0 3  3 6  6 9 and 9 12   Sponsor claims that 

Table 1B1 5  page l7  Patient Comp iance  will serve this 

purpose  The coepliance rate is very high  according to 

this table  However  to use this pstient compliance table 

for survival analysis would be misleading  because it does 

not give survival probability  Sponsor said they will fax a 

copy of their survival curve graphical comparison  

(b)(4)
(b)(4)



Doris Terry 
2 

2 3  Percentage Success 

This reviewer needs to review the numerators and the 

denominators used for the percent success  Table I l  page 

233  Table 1F 2  page 287 and Table IF 4  page 290  for the 

treatment of spontaneous episodes  Sponsor pointed out that 

those numbers are located in other sections of the panel 

package  

2 4  P values 

The sponsor was asked to address the calculation of the p  

values reported in Table 2 165  page 24  I calculated the 

p values and obtained different values ----- --- se reported 

by the sponsor  Sponsor claimed that ------ ------ Li e test was 

used for the calculation  Subsequently  a computer output 

was faxed to me by the sponsor for review  

3  Conclusion 

In my previous memos to you  I raised questions about the safety 

and effectiveness of the device  My telephone conversation with 

the sponsor certainly helped to answer some of these questions  

The safety and effectiveness of the device should be evaluated 

from a clinical perspective  

g C 
T  C  LD 

cc  Thomas J  Callahan  Ph D  HFZ 450 

Donald F  Dahms HFZ 450 

Lynne A  Reamer HFZ 450 

Medical Device File 

Board File 

v  

(b)(4)



DEPARTMENT OF HEALTH  k HUMAN SERVICES 
Public Health Service 

Memorandum 

Nay 10  1993 

Mathematical Statistician  T  C  Lu  HFZ 162 

Statistical Branch  Division of Biometric Sciences  OST 

Statistical Review of PNA P920015 Amendment  Medtronic Nultiprogrammable 

Tachyarrhythmia Control System with Non thoracotomy Cardioversion and 

Defibrillation Electrodes  Medtronic  Inc  

To 
Doris Terry   HFZ 450 

Division of Cardiovascular  Respiratory  and Neu 1 gical Devices  ODE 

Through  Director  Division of Biometric Scie s OS  

Through  Chief  Statistical Branch  DBS  OST 

1  Bagj  iund 

The Nedtronic Pacer Cardioverter Defibrillator 
 PCD  is an 

implsntable  multiprograrnmable  autoraatic tachyarrhythmia control 

device  This device is used for treatment of patients at risk of 

sudden cardiac death due to ventricular tachycardia  VT  and or 

ventricular fibrillation  VF   The original PHA was submitted in 

April 1992  Amendment One was submitted in September 1992  

Amendment Two was submitted for review in March 1993  The purpose 

of this memo is to review the response from the sponsor for the 

deficiencies stated in the FDA letter  Information provided in 

this amendment incIudes clinical experience of 757 patients 

t hrough February 1  1993  

2  Reviewe 

2 1  Historical Control 

Sponsor compared the PCD transvene system  treatment group  

clinical experience to the reported PCD epicardial system 

 control group  clinical experience  Sponsor argued that 

patients were enrolled in the two studies concurrently and 

patients  indications  implant criteria and clinical data 

requirements were identical for the two patient groups  

But  in Table 2 7  comparison of patient characteristics  

PCD transvene system versus PCD epicardial system  as of 

February 1  1993  page 19  gives different -------- ation  ----  

p values for sex and primary indication  --------- and --------- 

respectively  are statistically significantly different  

Therefore  the sponsor s argument that the two groups are 

compatible is not correct  

(b)(4) (b)(4)



Doris Terry 
2 

2 2  Co  Regression 

Sponsor stated  on pages 12 and 90  that   Cox regression 

analysis was performed to see what effect gender  primary 

indication and system implanted  PCD transvene or PCD 

epicardial  had on survival outcome  This analysis showed 

that for overall survival at one year  the system implanted 

had an influence on the probability of survival but gender 

and primary indication had no influence   This reviewer 

would like to see the detailed evidence to support this 

claim  including the computer program  input  output and 

decision criteria  

2 3  Confidence Interval Analysis 

Sponsor compared the PCD transvene system and Ventak P 

epicardial system and claimed a statistically significant 

difference in one year overall survival between the PCD 

transvene and AICD epicardial system  using confidence 

interval analysis  pages 13 and 256  This reviewer asked 

for this information in my December 16  1992 memo to you and 

I would like to ask again for the computation of this 

confidence interval  

2 4  Actuarial Survival Comparison I 

Table 2 16  page 24  depicts the actuarial survival of PCD 

transvene vs  PCD epicardial  This reviewer would like to 

see a more detailed Table such as this  

Transvene 

0 3 

3 6 

6 9 

No dead o at risk 

No dead o at risk 

No dead o at risk 

Epicardial 

No dead No at risk 

No dead No at risk 

No dead No at risk 

No dead No at risk No dead o at risk 

Then use the Mantel Haenszel Chi square test to compute the 

p value for association between transvene and epicardial 

survival  Sponsor didn t discuss how the p values in Table 

2 16 were derived  it looks as if the binomial distribution 

was used for the computation  Sponsor should address this 

issue  

2 5  Please discuss the similarities differences between Table 2  

12  page 22  and Table 3 3  page 27   



Doris Terry 
3 

2 6  Survival Probability I 

Sponsor stated  on page 43  that the survival probabilities 

are calculated using a life table survival analysis  For 

verification of survival probabilities  the data necessary 

to do calculations are available upon request  This 

reviewer would like to see this data set and the computation 

procedure  

2 7  Please discuss the similarities differences between  one  

year actuarial survival  of Table 1K 4  page 43  and Table 

8 5  page 51   This reviewer would like to see the 

numerators and denominators actually used to derive the one  

year actuarial survival shown in Table 8 5  

2 8  Survival Probability II 

Sponsor stated  on page 83  that   Presentation of the 

number of patients does not allow calculation of the 

survival probability  Therefore  a data set will be 

available upon request if you desire to verify the survival 

probability   This reviewer would like to see this data set 

and the computation procedure  

2 9  Actuarial Survival Comparison II 

Table 1M 10  page 84  depicts the comparison of actuarial 

survival  transvene vs epicardial as of June 24  1992  

Again  this reviewer would like to see the data set and the 

-----  procedure actually used to derive the p values  

2 10  NYHA Classification 

The p va---- -or the NYHA classification in Table IV C  page 

88  is -------- as computed by the sponsor  Based on the data 

----------- in this table  the reviewer calculated a p value of 

--------- Sponsor should address this difference in p values  

2 11  Early Device Explant 

There were four patients in whom the PGD device was 

explanted due to reasons other than death  infection or 

heart transplant  Analysis of one explanted PCD device 

indicated a random device failure in the microprocessor and 

low power hybrid  Another patient experienced a power on 

reset  FOR  condition  see page 100  Please submit the 

other two results for review as soon as the results are 

available  

(b)(4)

(b)(4)

(b)(4)
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2 12  Lead Dislodgement  

Lead dislodgements are reported as 

complications observations in Table 27 2  page 103   The 

sponsor should justify his choice of thirty  30  days as a 

cutoff  

2 13  Pooling 

There are seventy eight  78  investigative centers 

participating in the clinical trial with thirty five  35  

domestic centers and forty three  43  foreign centers  

Please justify pooling all seventy eight centers together  

2 14  Follow up Presentation 

Table E 2  page 215  depicts the PCD transvene system 

follow up  This is not an adequate presentation of the 

follow up data  As I requested in my April 23  1992 memo  

the sponsor should refer to page 93  Table 4 6  in 

 Statistical Methods for Survival Data Analysis  by Elisa 

Lee for a more proper life table analysis  Sponsor should 

also discuss the reasons why some patients dropped out of 

the follow up study  i e   either withdrawn alive or lost to 

follow up  

2 15  Actuarial Survival Comparison III 

Table 11 2  page 231  depicts the PCD transvene system one  

year actuarial survival as of 2  1 93  Again  this reviewer 

would like to see the actuarial survival table stratified by 

every month  similar to that in Section 2 4 above  Sponsor 

also stated  this table included the projected one year 

survival calculations for patients who ultimately received a 

PCD transvene system       Please explain in detail the 

projected one year survival calculations  

2 16  Data Summary by Primary Indication 

Sponsor provided PCD transvene system data summary by 

primary indication as of 2 1 93 in Table I l  page 233   

This reviewer would like to see the numerators and 

denominators for percent success from treating spontaneous 

VT and spontaneous VF  Sponsor provided similar information 

in Table IF 2  page 287  and Table IF 4  page 290   
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2 17  Follow up Evaluations 

Sponsor indicated  on page 284  that clinical data were 

collected for follow up evaluations at 1 and 3 months post  

implant and at 3 month intervals  Please provide all of 

this information 

2 18  P values for Actuarial Survival 

This reviewer calculated the p values in Table 2 16  page 

24  as follows  

P Values 

S onsor Rev ewer 

Sudden Cardiac 
Non Sudden Cardiac 

All Cardiac 
Non Cardiac 
Overall 

------- 
------- 
------- 
------- 
------- 

--------- 
--------- 
--------- 
--------- 
--------- 

3  Conclusion 

The sponsor needs to adequately address all issues raised in 

Section 2 above  mainly actuarial survival and follow up  before 

the safety or effectiveness of the PCD transvene system relative 

to the PCD epicardial system can be evaluated from a statistical 

perspective  

T  C  LU 

cc  Abhijit Acharya  Ph D  HFZ 450 

Donald F  Dahms HFZ 450 
Lynne A  Reamer HFZ 450 
Medical Device File 

Board File 

(b)(4) (b)(4)
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DBPARTMENT OE HEALTH 8  HUMAN SERVICES Public Health Service 

titla Memorandum 

Date  December 16  1992 

From Mathematical Statistician  T  C  I u  HFZ 162 

Statistical Branch  Division of Siometric Sciences  OST 

Subject Statistical Review of PMA P920015 Amendment  Medtronic Multiprogrammable 

Tachyarrhytheia Control System with Non thoracotomy Cardvieversian and 

Defibrillation Electrodes  Hedtronic  Inc  

To 
Doris Terry   HFZ 450 

Division of Cardiovascular  Respiratory  and Neurological Devices 

Through  Director  Division of Sfoeetric Sciences  OST Q IY 

Through  Chief  Statistics Branch  DBS  OST 
iffy 

1   h aC 

Per out telephone conversation on December 7  1992  you requested 

a statistical review of this PMA amendment  This amendment was 

received at FDA on September 21  1992  I wasn t notified of any 

action until Deeeaber 7  This amendment was sent to me on 

December 8  1992  You indicate that you would like to receive my 

comments before Deceeber 18  1992  With the limited time frame  I 

can only concentrate on the sponsor s response to the deficiency 

letter dated August 6 from FDA to the sponsor  

2  v e   gPeg3  

2 1  Item 21  Sponsor provided the p values for Tables IU B and 

IV C of the original PMA  This reviewer recomputed the p  

values and found them identical to those of th-- - ponsor s  

How------ there is a problem  sample sizes are --- for 7216A 

and ----- for 7217B  With such a large difference in sample 

size  this vill cause very low statistical power  then the 

small difference is very difficult to detect  

2 2  Table 1V C shows comparisons of patient variables for the 

three lead systems  All the p values computed by this 

reviewer is identical to those of the sponsor s  The total 

numbers of patients of primary indication are 329 for 

RV SVC SQ  of which 187 for SCD  114 for VT  and 2  for 

SC--------- which are not in agreement with a total sample size 

of ----- ------ ------- ----- --- ----------- The sponsor provided p  

values for vaxiables tested --- ------  IV C  The hypothesis 

was not clearly stated  After recomputing the p values 

listed in the table  all are in agreement except primary 

indicatio--- The chi square test of this data set  computed 

using ----------- computer software  yield a p value of nearly 

0  which is ----- different from that of sponsor s computed 

p value of -------- 

V 

(b)(4)
(b)(4)

(b)(4)

(b)(4)

(b)(4)
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2 3  The sponsor  for the purpose of justification of data 

pooling and data analysis of Table IV C  adjust the multiple 

statistical significant difference at 0 05 significance 

level using Hochberg procedure  Dunnett   Tarnhoue  A Step  

up Multiple Test Procedure  Journal of the American 

Statistical Association  March 1992  87 162 170   Although 

this is a published  peer reviewed article  the sponsor s 

multiple test adjustment procedure is not widely accepted by 

the biostatistical and clinical community  

2 4  

Item 25  The sponsor compared the end points of the two 

devices  Sponsor claimed that confidence interval analysis 

was performed but that confidence interval was not given  

Confidence interval should be computed by the sponsor to 

support this claim  

Sponsor provided a table for the comparison of patient 

characteristics  PCD versus ventak P  I have two questions 

about Table XB 1  Page 378  Vol  2  

 i  The total numbers of patients of primary indication  291 for 

Ventak P  49 for SCD  169 for VT  and 73 for SCD VT  are not 

equal to the total number of patients of Ventak P of 292  

 ii  A chi square test of primary indication  using ----------- 

computer software  yield a p value of nearly 0  This is 

statistically significant  indicating that PCD and Ventak P 

are significantly different  

The inclusion and exclusion criteria for patients of PCD and 

AICD studies are not discussed by the sponsor  

C 

The sponsor needs to adequately address the issues raised in Section 2 

above before the safety and effectiveness of the PCD transvene system 

can be evaluated from a statistical perspective  

 3 C R 
T  C  L11 

cc  Abhijit Acharya  Ph D  

Donald F  Dahms 
Lynne A  Reamer 
PMS Group 
DCC 
Medical Device File 
Board File 

HFZ 450 
  eFz ssof 

HFZ 450 
HFZ 402 
HFZ 401 

(b)(4)



   

 rjc DEPARTMENT OF HEALTH L HUMAN SERVICES 
Public Health Service 

lVlemorandum 

ApriI 23  1992 
Date 

Mathematical Statistician  T C  Lu  HFZ 162 

Statistical Branch  Division of Biometric Sciences  OST 

Statistical Review of PMA P9200I5  Medtronic Nultiprogrammable 

Subject Tachyarrhythmia Control System with Non thoracotomy Cardioversion and 

Defibrillation Electrodes  Medtronic  Inc  

To Doris 
 Terry HFZ 450 

Division of Cardiovascular  Respiratory  and Neurological Devices 

Through  Directcr  Division of Biometric Scient es  OST  i    g  c Est    

Through  Chief  Statistical Branch  DES  OST 

1  Ba  k round 

The Medtronic Pacer Cardioverter Defibrillator 
 PCD  is an 

implantable  multiprogrammable  automatic tachyarrhythmia control 

device  This device is used for treatment of patients at risk of 

sudden cardiac death due to ventricular tachycardia  VT  and or 

ventricular fibrillation  VF   

2  eviewer s Co ents 

2 1 Pooling 

There are a total of 319 implants in 317 patients of the PCD 

device  A total of 52 investigative centers participated in 

the clinical trials with 20 centers in the U S  and 32 in 

foreign countries  In Vol 5  p 646   p 650  a section was 

devoted to the justification for data pooling  Sponsor 

performed a comparison of U S  and foreign patients and 

summarized the variables tested in TabIe IVA  Sponsor first 

combined and then compared all the data in U S  centers and 

in foreign centers  However  much information was lost in 

these gross combinations  The initial design with centers 

nested within countries was reduced to a two way 

classification  This is not good statistical practice  
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This reviewer recomputed all the p values listed in Table 

IVB and IVC  they were all found to be correct  except for 

the following  

Table IVC 

p value  sponsor  
NYHA 

Classification 

Congestive Heart 
Failure 

Cardiomyopathy 

2 2 Patient follow up 

p value  reviewer  

-- ----- ------- 

--- ----- ------- 

------- ------- 

I I 

I   

j i  i 

g ypz H 

Table E 2  p  34  vol  1  shows the follow up time by type 

of data form  This is not an ade uate resentation of the 

follow up data  Sponsor should refer to p  93  Table 4 6  

in tatistical Methods for Survival Data Analysis  by Elisa 

Lee for a more proper life table analysis  Sponsor should 

also discuss the reason why some patients dropped out of the 

follow up study  either withdrawn alive or lost to follow  

up  For example  there are 224 patients at 1 month and only 

154 patients at 3 months  Please explain the difference of 

70 patients during this 2 month period 

2 3 PCD transvene system compared to AICD Epicardial System 

clinical experience 

For the comparison of complication observation rates for PCD 

vs AICD  as reported in Table IL 1  p634  vol 5  I have the 

following comments  

2 3 1  Please provide the numbers of complications and patients for 

P D and AICD  

2 3 2  Please provide the clinical success failure criteria used 

for  Failure to Cardiovert Defibrillate and 
Inappropriate Problematic VT VF Therapy Delivery   

2 3 3 V I am concerned that pocker  infection is 3 5X for PCD as 

compared to 2 2X of AICD  even though the sponsor argues 

that the PCD System implant procedure requires multiple lead 

configurations  There are other  lead related  
complications as reported on Table Xl Fl and F2  F857  Vol  

5  PCD Transvene System has more  lead related  
complications than PCD Epicardial System  

gQj lV g    
   j 

l   

(b)(4) (b)(4)
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2 4  One year actuarial survival comparison of mortality between 
the PCD and AICD systems was discussed on p  842  Vol  5  
Sponsor stated  there was a statistical differe---- in the 
reported  AICD  perioperative mortality  p   -------- with the 
PCD Transvene System having a lower reported perioperative 
mortality   I have the following comraents concerning this 
statement  

2 4 1    What statistical test was used to compare survival  

2 4 2 v Please provide the two survival or life tables by year of 
follow up  so that this reviewer can reproduce the 
statistical test and the derived p value  

2 5  Comparison to PCD Epicardial System  

P values for one year survival comparison of PCD Transvene 
System vs  PCD Epicardial System for freedom from death by  sudden cardiac    non sudden cardiac    all cardiac  and  noncardiac  causes are provided in Table Xl G 2  p  862  
Vol  5  also Table J 2  p  54  Vol  1  The sponsor should 
discuss the statistical techniques used to derive the p  values  

2 6  PCD device longevity data  

 J 
   

ji  

Sponsor stated in Section M 1  p  66  Vol  1   Thus  the PCD 
device longevity  which is monitored  utilizing battery 
voltage and change time obtained via telemetry  was 
analyzed  The PCD device longevity data collected is 
consistent with the longevity projection   This reviewer 
needs to see the data and statistical test used to support 
the above statement  

3  ev ewer s Conclusion 

The sponsor needs to adequately address the issues raised in Section 2 above before the safety and effectiveness of the PCD Transvene System can be evaluated from a statistical perspective  

C 
T  C  L1L 

cc  Abhijit Acharya  Ph D  HFZ 450 
Donald F  Dahms   HFZ 450 
Lynne A  Reamer   HFZ 450  
PMS Group   HFZ 402 
DCC   HFZ 401 
Medical Device File 
Board File 

(b)(4)



DEPARTMENT OF HEALTH 4 HUMAN SERVICES Public Health Service 

Memorandum 
april 7  1992 

Date 

Mathematical Statistician  G  Kamer  HFZ 162 
From Statistics Branch  Division of Biometric Sciences  OST 

Subject 
PMA Review Statistical Checklist Recommendations for PMA P920015  
Medtronic Multiprogrammable Tachyarrhythmia Control System with Non  
thoracotomy Cardioversion and Defibrillation Electrodes  Medtronic  Inc  

To Donald F  Dahms   HFZ 450 
Division of Cardiovascular  Respiratory  and Neurological Devices 
Through  Director  Division of Biometric Sciences  OST 
Through  Chief  Statistics Branch  DBS  OST 

The Statistics Branch  DBS  OST has received the PMA referenced above 
and evaluated it against the attached PMA Review Statistical Checklist  
The failures to provide justification for sample size or pooling of data 
over investigational sites were the only non serious omissions of a 
statistical nature  Therefore  we recommend this PMA be filed  We will 
now begin an in depth statistical review of this PMA  This review 
should be completed and our comments sent to you within 30 days  If you 
have any questions  please contact me at 227 8629 or the statistical 
reviewer  T  C  Lu  at 227 8627  The omissions found are from the 
Clinical Investigations Section of the checklist and are stated below 
for your information  

eW  NWiDIliiIHIRKW45 1  This submission does not include any acceptable 
justification of sample size  Please provide a 
complete description of your sample size 
determination  This should include effect criteria  
alpha and beta statistical error tolerances  
anticipated variance of the response variables  and 
any assumptions or statistical formulae with 
references that are required for sample size 
determination  

2  This submission does not include any justification 
for pooling  combining  the patient data over site  
Please review and analyze your prognostic variables 
to provide a detailed justification why the data may 
or may not be pooled for evaluation  Note that an 
analysis by site is always necessary in any case  

Gary L  Kamer 
cc  Abhijit Acharya  Ph D    HFg 450 

Lynne A  Reamer   HFZ 450V 
Doris J  Terry   HFZ 450 
T  C  Lu   HFZ 162 
Mel Seidman   HFZ 162 
PMS Group   HFZ 402 

DCC   HFZ 401 
Medical Device File 
Board File 

ib 
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PMA REVIEW STATISTICAL CHECKLIST 

Yes No Cornrnent 

I  Organizational and Adrainistrative 
Elements including Table of Contents 
with volume and page numbers 

II  Summary of Safety and Effectiveness 

A  Indications for use 
 B  Claims for the device 
C  Summary of studies 

III  Clinical Investigations 

A  Protocol 

l  included 
2  adhered to 
3  deviations described 

B  Patient Accountability 

  
  DWM eW bfi 

1  patient inclusion  
exclusion criteria 

2  follow up schedule 
3  study period completed 
4  all patients accounted for 

J 

J    d  
SW   

g  ll  

C 1    C  Description of Safety and 
Effectiveness Parameters CV   

o   1  safety 
2  effectiveness 

sensitivi 
ty 

C  

d  
e  r o 
f  t 

ositive 
negative 
ucibility 

ility 
8   it 

D  Documentation of Statistical 
Analysis and Results 

c     

1  control  comparison  
g ZOLlp 

gg c diem  A CD 

4 Pcs 
2  sample size justified 
3  hypothesis test stated 
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Yes No Comment 

4  potential of bias adequately 
evaluated 
a  randomization or 

blinding techniques 
b  descriptive and stratified 

analyses 
 1  patient demographics 
 2  investigator 
 3  site 
 4  surgical technique 

5  pooling of data justified 
6  statistical test given 
7  clear presentation of data 
8  statistical results stated 
9  statistical conclusions 

drawn from results 

R 

vs 

p  i w 

 z  g 
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DEPARTMENT OF HEALTH 6  HUMAN SERVICES 

Jj 
Public Health Service 

Food and Drug Administration 

1390 Picxard Drive 

Rockville  MD 20B50 

Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 

Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  Minnesota 55432 3576 

SEP 2 3 1993 

RE  P920015 
Medtronic  Transvene  Lead System 

Filed  ApriI 1  1992 
Amended  August 27  September 21  October 27 and November 5  1992  

March 29  June 2  14  and July 9  1993 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 

Administration  FDA  has completed its review of your premarket approval 

application  PMA   The Circulatory System Devices Panel which also reviewed 

your PMA  recommended to CDRH at the August 2  1993  paneI meeting that the 

PNA be considered approvable  CDRH is pleased to inform you that the PMA is 

approvable subject to your submission of the following  

1  The labeling should be modified to incIude the following directions 

for use  

a  diagrams which demonstrate the proper insertion technique and 

final anatomic position of the intravascular leads and the Sub Q 

patch  

b  defibrillation efficacy data on the different lead 

configurations  various polarity combinations and sequential 

versus simultaneous discharges  

c  information and or recommendations regarding specific 

implantation techniques and methods of testing the different 

configurations  For example  when is it recommended to use a 

two lead configuration versus a three lead configuration  when to 

implant in the superior vena cava  SVC  versus the coronary sinus 

 CS   and how the  nest advantageous position of the Sub Q patch 

is determined  

d  information or reconunendations  based on your experience  

regarding implantation in patients who do not have at least a 10 

Joule safety margin  

e  information aimed at reducing the incidence of infection  

f  instructions stressing the importance of pausing between 

inductions of ventricular fibrillation  VF  at the time of 

implantation for at least a specified period of time in order to 



Page 2   Jennifer M  Marrone 

decrease morbidity and mortality  The comments and the pause 
duration suggested should be based on the experience of the 

primary investigators in your study  

g  information regarding the change in defibrillation thresholds 

that one may expect with tine as based on the experience of your 

investigators in your study  

h  guidance and techniques for separating permanent pacemaker leads 

from the Transvene  leads to minimize the interaction between the 

two devices  and diagnestic methods which can be eeployed at 

implant or predischarge to confirm the absence of adverse 

interaction  

i  a statement which emphasizes the need for x rays and pace sense 
threshold testing at follow up to check for lead dislodgenent  x  

rays should be done at 3 month intervals for 1 year   

j   information regarding techniques for placing the leads via the 

cephalic vein when possible  and 

k  an explanation regarding the necessity for explant and return of 

the leads upon the patient s death  

2  The labeling should be modified to include the following warnings  

a  a statement that the Sub Q patch lead is not for use on the 

pericardium or epicardium  because it is too inflexible to be 

used as such  

V 

b  stronger and more specific language regarding the use of dual 

anchoring sleeves on the right ventricle  RV   SVC  and CS leads  

Based on the experience of your investigators  please describe 

the techniques used to fixate the lead at the insertion into the 

vein to minimize dislodpnent  and 

c  information which states that after extensive VF inductions at 

implant testing with the nonthoracotorny lead system  serious 

consideration should be given to delaying the thoracotomy for at 

least 2 days  Please include a statement which states that the 

clinical data showed that when a thoracotomy was performed 
imnediately after testing  the perioperative mortality rate was 

increased from 0 7 to 9 3 percent  

3  In addition you should note the following  

a  The indications and contraindications for use of the Medtronic  

Transvene  Lead System must be identical  except for certain 

modifications which pertain to the Transvene  Leads and those 

described below  to those for the PCS Epicardial System  Please 

change your second indication to read  Poorly tolerated  
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sustained ventricular tachycardia and or fibrillation which 

recurs spontaneously or can be induced despite the best 

antiarrhythrnic drug therapy  Please also include the following 

statement in your indications section  

Note  The clinical outcome of hemodynamically stable  sustained 

VT patients is not fully known  The safety and effectiveness of 

the PC   Transvene System in this subgroup of VT patients has not 

been determined  

b  The technical manuals for the Transvene  Leads must state that 

the leads are for use together as a system  The labeling  where 

appropriate  must be consistent in all of the Transvene  Lead 

manuals  The information regarding the Transvene  Leads in the 

PGD  Manual must also be included in the Transvene   Lead manuals  

c  There should be an identifying mark on the package label which 

distinguishes nonthoracotomy leads from thoracotomy leads  

d  The Warnings and Precautions in the labeling must be identified 

and reported separately according to FDA s Blue Book Memorandum 

of March 8  1991   a copy of this memorandum was previously sent 

to you   

4  Provide a copy of the Patient s Manual which includes a reference to 

use of the non thoracotomy leads with the PCS models  

The PMA must be amended to include your concurrence with  or suggested 

revision of  the enclosed  Conditions of Approval for Implantable 

Defibrillators and Progranuners   

The condition that the sale  distribution and use of this device are 

restricted to prescription use in accordance with 21 CFR 801 109 within the 

meaning of section 520 e  of the Federal Food  Drug  and Cosmetic Act  the 

act  under the authority of section 515 d  1  B  ii  of the act  

The device is further restricted within the meaning of section 

520 e  under the authority of section 515 d  l  B  ii  insofar as 

the approved labeling specifies the requirements that apply to the training of 

physicians who may use the device  
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In addition to the above  an FDA inspection must find that the manufacturing 

facilities  methods and controIs comply with applicable device Good 

Manufacturing Practice Regulations  21 CFR Part 820   If applicable  amend 

the PMA to include required manufacturing information net previously 

submitted  

This is to advise you that  following receipt of an approvable letter  an 

applicant is required by 21 CFR 814 20 e  to update its pending PMA with new 

safety and effectiveness inforraation learned about the device from ongoing or 

completed studies that may reasonably affect an evaluation of the safety or 

effectiveness of the device or that may reasonably affect the statement of 

contraindications  warnings  precautions and adverse reactions in the draft 

labeling  This updated reporting is limited to studies sponsored by the 

applicant or to which the applicant has reasonabIe access  The update report 

shalI be consistent with the data reporting provisions of the protocol  Any 

update report shall be submitted in three copies as an amendment to the PMA 

and shall include the FDA reference number assigned to the PMA  

CDRH wall issue an approval order after the requested information has been 

reviewed and determined to be acceptable  You may not begin commercial 

distribution of the device until you have received an approval order  

As provided by 21 CFR 814 44 e  2   you may amend your PNA as requested  or 

withdraw it  or you may treat this letter as a formal denial of approval  If 

you choose the latter  you may request administrative review  either through a 

hearing or review by an independent advisory committee  under section 

515 d  3  and 515 g  of the act by filing a petition with the Food and Drug 

Administration  Dockets Management Branch  HFA 305   Roon 1 23  12420 Parklawn 

Drive  Rockville  Maryland 20857  within 30 days of the date you receive this 

letter  A petition for administrative review must be submitted in accordance 

with general administrative procedures for submission of documents to the 

Dockets Management Branch  21 CFR 10 20  and in the form of a petition for 

reconsideration  21 CFR 10 33   After reviewing the petition  FDA wi11 decide 

whether to grant or deny the petition and will publish a notice of its 

decision in the FEDERAL REGISTER  If FDA grants the petition  the notice will 

state the issues to be reviewed  the form of the review to be used  the 

persons who may participate in the review  the time and place where the review 

wi11 occur  and other details  

The above requested information must be submitted in the fore of an amendment 

  copies   Unless you amend this PMA to request an extension  ard the 

extension is approved  FDA will consider the PNA to have been wit2idrawn 

voluntarily if you fail to respond in writing to this request for an amendment 

within 180 days of the date of this letter as provided under 21 CFR 814 44 g   

Any request for an extension must be submitted within the 180 day period  

justify the need for the extension  and provide a reasonable estimate as to 

when the requested information will be submitted  
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All amendments to the PMA must be submitted in triplicate to the address below 
and shall reference the above PMA number to expedite processing  

PNA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

In addition  under Section 522 a  of the act  manufacturers of certain types 
of devices identified by the act or designated by FDA are required to conduct 
postmarket surveillance studies  FDA has identified under Section 
522 a  1  A  the above noted device as requiring postmarket surveillance  

Upon approval and within thirty  30  days of first introduction or delivery 
for introduction of this device into interstate commerce you will be required 
to submit to FDA certification of the date of introduction into interstate 
commerce  a detailed protocol which describes the postmarket surveillance 
study to include the evaluation of the explanted leads for evidence of metal 
ion oxidation  MIO   and a detailed profile of the study s principal 
investigator that clearly establishes the qualifications and experience of the 
individual to conduct the proposed study  For your information  general 
guidance on preparing a protocol for a postmarket surveillance study is 
enclosed  

At that time you should submit five  5  copies to  

Postmarket Studies Document Center 
Room 408  HFZ 107  
12720 Twinbrook Parkway 
Rockville  Maryland 20852 

Within sixty  60  days of receipt of your protocol  FDA will either approve or 
disapprove it and notify you of the Agency s action in writing  Do isot 
undertake a postmarket surveillance study without an FDA approved protocol  

Failure to certify accurately the date of initial introduction of your device 
into interstate commerce  to submit timely an acceptable protocol  or to 
undertake and complete an FDA approved postmarket surveillance study 
consistent with the protocol  will cause your product to be misbranded and 
could lead to the imposition of civil money penalties or other regulatory 
actions  Ariy distribution of a misbranded device is a violation of the act 
and may result in a number of FDA enforcement actions  including  but not 
limited to  withdrawal of your PHA  

If you have questions concerning postrnarket surveillance study requirements  
contact Postmarket Surveillance Studies Branch at  301  594 0639  

Finally  on August 16  1993  the Final Rule for Device Tracking was published 
in the FEDERAL REGISTER  pages 43442 43455  enclosed  FDA is required to 
provide notice to PMA applicants in an approvable letter that their device is 

as  
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subject to the regulation  Therefore  be advised that under Section 519 e  of 
the act  FDA has identified the above device as a device which requires 
tracking  You are required to adopt a method of tracking that follows the 
devices through the distribution chain and then identifies and follows the 
patients who receive them  The specific requirements of the regulation are 
found in 21 CFR 821 as described in the August 16  1993  FEDERAL REGISTER 
beginning on page 43447  

If you have questions concerning this approvable letter please contact Doris 
Terry at  301  594 2018 or Arnold Alpert  Ph D   at  301  594 2186  

Sincerely yours  

i 

usan Alpert  Ph   M D  
Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 

Enclosures 
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Food and Drug Administration 
1390 Piccard Drive 

Rockville  MD 20850 

Me 1v in 
Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  Minnesota 55432 3576 

RE  P920015 
Transvene  Lead System 
Filed  April 1  1992 
Amended  September 21  1992 

Dear Ms  Marrone  

The Center far Devices and Radiological Health  CDRH  of the Food and Drug 
Administration  FDA  has completed an initial scientific review of the above 
referenced premarket approval application  PMA   We regret to inform you that 
on the basis of this reviev  we have concluded that the PMA lacks information 
needed to complete the review and determine whether there is reasonable 
assurance that the device is safe and effective for its intended use  

We recognize the potential public health significance of this device and 
acknowledge the separate discussions underway to expedite the review  
However  because of this lack of information  review of the PMA cannot 
continue and  accordingly  we have listed the following significant 
deficiencies which require the responses as indicated  

1  To clearly establish the purpose of the clinical data in the PMA 
application  please provide the following  

a  the hypothesis and the objectives of your clinical study  

b  a discussion of  i  how your clinical study addresses the use of 
a control  which is relevant to all clinical studies   ii  the 
appropriateness of the AICD  as a historical control  and  iii  
your rationale for not using a concurrent control during an 
implantable cardioverter defibrillator  ICD  study  

c  the endpoints of your study  and 

d  how the data provided in the PMA application support the 
specified endpoints  

   



Page 2 Ms  Jennifer M  Marrone 

2  Based on data provided in your PMA application  please prepare 
table s  which include a side by side comparison of the PCD  
Transvene  and the PCD  Epicardial System and the PCD  Transvene  and 
Ventak P AICD  populations  The table must also include the 
inclusion and exclusion criteria which were used for each study  You 
must include a discussion of how these data may or may not represent 
a valid comparison  and other comments which justify and support the 
use of these groups as controls  

3  An update of the PMA clinical study population must be provided  The 
update must include the data as presented in the PNA application  and 
must include the clinical experience in the use of the new anchoring 
sleeves  which are aimed at decreasing the incidence of dislodgement  
and a summary of the clinical experience  spontaneous treatment 
efficacy of ventricular tachycardia  VT  and ventricular fibrillation 
 VF   observations and complications  number of patient deaths and 
overall survival  of the patients followed for a year or more  

4  Please provide a clear description of how you identified the  patient 
who did not meet the implant criteria   Please discuss your Implant 
criteria and how implant testing attempted to satisfy protocol 
requirements  

5  Of the 214 patients who did not meet the implant criteria and yet 
were implanted with the device  170 patients had successful 
defibrillation with 24 Joules  J   Please provide an update of the 
clinical experience on these patients  as described in item 3 above  
Also  please discuss how your proposed labeling will address this 
protocol deviation  Will implant criteria be changed  

6  There were 20 patients mong the 214 who did not meet the implant 
criteria and were implanted without the 10 J safety margin  An 
update of the spontaneous episode experience in the treatment of VT 
and VF in these patients and the overall survival must be provided  

7  Table IK 4  page 151  compares the patients meeting the implant 
criteria to those who did not meet the criteria  However  many of 
the percentages were presented without numerical support  Please 
provide the appropriate numbers  

8  Please provide an update on the patients who are implanted with the 
Transvene  System and were not counted in the PMA population  The 
update must include a summary of the clinical experience as 
referenced in item 3 above  

9  Based on your study protocol  please differentiate between 
defibrillation threshold  DFT  testing and lowest energy to 
defibrillate  LED  testing  Based on the individual patient report 
forms of the 757 patients  how many patients underwent what is 
described as DFT testing and how many had LED testing2 Samples of 
the patient report forms showing the scheme of testing which was 
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categorized as DFT and LED testing must be provided  Please discuss 
how the DFT and LED data were reported and presented in the PMA 
application  

10  There is a statistically significant difference between the mean DFT 
obtained with the RV CS SQ lead configuration and the mean DFT 
obtained with the other lead configurations  How do you account for 
this differencel Was the DFT as reported and discussed for all lead 
configurations obtained using an identical or similar scheme  Please 
discuss  You must document that there were no significant 
differences between the scheme for performing DFT and LED testing 
betveen the Transvene  and PCD  Epicardial patient populations  if 
that is the case  

11  Please elaborate on how the comparison of DFTs obtained from the PCD  
Epicardial Lead study and the Transvene  study can be considered as a 
valid comparison in that the ma ority of the patients ------  75 3 
percent   --- ---- Transvene  study were programmed with the sequential 

pathway and -----  23 4 percent  were pro-----------  via the simultaneous 

pathway  The majority of the patients ------  65 2 percent   in the 
PCD  Epicardial study were programmed ------ -- e single pathway  Based   
on your PCD  Epicardial study  please discuss the DFTs or energy 
requirements obtained with the use of the single defibrillation 
pathway versus the sequential and simultaneous pathways  

12  Please discuss the time between detection and delivery of therapy of 
the Transvene  System versus the PC   Epicardial System  

13  On page 125 of the application  please explain and or discuss what is 
meant by  a 2 1 VF sensing margin   how it is determined  and if the 

patients met the criteria  

14  Of the 329 patients who were followed for 6 months  130 patients had 
spontaneous episodes  What was the average number of VT and VF 
episodes per patient  Of the patients followed for a year  how many 
had spontaneous episodes of VT and VF and what was the mean nunber of 
episodes per patient in this group2 

15  On page 130  Table IF 4  you report that there were 5362 episodes of 
---- --------------- -------------- On page 131  paragraph 2  you state that 
--- ---------- --------------- ---  0 8 percent  episodes of sinus 
tachycardia or atrial fibrillation  Are these patients included in 
the success or failure category  Nine hundred and silty four 
episodes of VF were reported  however  75 episodes were not actual   
VF  You must clarify how the successful and ineffective therapies 
and failures are discerned and categorized  Please prepare a table 
which includes a category of ineffective therapies with actual 

patient numbers and percentages  In addition  what assurance is 
there that an episode of supraventricular tachycardia or atrial 
fibrillation is not misinterpreted as VT or VF by the physician and 
considered a successful therapy  

(b)(4)
(b)(4)

(b)(4)

(b)(4)
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16  Table IM 6  page 173 must be modified to include a column on 
inappropriate therapy or therapies delivered as the device was 
prograrruned so that the percentages add up to 100 percent  

17  On page 162  Table IL 2 lists a category  Fail to 
Cardiovert Defibrillate  as 0 8 percent  Please clarify  If a 
patient survives an episode of an inappropriate therapy  is it 
categorized as a success  Please discuss  The tables must include 
percentages with the representative numerical support  

18  There were 38 inactive patients reported in Table IH l  however  34 
patients were reported to be no longer active  Please clarify  

19  Please discuss how the 1 year sudden cardiac death survival  as 
reported in Table IF 2 page 128  was calculated  The numbers and an 
explanation of patient classification must be included  Was every 
patient included who had a prior cardiac arrest regardless of the 
arrhythmia   

20  On page 177  the number of patients must be provided so that the 
percentages and calculated p values can be confirmed  

21  Table IV C  page 649 of the original submission shows a comparison of 
patient variables for the three lead system and provides p values 
for the variables tested  but the hypothesis was not clearly stated  
Please state the hypothesis and discuss the p values obtained when 
reporting by primary indication  and the chi square test of the data 
set and how it was computed  

22  For purposes of justification of data pooling and data analysis of 
Table IV C  please discuss why the multiple statistical significant 
difference was not adjusted at a 0 05 significance level using a more 
widely accepted procedure such as the Hochberg procedure  Dunnett and 
Tarnhoue  A Step up Multiple Test Procedure  Journal  of the American 
Statistical Association March  1992  Vol 87  pp  162 l70   

23  You claim that confidence interval analysis was perfoaned to compare 
the overall mortality of the PCD  and AICD  populations  What was 
the confidence interval  

24  Please clarify and or discuss the following regarding Table XB l  
page 378  Volume 2  

a  the total number of patients in the Ventak P population  292  
versus those reported by primary indication  291   and 

b  a chi square test of primary indication  using the ----------- 
computer software  yields a p value of nearly 0  This is 
statistically significant  indicating the PCD  and Ventak P 
populations are significantly different  

(b)(4)



S 

Page 5   Ms  Jennifer M  Marrone 

25  Please discuss the incidence of inappropriate therapies reported as 
observations in the Transvene  study  It appears as if there has 
only been a slight improvement over the PCD  Epicardial study as it 
relates to programming and patient management  drug therapy   Please 
discuss the experience of both studies and how the labeling supports 
effective programming of the device parameters and the use of the 
Onset and Stability algorithms  How many patients in the Transvene  
study have the Onset and Stability algorithms programmed ON7 At what 
interval during the study were the majority of patients programmed 
with the algorithms  Your experience in the treatment of induced and 
spontaneous episodes with use of the algorithms must be discussed  

26  Please discuss the  device related  complications reported for the 
Transvene  and the PCD  Epicardial System  

27  Please describe in detail the complications reported in the patients 
followed for a year  

28  There was a substantial increase in the number of infections reported 
in the Transvene  study  Even though you discussed why there was an 
increase  based on your experience  how will your labeling address 
the procedures for reduction in the number of infections2 Please 
validate these procedures  

29  A discussion of your experience in the use of the different entry 
sites for the placement of the Transvene  leads  and how your 
labeling assists in the selection of an entry site  must be provided  

30  Of the 22 deaths  15  systems were explanted and returned for 
analysis  The results of the analyses  PC   and Transvene  leads  
must be provided  What did device interrogation reveal  How many of 
the 41 Transvene  lead system which were explanted were returned and 
analyzed  How long were the leads implanted2 A description of the 
protocol for analysis and the results of the analyses on all leads   
and devices must be provided  The PNA application must document how 
your study has addressed the need for the return and analysis of all 
Transvene  leads and the PCD   

31  Please discuss the circumstances surrounding the death of the patient 
who died 22 5 months post implant  What did interrogation of the 
device reveal  

32  Of the perioperative deaths  how many devices were programmed OFF  
Please discuss the circumstances surrounding each death  The number  
of perioperative deaths must be reported in a table and be identified 
as sudden cardiac  non sudden cardiac or non cardiac  Were there 
other deaths when the device was prograauned OFF  

33  You state that there have been no reported patient deaths in the 

group with a 1 year sudden cardiac death survival and overall 
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actuarial survival of 100 percent  Does this include the 
perioperative deaths and the patients who have been followed out for 
a year  

34  Please provide an engineering drawing of each Transvene  lead model 
which identifies the segments of the lead and a description of the 
tests that each segment and the full lead body underwent  

35  Since flex testing exerts a considerable amount of stress on the 
------ - nd is essential to life test----- why was it considered that 
--------- cycles at a bend radius of ------- inch per lead model over a --- 
month period would be sufficient  Describe how the full lead and 
different segments were flexed  Did you do a finite element stress 
analysis to validate the flex testing stress  

36  In light of the failure of your platinum sputtered polyurethane 
bradycardia pacing leads  and since the Transvene   lead Model 6966 is 
also a platinum sputtered polyurethane lead  please provide 
documentation regarding the failure mechanism of the pacing leads and 
all relevant information pertaining to these cases  How can we be 
assured that the failure may be restricted to the bradycardia pacing 
leads  Based on your testing to date regarding the pacing leads and 
the testing of the Model 6966 lead  discuss the potential and the 
probabili  af failure of the Model 6966 lead  A side by side 
comparison of the Model 6966 and the 4 000 series bradycardia pacing 
leads must be provided  The comparison must include material  
design  dimensions  function  tests performed and a schematic 
drawing  

37  A copy of the Summary of Safety and Effectiveness which includes the 
updated data must be provided  

This is to advise you that  an amendment including the above requested 
information will be considered a major amendment and may extend the FDA review 
period up to 180 days  As provided by 21 CFR 814 37 c   you may decline to 
submit a major amendment requested by FDA in which case the review period may 
be extended for the number of days that elapse between the date of such 
request and the date that FDA receives the written response declining to 
submit the requested amenhnent  

As provided under 21 CFR 814 44 g   FDA will consider this PMA to have been 
voluntarily withdrawn if you fail to respond in writing within 180 days of the 
date of this request for a PMA amendment  You may  however  m end the PNA 
within the 180 day period to request an extension of time to respond  Any 
such request is subject to FDA approval and should justify the need for the 
extension and provide a reasonable estimate of when the requested information 
will be submitted  If you do not amend the PNA with in the 180 day period to 
 1  correct the above deficiencies  or  2  request an extension of time to 
respond and have the request approved  any amendment submitted after the 180  
day period will be considered a resubmission of the PNA and vill be assigned a 
new number  

(b)(4) (b)(4) (b)(4)
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You may amend the PMA to provide the above requested information  12 copies   
voluntarily withdraw the PMA  3 copies   direct CDRH to complete processing 
the PMA without the submission of additional information  3 copies  or request 
an extension  The required copies of the amended PMA should include the FDA 
reference number for this PNA and should be submitted to the following 
address  

PMA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

Upon receipt of an amendment adequately addressing the above requests or a 
written response declining to submit the requested amendment  CDRH may 
schedule an advisory panel meeting at which your PMA will be reviewed  You 
will be notified of the location and date of this meeting should one be 
necessary  In order to provide adequate time for CDRH and advisory panel 
review  information received by FDA less than 6 weeks in advance of any 
scheduled advisory committee meeting will not be considered  or reviewed at the 
meeting and may delay consideration of your PMA until a subsequent advisory 
committee meeting  

If you have questions concerning this deficiency letter  please contact  Doris 
Terry at  301  427 1018 or Arnold Alpert  Ph D   at  301  427 1186  

Sincerely yours  

r Alan Andersen  Ph D  
Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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Food and Drug Administration 

1390 Piccard Drive 

Rockville MD 20850 

Ms  Jennifer Marrone 

Manager  Regulatory Affairs 

 Cardiac Pacing Business 

Medtronic  Inc  
7000 Central Avenue  N K  

Minneapolis  Minnesota 55432 3576 

ljlg 

Re  P920015 
Transvene Lead System 

Filed  April 1  1992 

Dear Ms  Marrone  

lgcp 

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 

Administration  FDA  has completed an initial scientific review of the 

above referenced premarket approval application  PMA   We regret to inform 

you that on the basis of this review  we have concluded that the PMA lacks 

information needed to complete the review and determine whether there is 

reasonable assurance that the device is safe and effective for its intended 

use  

Because of this lack of information  review of the PMA cannot continue and  

accordingly  we have listed the following significant deficiencies which 

require the responses as indicated  

1  Discuss how the use of a ---------- ----------- prevents tissue in  

growth in the Nodel 6963 lead  Where is the adhesive placed  

Prom experience  discuss the use of polyurethane and silicone in 

leads to prevent tissue in growth  

2  -------- --------- ---- results of ---------------- -------- for the 

--------------------- ------- and the ---------- ------------------- --------- 

 anchor sleeve   If the tests have not been done please --------- a 

justification for not doing so  

3  Provide a description of the helix electrode fixation tool and of 

the tests to verify the torsional force for implanting the helix 

electrode  

4  Based on your experience  identify the minimum number of flex 

cycles that a lead should withstand  Also  give the stress level 

exe----- --- the Model 6907 lead  from which the median failure time 

of ---------- cycles was observed   and on the Transvene lead8  

5  Since the electrode coil is flexed separateIy from the insulated 

conductor  discuss the reliability of the section where the 

electrode is coaxial to the conductor  Is there friction between 

the electrode and the conductor when the section is flexed  

(b)(4)

(b)(4)

(b)(4) (b)(4)
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6  The Model 6999 s --- ------------ electrode coil fails at a much 

lower flex cycle than t--- --- ------------ electrode coil  Discuss 

the reliability of the --- ------------ ---- trode coil  and the 

effects of its faiIure on the performance of the lead  

7  Please discuss how patient treatment is affected if one or two of 

the electrode coils of the Model 6999 patch lead becoraes damaged  

8  Please specify the section of each lead assembly that was flexed 

during life testing  Does this section include the electrode 

coil  The results of the tests should be included  

9  Provide an update of the --- month life test  

10  The data indicate that a new lead is used for each  temperature 

tolerance  crush load  or life  test  Correlate the results from 

those tests to the worst case condition where the same lead has to 

face temperature differences  crushing  and flexing  Why was 

sequential testing not performed  

11  Discuss the differences in battery life or energy requ irements 

between the epi lead system and the Transvene system  

12  An update of the chronic animal studies should be provided  

13  An update of the clinical experience of the Transvene Lead System 

should be provided  The update should include all additional 

patients and the clinical experience to date  The data should be 

presented as done in your original PNA application  and should 

include  e g   implant and follow up data  lead orientations 

including patch location  spontaneous episode experience  analyses 

by different groups  complications observations  
and survival 

analysis  All remaining deficiencies listed below which pertain 

to your patient population should be addressed ueing the updated 

patient group  

14  Please discuss your clinical data which support the claim which 

states that the Transvene Lead System improves both perioperative 

and long term patient morbi dity  

15  Based on your experience and on the data as reported in the 

literature  what is the percentage of patients who have been found 

unable to withstand a thoracotomy  

16  Data such as treatment efficacy  complications and survival 

analysis on the patients followed for 6 months should be provided  

(b)(4)
(b)(4)

(b)(4)

(b)(4)



Page 3   Ms  Jennifer Marrone 

17  Please discuss your clinical experience  treatment efficacy  lead 
orientation  complications and survival rates  of the patients who 
have been followed for 1 year and more  

18  Provide a detailed discussion of the clinical experience  implant 
duration  lead orientations  spontaneous episodes  treatment 
efficacy  survival analysis  complications  etc   of the patients 
who  id not meet the implant criteria and were implanted with the 
Transvene System  Also discuss the experience of the patients 
who were implanted without the 10 Joule safety margin  

19  A breakdown of the different lead orientations within the patient 
population  and the treatment efficacy reported for each 
configuration should be included  

20  Based upon your clinical experience  the Physician s Manual should 
recommend the sequence of testing with the different lead 
orientations during implant  

21  Please provide the P values as listed in Table IV B and IV C of 
the original PMA application for the new patient population  

22  Please discuss the reasons why some patients dropped out of the 
study  either withdrawn alive or lost to follow p  There vere 
224 patients at 1 month and only 154 patients at 3 months  Please 
explain the difference of 70 patients during this 2 month period  

23  For the comparison of complications observations rates for the 
PCD versus the AICD   please provide the following  

a  the number of complications and patients for the PCD and 
AICD populations  

b  the clinical success failure criteria used for  Failure to 
Cardiovert Defibrillate and Inappropriate Problematic VT VF 
Therapy Delivery   and 

c  a discussion of the pocket infection rate of the PCD and the 
AICD and the lead related complications of the PCD 
Transvene System versus the PCD Epicardial System  

24  Some Transvene patients were also evaluated with the Model 10388 
hollow can electrode  Please compare the infection rate of these 
patients to those who did not undergo the hollow can evaluation  

25  Please discuss and or provide the following regarding the 1 year 
actuarial survival comparison of mortality between the PCD and 
the AICD 

a  the statistical test that was used to compare survival  and 

b  the two survival or life tables by year of follow p  
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26  Please discuss the statistical techniques used to derive the P values in Table XI G 2  page 862  Vol  5 and Table J 2  page 54  Vol  1  

The following additional deficiencies were noted in this initial scientific review and the indicated responses should be provided  
L 1  Discuss the properties of polyurethane which make it the ideal insulation material for the 6966 lead  Why was silicone not chosen  

2  Discuss the biostability tests  stress cracking  metal induced 
oxidation  etc   performed on the two types of polyurethane  Why was a different polyurethane chosen for the inner coil  

3  Based on the results of the life test  what is the life 
expectancy of the leads  Please include your assumptions  

4  Provide a side by side comparison between the Model 6999 and the epicardial patch lead  

5  Discuss the possible interactions between implanted pacemaker leads and the Transvene  leads  Also  discuss the effects of the leads on the tricuspid valve and the host vein  

6  The Transvene leads seem to tolerate crush testing better than the pacing leads  Please discuss the properties of the 
Transvene leads which support this capability  

7  Are there patients currently implanted with the Model 6895 and 10317 patch leads  If so  please provide a breakdown of the 
clinical data  e g   complications  survival  etc  for each 
lead  

8   Please list the reasons for not performing pre hospital discharge testing  

9  The number of spontaneous episodes of the patients followed for 6 months and beyond should be provided  

10  A copy of the Summary of Safety and Effectiveness with the 
updated clinical data should be submitted  

This is to advise you that an amendment including the above requested 
information will be considered a major amendment and nay extend the PDA review period up to 180 days  As provided by 21 CFR 814 37 c   you may decline to submit a major amendment requested by FDA in vhich case the review period may be extended for the number of days that elapse between the date of such request and the date that FDA receives the written response declining to submit the requested amendment  
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As provided under 21 CFR 814 44 g   FDA will consider this PMA to have been 

voluntarily withdrawn if you fail to respond in writing within 180 days of 

the date of this request for a PMA amendment  You may  however  amend the 

PMA within the 180 day period to request an extension of time to respond  

Any such request is subject to FDA approval and should juetify the need for 

the extension and provide a reasonable estimate of when the requested 

information we ll be submitted  If you do not amend the PMA within the 

180 day period to  1  correct the above deficiencies  or  2  request an 

extension of time to respond and have the request approved  any amendment 

submitted after the 180 day period will be considered a resubmission of the 

PMA and vill be assigned a new number  

You tnay amend the PMA to provide the above requested information 12 

copies  voluntarily withdraw the PMA  3 copies   direct CDRH to complete 

processing the PMA without the submission of additional information  3 

  copies  or request an extension  The required copies of the amended PMA 

should include the FDA reference number for this PMA and should be 

submitted to the following address  

PMA Document Mail Center  HFZ 401  

Center for Devices and Radiological Health 

Pood and Drug Administration 
1390 Piccard Drive 

Rockville  Maryland 20850 

Upon receipt of an amendment adequately addressing the above requests or a 

written response declining to submit the requested amendment  CDRH may 

schedule an advisory panel meeting at which your PMA will be reviewed  You 

will be notified of the location and date of this tneeting should one be 

necessary  In order to provide adequate time for CDRH and advisory panel 

review  information received by FDA less than 8 weeks in advance of any 

scheduled advisory committee meeting will not be considered or reviewed at 

the meeting and may delay consideration of your PMA until a subsequent 

advisory committee meeting  

If you have questions concerning this deficiency letter  please contact 

Doris Terry at  301  427 1018 or Arnold Alpert  Ph D   at  301  427 1186  

 pbbs 
QF  

Alan Andereen  Ph D  

Acting Director 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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Food and Drug Administration 
1390 Piccard Drive 
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Ms  Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 
Medtronic  Inc  
7000 Central Ave nue  N E  
Minneapolis  Minnesota 55432 3576 

Re  P92001S 
Medtronice Transvene Lead System 
Filed  April 1  1992 

Dear Ms  Marrone  

The Center for Devices aud Radiological Health  CDRH  of the Food and Drug Adminietration  FDA  has completed an initial review of your premarket approval application  PMA   We are pleased to inform you that we have made a threehold determination that the PMA is sufficiently complete to permit a substaative review and is  therefore  suitable for filing  The filing date is April 1  1992  which is the date of CDRH receipt of the PNA  

Following receipt of a filing letter  an applicant is required by 21 CFR 814 20 e  to update their pending PMA 3 months after the filing date with new safety and effectiveness information learned about the device from oagoing or completed studies when the information may reasonably affect an evaluation of the safety or effectiveness of the device or may reasonably affect the statement of contraindications  warnings  precautions and adverse reactions in the draft labeling  

This updated reporting is limited to studies spoasored by the applicant or to which the applicant has reasonable access  The update report should be consistent with the data reporting provisions of the protocol  Please submit update reports in three copies as an amendment to the PMA and include the above PMA reference number assigned to the PMA  

This letter reflects the current progress of our review of your application  Please be advised that continued review of your application or any response to this letter may result in additional deficiencies  

The PMA cannot be approved until FDA has determined that the manufacturing facilities  methods and controls comply with applicable device Good Manufacturing Practice regulations  21 CFR Part 820   If you have not already done so  please notify CDRH as soon as possible in the form of an amendment to the PMA if there will be a delay in setting up your manufacturing facility for production of the device and provide the expected date that the facility will be prepared for an FDA inspection  
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A meeting of the Circulatory System Devices Panel will be held at which 
your PMA will be reviewed  You will be notified of the location and date 
of this meeting  Any additional information to be included in your PMA 
must be submitted in the form of a PMA supplement amendment and be received 
by FDA at least 6 weeks in advance of the scheduled advisory committee 
meeting in order for PDA and the panel members to have adequate time to 
review the new information  Information received b CDRH less than 6 weeks 
in advance of a scheduled advisor committee meetin will not be considered 
or reviewed at the meetin 

For your information  there is an industry representative on this FDA 
advisory committee whose name  address and telephone number you can obtain 
by contacting the Committee Management Staff at  301  443 4016  CDRH 
believes that the industry representatives vill be better prepared to 
participate in panel discussione if they have been provided with a copy of 
the Summary of Safety and Effectiveness for review prior to the panel 
meeting  In accordance with 21 CFR 14 86 b   all panel members are subject 
tp all rules and regulations adopted by FDA and the committee  therefore  
even though the industry representatives usually are not given access to 
trade secret and confident  al  commercial information  they are bound to 
protect the confidentiality of documents that would be sent to them in 
preparation for panel review of a PMA  If you would like the industry 
representative to have access to any portion of your PMA  including the 
Summary of Safety and Effectiveness  please provide a copy for that purpose 
and notify the executive secretary of the panel at  301  427 1205   
However  review of your PNA will not be prejudiced if you elect not to 
provide a Summary for industry representative review  

All correspondence regarding this PNA should be submitted in 3 copies in 
the form of a PMA amendment  Please address all submissions to  

PMA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

If you have questions  please contact Doris Terry at  301  427 1018 or 
Arnold Alpert  Ph D   at  301  427 1186  

Sincerely yours  

Director 
Program Operations Staff 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 
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Food and Drug Administration 
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Ms  Jennifer M  Harrone 

Manager  Regulatory Affairs 

Cardiac Pacing Business 
Medtronic  Inc  l 

7000 Central Avenue  N E  

Minneapolis  MN 55432 3576 

Re  F920015 
PCD Transvene System 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 

Administration  FDA  is continuing to process the above named premarket approval 

application  PMA   Simultaneously with a review by the Office of Device 

Evaluation  ODE   the Office of Compliance and Surveillance  OCS  must review 

the manufacturing information in your PMA to determine that it is sufficiently 

complete and appropriately organized to permit FDA to determine whether your 

firm  or your contract manufacturer  has the capability of manufacturing your 

PNA device in accordance with  1  the conditions specified in the PMA 

application and  2  the requirements of the medical device GMP regulation  

The Division of Compliance Programs  DCP  of OCS has reviewed the manufacturing 

section of your PMA and believes that it lacks the information necessary to 

effectively complete a review and determine whether to initiate a PMA inspection 

 see enclosed   While the deficiencies outlined in the enclosure do not 

preclude further reviev of your PMA  if left uncorrected they may delay or 

preclude evaluation of your manufacturing process and final approval of your PNA 

application  We request that you respond as indicated  Please be advised that 

continued review by ODE of your application  including the manufacturing 

section  may identify additional deficiencies  Also  the OCS review of your 

response to this letter may identify additional deficiencies  

For your information a Guidance for Preparation of PMA Manufacturing Information 

was published on March 22  1991  a notice of availability was published in the 

August 20  1991 Federal Register   It is also available as part of the PMA 

Manual Supplement which may be obtained from the Division of Small 

Manufacturer s Assistance at 1 800 638 2041  

Information supplied in response to the enclosed request should be submitted in 

the form of an amendment AND BE CLEARLY IDENTIFIED AS A RESPONSE TO AN OCS 

REQUEST IN YOUR REFERENCE BLOCX  FDA will consider the PNA to have been 

withdrawn voluntarily if you fail to respond in writing to this request for an 

amendment within 180 days of the date of this letter as provided under 21 CFR 

814 44 g   You may  however  amend the PMA within the 180 day period to request 

an extension of time to respond  Any such request is subject to FDA approval 

and must justify the need 



Page 2   Hs  Jennifer M  Narrone 

for the extension agd provide a reasonable estimate of when the requested 

information vill be submitted  If you do not amend the PMA within the 180 day 

period to  1  correct the above deficiencies  or  2  request an extension of 

time to respond and have the request approved  any amendment submitted after the 

180 day period will be considered a resubmission of the PMA and vill be assigned 

a new number  A resubmission should be complete and self contained without 

reference to earlier submissions because of potential difficulties in assembling 

files from storage  

All correspondence regarding this PMA should be submitted in three  3  copies in 

the form of a PMA amendment to the address below and reference the above PHA 

number to expedite processing  

PMA Document Mail Center  HFZ 401  
ATTN  MOAB 
Center for Devices and Radiological Health 

Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

This letter reflects the current progress of our review of your 

application  Please be advised  however  that continued review of your 

application or questions arising from any response to this letter  may 

result in additional deficiencies being identified  

If you have any questions concerning this deficiency letter  please contact 

Frank Tvardochleb at  301  427 1128  

Sincerely yours  

Director  Program Operations Staff 

Office of Device Evaluation 

Center for Devices and 

Radiological Health 



Deficiency List 

he Office of Compliance and Surveillance  OCS  in the Center for 

devices and Radiological Health  CDRH  has completed an initial review 

of your premarket approval application  PMA   F920004  with regard to 

the Good Manufacturing Practice  GMP  regulations  Please address the 

following issues and provide the requested documentation  

1  The Design Assurance ------ ---------- 6884 6996  dated 2 7 91 for the 

new helix electrode  part --------------- is not representative of the 

manufacturing operations  The qualification 
report dated 4 16 91 does 

not address the effects of the sterilization process on the integrity 

of the helical electrode   vol 2  pp 153 156  

2  Provide the locations of the biological indicators used during the 

sterilization validation and routine production for the 6966 lead  

 vol 2  p 207  

3  Provide the product density and configuration pattern for the 6966 

sterilization cycle   vol 2  p 207  

4  Provide the maximum parameter of the humidity specification for the 

sterilization cycle of the 6966 lead   vol 2  p 211  

5  The finished device evaluation for the 6966 lead does not adress 

the effect of sterilization on device performance   vol 2  p 174  

6  The validation plan for 6963 lead does not address the effects of 

the sterilization cycle on device performance   vol 3  p 327l 

7  The process qualification report  ------ ----------- does not address the 

effects of the sterilization cycle on the performance of the 6999 lead  

 vol 3  p 335  

8  Provide the product location of biological indicator and spore 

inoculation for the validation and production sterilization cycles of 

the 6963 and 6999 leads  tvo1 3  p 372l 

9  Provide the maximum parameter of the ------- ---------- ------- ---- 

exposure for the 6999 lead   vol 3  p 376l 

10  Explain the difference in the sterilization ---- exposure 

parameters of the 7217B PCD Con---- Device between -- e two 

manufacturing --------- s  The ---- exposure parameter at the Rice Creek 

facility is ---------- minutes  the ---- exposure parameter at the Kerkrade 

facility i- --- minutes minimum  The Kerkrade facility does not specify 

a maximum ---- exposure   vol 4  p 415 and p  432  

11  Provide the manufacturing methods  controls  and evaluation 

procedures for the facility identified as Medtronic Milaca  900 6th 

Ave  N E  Milaca  MN 56353   vol 4  p  437  

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
(b)(4) (b)(4)

(b)(4)
(b)(4)
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PROCEEDINGS 

2 DR  BRINKER  It s now 8 30  I d like to call 

3 this session of the Circulatory Systems Device Panel to 

4 order  My name is Jeff Brinker  and I am acting chairperson 

5 for this session  I m from Johns Hopkins University  and I 
C 

6 suppose that one of the reasons that we ve waited until the 

7 last minute is that a number of our panelists haven t made 

8 it in  Presumably they are at the Hubert Humphrey Building  

9 or some other area along the Beltway  But I think we can go 

10 ahead now  

ll To start  we ll just have the panel who is here 

12 introduce themselves  and then allow Wolf to read the 

13 opening sermon  Mike  do you vant to start  

14 DR  DOMANSKI  I m Mike Domanski  National Heart  

15 Lung and Blood Institute  I m a cardiologist  

16 DR  SAPIRSTEIN  Wolf Sapirstein  I m the 

17 executive secretary of this panel  and the chief medical 

18 officer at the Office of Device Regulation  Division of 

19 Cardiovascular  Respiratory and Neurological Devices  

20 DR  ECHT  Debra Echt  a cardiologist from 

21 Vanderbilt University  

22 DR  GREGORATOS  Gabe Gregoratos  University of 

23 California at Davis  

24 DR  AZIZ  Salim Aziz from the University of 

25 Washington in Seattle  cardiac surgeon  
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DR  SIMMONS  Tony Simmons  cardiologist  Nake 

2 Forest University  

3 DR  STEVENS  My name is Larry Stevens  I m the 

4 industry representative on the panel  

5 DR  BRINKER  Fine  Now Wolf will read the 

6 conflict of interest statement  

7 DR  SAPIRSTEIN  The following announcement 

8 addresses conflict of interest issues associated with this 

9 meeting  and is made a part of the record to preclude even 

10 the appearance of a conflict  

11 To determine if any conflict existed  the agency 

12 reviewed the submitted agenda and all financial experiments 

13 reported by the committee participants  The conflict of 

14 interest statutes prohibit special government employees from 

15 participating in matters that could affect their or their 

16 employers  financial interests  However  the agency has 

17 determined that the participation of certain consultants 

18 with financial interests are not so substantial as to be 

19 deemed likely to affect the integrity of a service which a 

20 government might expect from such employees  and the need 

21 for certain members whose service outweighs the potential 

22 conflict of interest created by the financial interests 

23 involved is in the best interests of the government  

24 Therefore  waivers have been granted to the 

25 following employees  Dr  Debra Echt is an unpaid principal 
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1 investigator for a product that competes with an application 

2 that will be discussed today for an implantable cardio 

3 defibrillator  A waiver has been granted for her 

4 participation in this matter  She is also an unpaid 

5 clinical investigator for an application that will be 

6 discussed today for a non thoracotomy defibrillation lead 

7 system  A limited waiver has been granted for her 

8 participation in the discussions  but she will not vote on 

9 this application  

10 Dr  Jeffrey Brinker is an unpaid investigator for 

11 an application that will be discussed today for a balloon 

12 catheter for percutaneous transveneous mitral commiseratomy  

13 A limited waiver has been granted for his participation and 

14 discussions  and as chairman  but he will not vote on this 

15 application in the event there is a tie  He will however be 

16 permitted to vote on the other two applications if there is 

17 a tie  

18 Dr  Tony Simmons is an unpaid investigator for a 

19 closely related product to one of the applications to be 

20 discussed today  Since there is no funding to Dr  Simmons 

21 or his employer  a full waiver has been granted for him to 

22 participate in this matter  

23 A copy of these waiver statements may be obtained 

24 from the agency s Freedom of Information office  We would 

25 also like to note for the record that the agency took into   



4 

1 consideration other matters regarding Dr  Brinker  Dr  

2 Simmons and Dr  Echt  and found that they have other 

3 involvements with companies that could potentially be 

4 affected by the committee s deliberations  However  since 

5 these matters are not directly related to the specific 

6 matters before the panel  the agency has determined that 

7 these employees may participate fully in the panel 

8 discussions  except for those limitations that have already 

9 been mentioned  

10 We also would like to disclose that Dr  Gulshan 

11 Sethi  Dr  Nichael Domanski  Dr  Ronald Weintraub have 

12 involvements with firms that could be affected by the 

13 committee s deliberations  These matters are not directly 

14 related to the specific matters before the panel  

15 Therefore  the agency has determine that they may 

16 participate fully in the panel discussions today  

17 In the event that the discussions involve any 

18 other products or firms not already on the agenda for which 

19 an FDA participant has a financial interest  the 

20 participants are aware of the need to exclude themselves 

21 from such involvement  and the exclusion will be noted for 

22 the record  

23 With respect to all other participants  we ask in 

24 the interest of fairness that all persons making statements 

25 
I 

or presentations to disclose any current or previous 
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1 financial involvement with any firm with products they may 

2 wish to comment upon  We generally classify these financial 

3 interests as compensation for time and services of clinical 

4 investigators and their staff  a direct stake in a product 

5 under review  such as the patent holder or owner shares of 

6 stock  and thirdly as owner or part owner of a company  

7 At this time  for the benefit of the panel 

8 members  their vote on recommendations should be in the 

9 nature of an approval  an approval with conditions  or non  

10 approval of the PMA application  and recommendations are to 

11 be based on submissions made available with this PMA  which 

12 should stand on its own data and not be related to any other 

13 similar device available  Reasons for non approval may also 

14 be added by members so voting  and can be for lack of 

15 safety  lack of efficacy or false or misleading labelling  

16 With the summer doldrums  we are short of some 

17 members  Under the terms of the panel advisory committee  

18 we have taken this opportunity of making Dr  Tony Simmons 

19 and Dr  Salim Aziz voting members for this panel s session  

20 if they are agreeable  

21 Dr  Brinker  can I have a few moments for another 

22 housekeeping procedure  Dr  Gregoratos has served this 

23 panel since 1988 as a consultant  voting member and 

24 

25 

chairman  Prior to that  he had appeared in 1977 as a panel 

v    g     e 
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1 expertise and knowledge which he has provided unstintin91Y  

2 He has been associated with efforts to change the way this 

3 panel has been run  He has been able to develop consensus 

4 of a body of physicians  which is extremely difficult to 

5 accomplish  In appreciation of all his work over these many 

6 years  and his agreement to stay on as a consultant  the 

7 Commissioner has presented Dr  Gregoratos with this 

8 certificate and this letter of approval  Thank you  Dr  

9 Gregoratos  

10 The other situation  Dr  Chakir has resigned from 

11 the FDA and is now present on the other side of the table  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

and Dr  Tom Callahan is acting director  sitting over there  

DR  BRINKER  I d like to offer my congratulations 

to you  Gabe  also for the job that he has done over the 

last year  and hope that the panel with his assistance will 

continue to do such an admirable job  

Is there any old business to be undertaken  Any 

new business prior to the open committee discussion  Then I 

think we should launch into the first application  which is 

premarket application P920015  a transvene lead system from 

Medtronic  I would like the people from Medtronic and their 

physician investigators to identify themselves  please  

also  for the non employees of the company to give their 

classification as to their involvement with the company and 

the device  Class one compensation for time and services  
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class two  a direct stake in the product or stock in the 

2 company  and class three  owner or part owner of the 

3 company  I dont think any of those exist  but I would like 

4 the company representatives to identity he or she and start 

5 the presentations  

6 MS  MARRONE  I m Jennifer Marrone  manager of 

7 regulatory affairs  

8 DR  SCHABER  I m Dan Schaber  manager of clinical 

9 evaluation and product planning  

10 DR  NORENBERG  Sue Norenberg  senior clinical 

11 evaluation manager 

12 DR  SAKUN  Valerie Sakun  senior clinical 

13 evaluation manager  

14 DR  ZIPES  Doug Zipes  cardiologist from Indiana 

15 University  consultant  class one  

16 DR  STEINHAUS  I m David Steinhaus  cardiologist 

17 for the Heart Institute in Kansas City  class one 

18 consultant  

19 DR  BARDY  Gus Bardy  investigator  University of 

20 Washington  class two  

21 DR  BRINKER  Fine  Would you like to start  

22 DR  SCHABER  Good morning  My name is Dan 

23 Schaber  I m the manager of clinical evaluation and product 

24 planning for the Medtronic tachyarrhythmia division  

25 Medtronic has been involved in the research  design and 
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1 development of products to treat tachyarrhythmias for nearly 

2 two decades now  In the next few minutes  I will be 

3 describing the transvene lead system and providing an 

4 overview of the clinical results  

5 In February of 1992  the FDA s circulatory devices 

6 panel unanimously recommended for approval the PCD 

7 epicardial system  In February of  93  the system was 

8 market released  Extensive data that had been collected 

9 worldwide continues to demonstrate the safe and effective 

10 performance of the PCD epicardial system  During this 

11 presentation  I vill give an overview of the transvene lead 

12 system  its components and how they operate together  and of 

13 the clinical results  

14 As you will see from the data  sudden cardiac 

15 death survival is not statistically different between the 

16 two groups  Ninety nine point five percent were transvened 

17 versus 98 9 percent with the epicardial system  Overall 

18 survival is statistically better for transvene  93 3 percent 

19 for transvene versus 88 6 for the epicardial system  

20 Hopsital stays have been significantly reduced  seven days 

21 for transvene versus ten days for the epicardial system  

22 The transvene system includes the transvenous 

23 leads  models number 6963 superior vena cava coronary sinus 

24 lead  the 6966 right ventricular lead and the 6999 

25 subcutaneous patch  The only difference between the 

   



  

1 approved epicardial system and the transvene system is the 

2 inclusion of the transveneous leads which are here 

3 highlighted in yellow  

4 The transvene system offers the clinician another 

5 therapeutic option  His performance has been as good as or 

6 better than the PCD epicardial system  The lead on the far 

7 left is the right ventricular lead  In the center is the 

8 superior vena cava coronary sinus lead  and on the right is 

9 the subcutaneous patch  

10 As with our epicardial system  the transvene 

9 

11 system employed bipolar sensing  Sensing occurs between the 

12 tip and the ring electrode in the standard bipolar 

13 configuration  Pacing occurs between the tip and the common 

14 defibrillation electrode  Except for patients with a 

15 prosthetic heart valve  any patient who is a candidate for 

16 the epicardial system is also a candidate for the PCD 

17 transvene system  There are people  however  who are 

18 candidates for the transvene system and not for the 

19 epicardial system  For example  people who have previous 

20 open chest surgery  where their risk for surgery is greater  

21 The PCD device was designed to treat both sudden 

22 cardiac death and sustained ventricular tachycardia  

23 Specifically  the transvene indications are identical to 

24 those recently approved for the PCD epicardial system  

25 The system allows 

r 
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1 placement  It also can accommodate a wide variety of 

2 patients with differing anatomical and physiological 

3 conditions  A variety of lead configurations has been used 

4 successfully during an investigation of the transvene 

5 system  The three that are shown here were the predominant 

6 ones used in the study  With these three three lead 

7 systems  energy can be delivered simultaneously or 

8 sequentially  In approximately 66 percent of the cases  

9 this configuration  RV SVC sub Q was used  In an additional 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

29 percent of the cases  RV CS sub Q was used  These two 

configurations comprise 95 percent of the cases in the 

clinical data to be presented today  There were 95 percent 

of the cases that totally transvenous  RV CS SVC 

configuration was used  

Of the 897 patients who were screened for and 

ultimately implanted with a PCD system  757 patients 

received a three lead transvene system  representing 84 4 

percent of the population  After trial with the transvene 

system  it was determined that 97 patients  10 8 percent of 

the population  should receive the epicardial system because 

of high defibrillation thresholds  Forty three patients  or 

4   8 percent of the population  received other transvene 

systems  including combinations of transvene and epicardial 

leads  The 757 patients who received the three lead 

transvene system formed the basis of the data that I will b 
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1 sharing with you today  

2 Now let me proceed to a brief overview of the 

3 clinical results  The PCD transvene trial began in October  

4 1989  The 757 implants occurred under a common worldwide 

5 protocol that was conducted to evaluate the safety and 

6 efficacy of the transvene lead system  The recently 

7 approved epicardial system was studied concurrently under an 

8 identical protocol at the same centers  The 742 patient 

9 data cohort followed for a mean of 16 3 months has been used 

10 as a comparison throughout this study  

11 The 757 transvene devices had a mean implant 

12 follow up time of 11 7 months  and the longest follow up 

13 time now exceeds three years  For this group  as you can 

14 see  the most frequent indication was sustained ventricular 

15 tachycardia  Sudden cardiac death was the indication in 

16 37 1 percent of the patients  and the combination of sudden 

17 cardiac death and ventricular tachycardia was the indication 

18 in 13 1 percent of the patients  The distribution of 

19 indications between the transvene and epicardial systems is 

20 similar  Our analysis indicates that primary indication 

21 does not affect sudden cardiac death survival  

22 An evaluation of other patient care 

23 characteristics shows that except for gender  the PCD 

24 epicardial and transvene systems are not statistically 

25 different  There were more female patients who received thh 

Q 
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1 transvene system  Our analysis indicates that this 

2 difference in gender does not affect the study outcomes  As 

3 you can see by the mean rejection fraction and New York 

4 Heart Association classifications  the majority of patients 

5 exhibited moderately depressed left ventricular function  

6 Now let s look at spontaneous episode efficacy  

7 Episode efficacy is defined as the number of episodes that 

8 were converted divided by the total number of episodes 

9 treated  As you can see for the two populations  VT episode 

10 efficacy was identical  98 4 percent  You can also see that 

11 88 1 percent of the time  cardia pacing was successful in 

12 terminating the episodes of VT in the epicardial population 

13 and 91 4 percent of the time in the transvene population  

14 The remaining episodes were treated by cardioversion  

15 For spontaneous VF efficacy  the two populations 

16 were not statistically different  98 4 percent for transvene 

17 versus 98 7 percent for the epicardial system  In the 

18 transvene population  89 1 percent of the VF facilities were 

19 treated with the first VF therapy  

20 For the purposes of the epicardial and transvene 

21 trials  a complication was defined as a medical event that 

22 had to had surgical intervention for resolution  Because of 

23 the differences between the two lead systems  the 

24 complications associated with each lead system are 

25 different  For example  dislodgement is a complication 
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1 inherent in the transvenous system  whereas it is not an 

2 issue with an epicardial lead system  For the purposes of 

3 the presentation  I will be comparing complications that may 

4 be affected by the lead system  Except for pace sense  

5 there is no statistical difference in the incidence of 

6 complication rates between the transvene and epicardial 

7 groups  There were more pace sense complications    3 5 

8 percent with epicardial versus 0 8 percent with the 

9 transvene system  Infection  2 9 percent in the transvene 

10 group versus 2 3 in the epicardial group    was not 

11 statistically different  

12 We were initially concerned with the incidence of 

13 lead dislodgment that we observed in the transvene trial  

14 Because of this  we instituted a program of increased 

15 education of our clinical investigators and added a second 

16 anchoring sleeve to the leads  The incidence of lead 

17 dislodgement has steadily declined throughout the study  As 

18 you can see  the acute dislodgement rate was 5 3 percent  

19 and now with the additional patients reported in the PMA  it 

20 is down to 1 6 percent  The chronic dislodgement rate was 

21 6 1 percent  and it s now 0 7 percent  

22 As I said  all of the 757 patients in the 

23 populations had the single anchoring sleeve  We have an 

24 additional 439 patients reported in the PMA that had two 

25 anchoring sleeves  
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1 t le dislodgements occur within three months of implant  As 

2 you can see from this graph  the dislodgement free survival  

3 the probability of having a dislodgement with two anchoring 

4 sleeves is 3 3 percent at three months  versus 9 2 percent 

5 with a single anchoring sleeve  We believe that our program 

6 of increased education and the addition of a second 

7 anchoring sleeve has significantly reduced our dislodgement 

8 rate  

9 Extensive survival analyses have been performed on 

10 the transvene and epicardial populations  Overall survival 

11 includes peri operative mortality  Peri operative mortality 

12 is defined as those deaths that occur within 30 days 

13 postoperatively  There have been 51 deaths in the 757 

14 transvene patients  and 113 deaths in the 742 epicardial 

15 patients  Our survival analysis shows that sudden cardiac 

16 death survival probability at one year is not statistically 

17 different for the two groups  99 5 percent for transvene 

18 versus 98 9 percent for the epicardial system  It also 

19 shows that the transvene system is statistically better in 

20 enhancing overall survival  93 3 percent and 88 6 percent 

21 for the epicardial  

22 In summary then  the transvene system has been 

23 shown to be equal to the epicardial system in enhancing 

24 sudden cardiac death survival  It has been shown to be 

25 better than the epicardial system for overall survival  93 3 

4 
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1 percent with transvene versus 88 6 percent with the 

2 epicardial system  

3 Finally  the benefit of the transvene system is 

4 that it allows placement of an IUCD without opening the 

5 patient s chest  and therefore reduces hospital stay to 

6 seven days and ten days  

7 Medtronic has established a large and thorough 

8 training and comprehensive support capability for clinicians 

9 who treat tachyarrhythmias  including the use of our 

10 transvenous lead system  We will continue to provide this 

11 service for new users of the system  In the nearly four 

12 years of clinical trials with this system involving 69 

13 investigators worldwide  we have conducted a thorough and 

14 extensive evaluation of the system  Our clinical 

15 investigators have reviewed this data and unanimously 

16 support our application to the FDA for PMA approval  It is 

17 with their support that we bring you the transvene lead 

18 system for review today  

19 DR  BRINKER  Thank you  Does that conclude your 

20 presentation  

21 DR  SCHABER  It does  

22 DR  BRINKER  We can have lights up  please  and 

23 have the FDA reviewer  Doris Terry  present her summary and 

24 concerns  

25 DR  TERRY  Good morning  The manufacturer  
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1 Medtronic Incorporated  is seeking approval of the PCD 

2 transvene lead system  The primary objective of the study 

3 of the PCD transvene lead system include to evaluate and 

4 monitor the system in the detection and treatment of VT and 

5 VF  and to estimate the survival from sudden cardiac death 

6 and the overall survival  These data intend to lend support 

7 to the end points of the study  conversion  efficacy and 

8 survival from sudden cardiac death and total death  The PMA 

9 population consists of 757 patients implanted with the 

10 transvene non thoracotomy leads in either of two PCD models  

11 the 7217 B or the 7216 A  The performance of the PMA 

12 population was compared to the historical control  the 

13 ventach PICD population and a concurrent control  the PCD 

14 epicardial population  

15 As of February 1  1993  the clinical experience 

16 includes data from 762 implants  447 U S  and 315 foreign  

17 in 757 patients  Data from the PMA population stratified 

18 according to different sub groups include the following  

19 results of testing at implant  pre discharge and the follow  

20 up intervals  efficacy of the treatment of induced and 

21 spontaneous episodes of VT and VF  complications and 

22 observations  patient deaths and survival data  Three 

23 hundred patients had DFT testing at implant  The mean DFT 

24 was 14 8 jewels  702 patients had lowest energy to 

25 
  

defibrillate  or LED testing at implant  The mean LED was 

Q 
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1 16 jewels  

2 Regarding the spontaneous and induced treatment 

3 efficacy  597  79 9 percent of the patients  had a 

4 spontaneous VT or VF episode  or had VT or VF induced post 

5 implant  Four hundred and fifty eight  60 5 percent of the 

6 patients  had a spontaneous episode of either VT and or VF  

7 Ninety point seven percent of the VT episodes were 

8 successfully treated with VT therapy number one  89 1 

9 percent of the VF episodes were successfully treated with VF 

10 therapy number one  Sixty patients experienced 163    1 6 

11 percent    spontaneous VT episodes when the PCD transvene 

12 system was ineffective in determining the arrhythmia  

13 Sixteen patients experienced 31    1 3 percent    

14 spontaneous VF episodes  when the PCD transvene system was 

15 ineffective in terminating the arrhythmia  Of the 657 

16 patients followed for six months or more  544    82 8 

17 percent of the patients  had an induced or spontaneous 

18 episode at pre discharge or later  One hundred and 13 

19 patients did not have a chronic episode  however  pace sense 

20 parameters were measured at the different follow up 

21 intervals  

22 One hundred and 76 complications occurred in 147 

23 patients  The complications included pocket infections  24  

24 lead fracture  nine  patch crinkling  seven  explants  four  

25 and total lead dislodgement  91  Two hundred and twelve 
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1 observations occurred in 178 patients  The observations 

2 included an appropriate VT therapy  57  over sensing  52  

3 patch crinkling  five and total dislodgement  12  Sixty  

4 three PCD transvene systems were explanted  patient death  

5 22  infection  22  heart transplant  nine  low battery 

6 voltage  one  PCD performance issues  four  integrated 

7 circuit problems  one  and lead problems  four  

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

The results of analyses on 42 PCDs returned 

indicated that the devices were performing within 

specification  Of the 42 PCD transvene systems returned  23 

lead systems or portions of lead systems were returned and 

analyzed  Of these  the helix of one model  6966 lead  was 

damaged  The remaining leads were found to be within 

specification  The results of analysis of 19 lead systems 

are pending  It should be noted that one model  6884  an 

earlier version of model 6966 lead implanted for 27 months  

which was explanted due to heart transplant  exhibited metal 

ion oxidation upon analysis  

There have been 51 deaths  sudden cardiac  five  

non sudden cardiac  31  non cardiac  15  Five peri  

operative deaths  sudden cardiac  two  non sudden  two and 

non cardiac  one  are counted within the 51 deaths  The 

survival rates for the patients who were implanted with the 

transvene leads are as follows  sudden cardiac death  99 5 

percent  non sudden cardia  96 2 percent  all cardiac  95 8  

13 
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1 percent  non cardiac  98 1 percent  and overall survival  

2 93 3 percent  The peri operative mortality rate is  7 

3 percent  

4 The questions for the panel include the following  

5 Number one  113 patients did not have a spontaneous or 

6 induced episode of VT or VF after pre discharge testing  

7 Therefore  the performance of the system in the treatment of 

8 VT and VF was not assessed  However  the pace sense 

9 parameters of these patients were measured at the different 

10 follow up intervals  Are these measurements sufficient in 

11 assessing the chronic performance and integrity of the lead 

12 system in these patients  

13 Number two  In light of the differences between 

14 the U S  and foreign patients within the PMA population  are 

15 there any concerns about the poolability of the data  

16 Number three  A statistically significant 

17 decrease in the peri operative mortality was demonstrated 

18 for the PCD transvene system versus the PCD epicardial 

19 system  However  there was a statistically insignificant 

20 decrease in the peri operative mortality for the PCD 

21 transvene system when calculated from the intention to 

22 treat  as compared to the historical control  Are there 

23 specific concerns regarding the peri operative mortality 

24 rates reported for the PCD transvene system versus the 

25 historical control  
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Number four  Are there concerns regarding the 

2 potential risks for dislodgement of the lead and the 

3 reported incidence of infect ion  What are considered as 

4 acceptable rates of lead dislodgement and infection as they 

5 relate to complications and observations  

6 Number five  The results of analysis of an 

7 explant of a transvene lead model 6884  an earlier version 

8 of the model 6966  have raised questions about the lead s 

9 chronic structural integrity  Are there significant 

10 concerns which would question the reliability of the lead  

ll Do the benefits of the transvene lead model 6966 outweigh 

12 the risk which might be associated with this potential for 

13 MIO  

14 In addition  the labelling modification as 

15 referenced in my review memo should be considered  The 

16 modifications include but are not limited to the following  

17 diagrams which show proper insertion of the endocardial 

18 leads  and the various positions for placing the patch lead  

19 efficacy data of the lead configurations via the different 

20 pathways  stronger language regarding the use of dual 

21 anchoring sleeves  information about how the incidence of 

22 infection might be reduced  and number five  recommendations 

23 regarding the use of the different lead configurations  

24 DR  BRINKER  Thank you  The panel discussion 

25 will be led by myself  I would like to start by saying that 
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1 I think the panel has some basic understanding of the 

2 potential benefits of a transvene lead system  since we did 

3 approve one in the not too distant past  Most of the 

4 questions will not be aimed at discussing whether a 

5 transvenous system is as good as an epicardial system or 

6 better  but rather  this particular transvenous system and 

7 its efficacy  

8 I would like to first start by asking for 

9 information on patients with concomitant dual chamber 

10 pacemakers  I think there is some reference in here that 

11 patients with pacemakers should have them removed or 

12 something toads that end  and I want to know  what is the 

13 experience with dual chamber pacemakers and the amount of 

14 hardware that is in the heart  

15 DR  BARDY  I don t have a whole lot of experience 

16 with dual chamber pacemakers and transvene lead systems 

17 combined  but of the two patients that I do have  I can 

18 comment on that  I have put in 140 transvene systems  so 

19 it s an infrequent event to have that need for having both  

20 Usually  if there is an episodic heart block  I 

21 will just rely on the device itself to pace the patient for 

22 WI mode for backup needs  On occasion  we will use a 

23 single AAI or AAIR pacing mode for a pseudo dual chamber 

24 system  where we will use the PCD for backup  should the AV 

25 node fail  but the AAI unit primarily to maintain antigrade 
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1 conduction through the AV node and to supply chronotropic 

2 competence  

3 But in two patients  we have had experience with a 

4 dual chamber transvene system combined with a transvene PCD  

5 and in both of those people  they came to me on referral 

6 after they had the transvene pacemaker inserted  and in both 

7 cases  the transvene ventricular lead was placed 

8 fortuitously about two or three centimeters away from the RV 

9 apex  which is where I place the endocardial defibrillation 

10 lead  higher up in the septum  In those cases  there is no 

11 problem with sensing  Because of the pacemaker spike  there 

12 was no under sensing of ventricular fibrillation  

13 I think that might be an issue had those leads 

14 been closer to the pace sense leads of the PCD  But if I 

15 were to have the need to insert both of those 

16 simultaneously  I think I would do the same thing  that is  

17 place one  screw an electrode up into the septum  and 

18 another down by the apex  and that should be sufficiently 

19 far apart to avoid pacemaker spikes from the dual chamber 

20 unit from inhibiting of VF detection  

21 But I just haven t seen it in those two people  I 

22 specifically put a magnet over their pacemakers at the time 

23 of the epiduction  I think that has to do with the bipolar 

24 sensing of the PCD system  and it s pretty good with respect 

25 to that  
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DR  ZIPES  We have tvo patients with the dual 

2 chambered devices  both of whom received the device because 

3 they needed atrial kick because of reduced cardiac function  

4 Both are bipolar  and with care ve were able to place the 

5 electrodes such that the size of the spike was sufficiently 

6 small in terms of what was sensed by the PCD  that it was 

7 not a problem  and that the spikes did not inhibit PCD 

8 function in the event of ventricular tachycardia 

9 fibrillation  which were induced in the patient during 

10 pacing to be certain that that didn t happen  

11 I think a unipolar pacing should be precluded  and 

12 is a potential danger in the concomitant hardware  It would 

13 be preferable not to have a second pacing system if one 

14 could avoid it  but the PCD at the stage that it s at now  

15 without providing dual chamber pacing in some patients who 

16 need it  I think you are forced on occasion to have combined 

17 hardware in a patient  

18 DR  STEINHAUS  I was just going to add two other 

19 caveats that I have thought about in this regard  One is 

20 that you have to be careful you don t choose a pacemaker 
21 that is going to have a pover on reset  There are some 

22 pacemakers out there which   that s not different to the 

23 transvene system versus an epicardial system  but there are 

24 pacemakers vhich will power on reset after a shock  which 

25 you don t want that to do  
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1 I think the other issue would be how many leads 

2 you have across the tricuspid valve  We have experience 

3 with multiple leads across the tricuspid value in our older 

4 pacemaker patients  and it does not seem to be a particular 

5 problem  

6 DR  BRINKER  Thank you  There is one patient who 

7 had considerable pain with cardioversion shocks  and 

8 actually asked for his device to be turned off  and let to a 

9 DNR state  The question I have is  do you have any sense of 

10 the amount of sensation a patient feels from a sub Q patch 
11 placed over the muscle as opposed to a epicardial patch  

12 DR  ZIPES  The patient whose device vas turned 

13 off and subsequently removed was my patient  There was a 

14 major problem with him  in that he has significantly reduced 

15 left ventricular function  would run a chronic sinus 

16 tachycardia and had a slow ventricular tachycardia  such 

17 that there was overlap between the two rhythms  The device 

18 would sometimes sense the sinus tachycardia as a ventricular 

19 tachycardia  pacing into the ventricular tachycardia in an 

20 attempt to terminate what it thought was a VT but was a 

21 sinus tachycardia  and then attempt to pace him out of that  

22 and if that didn t work  end up giving him a shock  Despite 

23 manipulation of the device settings  drugs  et cetera  we 

24 could never adequately resolve this problem  

25 He eventually asked us to turn it off  and 
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1 subsequently surgically we removed the pulse generator  

2 Presently he has long episodes  days on end of chronic 

3 ventricular tachycardia  sits in a chair at home  and when 

4 he gets sufficiently short of breath  he comes in and gets 

5 cardioverted and then goes home again  

6 It wasn t so much the pain per se  though the 

7 shock in the awake state was uncomfortable  But it was a 

8 chronic problem of the device putting him into the VT  It 

9 just got too much psychologically for him  

10 DR  BRINKER  But getting back to the point  is 

11 there a difference  do you feel  in your experience between 

12 the sensation from a sub Q patch as compared to an 

13 epicardial patch  

14 DR  ZIPES  I don t think so  I think if we go 

15 back a number of years when we were first working with just 

16 a single lead cardioversion device to terminate ventricular 

17 tachycardia  our perception was  once one got above a half 

18 jewel or so  that you could then go from there to 20 jewels  

19 and there wasn t a significant difference in pain 

20 perception  I think it represented a contraction of the 

21 intercostal muscles as a large contributor to that  My 

22 sense is that the patch really doesn t seem to change that 

23 perception very much from the single lead cardioversion 

24 alone  

25 DR  STEINHAUS  I think I can speak to that  I 
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1 actually test all of my patients afterwards  both the 

2 epicardial leads in patients and the transvene lead system 

3 patients  I test them awake  because I want them to feel 

4 what a shock is like  I ve done this hundreds of times  and 

5 I would say there is absolutely no difference in the way 

6 they re felt  In fact  I had the experience of a patient 

7 who had a device taken out  an epicardial system  for the 

8 same reason that your patient did  multiple shocks and just 

9 couldn t stand the discomfort  I really  truly don t think 

10 there is any difference in the way they re felt  

11 DR  BRINKER  Thank you  There is a 

12 recommendation in here  establishing an effective 

13 defibrillatory lead system that perhaps a cutaneous patch 

14 can be used to examine whether a subcutaneous patch would be 

15 appropriate  Do you have the feeling that the cutaneous 

16 patch is a realistic mimic of the subcutaneous patch  

17 DR  STEINHAUS  I d be happy to take a stab at 

18 that  too  That is the way I do my implants  I do them all 

19 with   I use a paddle  I take the paddle off the old 

20 

21 

22 

23 

24 

25 

defibrillator and hook it up  The advantage of that is  it 

allows me to move it around the chest  so I can try to find 

the best position  In fact  it s truly amazing how well it 

does mimic  It mimics closely also the resistances  which 

is sort of surprising  I would think the resistance would 

change when you use the subcutaneous patch versus the trans  
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1 thoracic paddle  and it s actually not all that much 

2 different  So we found it a very good correlation  What I 

3 typically do is  I test it with the trans thoracic paddle 

4 first with most of my shocks  and then I ll go and confirm 

5 that using the patch  and they are very similar  

6 DR  BRINKER  If I remember the data correctly  

7 there were only about five percent of the patients that had 

8 a totally transvene defibrillatory system  Is that a 

9 function of a decreased efficacy of that configuration  or 

10 is that a function of vascular access  or what  in your 

11 feeling  I just point it up  because it s quite different 

12 from the other transvene system that we had to evaluate  

13 DR  BARDY  I think a lot of that is historically 

14 based on what lead systems were initially used and what you 

15 see in the database reflects initial recommendations for 

16 this particular lead system  My experience is that the 

17 flexibility of the system allows you to choose whatever you 

18 want  totally transveneous or mixed with a patch or a two  

19 lead system  I have patients in all categories  

20 More lately  my experience has been to use simply 

21 two leads  and break away from older habits that work fine 

22 and use three leads when it doesn t  So I think that three  

23 lead configuration with a patch is in large measure what we 

24 started out with in the early investigations  and as we ve 

25 gotten more experience  we use tvo leads as well as three  

gt 
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sometimes three tptally transveneous lead systems  It s a 

2 matter of patient preference  

3 DR  BRINKER  Clearly it would be nice to have 

4 some logic behind    if you can get away vith two  why would 

5 you put three leads  especially an intravascular lead that 

6 has a high incidence of dislodgement  albeit steps have been 

7 made to improve that  One easy answer to this is that each 

8 patient is individual  and you would like to have the 

9 benefit to pick and choose  But is there a difference in 

10 defibrillatory efficacy between the configurations as a 

11 whole  

12 DR  BARDY  Sure  I ve done plenty of studies to 

13 demonstrate that  But I guess from a practical perspective 

14 of an everyday user  one can easily make a series of 

15 recommendations on how to proceed through the implant 

16 procedure in a logical way without a lot of variations 

17 starting with that  with a high SVC to RV lead system  two 

18 leads  very efficient in defibrillation  because the vector 

19 is an appropriate vector  and if that doesn t work  to add a 

20 high subcutaneous patch through that same incision  That 

21 would be my recommendation for the initial approach to 

22 implantation  

23 DR  BRINKER  That kind of thinking  I think  is 

24 not clear in the labelling  I think there needs to be some 

25 
  

recommendations along those lines to physicians  albeit thef 

CVV  
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1 can have the option of doing what they think is best in the 

2 individual case  I think that it would be good to have some 

3 real instruction as to what a logical course to take is  

4 based a little bit more than on whether you want to put in a 

5 CS lead or not  

6 DR  BARDY  I wasn t even talking about a CS lead  

7 unless there was trouble in defibrillation  

8 DR  BRINKER  I understand  

9 DR  STEINHAUS  To answer that question a little 

10 bit differently  why veren t there more    I think the 

11 system was built as a three lead system  To me  and the 

12 reason why I implanted the protocol is  it was billed as a 

13 subcutaneous patch  I m not perhaps as creative as Dr  

14 Bardy in trying to figure out different ways   and I mean 

15 it seriously    of using the device  But the reason why I 

16 think most of the implants were done that way is because 

17 that s the way the protocol was written  to be using a 

18 subcutaneous patch the two other leads  

19 The system is a three lead system  I don t think 

20 it s    I think it can be modified to a two lead system  I 

21 think whatever works  works  But I think basically what we 

22 were asked to utilize in the protocol is    

23 DR  ZIPES  That is true  but there is a practical 

24 issue  At our institution  the surgeon implants the device 

25 with one of the electrophysiology people in attendance  

C  

4k 
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1 This is done in the OR  The surgeon    not to be 

2 disparaging    has not got a lot of experience finding the 

3 coronary sinus with a catheter  certainly nowhere near as 

4 much as we electrophysiologists do  Also  we have portable 

5 fleura  which is not as good as the fleura in our lab  He 

6 would make a few passes  give up  and then we would end up 

7 with an SVC RV apex and patch lead in the vast majority of 

8 our patients  It was a sheer practical decision  based on 

9 how it was being pt in  

10 In our labelling there are recommendations  and 

11 the recommendation is to start with RV SVC sub Q  That has 

12 to do with the practical issues that Dr  Zipes is talking 

13 about  and with the fact that the majority of the data in 

14 the application is with that lead configuration  That is 

15 why we recommend that as the starting point  

16 DR  BRINKER  I think that s important from 

17 another point of view  There is a suggestion that the more 

18 times you fibrillate a patient to determine the efficacy of 

19 a system  the worse the prognosis might be for that patient  

20 especially if you turn out after multiple manipulations with 

21 the transvene system  that the patient has to go onto an 

22 epicardial system  While you carefully say that these 

23 things should be kept to a minimum before you decide to go 

24 an epicardial system  is there any guidance that you can 

25 give    and I guess it s patient dependent  but hov many   
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1 times do you think it s reasonable to fibrillate a patient 

2 using different variations of the schema  

3 DR  BARDY  This is an interesting topic  because 

4 I don t think it relates to the number of times as much as 

5 it relates to the pause between inductions  I routinely do 

6 a great number of VF inductions on my patients  and I have 

7 no operative deaths out of 140  and I have a 98 percent 

8 implant success rate  But I do routinely 14 VF inductions 

9 in the operating room  

10 The key here is to instruct pausing between 

11 inductions rather than limiting the number of inductions  

12 Waiting five minutes between a VF induction I think is the 

13 crucial issue  and a prompt rescue  One can go logically 

14 through a sequence of recommendations  lead system A  lead 

15 system B  lead system C and D  and that is four inductions 

16 before you can go through four steps and know yes or no  

17 whether you ve had an adequate defibrillation  Pick a 

18 number  24 jewels  20 jewels  18 jewels  test configuration 

19 A  Does it work or not  If it works  you re probably 

20 there  If it doesn t work  move on to the next logical step 

21 and do so in the labelling very easily  I don t see that as 

22 a problem  

23 DR  BRINKER  You don t have to convince me  but I 

24 think there should be this guidance  Maybe if it s a 

25 general consensus about the interval between 
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defibrillations  but I think it vould be helpful for people 

2 to get some better insight  I think that these things are 

3 going to be used because they are easier than putting in 

4 epicardial systems  I think many more patients are going to 

5 get these kinds of devices than previously had them  In 

6 many cases  it s going to be    unlike your situation  Dr  

7 Zipes  I know many of our EP people are putting in skin to 

8 skin systems of this sort  So I think the check and balance 

9 of having somebody else put in the system if you say the 

10 patient needs it is going to be a single operator  I think 

11 these kinds of guidelines will be helpful  

12 The next question has to do with the right 

13 ventricular lead  I notice that the inner and middle 

14 installation is ---------------- -------  That polyurethane has a 

15 mixed history associated with it  Can you tell me why you 

16 chose to use this instead of either the ----- or -------- for 

17 this lead  

18 MS  MARRONE  The design of that RV lead was based 

19 on a very similar Brady lead  screw in lead  We have 

20 extensive history on that Brady pacing lead  Due to the 

21 similarities in design and wanting a screw in lead for our 

22 RV lead  it was the most timely design that ve had  and we 

23 also felt we had adequate chronic performance on that type 

24 of design  our Brady history  

25 DR  SCHABER  In addition to that  it has to do 

Q   

(b)(4)

(b)(4) (b)(4)
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1 with the size of the lead  Silicon increases the size of 

2 the lead  and in order to keep the lead a more manageable 

3 size and to have good handling  that was the reason for the 

4 selection of the polyurethane  

5 DR  BARDY  That size issue is not a minor one  

6 The choice of ---------------- over ---------- interdigitates with 

7 two other issues  true bipolar sensing versus integrated 

8 bipolar sensing  and crush injury  I think trying to have 

9 true bipolar sensing and a bipolar lead  if you were into 

10 ---------- you would probably end up with many more crush 

11 injuries between the clavicle and the first rib  vhere most 

12 people are going to pt this in  I think that alone 

13 outweighs the use of ---------- Plus the need for bipolar 

14 sensing which I favor strongly over integrated sensing 

15 because I think it enhances post shock detection of 

16 ventricular fibrillation  I think those are other issues 

17 that might outweigh any concerns about ----------------- 

18 

19 

20 

21 

22 

23 

24 

25 
  

DR  BRINKER  I m not sure that there is a 

difference between ---------------- ------  and ----- in terms of the 

thickness of the material that you would use  if size was 

the primary concern  I am concerned with the MIO that has b 

been noted already in these leads  and the difference 

between a cosmetic problem and a failure of the lead may be 

only microns  

If the middle installation fails  can you get 

Q3 

(b)(4) (b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4) (b)(4)
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1 make break signals that would interfere with the functioning 

2 of the device  

3 DR  SCHABER  You could get make break functions 

4 which could lead to over sensing and false positive 

5 therapies  But ve have not seen that  

6 DR  BRINKER  Okay  This is an area of concern  I 

7 think  Obviously  you follow these for the longest duration 

8 leads you have  or what  

9 DR  SCHABER  Over three years now  

10 DR  BRINKER  Right  but from our past experience 

11 with other leads like this  you really don t see a big 

12 dropoff for four or five years  do you  

13 DR  SCHABER  That is correct  As Jennifer was 

14 saying earlier  this is patterned after one of our Brady 

l5 leads that has longer duration  

16 MS  MARRONE  And actuarial survival on that 

17 similar design is 

18 DR  SCHABER  It s 99 7 percent at three years  
19 DR  BRINKER  The subclavian crush business  You 

20 advise physicians to use a lateral insertion site  but any 

21 subclavian stick is going to result in a medial placement of 

22 the leads  no matter what you do  It s not very easy to put 
23 these leads  all of them  especially if you use a three lead 

24 system  through a cephalic vein  unless you use an 

25 introducer technique  Do we have any idea    I guess you 
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do  since I saw the numbers  but how many three lead systems 

2 have been placed through a cephalic vein  

3 DR  SCHABER  In general  two thirds of the 

4 patients we implanted have used subclavian versus a cephalic 

5 vein approach  In terms of the three lead totally 

6 transveneous  I don t think we have it broken out that way  

7 MS  MARRONE  In the patients that received a 

8 totally transveneous system  a cephalic vein cutdown was 

9 used for RV placement  and then a subclavian stick was 

10 either used for the CS and the SEC position  They are not 

11 all through the subclavian  They re using two vein 

12 accesses  

13 DR  BRINKER  But if you use an introducer 

14 technique  you could probably put as many of these things 

15 because we all have to go through the same vein  after all  

16 They all go through the subclavian  and the cephalic is 

17 usually sacrificed once you put in more than one lead 

18 through it  anyway  So basically  you just have a more 

19 

20 

21 

22 

23 

24 

i 25 

lateral access to the cephalic system  

I noticed with some glee that you only had four 

episodes of subclavian axillary thrombosis  which is kind of 

unique with this  I would imagine  especially if you put in 

three leads  Nothing more along those lines has surfaced  

You re not getting any more than you reported  

DR  SCHABER  No  
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MS  MARRONE  In fact  none of the subclavian vein 

2 thrombosis was reported in the patients with totally 

3 transveneous systems  There has been none of that reported 

4 in the totally three lead transvened patient group  

5 DR  BRINKER  The next question I have concerns 

6 lead dislodgement  which is all too common with this system  

7 Perhaps it has been fixed by a double anchor  and if it has  

8 I think that it should be formally suggested in the 

9 labelling that physicians should use a double anchor  

10 But my real question is  why is the dislodgement 

11 for an SVC lead  for instance  so common  since there is 

12 really nothing pushing against it  The only thing is the 

13 pull of the device  I would imagine  Is this a major factor 

14 in epicardial systems that use a SVC lead as part of their 

15 system  

16 DR  STEINHAUS  I think much has been made of 

17 that  and I think a lot of it is a learning curve and 

18 experience  I know the engineers think they fixed it by 

19 putting a second sleeve on there  I don t really believe 

20 that s what fixed it  I think what fixed it is two things  

21 One is  the sleeve is better  it holds the lead a little bit 

22 better  and the second thing is  people now know how you 
23 have to do this  

24 Remember  a lot of the people who started putting 

25 these things in were EP docs  and they veren t used to doing 
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1 a lot of pacemakers  The pacemaker doctors had a lower rate 

2 of lead dislodgement  because thy vere used to putting the 

3 hub of the sleeve that holds it right up next to the 

4 subclavian vein  and using multiple sutures to hold it in 

5 place  

6 I think if one does that  that really does solve 

7 the problem of lead dislodgement  We have had a very low 

8 rate of lead dislodgement  and I only use the one connector  

9 and always have  I really don t think it s the second 

10 sleeve that does it  I think it s the fact that you ve got 

11 to get that first sleeve right up next to the vein  You ve 

12 got to be careful how you tie it down  and I think also the 

13 sleeve itself is slightly different  so it ties down a 

14 little bit better  I think those are the three issues  I 

15 think it s a learning curve issue more than it is an issue 

16 of dislodgement  My lead dislodgement rate is very low  

17 DR  BARDY  I ll echo that  especially the 

18 anchoring design  It was not very good initially  It was 

19 quite loose  and one had to apply a great deal of pressure 

20 to make it approximate the lead  Once that was redesigned 

21 and we learned that the tension on these leads from body 

22 torsion and flexion was high  once those two issues were 

23 brought in focus  I think dislodgements dropped dramatically 

24 across the board  I know they did in my experience  because 

25 I had quite a few early on which I attributed to a 
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combination of the sleeve and ignorance in anchoring  

2 DR  BRINKER  The subcutaneous patch  that cannot 

3 be used in the epicardium  is that correct  

4 DR  SCHABER  Our labelling indicates that it 

5 should only be used for subcutaneous  

6 DR  BRINKER  I think that in a description of the 

7 three nodes that are on the side of the patch and how to 

8 position the patch  it would be nice if there was a picture 

9 showing what the three nodes looked like and how the patch 
10 should be applied to the subcutaneous tissue  because I 

11 found it a little bit difficult to envision that as I was 

12 reading this  

13 You add to the indications for use patients 

14 undergoing replacement of a previously implanted 

15 cardioverted defibrillator system  I would assume that this 

16 should not be done if the leads through the previous system 

17 are efficacious  In other words  this should only be done 

18 if the lead system is no longer functioning  

19 DR  SCHABER  The indication is that I think PCD 

20 manual is for use both with our epicardial and transveneous 

21 systems  So that is to cover    if an epicardial system is 

22 in place  the device reaches end of life and you need to 

23 replace it vith another PCD  that is an appropriate use of 

24 the system  What it is not to do is to say  if you have a 

25 functioning epicardial system and replace it with a 
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1 transvene system  that is not the intent  

2 DR  BRINKER  Let s say that you have a pre  

3 existing epicardial system  and nobody wants to take out the 

4    it doesn t function well for whatever reason    nobody 

5 wants to take out the epicardial patch electrodes  Some 

6 decision is made to put in a transveneous electrode system  

7 Assuming that the epicardial patches are capped  would there 

8 be interference with the way the energy is delivered between 

9 a sub Q system and the pre existing epicardial systems  

10 DR  BARDY  I can talk about that directly  

11 because I have a pig model of a field distribution across 

12 the thorax  Although much has been made of the epicardial 

13 defibrillation patch interfering with tarns thoracic rescues 

14 or in this case  transveneous defibrillation  the problem 

15 really is non existent  When you measure the field across 

16 the myocardium  it s almost totally uniform  The real field 

17 dropoff is not because of insulation from a patch around the 

18 epicardium  but rather the electrode tissue interface from 

19 the shocking electrode  So I think that s a theoretical 

20 issue  but not one that can be measured  

21 DR  SCHABER  If you were to replace the system  

22 our labelling addresses the fact that you should go through 

23 the standard implant testing  to show that you can meet the 

24 implant criteria and have a safety margin  

25 DR  BRINKER  I think I have reached a point wherh 

 I 
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I can pass the questions on to some of the other panel 

2 members   I guess we ll start with my right  Dr  Sethi  

3 DR  SETHI  About your subcutaneous patch 

4 electrode  during testing  could you tell us more about it  

5 how you use it  In the labelling  it s not very clear how 

6 you use your subcutaneous patch electrode  

7 DR  STEINHAUS  Sure  What I will do is  I ll put 

8 the two intercardiac leads inside  I ll put the RV lead in 

9 first  and then get measurements on that lead  I ll then 

10 put the lead in the coronary sinus  I do like the coronary 

11 sinus positioning  It gives me a chance  while people are 

12 checking the lead  to go ahead and put the coronary sinus 

13 lead in  Then what we ll do is  we ll take a standard 

14 defibrillation paddle from a standard defibrillation device  

15 which is almost the same size as the patch  and that vill 

16 plug in    there s a cable vhere all those leads plug into 

17 to mimic the device  We ll plug that into the cable as 

18 well  I usually start right at the apex  is where I like to 

19 

20 

21 

22 

23 

24 

25 

go  underneath the left breast  If that works the first 

time  then I ll do several more defibrillations there to 

prove it s going to work there  If that does not work  then 

I ll either change the configuration  or I ll move my paddle 

either more laterally or more interiorly  or more 

superiorly  I ll just try to move it in a lightly different 

position  
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The beauty of that is  I can do all of my testing 

2 non invasively  I ve made one incision up here  but I 

3 haven t yet committed myself to where I m going to make my 

4 incision for the cutaneous electrode placement  Once I have 

5 found a good position  then I know where I want my patch to 

6 be  Then I can make my incision where I want to make it  and 

7 make a pacemaker patch pocket and just lay it right in 

8 there  

9 It s worked very well for me conveniently  It s 

10 been nice to be able to move that kind of electrode around  

11 It s surprising hov well they match  

12 DR  SETHI  How about Dr  Bardy  Do you use the 

13 same thing  

14 DR  BARDY  No  I used to do it that way  but I 

15 prefer    my bias is to use a single incision for the 

16 pacemaker patch up high  I will resort to other methods if 

17 that doesn t work  I ll simply put the sub Q patch up 

18 through the same incision that I used to get the transvenous 

19 leads in  if I m going to use a sub Q patch  That vector 

20 tends to be reliable in over 80 percent of people for 

21 defibrillation  It s a rare time for me to move it down 

22 anymore  I ll tend to move the SPC lead instead into the 

23 coronary sinus rather than move the sub Q patch  One can 

24 make a pocket easily up here that usually goes down to the 

25 aureolus and to the lateral margin of the pectoralis  and 
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1 I ll place the patch over top of the fascia  That s the way 

2 I do it  I don t use the paddle testing technique anymore  

3 because it s a pretty rare event to have a failure  

4 DR  SETHI  How about you  Doctor  

5 DR  ZIPES  We use pretty much what Dr  Steinhaus 

6 has indicated  

7 DR  SETHI  Is there any data available regarding 

8 use of the patch in the pectoral region  

9 DR  BARDY  I ve done no randomized comparisons to 

10 the two  My techniques evolved over the years  Obviously  

11 down here  if one uses the coronary sinus as your common 

12 electrode and you re pulsing out from the coronary sinus  

13 you have a much better vector across the myocardium  But my 

14 interests lately have been towards speed and efficiency of 

15 implantation  minimization of incisions  and trying to 

16 translate all those more complicated implant methods down to 

17 a method that a general electrophysiologist can use easily  

18 So much of my work has been trying to test simpler 

19 things  so that it can be translated out into the community 

20 with ease  rather than coronary sinus systems  which are 

21 very effective  especially in difficult to defibrillate 

22 patients  But it s more complicated and convoluted to 

23 people that may not have a lot of experience  So by a two 

24 incision system  one for the pulse generator  one for the 

25 patch  high patch position  high SVC position  that works 
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very easily 80 percent of the time  It doesn t take a lot 

2 of expertise to implant  

3 DR  SETHI  Thank you  You had quite a few 

4 patients who had good DFTs at the initial implantation  When 

5 they were tested before discharge  the DFTs weren t markedly 

6 increased  Some of course are because of the lead 

7 displacement  Do you have any idea why other patients had 

8 high DFTs  

9 DR  BARDY  Actually  I ve done a study and I ve 

10 excluded all the lead dislodgements and drug 

11 superimpositions on the patient  and all the other things 

12 that can affect the defibrillation threshold  and just 

13 looked at change of DFT over time  when no other changes 

14 vere present in the patient  This phenomenon is an 

15 interesting one to me  where you do get a rise in the 

16 defibrillation threshold in the first week to six weeks  

17 maybe as long as three months  

18 I m learning as we progress  and I think I can 

19 speculate the cause  That is thrombosis around the coil  

20 clot formation  will give a marked rise and a dropoff of the 

21 field in the first few millimeters  not the first few 

22 centimeters  That clot is enough to raise the impedance at 

23 the electrode tissue interface many times  It s after the 

24 clot dissolves or turns into a fiber sheath that that field 

25 then approaches what it was at the time of implantation  
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In fact  you can see that rise in defibrillation 

2 efficacy if it s a long case  If you re in there for a few 

3 hours  you ll see your defibrillation threshold rise by the 

4 end of the case  I think it s because of the clot  In the 

5 days when we were putting these transvene lead systems in 

6 and then pulling them out before they were approved for 

7 implantation  if the leads were in for a half an hour to an 

8 hour  you would see this platelet slime cover the coil  As 

9 that builds up  I think that s what causes your rise in 

10 defibrillation requirements  but as soon as it shrinks back 

11 down  it returns to normal  as I have seen in a year follow  

12 Up  

13 DR  SCHABER  One thing I might comment about in 

14 addition to that is that we have seen the same phenomenon 

15 with the epicardial system  that is  the thresholds tend to 

16 rise in the immediate post operative period and go back 

17 down  But there is a very rare circumstances where the 

18 thresholds rise enough where they have to do something with 

19 the lead system  The reason for a ten jewel safety margin 

20 is that that will allow for rises in the threshold  Usually 

21 when the thresholds do rise  they rise by a few jewels  so 

22 you can maintain the same lead system  Then after three 

23 months or so  they go back down to what they were initially  

24 DR  ZIPES  I think the acute changes also may be 

25 1 I 1 dr Yth 
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1 system  Catecholamines have been reported to reduce 

2 defibrillation thresholds  and they are going to be very 

3 high intra operatively  and might indeed be significantly 

4 lower during a pre discharge test  That may play some role  

5 DR  SETHI  One of the concerns which have been 

6 discussed is about thrombosis of the subclavian vein  It s 

7 a pretty bad complication when a patient has it  Any 

8 thought been given regarding anticoagulation or something 

9 like that by the company  

10 DR  BARDY  I ve had four patients out of 140  

11 three of which I picked up on routine visits  just slight 

12 swelling in the left hand  and one that was more symptomatic 

13 with more marked swelling  My concern by making a 

14 recommendation of anticoagulation would be pocket hematomas  

15 which I think would be much more of a problem than a left 

16 clavian vein thrombosis  I think the incidence of a two or 

17 three percent left subclavian vein thrombosis is probably 

18 going to be unchanged by anything other than really 

19 aggressive anticoagulation  which will probably get you in 

20 more trouble  

21 DR  STEINHAUS  I think that s an issue  Probably 

22 subclavian vein thrombosis is under reported in all the 

23 literature  If you look at studies that have been done in 

24 the pacemaker literature  it happens more frequently than we 

25 ever know clinically  I suspect that s a function of time    

CY 
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1 If it develops over a long period of time  collaterals can 

2 form and you never see it  

3 I have not seen it with this system in any 

4 patient  That s not to say it hasn t happened  I suspect 

5 it has happened  I just suspect it s slow enough that we 

6 get collaterals  

7 DR  ZIPES  If you were to do a venous angiogram 

8 or fibrinogen labelling  I think you would find a much 

9 higher incidence than is clinically apparent  Most of the 

10 patients do very well  even though it may be a thrombosis  

11 DR  SETHI  I agree with you  I think the 

12 complication of coagulation would be very high  and I wanted 

13 to see what you all thought about it  One question I ve 

14 got  I m not an EP cardiologist  I m just a surgeon  I m 

15 concerned about the VT and V fib therapy in your report 

16 here  I think there are 77 or 80 patients  Is that 

17 expected or accepted  Is that too high or too low  

18 DR  ZIPES  No  I think that s the state of the 

19 art with the present systems  In looking at primary cycle 

20 length  the system can easily be deceived by atrial 

21 fibrillation or other SVTs  I think the advances will come 

22 with better tachyarrhythmia identification  Measuring cycle 

23 

24 

25 

length is done easily and with exquisite accuracy  but 

ultimately  the devices will look for AV disassociation  

 ll   
1 1 5 
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distinguish a normal QRS from a wide QRS  There are a 

number of refinements  But I think that s the state of the 

art at the present time  

DR  BARDY  I think it also represents a degree of 

trigger happiness on the part of programmers  That is that 

they tend to want to treat every little VT that comes by  

instead of ignoring them  I would think a lot of those 

inappropriate therapies would be resolved if one simply 

programmed the tachycardia detection interval so 

aggressively low  It s a rare event for me to program a TDI 

greater than 400 milliseconds  I think that is where you 

get into trouble with these inappropriate therapies  when 

you start getting TDIs of 500 milliseconds  

If I were recommending labelling  I would put 

flags up at 400 and above  

DR  SETHI  One final question  There were 

17 significant incidents of lead dislodgement  There is not a 

18 single death during that period  Is that a function of 

19 luck  Could you explain that to me  how that happens  

20 DR  SCHABER  I think much of the reason is that 

21 half of the dislodgements are caught before the patient even 

22 leaves the hospital  So they are under medical supervision 

23 for this entire time  The majority of the risk is while 

24 they are in the hospital and there is other protection 

25 

Ql 
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1 first month  and it s a matter of the incidence of 

2 arrhythmias  There aren t that many patients who have an 

3 arrhythmia in the first 30 days post operatively  so there 

4 is a short exposure time if there is a dislodgement at that 

5 time  

6 DR  SETHI  How about the late dislodgements  Two 

7 or three percent of the patients had late dislodgement  How 

8 do you follow those patients  

9 DR  SCHABER  The way we follow the patients is 

10 standard follow up things  doing pacing and sensing 

11 thresholds and evaluating an X ray to evaluate the position 

12 of the leads  The most frequent cause for a late 

13 dislodgement is a traumatic event in the case where someone 

14 is tumbling down a hill and reaches to grab a tree  so that 

15 they don t fall down the hill  and the extensive stretching 

16 pulled the leads out  But the vast majority of the lead 

17 dislodgements are associated with some event like that  

18 DR  ZIPES  I think you are right  luck has to 

19 play a role  A patient who has a late lead dislodgement and 

20 develops ventricular fibrillation may well die at that 

21 point  and fortunately it s not happened  I don t disagree 

22 with any of the things that have been elaborated  but luck 

23 does play a role  

24 DR  SETHI  I think some of the sudden deaths 

25 which the investigators and your committee have said they 

q 
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1 are not  the causes of the device could be because of lead 

2 dislodgement  

3 MS  MARRONE  I think you raise an interesting 

4 point  but all those patients when they were seen at follow  

5 up prior to the death  there was no indication that there 

6 was a problem with the position of the lead system  Again  

7 in getting intensive information from these patients  death 

8 by the physician or the referring physician with 

9 documentation of X rays showed no dislodgement of the lead 

10 system  As you noted  we had a clinical event review 

11 committee review all these deaths  and felt there was no 

12 relation back to a dislodgement of the lead system  

13 You raise a point  but there is no data that would 

14 indicate that was the case in these patients  

15 DR  SETHI  Thank you  

16 DR  DOMANSKI  I have just a couple of questions 

17 for you  There was no change in peri operative mortality  

18 Can you discuss that  

19 MS  MARRONE  I d like to comment on that  There 

20 is a difference in intention to treat peri operative 

21 mortality  If you take the patients who were screened for a 

22 transvene system and you look at their peri operative 

23 mortality  the incidence is 1 6 percent  If you compare 

24 that to the patients who were screened for an epicardial 

25 system  and their peri operative mortality is 4 5 percent  
  4 
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Looking at the statistical analysis  there is a statistical 

difference in that peri operative mortality  

DR  DOMANSKI  Do you think that accounts for the 

overall lower mortality of the transvene system then  If 

there was no difference  then it would be interesting to 

know why the overall mortality was lower  But it sounds 

like that explains it  

MS  MARRONE  Exactly  We looked at the 

epicardial patients  and that data is provided in the panel 

package  We looked at the overall patient survival for the 

transvene system  I think what the reviewer may have been 

indicating is when you take the patients that have received 

the transvene system  their peri operative mortality was 0 7 

percent  If you take the patients that were screened for a 

transvene system  it was 1 6 percent  There is no 

difference there  But when you compare it to the epicardial 

group  there is a difference  

DR  DOMANSKI  Does that answer your concern about 

19 it  

20 DR  TERRY  It was a concern about this comparison 

21 of 1 6 percent versus a 2 2 or so that you would get from 

22 the historical control  Our statistician somehow felt that 

23 that was 

24 MS  MARRONE  We re making our comparison to our 

gj 
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1 data available from any of the historical controls to be 

2 able to do it vithout comparison  we re looking at our two 

3 systems  There is a difference  

4 DR  DOMANSKI  That answers my concern  That s 

5 the only question I have now  

6 DR  ECHT  I ll also start with a concern that was 

7 mentioned by the FDA review  That is a pooling of data from 

8 U S  and international populations  which showed that the 

9 U S  population was older  had a lower ejection fraction  

10 more incidence of coronary disease  more incidence of 

11 cardiomyopathy  You state that this is statistically 

12 different  but probably not clinically significantly 

13 different  So I just wondered if you could explain what you 

14 mean by that  

15 DR  SCHABER  I think what we ve done is  we ve 

16 gone back and looked at the data in terms of the patients 

17 that were enrolled concurrently  Because of the way the 

18 system operates  what happens is that we do the evaluation 

19 concurrently worldwide  Once Medtronic is satisfied that 

20 the system is suitable for market release  then we market 

21 release it in areas where there is not a regulatory issue 

22 with doing that  At that time  we don t enter any further 

23 patients in from outside the U S  

24 

25 

So if you look at the patients who are enrolled 

P P 
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1 patients that were enrolled in the U S  up to the point of 

2 market release  and compare those patient populations    

3 that is what ve did in our September submission    those 

4 indeed are the same  The only differences is a couple of 

5 years  difference in age  but all of those other factors are 

6 the same  

7 

8 

9 

10 

11 

12 

13 

14 

15 

It s our belief that as the study progressed  the 

patients with which the physician would try to implant the 

system changed  Early on  it was thought that patients vith 

a low ejection fraction wouldn t do as well  so the system 

because of the limited supply of them were put more in 

patients who had a higher ejection fraction  As the study 

has progressed  that has changed now  so that the opposite 

is happening  They believe that patients who are sicker 

should get the transvene first and not the epicardial 

16 system  

17 DR  SAKUN  One point before I let the physicians 

18 speak  those points that you raised  do they make an impact 

19 on outcome  Doing that analysis showed that it did not  So 

20 we felt that based on statistical comparison and the initial 

21 analysis that it was appropriate to pool those patients  

22 DR  STEINHAUS  I don t like commenting on a pool 

23 data because I m not a great statistician  But I looked at 

24 all the U S  data alone  For a study that we re doing  it s 

25 U S  and one Canadian center  and it turns out to be exactly 

Q  
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1 the same numbers  It s surprisingly close  So to me  it 

2 doesn t make a whole lot of difference whether you pool or 

3 not pool  It looks very similar  both in terms of ejection 

4 fraction and in terms of mortality statistics  That same 

5 mortality difference holds up  It was  6 percent in our 

6 study for the non thoracotomy system and 3 4 percent at a PO 

7 of one level  

8 DR  ZIPES  There probably is some difference  I 

9 think the selection of patients in Europe for a device  

10 depending upon the country  may be different from ours  

11 Where budget crunches affect England so dramatically  they 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

would probably tend to go with younger patients with better 

EFs  and possibly stay away from cardiomyopathies  So there 

may be some differences  but I think you need to ask outside 

of a statistically significant difference  does this have 

any clinical relevance in terms of the device function  I 

think there  the answer is no  I think these patients have 

sudden death  and the device works in them as well as it 

works in the American population  I think from that 

standpoint  it s perfectly reasonable to pool the data  

DR  ECHT  The Europeans used the exact same 

protocol and the same exclusion and inclusion criteria we 

used  right  

24 DR  SAKUN  Yes  identical protocol  same follow  

25 up  
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DR  ECHT  I personally have no problem with it  

either  but it was brought up and I thought it was worth 

discussing  But as long as the exclusion inclusion criteria 

are used and the protocol is exactly the same  and the 

target patients for marketing are receiving the device  I 

think it s clinically relevant myself  

To comment in terms of efficacy  I think the VP VF 

determination efficacy and survival is excellent with this 

device  There are some safety issues  though  that I would 

like to talk to  some of which were already alluded to or 

mentioned  but I really want to get into this dislodgement 

thing a little bit more in detail  

My understanding from data in Appendix I is that 

14 of the 11 or 12 percent dislodgement rate  3 2 percent were 

15 RV lead  8 4 percent were CS lead and 8 4 percent were SVC 

16 lead  I would like to go through lead by lead and talk 

17 about how they re dislodging and how the anchors are going 

18 to help  As regards the SVC lead  I was wondering  how many 

19 of these were leads that were retracting  how many were 

20 leads that were falling down in the IVC  to start  

21 DR  SAKUN  I think that s a good question  We 

22 went back and polled each of the physicians to give us that 

23 information  Almost 70 percent are being pulled back  The 

24 remaining 30 percent are falling forward  

25 DR  ECHT  We luckily haven t had that much 
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problem with this  but with the old spring patch epicardial 

2 systems  it seemed that adding more anchors and putting a 

3 loop in and all those sorts of things really didn t help 

4 this retraction problem so much as it helped the falling 

5 down problem  So I m not sure how having two anchors or the 

6 stronger anchor is going to necessarily prevent it from 

7 pulling out  

8 DR  SCHABER  In order for the anchoring sleeve to 

9 be effective  you really have to anchor the sleeve to the 

10 lead itself  and then anchor that to the vein  Initially  

11 our first anchoring sleeve didn t anchor as tightly to the 

12 lead  so the lead could move back and forth within the 

13 sleeve  The new anchoring sleeve has tabs on it  In terms 

14 of pull strength  it s significantly better  So that does 

15 make a difference  that it s harder to pull through  With 

16 the addition of the two  and our increased education  

17 talking about adding a loop or some other sort of 

18 redundancy  I think that really has addressed the pull back  

19 DR  ECHT  The CS lead I think has two problems  

20 I don t think any of them actually drift down farther into 

21 the CS  but they could either just flop out of the CS or be 

22 pulled out of the CS  I wondered what proportion of each 

23 you had seen  

24 DR  SAKUN  Interestingly enough  a great number 

25 of the CS leads that dislodge actually dislodge to an SC 

J 
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1 position  Then the physician elected to repeat 

2 defibrillation efficacy testing and found that the system 

3 worked  So I think in the range of 60 to 70 percent came in 

4 in the SPC position  The remaining vere still anchored in 

5 the os  but the coil was now sitting in the right atrium  

6 So it kind of flopped out  

7 DR  ECHT  What you mean by flopping out  it s not 

8 pulled back at all  it flips and now it s hanging in the RV  

9 That doesn t happen  

10 DR  SAKUN  We had none  

11 DR  BARDY  I think flopping out is almost    

12 dependent on the diameter of the coronary sinus  I ve had 

13 two flop out  both big vessels  That lead being a ---------- 

14 lead  it s less rigid than the ---------------- lead and more 

15 likely to do that  But there are ways around it  and the 

16 ways around it are selection of electrode polarity to guard 

17 against that  should it happen  and another is where it s 

18 positioned in the coronary sinus  The way I put it in  it s 

19 up to the point where it s wedged into the coronary sinus  

20 That typically holds it into place without any sequelae from 

21 closing off this CS  

22 DR  ECHT  So in terms of polarity  would you 

23 guard against that by making the RV and CS the same 

24 polarity  so that if it would flop out and touch each 

25 other    okay  that s what I thought you meant  So if 

4 

(b)(4)
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1 retraction is the main problem with the CS lead  you think 

2 anchors should help that a lot  Okay  

3 Then the last lead is the RV lead  the incidence 

4 being 3 2 percent  which is a lot lower than the other two 

5 

6 

7 

8 

leads  But 3 2 percent still seems to be maybe double what 

I would like to see  It surprises me some  because it s an 

active fixation lead  

One of the questions I have that is not exactly 

9 clear to me is whether or not these RV leads are also 

10 retracting  in which case this anchor might work  or whether 

11 or not something about the stiffness down there    because 

12 there is that RV thing with that contracting ventricle might 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

just pop it  because it s screwed in  So I was wondering 

whether those dislodgements are retractions or whether 

they re just unscrewing and still have the same length  

DR  SAKUN  I ll let Dr  Bardy describe some of 

his patients in detail  but all of the RV leads that 

dislodged were still in the RV  So they had not gone back 

across the valve  

DR  ECHT  So this is a different problem  then  

It s not a    

DR  BARDY  I think it is a pull back problem  but 

23 it s 

24 DR  ECHT  But it s pulled back out  

25 DR  SCHABER  Enough to lose pacing  The 

c V 
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incidence was 3 2 percent with a single anchoring sleeve  

2 and with dual it  s less than one percent in 400 and some 

3 patients  So we think between the education and this 

4 

5 

anchoring  that that really has addressed that  

DR  BARDY  Yes  I think it is mostly pull back  

6 Certainly all the ones that I ve had with RVs have pulled 

7 back and have straightened up in the right ventricle  more 

8 than come out  The screws probably help keep them in place  

9 The other reason I think this dislodgement rate 

10 may be higher than what we would have liked is that the size 

11 of the leads are small  and they re not gripped by the first 

12 rib clavicular space  In a way  it s a kind of a paradox  

13 The bigger the lead  the less likely you are to get 

14 dislodgement  because the first rib clavicle grip adds some 

15 active fixation  The smaller size leads dont  have that 

16 kind of limitation there  and they are going to be subjected 

17 to that incredible torsion and flexion  because of their 

18 length  

19 DR  ECHT  To follow up on what you said  Dan  

20 subsequent to the 757 patients  found two pieces of data  

21 one on 439 additional patients and one on 573  Was the 439 

22 a subset of the added 573  

23 DR  SAKUN  Some of the 439 patients are in that 

24 new subset  

25 DR  ECHT  I read 439 patients  most recent 

I 
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1 patients  had a 2 3 percent dislodgement  and then for the 

2 573 patients  the dislodgement was stated to be 4 5 percent  

3 DR  SCHABER  Some of the 500 have a single 

4 anchoring sleeve  and the 439 were the ones 

5 DR  ECHT  Those were purely   they all have two  

6 okay  So in this group of patients who all have two anchors 

7 with the 2 3 percent    

8 DR  SCHABER  And that includes all leads  RV  

9 SVC  CS  

10 DR  ECHT  What is the follow up time on those  

11 What is the mean follow up in that group of 439 patients  

12 DR  SCHABER  It s over three months  and 80 

13 percent of our dislodgements    

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

DR  ECHT  Were in the first three months  yes  

Half were in the first month  and then the other half   

DR  SCHABER  The other half occurred between the 

one month and the three month interval  

DR  ECHT  You said that of that group   was that 

the group said only had a one percent RV dislodgement  

DR  SCHABER  Right  less than one percent  

DR  ECHT  I just have another Valerie question  

On the infection rates  because there were a couple of 

numbers  in one part of the PMA Volume two clinical report  

page 74  it said as Dan showed in his presentation  there 
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1 was a 2 9 percent infection rate  and a 5 3 quote 

2 observation of infection  On page 52  Volume one summary  

3 they list pocket infection as 3 2 percent complication  1 3 

4 percent observation  So my questions are  those are 

5 slightly different  Maybe you can just break it down in 

6 terms of infection    I don t know what an observation 

7 versus a complication is  Does that mean whether or not it 

8 was explanted  Which ones needed explant  which ones were 

9 treated with observation  and which ones were treated with 

10 antibiotics and no explant  Could you clarify that  

11 DR  SAKUN  The clinical study as was stated in 

12 the presentation  A complication is a medical event that 

13 requires intervention  So when you talk about infection  

14 there are going to be some patients who are explanted  and 

15 we would also count patients who had a pocket debrided and 

16 the device placed back in the pocket  So there were 24 

17 patients where surgical intervention was required  22 of 

18 those  the devices was explanted  That is where you get the 

19 2 9 percent  So when we did the comparison of epi versus 

20 transvene  we wanted to compare apples to apples  how many 

21 resulted in explant  When you look at the total number of 

22 infections that required invasive intervention  that s 24  

23 So that s 3 2 percent  The patients that are in the 

24 observation column  those are all patients that were treated 

25 
  

with antibiotic therapy and the infection resolved  

Q 
i 
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DR  ECHT  Those were limited to the pocket  

2 DR  SAKUN  Exactly  they were all pocket 

3 infections  They had not seeded to a sub Q patch  so there 

4 was no evidence of infection other than in the pocket  

5 DR  ECHT  I have a question regarding peri  

6 operative mortality  which was extremely good in the 

7 transvene population  But I seem to remember seeing some 

8 data on patients who underwent testing for transvene  the 

9 DFT was too high and they went ahead and had an epicardial 

10 system  and it seemed like their peri operative mortality is 

11 much higher  So I was interested in what their peri  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
  

operative mortality is  How many VF inductions they had as 

compared to the other patients  and whether or not they had 

thoracotomies performed at the same setting versus on a 

later date  and all that  

DR  SAKUN  What I would like to do is give you 

those numbers and then I would like to have some physician 

input on how they may manage those patients  There were 97 

patients who were initially screened for a transvene system 

and went on to an epi  In that group  there were nine peri  

operative deaths  which gives us a peri operative mortality 

of 9 3 percent in that patient group  They are included 

back in when we do the intention to treat  

DR  ECHT  Right  but they re not separated out  

DR  SAKUN  Right  Your next question was  were 

cH 
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1 their implant  pZ QQQ 3QZes any different than the patients who 

2 dicl get a transvene system  Interestingly enough  the 

3 number of configurations tested is different  the mean 

4 number of configurations  from those who got the transvene  

5 but the number of inductions is not  

6 Looking at them  seven died on same day 

7 procedures  two died doing the implants on separate days  

8 DR  BARDY  I think when we reviewed those deaths  

9 it vas clear that the patients were being put through too 

10 much  too soon  The recommendation was to delay the 

11 epicardial for at least two days before proceeding  because 

12 they had been through a lot with their failed transvenous  

13 The other thing that came out of looking at those 

14 deaths was that many of those people vere allowed to 

15 fibrillate too long  I think their deaths are in large 

16 measure related to prolonged episodes of VF  more so than 

17 difficulty in getting a system to work  It was being 

18 unprepared to rescue the patient  That is what struck me 

19 about several of those deaths  was the lack of preparation 

20 in the operating room  

21 DR  ZIPES  I don t think it should be mandatory 

22 that it be a two day procedure if the transvene system is 

23 found to fail  I think if one decides early on after just a 

24 few inductions that the transvene system is not going to 

25 
  k  h   1r g y 
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1 costal pz sub xiphoid or whatever for the patch  I think i s 

2 very reasonable to do it at the same time  I think it ought 

3 to be a clinical judgment  

4 I agree with Gus that prolonged episodes of VF    

5 and I disagree with him a little bit that the numbers have 

6 got to play a role  maybe 14 with a five minute rest period 

7 in between is okay  but 20 with little rest period    VF is 

8 harmful to your heart  I think those prolonged episodes  

9 unquestionably  you ought to stop at that point and come 

10 back several days later  But I don t think it should be an 

11 obligatory statement  

12 DR  ECHT  Do you think there should be a 

13 recommendation in the physician s manual 

14 DR  ZIPES  Yes  and interestingly  I think some 

15 of the poor practices in the OR stem from some of the early 

16 dog studies  where it was said that you get the same numbers 

17 with a preposterously short interval between VF inductions  

18 that that was part of some of the animal protocols  30 

19 seconds or a minute  or something very short between two VF 

20 inductions  It s ridiculous  

21 DR  STEINHAUS  I feel the same way Doug does  but 

22 I disagree a little bit with what Gus had to say  not in 

23 huge proportion  But I think after you have had a patient 

24 who has had multiple inductions and multiple configurations  

25 you are now getting into two hours or so of anesthesia time   

C   
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There are patients who have VFs of 20 percent  and the 

2 anesthesiologist is now putting dopamine on the patient to 

3 boost up their blood pressures  I think that is the time 

4 not to do a thoracotomy  It s time to stop and reassess and 

5 let them recover  

6 DR  ECHT  My opinion is that there is a huge 

7 difference between 0 7 percent and 9 3 percent  so maybe we 

8 ought to be a little bit stronger about informing that this 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

really is associated with a high peri operative mortality  

Even though there may be individual patients in whom it s 

perfectly safe  I think people should be aware of this 9 3 

number  

DR  SAKUN  That particular percentage is not put 

into the labelling  but there is a specific note that says 

patients who failed to meet implant criteria and went on to 

epicardial  that there is an increased risk for peri  

operative    

DR  ECHT  Yes  This is like more than a ten 

times risk  This is not a small time difference  

DR  SAKUN  Right  If the panel feels we should 

actually put the percentage on  I don t think we vould have 

any issue with that  

DR  ECHT  Next on my list are devices and leads 

out of service  I comment just that out of service 

percentage was very low  excellent  but I don t know 
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1 -----    what is it  

2 

3 

4 

5 

6 

DR  SCHABER  ----- is the name of an integrated 

circuit  That was the same issue that was reported on the 

epi system  where there was early on an issue with 

integrated circuit  

DR  ECHT  Because it was an FDA concern  we need 

7 to talk about this one case of metal ion oxidation  It 

8 seems to me it s just a really oddball case  in that there 

9 was damage 20 centimeters from the tip  but 20 centimeters 

10 from the tip was inside the RV  This patient must have had 

11 a strangely huge right heart  I would personally not want 

12 to make any extrapolations  but maybe we should talk about 

13 it anyway  because it was something that came up  Do you 

14 want to talk about that case a little bit  

15 DR  SCHABER  That was a case with  as you said  

16 an extremely large boot shaped heart  The reason that the 

17 lead was explanted was because their heart function was so 

18 bad  they had to have a heart transplant  

19 DR  ECHT  It was a functional lead  

20 DR  SCHABER  It was a functional lead  correct  

21 DR  ECHT  Had that patient received therapies  

22 DR  SCHABER  Right  that patient had received 

23 successful therapies  There had been no issues up to the 

24 

25 

time of explant with pacing sensing or detection or 

   a        ei   a   a       
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part of our    we asked for all of the investigational leads 

2 back when we do a transplant  and it was only upon 

3 microscopic evaluation that we found a cosmetic MIO  

4 DR  ECHT  VF re detection after shock was never 

5 seen  which is wonderful  But what do you attribute to the 

6 absence of any post shock signal attenuation with this 

7 system  

8 DR  BARDY  The detection algorithm I think is 

9 great  and it s based upon bipolar sensing  and the years of 

10 work Walter Olssen put in making sure that it doesn t fail 

11 following shock when amplitudes may fluctuate more or be 

12 smaller  or the spacing on it avoids polarization effects  

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

It s been stressed a lot and hasn t really failed in that 

regard  The way it s defined  the decay of the sensing 

amplifier  it s an issue as well  Also  the sensitivity 

the fact that VF detection is 75 percent rather than a 

hundred percent requirement for detection  that helps  I 

think those are the main issues  

DR  SAKUN  We spent a lot of time going through 

the strips to insure that there veren t any reports of under 

sensing  either in sinus or under sensing that then related 

to delayed detection  We ve had delayed re detection  but 

we ve had no reports of anything  because of the reasons 

that Dr  Bardy has outlined  

25 DR  ECHT                     p       

Q 
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1 still looking for the answer  

2 DR  SCHABER  It works  though  

3 DR  ECHT  I just have a couple of clinical kind 

4 of questions  As regards following patients  since half of 

5 the lead dislodgements occur after the first month  so even 

6 though a lot of them occur acutely  still more than half of 

7 them occur after the patient goes home  How should we be 

8 working for these things  What would we be doing  Chest X  

9 rays  pacing thresholds  how often  Any other thoughts  

10 DR  SAKUN  What I ll do is outline what is in the 

11 labelling and then have physicians offer any additional 

12 recommendations to that  The patients are seen every few 

13 months because of the need to reform the capacitors and do 

14 measurements  That will remain unchanged  Labelling for 

15 the transvene system will recommend that X rays be obtained 

16 in those follow up visits to evaluate for the possibility of 

17 dislodgement  You do do the same routine kinds of 

18 measurements which are the pace sense threshold evaluation 

19 to look at capture threshold and sensing threshold  as well 

20 as in looking at the device and in looking at if any of this 

21 has occurred  are they appropriately being treated  is there 

22 any indication that there may have been an improvement  

23 Those are the kinds of things that we have in the current 

24 labelling  

25 h 
  th 

gh  h 1 tt 
  

g  



68 

1 weeks  two months  When should they be seen at discharge to 

2 try to catch those  

3 DR  SAKUN  X rays are required at the pre  

4 hospital discharge  Whether or not one is done at the one 

5 month  we ve left that to the   the strong recommendation 

6 is that it be done  and the long term is that at every 

7 follow up from there on in  each three month follow up  that 

8 X rays be done at that point in time  

9 DR  STEINHAUS  We have all looked at the insert  

10 and I think those are reasonable recommendations  You ve 

11 got to valk between overdoing things and carrying a lot of 

12 expense versus what seems reasonable  I think those are 

13 reasonable assessments  

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

DR  ECHT  Just one more  and then I ll stop  

That is where to put the sub Q patch  It seems like there 

are still a number of schools  In the physician s manual  

it suggests that to do the mid axillary line  which is a 

little different from Gus  anterior and John s posterior  

We personally have found that to be the best position as 

well  and I wondered  is this a consensus  

The other is  the field clinical engineer that 

comes to our institution made a point of saying that not 

only should it be mid axillary  but it s best if it s 

perpendicular either this way or this way  not this way  

PARTICIPANT  That s hocus pocus  
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DR  ECHT  All right  But we have had good luck 

2 with that  So I agree with the idea in the recommendation 

3 of starting at axillary  But what if that doesn t work  

4 There are two different schools about the front and the 

5 back  Unless you do a cutaneous patch like David does  and 

6 a lot of people don t because you have to do a lot more 

7 testing to do it that way  most of us go to the front or the 

8 back at that point  and that means making more incisions in 

9 the patient  Once you have made the one  you would like to 

10 not have to make too many more extended anterior  So what 

11 are you going to suggest if the mid axillary doesn t work  

12 the interior posterior  

13 DR  SCHABER  I might go back to say that with our 

14 data with RV SVC sub Q in a mid axillary position  that 

15 approximately 60 to 70 percent of the patients meet the 

16 implant criteria with that first configuration  

17 DR  ECHT  But what would be if you were in the 

18 other third  What do you suggest next  How do you guide 

19 physicians in that  

20 

21 

22 

23 

24 

25 

DR  NORBERG  As opposed to telling them to move 

the patch  we would do some recommendations on moving the 

electrical first  and possibly change the RV common to the 

sub Q common  and change vectors and see if that would 

increase your probability for effective    

DR  SAKUN  And the second thing you could do is 



70 

1 that we recommend you start off sequential  If you can t 

2 meet the implant criteria  to reprogram to simultaneous  So 

3 there are things you can do both by reconnection and 

4 reprogramming before  and then pick up a good percentage of 

5 those patients who haven t met implant criteria  before 

6 you d have to move on to the point of another incision and 

7 reposition the sub Q patch  

8 DR  SCHABER  The flow chart in the PCD tech 

9 manual indicates  start with RVS VC sub Q  and either 

10 sequential or simultaneous  and then first try that  Then 

11 try changing the common  That would be our recommendation  

12 rather than moving the patch around a lot first  That is a 

13 simpler change  

14 DR  ECHT  My personal feeling is the sequential 

15 simultaneous is a little bit hocus pocus  too  I think 

16 sequential works a lot better  because we re told to try it 

17 first  

18 DR  SCHABER  We do have paired data in a number 

19 of patients  You can see that having options allows you to 

20 get patients you can t get with one or the other  There s a 

21 fair amount of overlap  

22 DR  ECHT  I know that data  They always try 

23 sequential first  too  so it wasn t randomized  so I don t 

24 think that data is really great  But anyway  you ve done 

25 v 
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1 have any advice as to which direction to go  

2 DR  BARDY  I wouldn t use the approaches that 

3 you re doing  My labelling would be a two incision rather 

4 than a three incision  I would label a very high SPC  not 

5 one that most people use  I would put a patch up very high  

6 If that didn t work  I d move into the coronary sinus  I 

7 wouldn t move the patch  because I would try to avoid a 

8 third incision  I think that s a big deal for my practice  

9 and moving into the coronary sinus isn t  

10 DR  ZIPES  I think we re hearing reflected here 

11 not only your comments  but the comments from this side  

12 It s that this is an evolving state of the art  and we don t 

13 know exactly what is the best approach  I think Gus has 

14 suggested one that seems to work  and the others have as 

15 well  So I think the labelling needs to reflect that  that 

16 there isn t necessarily a hard and fast way that it should 

17 be done  but offer these as possibilities in the patient 

18 with a high DFT  Labelling may change in a year or two when 

19 we have more knowledge about it  

20 

21 

22 

23 

24 

25 

DR  STEINHAUS  I agree with you  We have all had 

the experience where what should work doesn t seem to  Then 

you try something that doesn t seem like it ought to have 

good field lines or vhatever  and then it does  I think 

there is still a lot we don t know about this  and I think 

you just have to try to do your best  I think the bottom 
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1 line is  if you get a 24 jewel DFT  no matter how you did 

2 it  you re going to be okay  

3 DR  ECHT  It s gratifying to know I m not the 

4 only one who doesn t know everything  I think I ll stop 

5 here  

6 DR  GREGORATOS  Paraphrasing Dr  Sethi  I m not 

7 an electrophysiolgist  I m only a clinician  so I don t have 

8 many questions  It seems to me that there has been ample 

9 demonstration that the device is effective for what it is 

10 supposed to do  I think the results of therapy are very 

11 gratifying  

12 So my questions will be few and related mainly to 

13 safety issues  First of all  I was a bit disappointed to 

14 find out that the mean hospital stay was only three days 

15 less for the transvenous system than the thoracotomy system  

16 I would have thought that avoiding thoracotomy might lower 

17 the hospital stay a little bit more  Would you care to 

18 comment on that  

19 DR  SCHABER  In brief  that calculation is based 

20 on the first 757 patients entered into the population  That 

21 is what we are looking at  That was when physicians were 

22 more conservative about the testing that they were going to 

23 perform and how long to keep a patient in the hospital  

24 Then I would like the physicians to talk about what their 

25 v v 1 s e 
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DR  STEINHAUS  I agree with you entirely  One of 

2 the major benefits is the decreased discomfort it is to the 

3 patient not to have a thoracotomy  Thoracotomies are not 

4 entirely benign procedures as we ve learned  not only in 

5 terms of mortality  but also in terms of morbidity to the 

6 patient  It s a rare patient who is up doing all the things 

7 he wants to do after a thoracotomy before six weeks  whereas 

8 with this device  people can be up doing what they want to 

9 do very quickly  In fact  I send patients home now 

10 routinely at two days  so I will put it in on a Monday  they 

11 will get tested on a Wednesday  and they will go home the 

12 day they are tested  and that s it  

13 So I think you can achieve a significant decrease 

14 in hospital stay  and I think for the purposes of the study 

15 we re being pretty conservative  I think we will see that  

16 DR  GREGORATOS  Is that everybody s experience  

17 DR  ZIPES  I think that s absolutely right  If 

18 you know that this is the device for that patient  you don t 

19 have to do a lot of fumbling up front in terms of EP testing 

20 and whatever  They re in and they re out very quickly  

21 DR  GREGORATOS  Thank you  If I read the 

22 material correctly  the only thrombotic complications that 

23 vere seen were subclavian  There was no coronary sinus 

24 thrombosis reported with CS leads  is that correct  

25 DR  SCHABER  That s correct  We ve done a study 
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1 on that  on the patients that have died or have been 

2 transplanted  and have looked at their coronary sinus  I 

3 think we have about seven or eight  Our pathologist that we 

4 have worked with is here  and you don t see it  You do see 

5 a thin fiber sheath adhering to the endothelium on the 

6 coronary sinus  but no evidence of thrombosis  

7 DR  GREGORATOS   For my own edification  how far 

8 out do you insert the lead  in the sinus or in the great 

9 cardiac vein like the diagram up there seems to imply  

10 DR  BARDY  In large measure  it depends on where 

11 you have your other electrodes  One tries to triangulate 

12 the left ventricle  but with the other electrodes  So 

13 

14 

15 

16 

17 

18 

19 

20 

choice of cathode or anode affects where you put it  

Lately in my practice  I tend to put it more 

proximal into the coronary sinus rather than the great vein  

because I use    the patch here is common  and the vector is 

better if it s more proximal  But if I use the right 

ventricular electrode  it s common  or cathode  then I ll 

put it out in the great cardiac vein and wedge it in the 

vein  It works fine there  and doesn t cause any mechanical 

21 problems  

22 DR  GREGORATOS  Thank you  What type of training 

23 is Medtronic planning to give  if and vhen the device is 

24 marketed  

25 DR  SCHABER  We have an extensive program of 
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1 training  where we would go through an overview of the 

2 clinical results and what has been successful and what has 

3 not been successful  and go through the implant procedure  

4 et cetera  with the implanting staff  meaning the 

5 electrophysiologist  the surgeon who is going to be in 

6 attendance  if that is the case  and the nursing staff that 

7 would be involved  The amount of education is tailored to 

8 the experience of the implanting group  

9 DR  GREGORATOS  Or lack thereof  

10 DR  SCHABER  Or lack thereof  correct  So if 

11 they have had experience with an epicardial system and 

12 another manufacturer s transvenous system  they would need 

13 less education than if this was their first experience with 

14 a transvenous system  

15 DR  GREGORATOS  Going back to Dr  Brinker s early 

16 question about the interaction with the DDT type of 

17 pacemaker and the response that was given  is there anything 

18 in the labelling about maintaining distance between the 

19 standard patient lead and the transvene lead  Or if there 

20 isn t  do you think that will be something to introduce into 

21 the labelling  

22 DR  SAKUN  The recommendations that are currently 

23 included in the labelling talk about the issues that the 

24 

25 

physicians brought up  which is the unipolar pacemaker  that 

h p    I g t P 1  
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1 distance recommendations that are in the labelling  that was 

2 something the advisory panel would like to see included  We 

3 do recommend that the leads be separated as far as possible 

4 while still maintaining appropriate function of the 

5 pacemaker as well as appropriate function of the PCD  

6 DR  GREGORATOS  It seems to me that would be a 

7 useful sentence to include in the labelling  

8 DR  BRINKER  Doesn t the PCD labelling have 

9 something about  if there s the presence of a pacemaker  you 

10 have to test sensing with the pacing on  

11 DR  SAKUN  Yes  the labelling states that you 

12 should have sensing of the PCD with the pacer program to its 

13 full output  and then during defibrillation testing with VF 

14 being induced to make sure that there is no inappropriate 

15 non detection  

16 DR  BRINKER  So that would cover that issue  

17 

18 

19 

20 

21 

22 

23 

24 

25 

DR  GREGORATOS  Looking at the inappropriate 

therapies  it seems to me that the major culprit obviously 

is rapid atrial fib  I counted ten or 14 appropriate VT 

were due to A fib and 29 of 57 VFs were due to A fib  

Obviously  everybody knows that  or at least I would hope 

everybody knows it  and would try to prevent it happening as 

much as possible  Is there a caution in the labelling 

related to that  

DR  SAKUN  One of the features available in the 

p   
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1 PCD device is that there is a detection algorithm which we 

2 have labelled stability  In the section that talks about 

3 programming recommendations  we give programming 

4 recommendations for how that algorithm should be enabled and 

5 when it should be used  specifically  if the patient does 

6 have a history of atrial fibrillation  the physician may 

7 wish to consider enabling the algorithm  If there is then 

8 an appropriate therapy due to what the physician believes is 

9 atrial fibrillation  to go ahead and enable that algorithm  

10 So we do have those kinds of recommendations about how do 

11 you use the other detection parameters within the PCD 

12 device  

13 In our warnings and cautions section  there is a 

14 discussion that there is a possibility of inappropriate 

15 therapies due to A fib or sinus tachycardia  

16 DR  GREGORATOS  Was this algorithm enabled in the 

17 episodes of A fib that resulted in inappropriate therapy  

18 DR  SAKUN  All the patients who had the 

19 inappropriate therapy did not have the algorithm enabled  

20 In a percentage of patients it was enabled and no further 

21 inappropriate therapies were delivered  

22 DR  BARDY  I use the stability algorithm a lot  

23 and will program fairly tight intervals on it  sometimes 30 

24 milliseconds  It s a rare patient that continues to fool 

25 the device if we use that  

p I 
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DR  GREGORATOS  So if I understood you then  the 

2 majority of the patients where the device was fooled did not 

3 have the stability algorithm  

4 DR  BARDY  Right  

5 DR  GREGORATOS  Good  That s all I have  

6 DR  AZIZ  I have one comment  although I think 

7 the questions have been well addressed  At the time of 

8 explanation  patients who have this device are a pleasure to 

9 have compared to the AICD older systems  where we couldn t 

10 get the patches off  particularly attached to the 

11 pericardium  and parts of the heart were left behind  So I 

12 think this is an advancement in those sorts of patients  

13 

14 

15 

16 

17 

18 

19 

20 

The other thing  addressing the subclavian vein 

thrombosis issue  this subset of patients who do 

transplantation are on anticoagulants  I think we probably 

will be seeing an increasing number of these patients  From 

my recollection  I don t think that they have had any 

increased incidence of hematomas  and Gus may be able to 

address that  

DR  BARDY  We do see pocket hematomas on the ones 

21 that are anticoagulated  who have valves  for example  

22 Those are the patients where we re struggling to balance 

23 surgical bleeding against valve clotting  We often end up 

24 with pocket hematomas on them because of our reluctance to 

25 stop their anticoagulants completely  So I think it is an 

Q 
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1 issue  That concerns me more because of dehiscence  clots 

2 that favor infection early on  We ve seen a patient get a 

3 pocket hematoma and then an infection  So I would still 

4 

5 

6 

7 

8 

9 

10 

11 

12 

argue against anticoagulation in those patients  

DR  STEINHAUS  But that s early on you re talking 

about  not later  

DR  BARDY  That s right  

DR  AZIZ  The second issue  of crinkling of the 

subcutaneous patch  Does that tend to occur early  or is it 

that once they get over the socking in stage  it doesn t 

occur  

DR  BARDY  I think that s a late phenomenon  and 

13 related to activity levels and anchoring technique  

14 DR  SIMMONS  Quite frankly  most of the questions 

15 have been asked by now  But a couple of issues  just for 

16 interest s sake  A lot of patients now get referred in our 

17 lab for extraction of these lead systems from pacemakers  

18 Have you extracted very many of these leads from the CS for 

19 infection  and how late are you willing to pull these leads 

20 out  and is that going to make a difference in the type of 

21 patients you might chose to put one of these lead systems 

22 in  

23 DR  BARDY  I ve had to pull two out for 

24 infection  put them in on the left side and then 

25 subsequently put them in on the right side after their 

QS 
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infection cleared  In both of those people  the infections 

2 were sub acute  and in the three to six month time period  

3 At that time  there was no difficulty pulling them out at 

4 all  Whether they would be more difficult four  five  six 

5 years down the road  I don t know  I would imagine they 

6 would be  But the lack of tines and the durability of that 

7 right ventricular lead I think makes it easier to pull it 

8 out  

9 The SPC lead  because I put them up high  is very 

10 simple to get out  I can t comment about four or five 

11 years  I would assume it would be harder  but probably not 

12 as hard as a tined    

13 DR  SIMMONS  You have pulled them out of the 

14 coronary sinus as well  Okay  I ve gotten a lot of 

15 questions about the kinds of ablations we re doing with 

16 regular frequency  and whether or not doing them inside the 

17 CS is really    is it dangerous  Seven patients that you 

18 have looked at for damage to the coronary sinus or coronary 

19 artery  or damage inside the CS really enough to make any 

20 kind of comment  

21 DR  BARDY  I happen to have a lot of experience 

22 in catheter ablation of the coronary sinus  I m probably 

23 one of the people who influenced going away from the 

24 coronary sinus in the days when you used to use DC ablation  

25 and exposed a great number of problems with doing that  But 
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1 that is a totally different therapy and a different energy 

2 technique  and much more traumatic than what we re doing 

3 now  

4 We would distribute 2 000 or 3 000 volts across 

5 two millimeters of electrode in the ablation base  and now 

6 we re talking 700 volts across five centimeters of 

7 electrode  a much different result from that doesn t create 

8 the problems  

9 DR  SIMMONS  But dont  you think still  just in 

10 these five or six hearts that you ve had the opportunity to 

11 examine  the story isn t in on what may happen after 

12 several discharges from this device in the CS  

13 DR  BARDY  Well  I don t think that s an issue  

14 The reason is  when you damage the coronary sinus with an 

15 electrical pulse  you will know it immediately  because the 

16 effect is an effect of trauma and burning  not an effect of 

17 an electric field that is not burning the tissue  If it s 

18 burning the tissue  you will know immediately because you ll 

19 see your voltage wave form change  That change is apparent 

20 on the oscilloscope  If you are burning  you will get a big 

21 rise in resistance and you will see your voltage wave form 

22 change immediately  You don t see that with this like you 

23 do see it presently with radio frequency ablation 

24 techniques  

25 DR  ZIPES  Whether those seven patients are 
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representative or not  I think my feeling would be they 

2 probably are  because clinically it s not a problem  

3 Indeed  vhen we were still operating on WPW patients  the 

4 surgeon got into a CS tear  for example  they would often 

5 ligate the coronary sinus with impunity  and the patients 

6 did perfectly fine  I realize that surgeons don t tear the 

7 coronary sinus too often  And clinically  coronary sinus 

8 obstruction is not a problem  So I would tend to believe 

9 the data  

10 DR  SIMMONS  Probably also from the early days of 

11 pacing  all the coronary sinus leads were placed in for 

12 atrial pacing  So there is some body of evidence that says 

13 we re probably going to be able to get away with this  But 

14 still  I m not going to be surprised the first time 

15 something comes up like    

16 DR  STEINHAUS  I don t think anybody is  We re 

17 probably going to be able to get away with this  but still  

18 I m not going to be surprised the first time something comes 

19 up like 

20 DR  STEINHAUS  I don t think anybody is  

21 DR  BARDY  Two issues  Art Moss put the first 

22 coronary sinus pacing unit in 25 years ago  He still has 

23 some of those patients in his practice  He has done long  

24 

25 

term coronary angiograms with coronary sinus phases  showing 

v  v  v   i       v  
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1 build upon Doug s comment on the surgical approach  George 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Guiridone when he did his epicardial WPW dissections  used 

to intentionally ligate the coronary sinus  So I don t see 

that as an issue  

DR  SIMMONS  There wee a couple of instances 

which sparked something in me  I always get these devices 

that I send back to the company  and then always come back  

in spec  But there vere two instances of these power on 

resets  two patient who had problems with that  Both of 

those devices came back as in spec  Do you have any comment 

11 on that  

12 DR  SCHABER  Other than there weren t reports of 

13 it being used around electrocautery  But there could have 

14 been electrocautery at the time of explant that would have 

15 caused it to do that  or some other strong electric field  

16 DR  SIMMONS  I guess I don t have anything else 

17 to say  other than to reiterate what other people have said  

18 I think the majority of the lead fractures look like they 

19 have been in subclavian veins  I think the labelling should 

20 be very strong to suggest that all the leads should be 

21 placed through a cephalic vein when at all possible  The 

22 labelling has to be very strong about the follow up  I 

23 don t think it should be left out that these patients need 

24 X rays  There are a lot of people looking over our 

25 shoulders right now about the cost of these devices  and 
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1 their efficacy in the five year long follow ups and things 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

like that   If we re ending up with one percent fracture 

rates and even three percent dislodgements and we re not 

taking care of those  those patients are going to end up as 

deaths on our overall nationwide statistics  

So I think the labelling should be very strong 

that the robustness of this design is not as strong as some 

of the others  and it needs a little more tinkering and a 

little more care  I think the labelling should be very 

strong  in my opinion  

DR  SAPIRSTEIN  Just one informational question  

Can you dispense with the subcutaneous patch  

DR  SCHABER  Yes  you can  In this population  

the majority of the patients had a subcutaneous patch  but 

there are a number of patients who had RV SVC without a 

patch  or RV CS SVC without a patch  

DR  SAPIRSTEIN  But they all had patches in this 

group of patients  

DR  SCHABER  Ninety five percent of the 757 had a 

20 patch  five percent did not  

21 DR  SAPIRSTEIN  And all the infections had to 

22 have the device removed  did they  

23 DR  SCHABER  There were 3 4 percent of the 

24 patients who had an infection where the pocket had to be 

25 entered  2 9 percent of the patients had the device 
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1 explanted  But there were other infections that were 

2 treated with antibiotics  

3 DR  BRINKER  I think we can have an expedited 

4 second round here  I just have a couple of questions  One 

5 is that you carefully label the devices to be used only with 

6 Medtronic PCV  It s unfortunate  I think  that these leads 

7 haven t reached a state of evolution between and betwixt and 

8 manufacturers that the pacemaker leads have  Why not have 

9 unified lead adapters for these devices  

10 DR  SCHABER  We are moving towards that  There s 

11 a DF 1 standard defibrillation standard  so that the leads 

12 could be interchangeable  It s our position right now that 

13 before we can recommend that any lead be used with any one 

14 of our pulse generators  or any one of our leads be used 

15 with anyone else s pulse generators  that we need to have 

16 data showing that that indeed is safe and effective  

17 

18 

19 

20 

21 

22 

23 

24 

DR  BRINKER  Do you make adapters  or are you 

thinking of making adapters  

DR  SCHABER  We re in the process of making 

adapters and making all of our leads available with the DF 1 

connector  so that once all the manufacturers adopt that 

standard  they will be able to be used interchangeably  But 

it is still our position that that shouldn t be done until 

clinical data shows that it s safe and effective  

25 DR  BRINKER  Pl  
   

h 

0 
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are a number of patients that had perforations  which is a 

2 little bit higher than you would expect  These were serious 

3 perforations  tamponade or LV RV  Do you think that this is 

4 due to the intrinsic stiffness of the lead  or perhaps due 

5 to the fact that when you deliver therapy  as part of the 

6 therapy  the lead shoots axially against the apex or against 

7 where it s positioned  

8 DR  SCHABER  It s our belief that it s implant 

9 technique  and the stiffness of the lead that is doing it  

10 If you look at the lead in a patient s heart during 

11 defibrillation  it doesn t move  

12 DR  BRINKER  Does the heart move  The lead stays 

13 where it is  and the heart    

14 DR  SCHABER  The lead stays where it is relative 

15 to the heart  

16 DR  BRZNKER  Some of these were not acutely 

17 obvious  which is vhat you would normally see with a 

18 technique problem  especially those leading to tamponade  

19 DR  BARDY  I ve had it happen to me once  It was 

20 acutely obvious  It was technique  

21 DR  ZIPES  We see it with ablations  It s not 

22 that rare  unfortunately  We have learned  for example  

23 that the little old lady  their hearts are very thin walled 

24 

25 

and it s so easy to perforate that heart  even when you go 

b hv p C  th k   
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it s technique  

2 DR  BRINKER  But it has to do with the device  

3 too  because this incidence of perforation  be it as small 

4 as it is  isn t seen with endocardial sensing leads  for 

5 instance  with the old devices  to the best of my knowledge  

6 One final comment from me  I wouldn t be so 

7 cavalier as Debby was about MIO  especially since most of 

8 these leads are going to continue to be placed in the 

9 subclavian access  We know that MIO is facilitated by 

10 stress or strain  even though this particular case was 

11 unusual  to have it at a spot in the right ventricle  I 

12 think when you re up against the subclavian site  there are 

13 two recent publications suggesting that installation 

14 problems can occur in this area  and that MIO plays a part 

15 in that  

16 MS  MARRONE  I would just like to note that there 

17 have been in the last few years a number of process changes  

18 

19 

20 

21 

22 

23 

24 

25 

a net effect clinically  that has demonstrated that the 

incidence of MIO in that area relative to that position up 

in the subclavian is significantly reduced  due to some of 

these process changes  

DR  BRINKER  But MIO is peculiar to ---------------- 

installation  I think that s the gist of my comments  If 

there was other installation  MIO would not be a 

consideration  I think as part of the overall post  

(b)(4)
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1 marketing surveillance anyway  this thing ought to be kept 

2 in view  because this usually isn t obvious for five years  

3 DR  SETHI  Have you seen any cases of    

4 insufficiency  This lead is pretty stiff  

5 PARTICIPANT   Remarks off mike   

6 DR  SETHI  The last question is about 

7 endocarditis  When the system gets infected  have you seen 

8 any case of endocarditis  

9 DR  SCHABER  It s a concern  But we haven t had 

10 endocarditis reported to us  We ve had systems where they 

11 explained the explanted the pulse generators and the lead 

12 themselves  but not yet a report of endocarditis  although 

13 that is a concern  

14 DR  SETHI  Suppose the lead is infected  Do you 

15 treat this patient as a potential endocarditis patient  

16 DR  ZIPES  We recommend antibiotic prophylaxis 

17 for dental work and so on  I don t know that that s the 

18 right way to do it  but that s what we recommend  

19 DR  ECHT  I just had a couple of labelling 

20 comments  I agree with virtually all the labelling 

21 suggestions by the FDA  

22 DR  BRINKER  Do you want to hold those until 

23 after the meeting  

24 DR  ECHT  Yes  that s all I need to talk about  

25 DR  BRINKER  I want to just ask Doris whether 
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1 most of her queries have been answered during this debate  

2 DR  TERRY  Yes  

3 DR  BRINKER  Okay  I d like to entertain 

4 proposals to recommend approval or disapproval of this 

5 device  

6 DR  SAPIRSTEIN  Jeff  could I just clarify the 

7 voting status  Dr  Gregoratos  Dr  Domanski were made 

8 voting members  and that was done prior to this meeting  At 

9 this meeting  Dr  Simmons and Dr  Zipes were made voting 

10 members temporarily  Dr  Echt is not permitted to vote on 

11 this PMA  

12 DR  DOMANSKI  I move approval  

13 DR  SIMMONS  Second  

14 DR  BRINKER  Can we have some discussion on that 

15 before we vote  I assume we would want to make a vote for 

16 approval with recommendations for labelling changes  Debby  

17 why don t you now put in your recommended labelling changes  

18 and then we ll have a motion as to whether we should vote on 

19 that  

20 DR  ECHT  I recommend that there be more 

21 specific recommendation to use two anchoring sleeves for 

22 each of the three types of    not each of the three  but the 

23 RV and the SVC CS leads  I suggest that there should be a 

24 caution added to the sub Q lead that says not to use it on 

25 the pericardium or epicardium  because it s too stiff  I I 
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1 t link that as the FDA suggested  it might be helpful to    

2 although this is very much of an evolving process  it might 

3 be helpful to add some of the results of testing of the 

4 various electrode configurations to serve as some sort of 

5 guide to physicians  and put it right in the physician s 

6 manual  

7 I also agree with the FDA that it would really be 

8 helpful that pictures of the various electrode 

9 configurations  including shoeing various polarity 

10 combinations  to help guide them in selecting  I suggest 

11 there be a little bit stronger recommendation about 

12 considering not doing a thoracotomy if you have done 

13 extensive testing with a non thoracotomy system  and find 

14 that the defibrillation efficacy is too low  Perhaps even 

15 adding the  7 versus the 9 3 percent peri operative data  

16 which I think would be helpful to physicians  

17 I also suggest that there be a little bit more 

18 explicit recommendation regarding as Tony suggested to 

19 follow up recommendations for getting chest X rays and doing 

20 pace sense threshold testing in terms of timing  It s just 

21 a recommendation  but I think it would be helpful  

22 Then the only other one  there are all these 

23 electrode configuration recommendations and guidelines that 

24 are all in the pulse generator physician manual  and they re 

25 th 1 I 1   Y a   t llvQ 

P 
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1 open up the box for the pulse generator until you ve 

2 retested all the leads  it doesn t seem like it s as helpful 

3 as to have that same information in each of the lead 

4 packages  

5 DR  SCHABER  We can do that  The rationale for 

6 not putting it in there is that in the future when there s 

7 different sorts of pulse generators available  the 

8 experience may be different with the different pulse 

9 generators  For example  in biphasic  the recommendation 

10 vill likely be RV SVC as the starting point  But that 

11 doesn t preclude us from putting it in  

12 MS  MARRONE  Other things might be referring to 

13 that  the PCV tech manual and providing that at the same 

14 time you re providing leads  even though they may be 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

reconnecting to the same pulse generator  as opposed to 

reproducing it once more in the tech manuals  

DR  ECHT  I think that would be acceptable  It 

just seems that after you do all this stuff  you open it up 

and say  oh  look what I should have done  

MS  MARRONE  Right now  it does refer you to the 

ICD tech manual for specifics  

DR  ECHT  That was one thing I really didn t feel 

particularly strongly about  but thought I would bring up  

DR  BRINKER  Are there any other labelling 

changes being proposed  
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DR  SIMMONS  Should we consider something about 

2 suggesting the pre discharge EPT testing is not    many 

3 institutions consider pre discharge EPT testing of devices 

4 to be optional  and that probably shouldn t be optional  

5 Maybe they should be encouraged to be brought back for late 

6 EPT testing  

7 MS  MARRONE  In the current PCD manual  pre  

8 hospital discharge testing is a requirement  

9 DR  SIMMONS  Maybe an encouragement should be 

10 made to bring these patients back at a later point for a 

11 three to six month check for defibrillation  

12 MS  MARRONE  It is requested at the six month 

13 follow up  

14 DR  STEINHAUS  I don t think that s necessary  I 

15 think first of all  patients really don t like to be tested 

16 an awful lot  as you undoubtedly are aware  Second of all  

17 

18 

19 

20 

21 

22 

23 

24 

25 

the data suggest that once it s 

DR  SIMMONS  I do mine when they re asleep  

DR  STEINHAUS  But I think even asleep  they 

don t like it  I think the system has been shown to be 

effective in the long term  provided you get a good short  

term result  I don t think there have been enough problems 

vith the system to justify asking everybody to go through 

another defibrillation test at six months  in my mind  It 

seems like that s a little bit overkill  I think  
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DR  GREGORATOS  I would like the panel to 

2 consider whether we should ask  this issue of distance 

3 between standard pacing lead in the RV lead be mentioned in 

4 the labelling  

5 DR  SAKUN  There are specific recommendations in 

6 the manual already  that talk about the requirement to test 

7 the device during sinus rhythm  to make sure of appropriate 

8 interaction  and then during VF  Then based on that 

9 testing  repositioning of the leads may be required  

10 DR  GREGORATOS  That s in the PCD  

11 DR  SAKUN  That s in the PCD  

12 DR  BRINKER  I think Gabe would be happy if    

13 and I think you allude to this in your current 

14 recommendations  but in the leads  it s mostly the RV lead  

15 that there is just a reminder that the likelihood of 

16 interaction between pacemaking leads is greater if the leads 

17 are juxtaposed as opposed to separated  I don t think there 

18 is any minimal distance that gives you any feeling better 

19 than another  

20 DR  GREGORATOS  Right  it s just a generic 

21 statement that function might    

22 MS  MARRONE  We can introduce that into what is 

23 already in for the PCD and add that to the lead tech manuals 

24 as well  

25 DR  GREGORATOS  Fine  
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DR  BRINKER  We did this a little bit out of the 

2 rules of order here  If Mike would agree to accept these 

3 labelling amendments as Wolf will read them  rather than to 

4 vote on his blanket approval  is that okay  

5 DR  DOMANSKI  Sure  I ll move that we amend them 

6 as they are about to be read  

7 DR  SAPIRSTEIN  The amendments to the labelling 

8 were that specific anchoring of individual electrodes be 

9 incorporated  that caution   that the subcutaneous patch 

10 should not be used as an epicardial patch  a guide to 

11 configuration and polarity with illustrations be provided in 

12 the manual  stronger recommendations to delay any needed 

13 thoracotomy after a prolonged period of EP testing  specific 

14 recommendations for post operative X ray and follow up to 

15 determine lead displacement  and informational literature 

16 available apart from the packaging  and that a separation of 

17 implanted pacer leads from the device electrode leads should 

18 be noted as a precaution  

19 DR  GREGORATOS  A comment  My understanding from 

20 the investigators  discussion was that the importance of the 

21 fixation of the lead above and beyond the sleeve is an 

22 issue  Maybe in the labelling that should be emphasized  

23 DR  BRINKER  You mean above and beyond the double 

24 anchor  

25 DR  GREGORATOS  The double anchor  yes  the 
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1 double sleeve  right  

2 DR  BARDY   Remarks off mike   

3 DR  GREGORATOS  No  you specifically said that 

4 you think the double sleeve was as important as fixating the 

5 lead up against the vein to minimize migration either 

6 forward or a retraction  I think that statement should be 

7 incorporated  

8 DR  SAPIRSTEIN  So specific anchoring of 

9 individual electrodes and fixation to the vein  

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

DR  BRINKER  Yes  we can work out the specific 

wording with the FDA  

DR  ECHT  A tiny thing  In addition to chest X  

rays  to follow up with special testing  I think it s a 

good way to pick up RV lead dislodgement  

MS  MARRONE  I ve got that here in the notes  

DR  BRINKER  Any other comments  The motion is 

for approval with these amendments as Wolf mentioned  Can 

we have a vote of those in favor of this  Those opposed  

It s approved with those recommendations  Thank you  

What I would like to do is  since we re about an 

hour early  I wonder if we could start the next one at noon 

rather than at 1 o clock  

DR  STEINHAUS  I would just make one plea from an 

24 investigator standpoint and a doctor standpoint  with 

25 patients  I consider this a major advance  major difference 
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in the way we do things  Hospitalization now is going to be 

2 two days  Patients don t have to have a thoracotomy  They 

3 have a much lower mortality rate  This is better than the 

4 epicardial systems that we re all used to using  Is there 

5 any way this can be done in some reasonably quick way once 

6 it s approved  Can that be done by the FDA people in a 

7 semi expedited way  I feel so strongly that this is a major 

8 difference for my patients that I wish I could convey that 

9 so it could get done  

10 DR  BRINKER  The exact same plea was made when we 

11 approved the first transvenous set of electrodes  I think 

12 that the FDA understands that particular thing  and I m sure 

13 they will do it as expeditiously as possible  

14 DR  GREGORATOS  I think there is a lot of 

15 emphasis on streamlining and moving faster than previously  

16 so maybe we ll see how it works  

17 DR  BRINKER  So we re going to start with the CPI 

18 device at noon  Thank you  

19  The meeting was adjourned for lunch at 11 11 

20 a m   to reconvene at 12 00 p m   
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March 31  1992 

The Transvene PCD System clinical study gDE G870102  includes 319 Transvene lead 

implants with a mean implant duration of 4 5 months and a total of 1426 device months 

experience  There are 116 patients with lead system implant duration equal to or greater 
than six months  The data included in this submission is all data that was received by 

Medtronic and entered onto the clinical database as of November 27  1991  The results 

from the clinical study are provided in Volume 5 of this application  

Market approval is not being sought for use of the Transvene PCD System with other 

manufacturers  implantable cardioverter defibrillators  nor is it sought for use of the PCD 

device with other manufacturers  transvenous defibrillation lead systems  

Two manufacturing facilities are to be used in the assembly  sterilization and packaging 
of the Transvene leads  These are  

1  Medtronic  Inc  
Rice Creek Facility 
7000 Central Avenue N E  
Minneapolis  MN 55432 
Tel  612 574 4000 
Establishment Registration Number  2182208 
Is presently prepared for inspection  
Most recent FDA inspection  January 21 February 8  1992  

2  Medtronic  B V  
Wenckebachstraat 10 
6466 NC Kerkrade West 
The Netherlands 
Tel  31 45 43 85 85 
Is presently prepared for inspection  
Most recent FDA inspection  January 6 9  1992  

The existence of this PMA application and the data and other information it contains are 

confidential  and the protection afforded to such confidential information by 18 USC 1905 

and other applicable laws is hereby claimed  
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1   Boarhound 

The Nedtronic Pacer Cardioverter Defibrillator 

 PCD  is an 

implantable  
multiprogx ammable  

automatic tachyarrhythmia 
control 

device  This device is used for treatment of patients at risk of 

sudden cardiac death due to ventricular 
tachycardia 

 UT  and or 

ventricular 
fibrillation 

 VF   
2  evieve  s Co ents 

11g 

There are a total of 319 implants in 317 patients of the PCD 

device  A total of 52 investigative 
centers 

participated in 

the clinical trials vith 20 centers in the U S  and 32 in 

foreign countries  
In Vol 5  p 646   p 650  a section was 

devoted to the justification for data pooling  Sponsor 
performed a comparison of U S  and foreign 

patients and 
summarized the variables tested in Table IVA  Sponsor first 
combined and then compared all the data in U S  centers and 

in foreign centers  However  much information was lost in 
these gross combinations  

The initial design with centers 
nested within countries was reduced to a two way 
classification  

This is not good statistical 
practice  

os 
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Doris Terry 

This reviewer recomputed all the p values listed in Table IVB and IVC  they were all found to be correct  except for the following  

Table IVC 

p value  sponsor  
p value  reviewer  NYHA 

Classification 
------- 

------- 
Congestive Heart 

Failure ------- 
------- 

Cardiomyopathy 
------- 

------- 

2 2 Patient follow up 

Table E 2  p  34  vol  1  shows the follow up time by type of data form  This is not an adequate presentation of the follow up data  Sponsor should refer to p  93  Table 4 6  in  Statistical 
Methods for Survival Data Analysis  by Elisa Lee for a more proper life table analysis  Sponsor should also discuss the reason why some patients dropped out of the follow up study  either withdrawn alive or lost to follow  up  For example  there are 224 patients at 1 month and only 154 patients at 3 months  Please explain the difference of 70 patients during this 2 month period  

2 3 PCD transvene system compared to AICD Epicardial System clinical experience 

For the comparison of complication observation rates for PCD vs AICD  as reported in Table IL l  p634  vol 5  I have the following comments  

2 3 1  Please provide the numbers of complications and patients for PCD and AICD 

2 3 2  Please provide the clinical success failure criteria used for  Failure 
to Cardiovert Defibrillate and Inappropriate Problematic VT VF Therapy Delivery  

2 3 3  I am concerned that pocket infection is 3 5  for PCD as compared to 2 2  of AICD  even though the sponsor argues that the PCD System implant procedure requires multiple lead configurations  There are other  lead related  complications as reported on Table Xl Fl and F2  F857  Vol  5  PCD Transvene System has more  lead related  complications than PCD Epicardial System   p 

(b)(4) (b)(4)



Doris Terry 
3 

2 4  One year actuarial survival comparison of mortality betveen the PCD and AICD systems was discussed on p  842  Vol  5  Sponsor stated  there was a statistical difference in the reported  AICD  perioperative mortality  p   0 017  vith the PCD Transvene System having a lower reported perioperative mortality   I have the following comments concerning this statement  

2 4 1  What statistical test was used to compare survival  
2 4 2  Please provide the two survival or life tables by year of follow up  so that this reviewer can reproduce the statistical test and the derived p value  

2 5  Comparison to PCD Epicardial System  

P values for one year survival comparison of PCD Transvene System vs  PCD Epicardial System for freedom from death by  sudden cardiac    non sudden 
cardiac    all cardiac  and  noncardiac  

causes are provided in Table Xl G 2  p  862  Vol  5  also Table J 2  p 54  Vol  1  The sponsor should discuss the statistical techniques used to derive the p  values  

2 6  PCD device longevity data  

Sponsor stated in Section M 1 p  66  Vol  1   Thus  the PCD device longevity  which is monitored  utilizing battery voltage and change time obtained via telemetry  was analyzed  The PCD device longevity data collected is consistent with the longevity projection   This reviewer needs to see the data and statistical test used to support the above statement  

3  Reviewer s Conclusion 

The sponsor needs to adequately address the issues raised in Section 2 above before the safety and effectiveness of the PCD Transvene System can be evaluated from a statistical perspective  

T C  LU 
cc  Abhijit Acharya  Ph D HFZ 450 

Donald F  Dahms HFZ 450 
Lynne A  Reamer HFZ 450 
PMS Group   HFZ 402 
DCC   HFZ 401 
Medical Device File 
Board File 

8  



jr 
DEP RTMENT OF HEALTH 8L HUMAN SERVICES 

Section 301 
3 11 81 

Memorandum 

Date 

From 

Subject Filing Review of PMA  3 

TQ Premarket Approval Coordinator 

Through   Division Director  

Applicanr   
Pz 

Device Trade Name  AS C m   5  

l  Organizational and Administrative Elements  I and II in the PMA Guideline   

a  adequate number of copies  check with DCC  

b  copy provided with all confidential information 

deleted 
c  pages properly numbered 

d  table of contents included 

e  PMA is signed by applicant or representative in 

this country 
f  complete English translation of PMA 

g  Is there currently a pending 510 k  or reclassification 

petition for this device  

h  Could this device be found substantially equivalent 

to a Class I or Class II device  

Yes No 

Yes Ho 
Yes  No 
Yes   Ho 

Yes   No 
Yes No 

Yes No   

Yes No 

2  Summary of Safety and Effectiveness Data  III in Guideline   

a  description of disease s  or condition s  

which the device is used 

b  description of the device 

c  description of alternative practices  for 

the indicated use of the device 

d  potential adverse effects of the device 

for 
Adequate Inadequate 

Adequate Inadequate 

e  summary of all studies on the device 

f  conclusions from studies 

Adequate 
Adequate 
Adequate 
Adequate 

Inadequate 
Inadequate 
Inadequate 
 Inadequate 

3  Laboratory Data for Each Investigation  IV in Guideline   

  C 
C  

a  statement of compIiance with GLPs 

b  protocol 
c  results 
d  analysis 
e  conclusions 
f  Does laboratory data appear to be 

inadequate  i e   any obvious studies 

not conducted  

If yes  briefly specify  

Adequate  Inadequate 

Adequate c Inadequa te 

Adequate inadequate 
Adequate inadequate 
Adequate j Inadequate 

N A 
N A 
M A 
5 A 
N A 

Yes No 



 2   

4  Animal data  V  in Guideline   

a  statement of compliance wit h GLPs 
b  protocol 
c  results 
d  analysis 
e  conclusions 
f  Does animal data appear to be 

inadequate  i e   were any obvious 
studies not conducted  

Adequate 
Adequate 
Adequate 
Adequate 
Adequate 

Yes No 

Inadequate N A 
e Inadequate N A 

Inadequate N A 
Inadequate N A 

  Inadequate M A 

   I f ye s    brie f ly speci fy  

5  Clinical Data  Item VI  A and B in Guideline   

a  

b  

statement of compliance with applicable IDE or other 
applicable requirements or explanation for non  
compliance 
If the clinical investigation is ongoing  does this 
continuing study appear to be in compliance with IDE 

Yes   No N A 

requirements  Yes No N A 

If no  briefly explain  

IC 
C  

c  State number of independent clinical investigations  
If only one clinical investigator has participated 
in the investigation  is there an adequate justifi  
cation that this is adequate  

d  complete description of each clinical study 
Yes g No 

as in VI A  of Guideline Adequate  1nadequaee 

If not  briefly describe information needed  

e  overall results and conclusion as in VI B  
of Guideline Adequate Inadequate 

If not   briefly describe information needed  

6  Device Characteristics  VII in Guideline   

a  detailed description of device function 
b  if applicable  reliability testing 

provided 

Adequate Zpnadequate M A 
Adequate  Inadequate N A 

7  Performance Standards  VIII in Guideline   

C 
reference to performance standard or 
gtatemene  of justification for deviation 
from standard 



 3  

8  Labeling  IX in Guideline   

a  labeling in proper format 

b  Should patient labeling be required  

c  Should promotional material be 

requested  

Adequate Inadequate 

Yes No Included in PMA 

Yes No Included in PMA 

9  Bibliography  X in Guideline   

a  bibliography provided 
b  significant articles included 

Yes No 
Yes No 

10  Manufacturing Data  XI in Guideline   

a  copy of labeling and items A J in a separate voIume for 

EDRO 
b  location of all manufacturing facilities included 

c  organization of firm included 

d  description of physical plant included 

environmental assessment or impact statement included 

e  description of manufacturing equipment Adequate 
N A 

f  description of control system for components Adequate 
M A 

g  description of manufacturing process and 

flow chart of process N A Adequate 

h  description of packaging  sterilization 

and labeling controls Adequate 
N A 

If sterile device  does the PMA include 

description of method of sterilization  

validation data  and pyrogenicity testing 

Yes No 
Yes No 
Yes Ho 
Yes No 
Yes No 
Inadequate 

Inadequate 

Inadequate 

Inadequate 

and results  Adequate Inadequate 

description of holding  distribution and 

installation controls Adequate Inadequate 
N A 

J   
k  

description of finished device inspection Adequate 

description and location of device records Adequate 
Inadequate 

Inadequate 

11  Patient Report Forms  XIII in Guideline   

a  patient report forms included 

b  Mill additional PRFs be required  

Yes No 
Yes Ro 

12  Samples  XIV in Guideline   

Should FDA request a sample of the device  Yes No 

C 
C  

N A 

N A 



 4  

C 
C  Recoranendation  

Comments  

Filed Not Filed 

If the PMA is to be filed  please specify special considerations or 
important aspects of the manufacturing process that should be included 
in the EDRO inspection of the manufacturing facility  

Does the device meet the definition of a critical device  Yes 
Note   Critical device  means a device that is intended for surgical 
l pTant into the body or to support or sustain life and whose failure 
to perform when properly used in accordance with instructions for use 
provided in the labeling can be reasonably expected to result in a signi  
ficant injury to the user  C 

C  Provide a brief rationale why this device meets the above definition 
for a  critical device   

No 

Is a color additive under section 706 of the act included in this device  
Yes No 

Will a statistical review of the PNA be required   Yes No 

C 



DEPARTMENT OF HEALTH K HUMAN SERVICES Public Health Sevice 

Memorandum 

april 7  1992 
Date 

Nathematical Statistician  G  Karner  HFZ 162 
From Statistics Branch  Division of Biometric Sciences  OST 

Subject 
PMA Review Statistical Checklist Recoaunendations for PNA F920015  

Medtronic Multiprogramrnable Tachyarrhythmia Control System with Non  

thoracotomy Cardioversion and Defibrillation Electrodes  Medtronic  Inc  

To Donald F  Dahrns   HFZ 450 

Division of Cardiovascular  Respiratory  and Neurological Devices 

Through  Director  Division of Biometric Sciences  OST 

Through  Chief  Statistics Branch  DBS  OST 

The Statistics Branch  DBS  OST has received the PMA referenced above 

and evaluated it against the attached PMA Review Statistical Checklist  

The failures to provide justification for sample size or pooling of data 

over investigational sites were the only non serious omissions of a 

statistical nature  Therefore  we recommend this PMA be filed  We will 

now begin an in depth statistical review of this PMA  This review 

should be completed and our comments sent to you within 30 days  If you 

have any questions  please contact one at 227 8629 or the statistical 

reviewer  T  C  Lu  at 227 8627  The omissions found are from the 

Clinical Investigations Section of the checklist and are stated below 

for your information  

1  This submission does not include any acceptable 

justification of sample size  Please provide a 

complete description of your sample size 

determination  This should include effect criteria  

alpha and beta statistical error tolerances  

anticipated variance of the response variables  and 

any assumptions or statistical formulae with 

references that are required for sample size 

determination  

2  This submission does not include any justification 
for pooling  combining  the patient data over site  

Please review and analyze your prognostic variables 

to provide a detailed justification why the data may 

or may not be pooled for evaluation  Note that an 

analysis by site is always necessary in any case  

Gary L  Kamer 

cc  Abhijit Acharya  Ph D    HFZ 450 

Lynne A  Reamer   HFZ 450  

Doris J  Terry   HFZ 450   

T  C  Lu   HFZ 162 
Mel Seidman   HFZ 162 

PMS Group   HFZ 402 

DCC   HFZ 401 
Medical Device File 

Board File 



3 i HF 7z   s 
C 

D i 4    I 
  

L     3 Wc 

PMA REVIEW STATISTICAL CHECKLIST 

Yes No Comment 

I  Organizational and Administrative 

Elements including Table of Contents 
with volume and page numbers 

II  Summary of Safety and Effectiveness 

A  Indications for use 
B  Claims for the device 

C  Summary of studies 

III  Clinical Investigations 

A  Protocol 

l  included 
2  adhered to 
3  deviations described 

B  Patient Accountability 

qyiic    IIDIAiiliigD58iQFCi 

1  patient inclusion  
exclusion criteria 

2  follow up schedule 

3  study period completed 
4  all patients accounted for 

J 

J 

C  Description of Safety and 
Effectiveness Parameters 

des h  
SMUTS 

  allo   

os  
1  safety 
2  effectiveness 

b  ter 
C  

d  fa 
e  r 
f  

ositive 
negative 

cibility 
ility 

S  

D  Documentation of Statistical 
Analysis and Results 

c     

p   uwic l A 4 CD 
1  control  comparison  

g9Ollp 
i 

 p 
   

2  sample size justified 
3  hypothesis test stated 

 3 



2 

Yes No Coaunent 

4  potential of bias adequately 
evaluated 
a  randomization or 

blinding techniques 
b  descriptive and stratified 

analyses 
 1  patient demographics 

 2  investigator 
 3  site 
 4  surgical technique 

5  pooling of data justified 
6  statistical test given 
7  clear presentation of data 
8  statistical results stated 
9  statistical conclusions 

drawn from results 

f8 

w v    q  

Vs 

p   l c W 

 Z  

 S s l  



PE 
 iV MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File 4 P920015 
Subject  Medtronic Transvene System 
Date  June 5  1992 
Office  DCRND ODE 

On the basis of a further review of the referenced file  the 

following concerns have been identified  These deficiencies 

should be included in a major amendment letter for the 

manufacturer s response  

uestions and Concerns 

1  An update of the clinical experience of the Transvene Lead 

System should be provided  The update should include all 

additional patients and the clinical experience to date  

The data should be presented as done in your original PMA 

application  and should include  e g   implant and follow up 

data  spontaneous episode experience  analyses by different 

groups  complications observations  and survival analysis  

All remaining deficiencies listed below which pertain to 

your patient population should be addressed using the 

updated patient group  

2  What is the mean time of device activation for the patient 

population  

3  Please discuss your clinical data which support the claim 

which states that the Transvene Lead System improves both 

perioperative and long term patient morbidity  

4  A discussion of the data or past performance --- --------  

marketed leads which support the adequacy of ---------- flex 

cycles in support of lead performance should be provided  

5  Please discuss how pat ient treatment is affected if one or 

two of the electrode coils of the Model 6999 patch lead 

becomes damaged  

6  Please specify the section of each lead assembly that was 

flexed during life testing  the results of the tests should 

be included  

7  Please provide a detailed discussion of all cases of 

crinkling and curling of the patch leads and dislodgement of 

the coronary sinus lead  

8  An update of the chronic animal studies should be provided  

9  Are there patients currently implanted with the Model 6895 

C  

(b)(4)



and 10317 patch leads  If so  please provide a bzeakdown of 
the clinical data  e g   complications  survival  etc  for 
each lead  

10  A side by side comparison of the Model 6897 epicardial patch 
lead and the Model 6999 patch lead should be provided  

11  Please discuss the results of tests performed with the 
Transvene System and the Model 2394  

12  Data such as treatment efficacy  complications and survival 
analysis on the patients followed for 6 months should be 
provided  

13  Please list the reasons for not performing pre hospital 
discharge testing  

14  The number of spontaneous episodes of the patients followed 
for six months and beyond should be provided  

15  Based on your experience and on the data as reported in the 
literature  what is the percentage of patients who have been 
found unable to withstand a thoracotomy  

16  Provide a detailed discussion of the clinical experience 
 implant duration  spontaneous episodes  treatment efficacy  
survival analysis  complications  etc   of the patients who 
did not meet the implant criteria and were implanted with 
the Transvene System  Also discuss the experience of the 
patients who were implanted without the 10 Joule safety 
margin  

17  Please discuss your clinical experience  treatment efficacy  
complications and survival rates  of the patients who have 
been followed for one year and more  

18  Based upon your clinical experience  the Physician s Manual 
should recommend the sequence of testing with the different 
lead configurations during implant  

19  A breakdown of the different lead configurations within the 
patient population  and the treatment efficacy reported for 
each configuration should be included  

20  An update of the life tests on the leads should be provided  

21  A discussion of the energy requirements of the Transvene 
versus the epicardial lead system should be provided  

22  A copy of the Summary of Safety and Effectiveness with the 
updated clinical data should be submitted  

6 



NEMO 

TO  Doris Terry 

FR  Quynh Hoang 

RE  Questions concerning the benchtest prior investigations 

performed on the Transvene leads from Medtronic   P920015 

DA  6 5 92 

SUMMARY 

Medtronic requests market approval for the Transvene lead system  

The Transvene leads are used with the Model 7217B PCD for pacing  

sensing  cardioversion  and defibrillation of the heart  They 

require non thoracotomy means for implantat ion  For a detailed 

summary of the prior investigations  please refer to the 5l7 92 

memo  

Based on my review and the comments given at the working group and 

filing meetings  the questions for Medtronic include   

1  Discuss the use of a ---------- adhesive to prevent tissue in  

growth in the Model 6963 lead  Where is the adhesive placed  

From experience  discuss the use of ---------------- and ---------- 

in leads to prevent tissue in growth  

(b)(4)

(b)(4) (b)(4)



2  Provide a description of the helix electrode fixation tool and 

of the tests to verify the torsional force for implanting the 

helix electrode  

3  From experience  identify the minimum number of flex cycles 

that a lead should withstand  Also  give the stress level 

exerted on the Model 6907 lead  from which the median failure 

time of ---------- cycles was observed   

4  Since the electrode coil is flexed separately from the 

insulated conductor  discuss the reliability of the 

section where the electrode is coaxial to the conductor  Is 

there friction between the electrode and the conductor  when 

the section is flexed  

5  Model 6999 s --- ------------ electrode coil fails at a much lower 

flex cycle than the --- ------------ electrode coil  Discuss the 

reliability of the --- --------- electrode coil  and the effects 

of its failure on the performance of the lead  

6  Discuss the properties of polyurethane which make it the ideal 

insulation material for the 6966 lead  Why was silicone 

not chosen  

7  Discuss the biostability tests  stress cracking  MIO  etc   

performed on the two types of polyurethane  Why chose a 

n 

(b)(4)

(b)(4)

(b)(4)

(b)(4)



different polyurethane for the inner coil  

8  Discuss why the -------------------- ------- and the ---------- 

------------------- ---------  anchor sleeve  have not undergone the 

mutagenicity test  

9  Based on the results of the lifetest  what is the life 

expectancy of the leads  Please include your assumptions  

10  What section of each lead was flexed in the lifetest  Does 

this section include the electrode coil  

11  Provide an update of the --- month lifetest  

12  The Transvene leads seem to tolerate crush testing better than 

the pacing leads  Please discuss the properties of the 

Tranvene leads which take them better  

13  The provided data indicate that a new lead is used for each 

 temperature tolerance  crush load  or life  test  correlate 

the results from those tests to the worst case condition where 

the same lead has to face temperature differences  crushing  

and flexing  Why was sequential testing not performed  

14  Compare the 6999 against the epicardial patch leads  

15  Discuss any differences in battery life  between the epi lead 

pl 

(b)(4)

(b)(4) (b)(4)

(b)(4)



system and the Transvene system  

16  Some Transvene subjects were also evaluated with the Model 

10388 hollow can electrode  Please compare the infection rate 

of these subjects to the ones who did not undergo the hollow 

can evaluation  

17  Discuss any possible interaction between the pacemaker leads 

and the Transvene leads  Also  discuss the effects of these 

leads on the tricuspic valve and the host vein  

  Q 
Ci 
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e   DEPARTMENT OF HEALTH S  HUMAN SERVICES 

   
AC  

Public Health Service 

S l    

Food and Drug Administration 
1390 Piccard Orive 
Rockville  MD 20850 

HAY I 4 Iggp 

Ns  Jennifer N  Marrone 

Manager  Regulatory Affairs 

Cardiac Pacing Business 

Medtronic  Inc  
7000 Central Avenue  N E  

Minneapolis  MN 55432 3576 

Re  P920015 
PCD Transvene System 

Dear Ms  Marrone  

The Center for Devices and Radiological Health  CDRH  of the Food and Drug 

Administration  FDA  is continuing to process the above named premarket approval 

application  PMA   Simultaneously with a review by the Office of Device 

Evaluation  ODE   the Office of Compliance and Surveillance  OCS  must review 

the manufacturing information in your PMA to determine that it is sufficiently 

complete and appropriately organized to permit FDA to determine whether your 

firm  or your contract manufacturer  has the capability of manufacturing your 

PMA device in accordance with  1  the conditions specified in the PMA 

application and  2  the requirements of the medical device GHP regulation  

The Division of Compliance Programs  DCP  of OCS has reviewed the manufacturing 

section of your PMA and believes that it lacks the information necessary to 

effectively complete a review and determine whether to initiate a PMA inspection 

 see enclosed   While the deficiencies outlined in the enclosure do not 

preclude further review of your PMA  if left uncorrected they may delay or 

preclude evaluation of your manufacturing process and final approval of your PMA 

application  We request that you respond as indicated  Please be advised that 

continued review by ODE of your application  including the manufacturing 

section  may identify additional deficiencies  Also  the OCS review of your 

response to this letter may identify additional deficiencies  

For your information a Guidance for Preparation of PMA Manufacturing Information 

was published on March 22  1991  a notice of availability was published in the 

August 20  1991 Federal Register   It is also available as part of the PMA 

Manual Supplement which may be obtained from the Division of Small 

Manufacturer s Assistance at 1 800 638 2041  

Information supplied in response to the enclosed request should be submitted in 

the form of an amendment AND BE CLEARLY IDENTIFIED AS A RESPONSE TO AN OCS 

REQUEST IN YOUR REFERENCE BLOCR  FDA will consider the PNA to have been 

withdravn voluntarily if you fail to respond in writing to this request for an 

amendment within 180 days of the date of this letter as provided under 21 CFR 

814 44 g   You may  however  amend the PMA within the 180 day period to request 

an extension of time to respond  Any such request is subject to FDA approval 

and must justify the need 

QL 



Page 2   Ms  Jennifer M  Marrone 

for the extension and provide a reasonable estimate of vhen the requested information vill be submitted  If you do not amend the PMA vithin the 180 day period to  1  correct the above deficiencies  or  2  request an extension of time to respond and have the request approved  any amendment submitted after the 180 day period will be considered a resubmission of the PMA and vill be assigned a new number  A resubmission should be complete and self contained vithout reference to earlier submissions because of potential difficulties in assembling files from storage  

All correspondence regarding this PMA should be submitted in three  3  copies in the form of a PHA amendment to the address belov and reference the above PNA number to expedite processing  

PMA Document Mail Center  HFZ 401  
ATTN  NQAB 
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  Maryland 20850 

This letter reflects the current progress of our reviev of your application  Please be advised  however  that continued review of your application or questions arising from any response to this letter  may result in additional deficiencies being identified  

If you have any questions concerning this deficiency letter  please contact Frank Twardochleb at  301  427 1128  

Director  Program Operations Staff 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 

 l 



Deficiency List 

The Office of Compliance and Surveillance  OCS  in the Center for 

Devices and Radiological Health  CDRH  has completed an initial review 

of your premarket approval application  PNA   F920004  with regard to 

the Good Manufacturing Practice  GMP  regulations  Please address the 

  llowing issues and provide the requested documentation  

1  The Design Assurance Plan  --------- -------------- dated 2 7 91 for the 

new helix electrode  part 136250 001  is not representative of the 

manufacturing operations  The qualification report dated 4 16 91 does 

not address the effects of the sterilization process on the integrity 

of the helical electrode   vol 2  pp 153 156  

2  Provide the locations of the biological indicators used during the 

sterilization validation and routine production for the 6966 lead  

 vol 2  p 207  

3  Provide the product density and configuration pattern for the 6966 

sterilization cycle   vol 2  p 207  

4  Provide the maximum parameter of the humidity specification for the 

sterilization cycle of the 6966 lead   vol 2  p 211  

5  The finished device evaluation for the 6966 lead does not adress 

the effect of sterilization on device performance   vol 2  p 174  

6  The validation plan for 6963 lead does not address the effects of 

the sterilization cycle on device performance   vol 3  p 327  

7  The process qualification report  ------ ----------- does not address the 

effects of the sterilization cycle on the performance of the 6999 lead  

 vol 3  p 335  

8  Provide the product location of biological indicator and spore 

inoculation for the validation and production sterilization cycles of 

the 6963 and 6999 leads   vol 3  p 372  

9  Provide the maximum parameter of the ------- ---------- ------- ---- 

exposure for the 6999 lead   vol 3  p 376j 

10  Explain the difference in the sterilization ---- exposure 

parameters of the 7217B PCD Con---- Device between the two 

manufacturing ----------- The ---- exposure parameter at the Rice Creek 

facility is ---------- minutes  the ---- exposure parameter at the Kerkrade 

facility i- --- minutes minimum  The Kerkrade facility does not specify 

a maximum ---- exposure   vol 4  p 415 and p  432  

11  Provide the manufacturing methods  controls  and evaluation 

procedures for the facility identified as Medtronic Milaca  900 6th 

Ave  N E  Milaca  MN 56353   vol 4  p  437  

A  

(b)(4)

(b)(4)

(b)(4)

(b)(4)
(b)(4) (b)(4)

(b)(4)
(b)(4)

(b)(4)



XENO 

TO  
FR  
RE  

Doris Terry 
Quynh Hoang 
Review of the benchtest prior investigations performed on the 
Transvene leads from Nedtronic   P920015 

DA  5 7 92 

SUMMARY 

Medtronic requests market approval for the Transvene lead system  
The Transvene leads are used with the Model 7217B PCD for pacing  
sensing  cardioversion  and defibrillation of the heart  They 
require non thoracotomy means for implantation  

Device Descri tions 

The Transvene lead system consists of three leads  Models 696--- 
6966  and ------- ----- ------ ---- tain conductor coils made of a ------- 
core and a ---------- -------- ------ shell  Their electrodes are made of a 
platinum iridium ------- 

Model 6963 is a unipolar  transvenous  coronary sinus superior vena 
cava  CS SVC  lead  It serves as --- ----- e for cardi----------- and 
defibrillation  I- ---------- of a ---- ----  connector ----------- ------ 
connector pin ----- ---------- rubber sleeve   a conduc---- ----- 
insulated --- ---------- --------- and  a coil electrode of -- inches in 
length ---- ------ ---- ------- To prevent tissue in growth  a ---------- 
adhesive -- ------ ------ ---- -- ad  

Model 6966 is a tripolar  transvenous  right ventricular  RV   
screw in lead  It serves as the pacing sensing  as well as a 
cathode  comm---- ---- cardioversion and defibrillation  It consists 
of a bipolar ---- ----- ------------ ----------- ------ connector ring and 
rotatable pin  and ---------- -------- --------- ---- ---- ----- ----  helix 
electrodes  --- unipolar ---- ----  connector ----------- ------ connector 
pin and ---------- rubber slee---- ---- the coil electrode  -- ---------- 
conductor coil coated with ----------- and insulated by ---------------- 
rubber  a coil electrod-- --- -- inches in length ---- ------ ---- ------- 
a r---- ------ ode with --- ------- - urface area  and  -- ------ ----------- 
of --- ------- surface area  Correlating the functions of the lead and 
its three electrodes  pacing takes place between the coil and helix 
electrodes  sensing takes place between the ring and helix 
electrodes  and  cardioversion defibrillation takes --- ce between 
the coil electrode and the other leads  ---------------- tubing 
prevents tissue in growth in the lead  

Model 6999 is a unipolar  sub cutaneous  SQ   patch lead  It  serves 
--- --- - node for c--------------- ----- defibrillatio--- It  consists of a 
---- ----  connector ----------- ------ ---- and -------- ru------ ------ e    a 
------------  coil insulated --- ---------- rubbe-- ----- a ---------- rubbe 
patch embedded with a ----------- ------- and -- electrode coils  The 

(b)(4)
(b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4) (b)(4)
(b)(4) (b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4) (b)(4)
(b)(4)

(b)(4)
(b)(4) (b)(4)

(b)(4)
(b)(4)

(b)(4)

(b)(4)

(b)(4) (b)(4) (b)(4)
(b)(4) (b)(4)

(b)(4) (b)(4)



inside of the electrode coils is filled with ---------- rubber to prevent tissue in growth in the patch  
------------- ts for use with the leads are  a ---------- ------------------- --------- anchoring s------- for stationing th-- ----- ------ at  the ----------- site  a ------- for stiffening the lead during insertion  and  an active fixati--- tool for entrenching the helix  Descriptions of the fixation tool have not been provided  
Performance Data 
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RECOMMENDATION 

Based on the above review of the Transvene lead system  filing is 

recommended  A major amendment  regarding the concerns raised here  

is expected  
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APR I 7 l99i 
MEMORANDUM TO FILE FOR F920015 

From  Associate Director 
Pacing and Neurological Devices 
DCRND 

   k 

Through  Chief 
Pacing and Electrophysiology Devices Branch 
DCRND 

  Subject  Request for Expedited Reviev Status for Non Thoracotomy Leads 

On February 11  1992  Medtronic submitted a letter  copy attached  requesting that FDA consider Expedited Reviev Status for their yet to be submitted PMA for an implantable 
non thoracotomy lead to be used with their implantable pacer cardioverter defibrillator  PCD  device  At a meeting held with Nedtronic on March 13  1992  ve discussed the advantages and disadvantages of tagging the PMA for expedited review  The comments expressed at this meeting vere excerpted from a review memo dated March 5  1992  copy attached   After some discussion  Medtronic agreed not to pursue  expedited reviev   

A response to Medtronic s February 11 1992 letter vill not be sent and the PMA will be revieved in the normal fashion  

Lynn Reamer 



Medtronic  Inc  

Medtronic 8 
7000 Central Avenue  N E  

Minneapolis  MN 55432 3576 

Telephone  612  574 4000 

February 11  1992 

Cable  Medtronic Telex  29 0598 

Telecopy   612  574 4879 

Abhijit Acharya  Ph D  

Director  Division of Cardiovascular  

Respiratory and Neurological Devices 

Office of Device Evaluation 

Center for Devices and Radiological Health 

Food and Drug Administration 

1390 Piccard Drive 
Rockville  MD 20850 

Dear Doctor Acharya  

With this letter  I am requesting a meeting with you and members of your staff regardhqy 

the PMA for our Non Thoracotomy Lead  NTL  System for use with our PCD device  I 

am aware of your recent meeting with Bill Hogan and your discussion regarding the 

potential for expedited review  Naturally  we are very interested and believe the NTL 

System is an appropriate candidate  

The purpose of the meeting would be to understand the process for expedited review and 

what we need to do to obtain expedited review for the NTL PMA  In addition  we would 

like FDA feedback on the structure and content of the PMA  A proposed agenda for the 

meeting is attached  Your participation in the meeting is critical based on your previous 

discussions on this subject  

I had hoped to discuss this subject with you last week  At your suggestion  I followed up 

with Lynne Reamer  She was receptive to a meeting  She also recommended that we put 

the basis for expedited review in writing which is attached  

We will follow up in a few days to schedule a meeting time  In the meantime  if you have 

any questions  please call me  

Sincerely  

MEDTRONIC  INC  

c      p       
aries H  anson  Ph D  

Director  Regulatory Affairs 

Cardiac Pacing Business 

 612  574 3409 

c  Lynne Reamer 
Don Dahms 
Doris Terry 



PROPOSED FDA MEDTRONIC MEETING AGENDA 

FOR THE NON THORACOTOMY LEAD PMA 

Medtronic Attendees  

Kris Johnson  Vice President and General Manager 

Charles Swanson  Director of Regulatory Affairs 

Jennifer Marrone  Manager of Regulatory Affairs 

Dan Schaber  Manager of Tachyarrhythmia Clinical 

Evaluation 
Sue Norenberg  Clinical Evaluation Manager 

INTRODUCTION AND OB JECTIVES 

DISCUSSION ON EXPEDITED REVIEW PROCESSES 

What Is the Process  

Application to NTL PMA  See Attachment  

FDA SUGGESTIONS ON PMA CONTENT AND FORMAT 

PMA Versus PMA Supplement 

Presentation of Clinical Data 

Inclusion of Bench  Animal  Clinical Data on 

PCD Device 



Attachm nt 

EXPEDITED REVIEW FOR THE USE OF 
NON THORACOTOMY LEADS WITH PCD 

In recent discussions between Medtronic and FDA  the concept of  Expedited PMA Review  

has been raised  We are requesting a meeting with FDA to discuss its applicability to the 

Non Thoracotomy Lead  NTL  System for use with our Implantable Pacer Cardioverter 

Defibrillator  PCD   This system is currently under clinical evaluation and we expect to 

submit a PMA or PMA Supplement in the near future  This paper presents Medtronic s 

view on why expedited review is warranted as a basis for further discussion  

It is our understanding that devices should receive expedited review if they meet either of 

the following criteria  

  Applies to a life threatening or severely debilitating illness  

  Makes therapy available to patients who could not otherwise receive adequate 

therapy  

  Represents a major advancement in therapy that provides significant patient and or 

public health benefits  

We believe that the NTL System meets these criteria  The data cited below is based on our 

clinical experience with the NTL System  These data were the basis for approval by 

Medtronic s Executive Committee for market release of the NTL System outside the U S  

These data will of course be included in FDA submissions as well  

Lif  Threatenin Disease 

The PCD is indicated for patients who have experienced an episode of sudden cardiac death 

or who have recurrent sustained ventricular tachycardia that cannot be controlled effectively 

with drugs  The prognosis for these VT and VF patients is very poor  34 73  survival at 

one year when treated with drugs alone   

P tient With N Al ma iv Th r 

There is a class of patients who cannot tolerate the thoracotomy required for utilization of 

the patch lead system and who are at high risk of sudden death  For these patients  the 

NTL System is the only therapy available  



Current implantable cardioversion defibrillation therapies use epicardial patch systems 

which require major procedures such as a sternotomy to introduce the lead systems  

Because of the surgical risks and postsurgical complications  this critical life saving therapy 

is not available to certain patient categories  These include  

  Patients that pose high surgical risk because of their state of health 

  Potential heart transplant candidates 

  Patients who for varying reasons refuse to submit to the major surgical procedure 

required 

The NTL System simplifies and greatly reduces the risk associated with lead introduction  

making therapy available to these patient groups  Because there is not a need to open the 

chest of these patients  options for future therapy remain available  e g   CABG is associated 

with a decreased morbidity and mortality if there has been no prior open chest surgery  

i ifi n P tient n Public He 1th B nefits 

In simplifying surgical procedures and reducing their attendant risks  the NTL System 

provides significant benefits to patients both in terms of safety and quality of life  

The benefits are clear in reduced mortality and morbidity  As reported in our current 

PCD Patch Lead PMA application  N  434   perioperative mortality is 5 5  and overall 

mortality is 14 4   With the NTL System  N 319   perioperative mortality is 0 4  and 

overall mortality is 3 6   

The NTL System is also associated with a reduction in postoperative complications  faster 

recovery and shorter hospitalization  which mean an improved patient quality of life  These 

clear benefits are obtained for all patients without any change in effectiveness of VT VF 

therapies versus PCD Patch Systems  

Finally  the NTL System also offers clear public health benefits in this era of concern about 

increasing health care costs  The ease of introduction of the NTL System reduces surgical 

  costs and the reduction in surgical trauma decreases hospitalization time  average 8 days for 

patients with NTL Systems versus 12 days for patients with patch systems   

We believe all these factors clearly establish the patient and public health benefits of the 

NTL System and justify expedited review and PMA approval by FDA  



MEMORANDUM 

Date  March 5  1992 

To  Director  DCRND  ODE  HFZ 450  

From  ADPN  DCRND  HFZ 450  

  Subject  Request for Expedited Review 

Background 

On February 11  1992  Medtronic submitted a letter requesting 
that FDA consider expedited review status for an implantable 
 non thoracotomy  lead to be used vith their Pacer Cardioverter 
Defibrillator  PCD   The new lead would be in addition to the 
one  thoracotomy  presently being used vith the PCD  The PCD and 
its attendant thoracotomy lead system was recently presented to 
the Circulatory System Devices Panel  February 3  1992  and vas 
recommended for approval  An approvable letter is currently 
being prepared for the PMA application  

The nev implantable lead designed to be used with the PCD as an 
alternate lead system is a non thoracotomy lead  NTL   i e   the 
chest does not have to be opened to insert the lead  The NTL is 
being studied clinically under G870102  Currently  implantable 
defibrillators are used with leads that must be inserted by 
thoracotomy  

Hedtronic s Position 

Medtronic claims that there are significant patient and public 
health benefits using an NTL because the insertion procedure is 
simplified and shortened  the surgical risks are reduced  
postoperative complications are reduced  hospitilization time is 
shortened  costs are reduced and mortality is reduced  

Medtronic also claims that use of the implantable defibrillator 
with its current thoracotomy lead system is not available to 
patients vho fall into the folloving three categories   1  
patients who pose high surgical risk because of their state of 
health   2  potential heart transplant candidates  and   3  
patients who for varying reasons refuse to submit to the major 
surgical procedure required  

FDA Concerns 

The indications for use of a PCD are   1  patients vho have 
survived at least one episode of cardiac arrest due to 
ventricular arrhythmia not caused by an acute myocardial 
infarction  or  2  patients vith recurrent sustained  ventricular 
tachycardia that remains inducible via programmed electrical 
stimuli or exercise  or occur spontaneously  despite the most 

PiY 



efficacious antiarrhthymic drug therapy that can be tolerated by 
the patient chronically  and  3  patients vho are undergoing a replacement of a previously implanted cardioverter defibrillator  Alternate therapies to treat ventricular tachyarrhythmias include antiarrhythmic drug therapy  ventricular tachycardia surgery  and transthoracic defibrillation  

According to General Program Memorandum  G89 2  expedited reviev is available for a nev device use to treat  a life threatening or severely debilitating illness for which there is no alternate diagnosis  therapy  or prevention modality   In the case of the PCD  patients are at risk of sudden cardiac death due to ventricular tachyarrhythmias  Estimates report that 450 000 people experience sudden cardiac death annually  Medtronic does not document hov many patients cannot receive a PCD because thoracotomy leads are used  The second part of the definition of qualification for expedited reviev requires that there be no alternate diagnosis  therapy of treatment modality  There are in fact alternate treatment modalities as mentioned above  
Hovever  at issue is not vhether the PCD is of benefit or not  but vhether the current lead system vhich must be inserted by thoracotomy poses more risk to the patient than the nev NTL lead system  Medtronic did not mention expedited reviev vhen they originally proposed their clinical trial of the NTL  The IDE vas approved on October 4  1990  and vas handled in a normal fashion vith no emphasis on a feasibility study  To date  according to Nedtronic  319 patients have been implanted vith the NTL  No special meetings have been requested by  or held vith Medtronic to guide them in their clinical study  Because ve have not closely vorked vith Medtronic during the clinical trial  ve have no idea vhether the clinical data support the premise that there is less morbidity and mortality vith the NTL  

At issue is also the fact that ve have under reviev an original PMA from a competitor for a non thoracotomy lead system for their automatic implantable cardioverter defibrillator  Vhen this PMA vas submitted expedited reviev was not requested  Unlike the Medtronic PCD  vhich vas just recommended for approval by the Circulatory System Devices panel  the competitor s defibrillator is on the market  If expedited reviev is to be granted for NTLs at all  it should be granted to the competitor s device first because their defibrillator is on the market and vhen their NTL is approved  their system vill be the first available  Let s follov this scenario  The reviever assigned to the competitor s NTL is the same reviever vho is working on the approval package for the Nedtronic PCD  If expedited reviev status is granted for NTLs  the competitor s NTL moves to the top of the reviev pile and may delay the approval of the Medtronic PMA for their PCD  Since the Medtronic NTL can only be used vith the Nedtronic PCD  Nedtronic has to have their PCD approved before the NTL can be used  If ve follov this scenario  Medtronic s argument for expedited reviev falls apart  because there vill be an alternate lead system available   the competitor s system  not Medtronic s  



PDA Position 

There is an alternate implantable lead available to use vith the 
Medtronic PCD  In addition  Medtronic did not approach us early 
on at the IDE stage regarding expedited review  we believe it is 
inappropriate to consider expedited reviev at the PMA stage  Ve 
did not work closely with them to design the clinical study and 
have not frequently monitored the data through progress reports  
The IDE has been handled as a regular IDE and the number of 
patients entered in the study indicate that Medtronic vas in no 
great hurry to get this over with  They had various 
opportunities to request expedited reviev when they submitted 
supplements to the IDE to request study expansion  But they did 
not  Only after the PMA for their PCD vas recommended for 
approval did they approach us vith the expedited review request  

----- did not request expedited reviev and vere in a far better 
position to succeed if they had because they already have an 
approved automatic implantable cardioverter defibrillator on the 
market  -- -- yone should receive expedited reviev status  it 
should be ------ 

Based on the above  our recommendation is to deny Medtronic s 
request based on the fact that there is an alternate implantable 
lead available for use vith Medtronic s PCD which is part of the 
recent PCD PMA  and on the language in Guidance Memorandum G 
89 2  in that Medtronic did not fulfill the IDE requirements  

Action 

Draft a letter to Medtronic explaining our position and denying 
their request  

Lyn e Reamer 

(b)(4)

(b)(4)



MEMORANDUM 

From  Doris Terry  HFZ 450  
To  File 0 P920015 
Subject  Medtronic Transvene System 
Date  April 13  1992 
Office  ODE DCRND 

P  l   

The applicant seeks approval of its non thoracotomy leads  the 
PCD Transvene System  The system is composed of the Model 6963 
Unipolar Coronary Sinus or Superior Vena Cava lead for 
cardioversion and defibrillation  the Model 6966 Tripolar  
Endocardial  Screw In Lead for pacing  sensing and cardioversion 
and defibrillation and the Model 6999 unipolar  subcutaneous 
patch lead for cardioversion and defibrillation  

The indications for use of the Transvene System are similar to 
those of the Medtronic PCD models  The applicant contends that 
due to the less invasive nature of the non thoracotomy leads  
the system can be implanted in patients who may not be able to 
undergo a thoracotomy  

Descri tion of the S stem 

The Model 6963 is a ---------- ----------   coronary s----- --- 
superior vena cava lead with ---- ----  connector and ----------- ------ 
electrode for delivery of cardioversion and defibrillation 
therapies  

The Model 6966 is a ----------------- tripolar 
--------------------------   ---------- lead with a ---- ----  connector and 
----------- ------ electro--- -- r cardioversion and defibrillation  
The lead also has a ---- ----  connector for pacing and sensing  

The Mo---- ------ is a ---------- ----------- ---- l subcutaneous patch 
with a ---- ----  co--------- and ----------- ------ electrode coils 
embedded in the ---------- patch  ----- ----- is intended for 
cardioversion and defibrillation  

Lead S stem Life Testin 
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Recommendation  There are no concerns regarding the data as 
submitted  Based on our review  to date  the determination has 
been made that the application is suitable for filing  

(b)(4)



DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service 

P ood and Drug Adainistration 
Center for Devices and 
Radiological Health 
1390 Piccard Drive 
Rockvillo  Maryland 20b50 

April 3  1992 

JENNIFER M  NARRONE 
MEDTRONIC INC  
7000 CENTRAL AVENUE  N E  
NINNEAPOLIS   MN 554323576 

PMA Number  P920015 SUP 000 
Letter Dated  03 31 92 

Received  04 01 92 
Product  MEDTRONIC R  

TRANSVENE LEAD 
SYSTEM 

Dear MS  MARRONE  

The Center for Devices and Radiological Health  CDRH  acknowledges 
its receipt of the premarket approval application  PMA  supplement 

submitted by you for the above referenced device  This PMA supple  

ment has been assigned an unique document control number  Failure 

to reference this supplement number in further correspondence may 

result in processing delays  All further correspondence shall be 

referred to as amendments to the PMA supplement  and the required 
number of copies bearing the above PMA supplement number shall be 

submitted directly to  

Food and Drug Administration 
Center for Devices and 

Radiological Health 
PNA Document Mail Center  HFZ 401  
1390 Piccard Drive 
Rockville  Maryland 20850 

You will be notified of any need for additional information and the 

CDRH filing decision  Questions concerning this submission may be 

directed to the PMA Staff at  301  427 1186 or to the reviewing di  

vision within the CDRH Office of Device Evaluation  

Sincerely yours  

Charle H  Kyper 
Director  Premarket Approval Staff 
Office of Device Evaluation 
Center for Devices and 

Radiological Health 



Medteonicg Medtronic  Inc  
7000 Central Avenue  N E  
Minneapolis  MN 55432 3576 
Telephone   6 2  574 4000 
Cable  Medtronic Telex  29 0598    gb  Telecopy   612  574 4879 

March 31  1992 

Office of Device Evaluation 
PMA Document Mail Center  HFZ 401  Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  MD 20850 

 P 

Re  Premarket Approval Application  PMA  for the Medtronic  Multiprogrammable Tachyarrhythmia Control System with Non thoracotomy Cardioversion and Defibrillation Electrodes  i e   the PCD Transvene System  Lead Models 6963  6966 and 6999  

This submission is a PMA application for the Medtronic Transvene Lead System used in conjunction with the Model 72178 pacer cardioverter defibrillator  PCD   Model 5355 external tachyarrhythmia control device  ETCD  and Model 9788 MemoryMod Software Module  

The PCD and ETCD devices as used with an epicardial lead system were recommended for approval by the FDA Advisory Panel on February 3  1992  P900061   The purpose of this PMA application is to obtain approval for the use of the non thoracotomy lead system for use with the Medtronic PCD and ETCD  The terms non thoracotomy leads  NTL   transvenous leads and Transvene Lead System are synonymous and may be used interchangeably throughout this application  

The Transvene System  in conjunction with the PCD device  is intended to treat patients at risk of sudden cardiac death due to ventricular arrhythmias  Like the epicardial electrodes PCD System  the primary benefits from the use of the Transvene PCD System center on the detection and termination of these life threatening ventricular arrhythmias  The incorporation of a non thoracotomy lead system allows for a safer and effective implantahon procedure  and im rovin both erio erative and long term atient morbidly and mortality  



Page 2 
March 31  1992 

The Transvene PCD System clinical study gDE G870102  includes 319 Transvene lead 

implants with a mean implant duration of 4 5 months and a total of 1426 device months 

experience  There are 116 patients with lead system implant duration equal to or greater 

than six months  The data included in this submission is all data that was received by 

Medtronic and entered onto the clinical database as of November 27  1991  The results 

from the clinical study are provided in Volume 5 of this application  

Market approval is not being sought for use of the Transvene PCD System with other 

manufacturers  implantable cardioverter defibrillators  nor is it sought for use of the PCD 

device with other manufacturers  transvenous defibrillation lead systems  

Two manufacturing facilities are to be used in the assembly  sterilization and packaging 

of the Transvene leads  These are  

1  Medtronic  Inc  
Rice Creek Facility 
7000 Central Avenue N E  
Minneapolis  MN 55432 
Tel  612 574 4000 
Establishment Registration Number  2182208 

Is presently prepared for inspection  

Most recent FDA inspection  January 21 February 8  1992  

2  Medtronic  B V  
Wenckebachstraat 10 
6466 NC Kerkrade West 
The Netherlands 
Tel  31 45 43 85 85 
Is presently prepared for inspection  

Most recent FDA inspection  January 6 9  1992  

The existence of this PMA application and the data and other information it contains are 

confidential  and the protection afforded to such confidential information by 18 USC 1905 

and other applicable laws is hereby claimed  
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March 31  1992 

In accordance with 21 CFR 814 42 a   the FDA has 45 days from the date of receipt to 

notify Medtronic if this application is sufficiently complete for a substantive review and 

acceptable for filing  

Six copies of this application are enclosed  Should additional information be required by 

the Agency  please contact the undersigned  

Sincerely  

MEDTRONIC  INC  

C 
Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 

 612  574 4688 
 612  574 6424 FAX 
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III  Summa of Safe and Effectiveness 

A  Indications For Use 

The Medtronic PCD Model 7217B Multiprogrammable Tachyarrhythmia 

Control System with Nonthoracotomy Cardioversion and Defibrillation 

Electrodes  hereafter referred to as the PCD Transvene System  is intended 

to treat patients at risk of sudden cardiac death due to ventricular 

tachyarrhythmias  Indications for use include  

Patients who have survived at least one episode of cardiac arrest due to a ventricular 

arrhythmia not caused by an acute myocardial infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain inducible via 

programmed electrical stimuli or exercise  or occur spontaneously  despite the most 

efficacious antiarrhythmic drug therapy that can be tolerated by the patient chronically  

Patients undergoing replacement of a previously implanted implantable cardioverter 

defibrillator  

The patients who meet the above patient selection criteria should have also 

undergone a complete cardiological evaluation that includes 

electrophysiological testing  Electrophysiologic evaluation and testing of the 

safety and efficacy of the proposed pacing  cardioversion  or defibrillation 

therapies are recommended during and after the implantation of the PCD 

Transvene System  

The PCD Transvene System components  except for the defibrillation lead 

system  are identical to the PCD Epicardial System which was unanimously 

recommended for approval by the FDA Advisory Panel on February 3  1992  

Market approval is not being sought for use of the PCD Device with other 

manufacturers transvenous defibrillation lead systems  In addition  market 

approval is not being sought for the use of the PCD Transvene lead system 

with other manufacturers implantable cardioverter defibrillators  
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B  Descri tion of the Transvene Lead PCD S stem 

The Medtronic Tachyarrhythmia Control System consists of two fundamental 

configurations   1  the implantable configuration and  2  the external 

configuration  Bothconfigurationsuse the Transveneleadsystem  SeeFigure 

III B 1 

The implantable configuration is composed of a Pacer Cardioverter  

Defibrillator  PCD  device  implantable leads  and a programmer  The PCD 

device is an impIantable  multiprogrammable  automatic tachyarrhythmia 

control device  

The external configuration is composed of an External Tachyarrhythmia 

Control Device  ETCD   a patient cable  implantable leads  and a 

programmer  The ETCD is an externally operated  multiprogrammable  

tachyarrhythmia control device  

Intended Uses   Transvene Leads 

Model 6963 Lead 

The Medtronic Transvene Model 6963 Unipolar  Coronary Sinus or Superior 

Vena Cava  Transvenous Lead features an electrode for the delivery of 

cardioversion and defibrillation therapies  It is intended for long term use in 

the coronary sinus or superior vena cava and is designed to be used with an 

implantable tachyarrhythmia control device along with at least one other lead  

such as the Model 6966 Tripolar  Right Ventricular  Transvenous Lead  

The lead has application where implantable tachyarrhythmia cardioversion or 

defibrillation systems are indicated  

Model 6966 Lead 

The Medtronic Transvene Model 6966 Tripolar  Endocardial  Screw In Lead 

is designed for pacing  sensing  and delivering cardioversion and defibrillation 

pulses in the ventricle  The lead has application where implantable 

tachyarrhythmia control systems are indicated  

The Model 6966 lead has a helical electrode made of platinum alloy that can 

be actively fixed in the endocardium  The helix can be extended or retracted 

by rotating the lead connector pin with a special fixation tool  

4 l  
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Active fixation leads are particularly beneficial for patients who have smooth 

or hypertrophic hearts where lead dislodgement may be potential a problem  

The three electrodes of this lead are the coil  ring  and helix  

The defibrillating coil electrode is most proximal to the pulse generator and connects 

electrically to the connector pin of the unipolar leg of the bifurcation  This unipolar leg will 

not accept a stylet  

The ring electrode is proximal to the helix and connects electrically to the connector 

ring of the bipolar leg of the bifurcation  

The helix tip electrode is most distal to the pulse generator and provides active fixation 

in the endocardium  It can be extended or retracted by rotating the lead connector pin 
with a special fixation tool  The helix electrode connects electrically to the connector 

PIN of the bipolar leg of the bifurcation  This bipolar leg is the only one that will 

accept a stylet  

The helix tip electrode and the ring electrode may be used for bipolar pacing 
and sensing  the coil electrode is intended to be used for delivery of 

cardioversion and defibrillation pulses  

The lead has application where implantable tachyarrhythmia cardioversion or 

defibrillation systems are indicated  

Model 6999 Lead 

The Medtronic Model 6999 Unipolar  Subcutaneous  Oval  Patch Lead 

features an electrode for the delivery of cardioversion and defibrillation 

therapies  It is intended for long term use and is designed to be used with an 

implantable tachyarrhythmia control device along with at least one 

complementary defibrillating electrode and a pacing sensing lead  a third 

defibrillating electrode may also be used  

The lead has application for patients in whom implantable tachyarrhythmia 

cardioversion or defibrillation systems are indicated  
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Intended Uses   PCD Device 

The Model 7217B PCD device is intended for use in patients who are at high 

risk of sudden death due to ventricular tachyarrhythmia  

Current medical research indicates that such patients should  

4 have survived at least one episode of a cardiac arrest  presumably due to a ventricular 

tachyarrhythmia as evidenced by resuscitation using a transthoracic defibrillator  The 

ventricular tachyarrhythmia should not be caused by an acute myocardial infarction  

or 

  in the absence of a prior cardiac arrest  have recurrent  sustained ventricular 

tachycardia that occur spontaneously or can be induced  despite the most efficacious 

antiarrhythmic drug therapy that can be tolerated chronically  

Extensive electrophysiologic evaluation and testing of the proposed pacing  

cardioversion  or defibrillation therapies are recommended during and after 

the implantation of the Model 7217B PCD device  Before permanently 

programming the PCD device to the automatic detection and delivery of the 

VT and or VF therapies  the patient should have demonstrated a satisfactory 

response to the proposed therapy  

Intended Uses   ETCD 

The Model 5355 External Tachyarrhythmia Control Device is intended for use 

in conjunction with an antitachycardia defibrillation lead system during 

diagnostic studies for implanting the Model 7217B PCD device  

Indications for use of the ETCD include  

Patients experiencing recurrent episodes of ventricular tachyarrhythmia  

Patients who survived a cardiac arrest due to a ventricular tachyarrhythmia and are at 

risk for repeated episodes  

Patients who are undergoing an assessment of the efficacy of antitachycardia pacing  

cardioversion  or defibrillation therapies in anticipation of an implantable cardioverter  

defibrillator  

7 
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Com onents of the S stem 

A list of components used in the system is given below  It is separated into a 

listing of those components for which market approval is sought and those 

components that are now commercially available  Market approval is not being 

sought for use of the PCD Device with other manufacturers transvenous defibrillation lead 

systems or for the use of the PCD Transvene lead system with other manufacturers implantable 

cardioverter defibrillators  

Seekin A r oval  C mmerciall Availa le  

Transvene Leads 
Model 6963 
Model 6966 
Model 6999 

Programmers Model 9710 and 
accessories 

Printers Model 9751 9712 

Pacer Cardioverter Defibrillator 

 PCD  Device  

Model 7217B 

External Tachyarrhythmia 
Control Device  ETCD   

Model 5355 ETCD 
Model 5418 Patient Cable 
Model 5419 Patient Cable 
Model 5414 Test Load 
Model 5417 EGM Cable 

Programmer Software Cartridge  

Model 9788   Memory Module 
for 7217B PCD Device and 5355 ETCD Devices 

Lead Accessories  

Model 6701 Lead End Cap 

  Indicates devices pending FDA approval  F900061 

I 
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Com onents Used in the Im lantable Confi ration 

The implantable configuration is composed of a PCD Device  lead system  

and a 9710 Programmer with applicable software cartridge  The implantable 

device is a Model 7217B PCD Device  The PCD device requires an 

appropriate lead system consisting of up to three cardioversion defibrillation 
electrodes  See Figure III B 2  The Transvene leads used with the Model 

7217B PCD Device are the Models 6963  6966  and 6999  

The Model 9710 Programmer is commercially available  Two printers are also 

commercially available  When higher printing speeds are desired  it is 

recommended that the programmer be used with the faster printer  the Model 

9751  If slower printing speeds are acceptable  as may be the case in some 

follow up situations  the Model 9710 Programmer can be used with the 

battery powered Model 9712 Printer  

Corn onents used in the External Confi ration 

The external tachyarrhythmia control system is composed of the Model 5355 

ETCD  a Model 5418 Patient Cable  a Model 5419 cable  lead system  and a 

Model 9710 Programmer with applicable software cartridge  see Figures IV A  

3  4  The ETCD uses replaceable batteries as its power source  The Model 

5418 Patient Cable and Model 5419 Cable are designed to connect the 

Transvene leads to the ETCD  Like the implantable system  the ETCD uses 

the same Transvene leads  Models 6963  6966  and 6999   
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Pur ose of the S stem 

PCD S stem Confi ration 

The PCD Device is an implantable device designed to detect episodes of 

ventricular tachycardia  VT  and ventricular fibrillation  VF   and upon 

detection  automatically deliver the appropriate therapy or a progression of 

therapies programmed by the physician for each patient  The available 

therapy types that can be programmed are overdrive pacing  cardioversion  

and defibrillation  The PCD Device also has bradycardia pacing capability  

The Transvene leads allow the PCD device to deliver these therapies to the 

heart  

ETCD S stem Confi ration 

The ETCD is an external tachyarrhythmia control device designed to deliver 

overdrive pacing  cardioversion  defibrillation  and bradycardia therapies in 

the same fashion as the PCD device  The ETCD can be programmed to 

automatically deliver overdrive pacing therapy upon detection of VT  When 

used as a component of a system that includes the appropriate Medtronic 

programmer and applicable software cartridge  the ETCD can deliver 

manually initiated VT pacing  cardioversion  and defibrillation therapies  The 

ETCD allows the assessment of the Transvene lead system characteristics and 

aids in the assessment of lead system pacing and sensing characteristics  

Overview of S stem Features 

The PCD device is designed to automatically detect episodes of VT or VF 

and  upon detection  deliver the appropriate programmed pacing  

cardioversion  or defibrillation therapies  The device has two independently 

programmable detection and therapy procedures  one for VT and a second for 

VF  

When used as a component of a system that includes the appropriate 

Medtronic programmer and dedicated software  the ETCD is designed to 

deliver manually initiated cardioversion and defibrillation therapies  The 

ETCD is also designed to detect episodes of VT and VF  It can automatically 

deliver VT overdrive therapies  burst and ramp  upon detection of a VT  

11 
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VT Detection and Thera 

Both the PCD device and ETCD use a VT detection algorithm which can use 

up to three separately programmable criteria as it monitors the cardiac cycle 

length to identify the presence of a tachycardia  Upon detection  the devices 

deliver their first programmed VT therapy  If the VT episode persists and is 

again detected  up to three additional independently programmable VT 

therapies may be delivered to restore the patient s normal cardiac rhythm  

This progression of four VT therapies can be tailored to each patient s need  

For the PCD device the therapies may be selected from two methods of 

overdrive pacing  burst and ramp  and synchronized cardioversion  

For the ETCD the same overdrive pacing therapies can be automatically 

delivered  with cardioversion therapy being available as a manual therapy  

VF Detection and Thera 

The VF Detection algorithm monitors the cardiac cycle length to identify a 

VF episode  Upon detection  the PCD device provides a programmable high 

energy defibrillation pulse for VF therapy  Up to a maximum of four VF 

therapies may be delivered for ongoing detected VF episodes  Each 

defibrillation therapy consists of one  single pulse  or two  simultaneous or 

sequential  high voltage pulses designed to restore the normal cardiac rhythm  

For the ETCD  each cardioversion or defibrillation therapy  which must be 

initiated manually via the programmer  also consists of one high voltage pulse 

or two  simultaneous or sequential  high voltage pulses in the same fashion 

as the PCD devices  

Brad cardia Thera 

For both the ETCD and PCD devices  bradycardia pacing is delivered in the 

VVI mode  Asynchronous   VOO   pacing is not available  and is avoided 

even with magnet application since this type of pacing has increased potential 

to initiate ventricular arrhythmias in patients receiving this system  

12 
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Lead S stems 

The PCD Device and the ETCD perform pacing  sensing  cardioversion  and 

defibrillation through multiple electrodes in the lead system  Listed below are 

the electrodes and their function  

The PACE SENSE electrodes are incorporated in the right ventricular defibrillation 

lead  These electrodes function as the sensing circuit and deliver pacing pulses  The 

PACE SENSE electrodes are used for sensing in conjunction with the SENSE2 

electrode  

The COMMON electrode is an electrode coil that serves as the cathode for 

cardioversion  defibrillation  and pacing  

The PULSE2 electrode is an electrode coil that serves as the anode for cardioversion 

and defibrillation  

The PULSE1 electrode is an optional electrode coil that serves as an additional anode 

for sequential and simultaneous cardioversion and defibrillation  

Cardioversion and defibrillation current pathways are between the PULSE2 

and COMMON electrode coils and  if the additional lead is implanted  

between the PULSEI and COMMON electrode coils  

Other Ca abilities 

The physician may use the ETCD or the PCD devices to conduct noninvasive 

electrophysiologic studies  EPS  via the programmer with the appropriate 

software cartridge  The physician can also manually deliver various therapies 

via the programmer to manage an induced or spontaneous tachyarrhythmia  

The PCD device will provide the physician with information  via the 

Programmer  about its present programmed status and data on its operation 

accumulated between office visits  This information may be printed and 

retained in the patient s file  

The PCD Device and ETCD can also transmit an electrogram to the 

programmer  The electrogram is the electrical signal sensed on the leads  

A programmer generated set of symbols  termed Marker Channel   allows 

real time visualization of sensing  pacing  detection  and therapy events 

occurring within the device  

13 
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In addition  the ETCD provides a display of measurements and other 

information related to delivered cardioversion and defibrillation pulses  With 

this information and other features  the ETCD can be used to assess the 

suitability of the lead system and its placement for individual patients  

PCD Batte Lon evi E ectations 

The longevity of the Model 7217B PCD Device depends upon several factors  

including programmed bradycardia pacing parameters  the percentage of 

paced to sensed events  the pacing load  and on the frequency of high voltage 

capacitor charging  The longevity projections found in Table IV A 1 apply 

under the following conditions  

65 ppm pacing rate  

5 4 V pacing pulse amplitude  

0 49 ms pacing pulse width  and 

500 ohm pacing lead  

Projected Longevity 
1 

Tabl IV A 1 

years 

The longevity of the device decreases with the following  

An increase in pacing rate  

An increase in pacing amplitude  

A decrease in pacing impedance  

An increase in pacing pulse width  

An increase in the percentage of bradycardia paced to sensed events  or 

An increase in the charging frequency  

Each 34 Joule charging cycle will typically decrease the longevity of the device 

by approximately four to six days  

These preliminary longevity projections are based upon accelerated battery data and device modeling  

With the stated condition  100  pacing and monthly 34 Joule charging cycles  the minimum longevity 

of the device will be 2 5 years  7217B   Average refers to the projected mean longevity of the modeled 

run of PCD devices at the stated conditions  Minimum longevity means that virtually all  i e   99 9   

of all modeled production run of PCD devices will attain the value given  

14 
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C  Alternative Practices and Procedures 

The use of implantable defibrillators in patients with drug refractory 

ventricular tachycardia  fibrillation  VT VF  and in survivors of sudden 

cardiac death has reduced the arrhythmic mortality in these patients  Other 

treatments available to treat ventricular tachyarrhythmias include 

antiarrhythmic drug therapy  ventricular tachycardia surgery  transthoracic 

defibrillation and other market released implantable defibrillators with 

epicardial defibrillation lead systems  

15 
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D  Marketin Histo 

All of the Medtronic Tachyarrhythmia Control System device components 

which have been implanted in the U S  to date have been part of the IDE 

clinical study and have foliowed the FDA approved investigational protocol  

In November 1991  the Medtronic PCD Transvene System  and respective 

components described in this submission  were market released in Europe  In 

March 1991  the Medtronic PCD Epicardial System  and respective 

components  were market released in Europe  And in February 1992  the 

FDA Advisory Panel recommended the approval of the Medtronic PCD 

Epicardial System  

16 
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E  Adverse Effects 

Potential adverse effects which may be associated with the use of the PCD 

Device include but are not limited to  failure to detect ventricular tachycardia 

or ventricular fibrillation  failure to terminate ventricular tachycardia or 

ventricular fibrillation  delivery of pacing or shock therapy when no 

ventricular tachyarrhythmia is present  which would precipitate an episode of 

ventricular tachycardia or ventricular fibrillation  acceleration of a ventricular 

arrhythmia  failure to capture after a shock delivery  discomfort or pain during 

or following the delivery of electrical shock  or infection  

The following additional  potential adverse effects associated with all 

pacemaker systems include loss of normal pacemaker function due to battery 

failure or other component failure  inability to program a pacemaker pulse 

generator because of programmer failure  infection  erosion  undesired muscle 

or nerve stimulation  and inadequate sensing or pacing  Any demand pulse 

generator can be affected by magnetic  electrical and electromagnetic signals 

of sufficient strength or with characteristics which mimic cardiac function  

Possible effects of electrical interference on pulse generator operation include 

reversion to asynchronous pacing  inhibition of output pulses and rapid 

synchronous pacing  Certain environmental sources can couple sufficient 

energy into a cardiac pacing system to damage the pulse generator or cardiac 

tissue adjacent to the electrodes  

Failure of the pulse generator system to function properly may result in the 

patient experiencing the symptoms for which the pulse generator was 

originally indicated  

The potential complications related to the use of the PCD Transvene Lead 

System include  but are not limited to  the following patient related 

conditions  fibrillation  air embolism  cardiac perforation  heart wall rupture  

cardiac tamponade  pericardial rub  infection  myocarditis  constrictive 

pericarditis  pneumothorax and hemothorax  Other potential complications 

related to the lead system include  but are not limited to  the following  lead 

dislodgement  lead conductor fracture  and insulation failure  

The above referenced information is provided in the labelling of the PCD 

Transvene System  
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F  Summa of Studies 

To validate the performance of the Medtronic Tachyarrhythmia Control 

System nonclinical laboratory  bench  testing  animal studies and human 

clinical trials were performed  All of the nonclinical bench and animal testing 

demonstrated that the devices are safe and performed according to design 

intent  

The nonclinical laboratory  bench  testing provides information relative to the 

Model 6966  Model 6963 and Model 6999 Transvene Leads  Model 7217B 

PCD  Model 5355 ETCD  and Model 9788 Memory Module  

The animal studies were performed to evaluate acute and chronic 

performance PCD Transvene System and to validate that the PCD and ETCD 

System are safe for human use  

Finally  human clinical trials were performed to evaluate the safety and 

effectiveness of the PCD Transvene System in treating patients with life  

threatening ventricular arrhythmias  

All of the studies have demonstrated that the PCD Transvene System 

functions safely and is appropriate for human use  

The following summaries are provided in this section  

Model 6966  Model 6963 and Model 6999 Nonclinical Testing 

2  Non clinical Testing of the Related Components of the Transvene Lead system  

Models 7217B PCD  Model 5355 ETCD and Model 9788 MemoryMod Model 7217B 

PCD Nonclinical Testing 

3  Animal Testing 

4  Clinical Study of the PCD Transvene System 

18 
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1  Model 6966 1Vlodel 6963 and Model 6999 Defibrillation Leads  Summa of 

Nonclinical Testin 

To validate the performance of the Medtronic Tachyarrhythmia Control 

System nonclinical laboratory  bench  testing  animal studies and human 

clinical trials were performed  All of the nonclinical bench and animal testing 

demonstrated that the devices are safe and performed according to design 

intent  

The nonclinical laboratory  bench  testing provides information relative to the 

Model 6963 CS SVC lead  Model 6966 RV lead  Model 6999 SQ patch lead  

and related system components  

a  Electrical Testin 

Electrical D C  resistance testing was performed to ensure proper 

functioning of the Model 6963  6966 and 6999 leads  

Seventeen Model 6963  thirty five Model 6966 and eighteen Model 

6999 leads were submitted for testing  Electrical resistance was 

measured utilizing a milliammeter under ambient room conditions  All 

samples measured were within the individual design specifications  

b  Environmental Anal sis Testin 

The purpose of the testing was to subject the lead to temperature 

extremes to determine the lead s resistance to the thermal stresses 

when transported from extremes of climate  

Thermal Shock 

Fifteen Model 6963 and thirty five Model 6966 leads were subjected 

to five cycles from  45 C to 70 C with a soak time of thirty minutes at 

each temperature extreme with a transfer time of one minute  Thirty  

five Model 6999 leads were subjected to five cycles from  40 C to 

66 C with a soak time of thirty minutes at each temperature extreme 

with a transfer time of one minute  

After the thermal shock testing was completed visual inspection and 

electrical resistance measurements were performed  There were no 

visual defects and the electrical D C  resistance of all the samples met 

the design specification  

19 
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c  Mechanical Testin 

The purpose of the mechanical testing was to determine the 

mechanical integrity of the leads to ensure that the devices are safe  

reliable  and suitable for their intended use and conform to design 

specifications  The leads and or assemblies were subjected to the 

following  

flex testing 
composite pull strength testing 

crimp weld pull strength testing 

insertion withdrawal force testing 

A C  impedance leakage testing 

Flex Testin 

The flex testing consisted of mounting the insulated conductor coils 

and uninsulated electrode coils of the Models 6963  6966 and 6999 in 

a lead flex test fixture  The insulated conductor coils and uninsulated 

electrode coils were flexed under ambient room conditions at a 

specified radius  Eleven samples were used in each test  Samples 

exceeded specifications and therefore are considered to be satisfactory 

for their intended use  

Lead Joint Tensile Stren ths 

Pull testing of the various lead joints is conducted to ensure that the 

integrity of the joint meets the design specification and is  therefore  

adequate for its intended application  The testing conducted consists 

of a composite pull test which evaluates the overall pull strength of the 

lead and crimp pull testing that evaluates the crimped connections of 

the leads to assure specification conformance  

Corn osite Pull Stren th 

Leads were boiled in Ringer s solution or soaked in normal saline and 

pull tested  while wet  the lead is usually cut in half to facilitate 

fixturing limitations  utilizing a tensile testing machine  The samples 

were pulled until failure at a rate of five inches per minute  The initial 

failures were then analyzed statistically for the confidence level in 

meeting the specification for the composite lead which is 1 0 lb  

minimum  

Model 6963 data demonstrates that with a 95  confidence at least 

97 o  distal  and 99 9   proximal  of the leads will meet or exceed the 

specification    Q 
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Model 6966 data demonstrate that with a 99  confidence at least 

99 9  of the leads will meet or exceed the specification  

Model 6999 data demonstrate that with a 99 o confidence at least 

99 9  of the leads will meet or exceed the specification  

Therefore  Models 6963  6966 and 6999 leads  with respect to 

composite pull strength  are adequate for their intended use  

Crim Weld Pull Stren ths 

Crimp and weld pull strength tests were conducted to evaluate the 

strength of the connections to ensure that they meet the design 

specification and are  therefore  adequate for their intended 

application  The connections tested are  

Distal crimp sleeve to conductor coil crimp  6963  

Double crimp core to conductor coil crimp  6963  

Electrode coil to double crimp core weld  6963  

Electrode coil to distal crimp sleeve weld  6963  

Tip crimp sleeve to conductor coil crimp  6963  

Connector pin to conductor coil crimp  6963 and 6999  

Helix electrode to inner conductor coil crimp  6966  

Electrode ring to middle conductor coil crimp  6966  

Transition sleeve to electrode coil weld  6966  

Transition sleeve to outer conductor coil crimp  6966  

Fixed connector pin to outer conductor coil crimp  6966  

Connector ring to middle conductor coil crimp  6966  

Rotating connector pin to inner conductor coil crimp  6966  

Manifold crimp sleeve to conductor coil c------ -------- 

Manifold crimp sleeve to electrode coil ---- ------ ---- ------ 

crimp  6999  
Manifold crimp sleeve to electrode coil ---- ------ ---- ------ 

crimp  6999  

Subassemblies were submitted for testing and pull tested by using a 

tensile testing machine  The samples were pulled until failure at a rate 

of four inches per minute  

Pull strength testing consisted of a minimum of 15 subassemblies of 

each crimp connection and a minimum of 7 subassemblies of each 

weld connection All samples tested exceeded the individual 

specification  The test results indicated that with a 95  confidence  

at least 95  of the leads will have crimp and weld strengths that 

exceed the specification  
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Therefore  the Model 6963  6966 and 6999 leads  with respect to crimp 

and weld connection pull strengths  are adequate for their intended 

use  

Insertion Withdrawal Forces 

Insertion withdrawal forces are measured to ensure compatibility with 

the implantable device without causing damage to the lead  Twenty 

five each of the lead Models 6963  6966 and 6999 were tested with the 

Model 7217B PCD Device connector modules  There were no physical 

changes and all measurements met the design specification  

A C Im cdance Leaka e Testin 

Fluid leakage tests are conducted on the lead assemblies implantable 

device connector to determine leakage  Ten of each lead model 

Models 6963  6966 and 6999 were tested with the Model 7217B 

connector modules  A C  impedance was measured from the PCD 

device case to the lead connections while immersed in fluid  All 

samples met the design specification  

d  Biocom atibili Testin 

The materials used in the Models 6963  6966 and 6999 that are directly 

exposed to body tissue are  

Polyurethane 
Silicone rubber  methylvinylpolysiloxane  
Silicone rubber titanium dioxide 

Platinum Iridium 

These materials have been shown to be biocompatible through many 

years of use in Medtronic permanent implantable 

endocardial myocardial permanent pacing leads  In addition to 

extensive implant experience with these materials  standard 

biocompatibility tests have been performed to verify the 

bio compatibility of the above listed materials  Testing has 

demonstrated that all materials are nonhemolytic  nonpyrogenic  

nontoxic  nonmutagenic and biocompatible  Therefore  the materials 

passed the tests and are considered suitable for human implant  The 

materials used in the Models 6963  6966 and 6999 are identical to 

those used in other commercially available Medtronic pacing leads  

e  Lead Life Testin 

In vitro bench testing is performed to determine the chronic 

performance  integrity  of the non thoracotomy leads  The leads were 

subjected to accelerated life testing  Testing included subjecting the 
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leads to visual  mechanical  and electrical evaluations before and after 

soaking  flexing  and high voltage pulsing under simulated use 

conditions  

D C  resistance values and intermittence data measured before and 

after being subjected to multiple flexing and high voltage pulsing 

demonstrated the non thoracotomy leads satisfy requirements and are 

acceptable for their intended use  
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2  Non clinical Testin of the Related Com onents of the Transvene Lead 

stem  Models 7217B PCD Model 5355 ETCD and Model 9788 

Memo Mod 

Non clinical testing of these components was provided Volume 4 of the 

original PMA application  F900061  dated September 27  1990  Volume 3 of 

the amendment dated March 8  1991  and Volume 2 of the amendment dated 

August 30  1991  A summary of the test results for each of the components is 

provided  

Model 7217B PCD  Summa of Nonchmcal Teston 

Testing of the Model 7217B pulse generators and the peripheral devices that 

comprise the system  i e   the Pacing System Analyzers  the Model 9710 

Programmer utilizing the Model 9788 MemoryMod and the Model 9751 

Printer have been tested and found to be acceptable  All aspects of system 

interaction and operation are in accordance with the Model 7217B PCD 

Device and Model 9788 technical manuals and system specifications  

Therefore  the Medtronic Tachyarrhythmia Control System  in its entirety  is 

acceptable for its intended use  

Model 9788 Memo Module  Summa of Nonclinical Testin 

The Medtronic Model 9788 MemoryMod Cartridge was designed for insertion 

into the commercially available Model 9710 Programmer  When inserted  it 

becomes an integral part of the non invasive programming system for the 

implantable PCD devices to establish pacing  ventricular tachycardia  VT  

detection and therapy  ventricular fibrillation  VF  detection and therapy  and 

electrophysiological study  EPS  capabilities of an implanted pacemaker  

cardioverter defibrillator  PCD   Both the Model 7217B PCD device and the 

Model 5355 ETCD are programmed with the Model 9788 MemoryMod 

cartridge when used with the Model 9710 Programmer  

Testing of the Model 9788 MemoryMod cartridge has demonstrated 

conformance to specification requirements  Therefore  the Model 9788 

MemoryMod is acceptable for its intended use with the Model 7217B PCD 

Devices and the Model 5355 ETCD Device  

Model 5355 ETCD  Summa of Nonchmcal Testm 

Testing of the Model 5355 ETCD and respective accessories has shown 

conformance to specification requirements  Therefore  the Model 5355 

ETCD Device accessories are acceptable for their intended use  
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3  Animal Testin 

The information presented in this section is an accumulation of several 

studies  some of which FDA has previously reviewed in IDE submissions 

 6870102   These studies demonstrate the safety of the Transvene lead 

Models 6963  6966 and 6999  

A variety of non thoracotomy leads were evaluated in a series of four canine 

studies  Descriptions of the leads  as well as the study number s   1  2  3 or 

4  in which they were evaluated  are presented below  

Description  Non thoracotomy Leads 

CORONARY SINUS SUPERIOR --------- ------ A LEADS 
-- 

---- 

Model 6963  evaluated in Study No  4  iW silicone  unipolar  coronary sinus 

or superior vena cava lead with a 6 5  mm connector and platinum alloy 

electrode for delivery of cardioversion and defibrillation therapies  

Model 6881  evaluated in Study Nos  2  3 and 4 is functionally equivalent to 

the Model 6963 except the 6881 has a ---- ----- ------------- 

Model 10285 evaluated in Study No  1  is the temporary --- sion of the Model 

6963 6881  

RIGHT VENTRICULAR LEADS 

Model 6966 evaluated in Study No  4  is a polyurethane  tripolar  

extendable retractable  screw in lead with a 6 5 mm connector and platinum 

alloy electrode for delivery of cardioversion and defibrillation therapies  

Additionally  the 6966 has a 3 2 mm connector for pacing and sensing  

Model 6884  evaluated in Study Nos  2 and 3  is functionally equivalent to the 

Model 6966 except the 6884 has a 3 2 mm connector in place of the 6 5 mm 

connector for the cardioversion defibrillation electrode  

Model 10284  evaluated in Study No  I  is the temporary version of the Model 

6966 6884  
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SUBCUTANEOUS PATCH LEADS 

Model 6999  evaluated in Study No  4  is a silicone  unipolar  oval  

subcutaneous patch with a 6 5 mm connector and platinum alloy electrode 

coils that are partially embedded in the silicone patch for delivery of 

cardioversion and defibrillation therapies  Additionally  the patch is 

embedded with p------------------- ------- 

Model 6895  evaluated in Study Nos  2 and 3  is functionally equivalent to the 

-------- 6999 except the 6895 has a 3 2 mm connector and is covered with 

-------------------- 
------- 

Model 10317  evaluated in Study No  3  is funct--------- equivalent to the 6895 

except it is embedded on the outer edge with -------------------- ------- 

Although model numbers differ  all leads in each of the three groups are 

functionally equivalent  The various model numbers reflect an evolution of 

temporary to transvenous lead development  as well as minor changes  such 

as the connector pin modification from 3 2 mm to 6 5 mm  

Additional devices were used to evaluate the non thoracotomy lead studies in 

canines  These are described below  

External Devices for Implant Support 

Model 5355 External Tach arrh hmia Control Device ETCD 

The Model 5355 ETCD provides the same detection capabilities as the 

implantable 1Vlodel 7217B PCD Device  Therapies are identical except that 

the maximum output energy is 40 joules  J  and automatic de6brillation and 

cardioversion are not available in the Model 5355  The Model 5355 ETCD 

provides measurement and display of output waveform parameters and ETCD 

status  an isolated electrogram signal  and passthrough connections of pacing 

and sensing electrodes to external instrumentation  

Model 2394 External Cardioverter Defibrillator ECVD 

The Model 2394 ECVD instrument can deliver   1  a single stimulation pulse 

on one output channel  or  2  a pair of pulses  delivered individually on the 

two different output channels  Monophasic and biphasic pulses are provided  

output capacitance can be varied between 10 and 150 microFarads  mf  

depending on which external capacitor modules are used  and pulse width can 

be specified as a fixed duration  0 1 19 9 ms  or  tilt  
 10 90    Pulse output 

voltages can range between 50 and 1090 volts and may be delivered 

asynchronously  upon manual command  or synchronized with an intrinsic 

sensed event  
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Model 2376 External Cardioverter Defibrillator ECVD 

The output stimulation parameters of the Model 2376 are very similar to 

those of the Model 2394 except for the following modifications  

All pulses are monophasic  truncated  exponential waveforms  

Output capacitance is fixed at 50 microFarads and pulse width is 

determined by a fixed pulse duration only  

Pulse output voltages can range between 50 and 1090 volts and may be 

delivered asynchronously  upon manual command  or synchronized 

with an intrinsic sensed event  

tud Methods 

All canine studies were conducted according to the 1966 and 1970 Animal 

Welfare Acts  1985 NIH Laboratory Animal Use and Care Guidelines and 

GLP regulations  Adult mongrel canines were used for all studies  The dogs 

weighed 20 kg or more  

Specific details of each study are presented in the following 
 Animal 

Studies Results  section  

Each study is briefly described below  Both acute and chronic studies were 

performed to assess the toxicity of the non thoracotomy lead system as well 

as its stability over time  

Stud 1  Acute Toxic of Non thoracotom Leads 

The objective of this study was to quantify the amount and nature of shock  

induced damage to the myocardial tissue resulting from multiple  high energy 

defibrillation shocks delivered through transvenous defibrillation leads and a 

subcutaneous patch  This information has previously been submitted to the 

agency in the Non Thoracotomy IDE  reference Document Control Number 

G870102 S23  FDA Approved October 4  1990  Lead models evaluated in 

this study are functionally equivalent to the Models 6963  6966 and 6999  

Results of these studies revealed only minimal shock induced necrosis   0 1  

0 5 percent by weight   which did not result in functional impairment of the 

cardiac tissue  Therefore  the use of the Model 6963  6966 and 6999 leads did 

not result in significant myocardial damage in carbines and could be safely 

implanted in humans  
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Stud 2  Model 6881 6884 and 6895 Chronic Lead Evaluation 

The objective of this study was to evaluate the suitability of the lead system 

for human clinical use  Lead models evaluated in this study are functionally 

equivalent to the Models 6963  6966 and 6999  Study results demonstrate that 

the performance of the non thoracotomy lead system when used with the PCD 

and ETCD devices is in conformance with system design and expected 

operation  

an nic Le d Defi 

This study is an evaluation of the chronic stability of the non thoracotomy 

lead system via the monitoring of defibrillation and pacing thresholds  In 

addition  histopathological examinations have been performed to assess the 

amount and nature of shock induced damage to the myocardial tissue 

resulting from defibrillation shocks  Lead models evaluated in this study are 

functionally equivalent to the Models 6963  6966 and 6999  Results 

demonstrate stable pacing  sensing and defibrillation thresholds over time  

Additionally  histopathology analysis shows no cardiac tissue damage due to 

delivery of defibrillation shocks  

Stud 4  Model 6963 6966 and 6999 Chronic Lead Defibrillation Stud 

This study is an ongoing evaluation of the non thoracotomy lead system to 

assess chronic defibrillation threshold stability  pacing thresholds  intracardiac 

sensing capabilities and tissue damage  Results indicate the lead system 

performs as intended  DFTs and pacing thresholds have remained stable 

throughout the study  40 weeks  and intracardiac sensing is appropriate  

Additionally there is minimal localized trauma to the cardiac tissue   0 05 

percent by weight   

Conclusion 

All of these canine studies have demonstrated that the non thoracotomy lead 

system  which includes the Model 6963 CS SVC lead  6966 RV lead and 6999 

SQ patch lead  functions safely and is therefore appropriate for human use  
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4  umma of Clinical Ex erience 

A  Introduction 

The efficacy and safety of implantable cardioverter defibrillator  ICD  therapy 

for recurrent ventricular tachycardia  VT  and ventricular fibrillation  VF  

have been well established  The current market released device provides 

defibrillation therapy for VF or hemodynamically unstable VT  However  this 

type of therapy may not be optimal for patients with stable  well tolerated VT 

that is amenable to antitachycardia pacing  Additionally  it is necessary to 

perform a significantly more invasive procedure  a thoracotomy  in order to 

implant the epicardial leads  Thus  the need to incorporate programmability  

multiple detection and therapeutic options  and a less invasive lead system has 

lead to the development of a tiered therapy device  the PCD Transvene  

System  

This report is on Medtronic s clinical experience with the Medtronic PCD  

Multiprogrammable Tachyarrhythmia Control System with Transvene 

Cardioversion and Defibrillation Electrodes  Reference IDE 6870102   The 

data included in this analysis is all data that was received by Medtronic and 

entered onto the clinical database as of November 27  1991  Analysis includes 

a total of 319 implants of the PCD System with a mean implant duration of 

4 5 months  The data is a clinical experience update on 317 patients  

The PCD Transvene System components  except for the defibrillation lead 

systems  is identical to the PCD Epicardial System which received a 

recommendation for approval by the FDA Advisory panel on February 3  

1992  The objectives and the clinical protocol were identical for the two 

systems  

The data analysis is organized in functional rather than chronological 

categories in order to present a complete picture of each of the PCD  

Device s various functions  The sections included in this summary are  

Indicated Patient Population Therapeutic Options 

PCD Therapy Applications 

Study Objectives and Protocol Summary 

Overview of Clinical Experience 

Implant Data 

Spontaneous VT VF Episode Experience 

Overall Success Rate 

Complications and Observations 

Inactive Patients 

Patient Deaths 

Clinical Experience by Primary Indication 

Patients not Meeting Implant Criteria 

Comparison to AICD Clinical Experience 

Comparison to PCD Epicardial Clinical Experience 

PCD System Performance 
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This summary provides an overview of the clinical experience which verifies 

that the PCD System is safe and effective in the indicated patient 

population  

B  Indicated Patient Population and Therapeutic Options 

B 1 Patient Population 

The PCD Transvene  System is intended to treat patients at risk of 

sudden cardiac death due to ventricular tachyarrhythmias which have 

been shown to be reliably terminated  and in the case of VF  

terminated at an energy level below the maximum output of the PCD 
Device  

Results provided in this summary support Medtronic s request for 

Market Release of the PCD Transvene System for use in the 

following patient population  

Patients who have survived at least one episode of cardiac arrest  presumably due to 

a ventricular tachyarrhythmia  as evidenced by resuscitation using a transthoracic 

defibrillator  The ventricular arrhythmia should not be caused by an acute myocardial 

infarction  OR 

In the absence of a prior cardiac arrest  patients with recurrent  sustained ventricular 

tachycardia that occur spontaneously or can be induced  despite the most efficacious 

antiarrhythmic drug therapy that can be tolerated chronically  

Malignant ventricular tachyarrhythmias remain a major unsolved 

problem in the management and prevention of coronary artery disease  
It is estimated that 450 000 people experience sudden cardiac death 

annually  and 80  90  of these events are caused by ventricular 
fibrillation   Gillum RF  Sudden coronary death in the United States  
Circulation 1989  79 756 765   

Survivors of out of hospital cardiac arrest not associated with acute 
myocardial infarction are at risk for recurrent cardiac arrest as 
reported by Wilber  et al   Wilber  et al  Out of Hospital Cardiac Arrest 
  Use of Electrophysiologic Testing in the Prediction of Long Term 
Outcome  NEJM 1988  Vol 318 19 24    In this study group of 166 

survivors of out of hospital cardiac arrest  ventricular arrhythmias were 
inducible in 131 patients  79 Fo  and were suppressed by antiarrhythmic 
drug therapy or surgery  or both  in 91 patients  72    During a 
median follow up of 21 months  cardiac arrest recurred in 29 patients  
11 in whom inducible arrhythmias had been suppressed  12 in whom 

inducible arrhythmias persisted and 6 in whom arrhythmias could not 

be induced at initial electrophysiologic study  

G 
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B 2 Therapeutic Options 

Therapeutic options for these patients include antiarrhythmic drug 

therapy  catheter ablation  surgical ablation  and electrical device 

therapy  The therapy indicated for a particular patient will be 

dependent on the patient s clinical ventricular tachyarrhythmia  the 

results of electrophysiologic evaluation  and the presence and severity 

of underlying cardiovascular disease  

There are currently multiple antiarrhythmic drugs available for the 

treatment of recurrent ventricular tachyarrhythmias  The sudden 

cardiac death survival at one year for patients treated with drug 

therapy alone ranges from 34 to 73   Graboys  et al  Long Term 

Survival of Patients with Malignant Ventricular Arrhythmias Treated 

with Antiarrhythmic Drugs  American Journal of Cardiology  1982  Vol 

50 437 443 and Swerdlow  et al  Determinants of Survival in Patients 

with Ventricular Tachyarrhythmias  NEJM  1983  Vol 308 1436 1442   

The success rate of catheter ablation for recurrent ventricular 

tachyarrhythmias averages 25  with no further need for drug therapy 

and 25  for suppression with drugs where drugs were previously 

ineffective   Zipes  et al  Nonpharmacologic Therapy  Can it Replace 

Antiar rhythmic Drug Therapy  Journal of Cardiovascular 

Electrophysiology  Vol 2  No 3 255 272   

A 10 year analysis of data from a multi center registry on patients who 

underwent surgical ablation for recurrent ventricular tachyarrhythmias 

reveals survival of 78  at one year and 60 Fo at 5 years   Zipes  et al   

The reported one year sudden cardiac death survival for patients 

receiving an ICD for treatment of recurrent ventricular 

tachyarrhythmias is 98 0    Thomas et al  Implantable Defibrillation  

Eight Years Clinical Experience  PACE  1988  11 II  2053 8   
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C  PCD Transvene System Therapy Applications 

The PCD System is intended to treat patients at risk of sudden cardiac death 

due to ventricular tachyarrhythmias and or recurrent ventricular tachycardia  

For this patient population  the primary benefits from the use of the PCD 

System center on the detection and termination of life threatening ventricular 

arrhythmias  The use of the PCD Transvene  system allows for the 

application of identical therapies as an epicardial system without requiring an 

open chest procedure for implantation of the lead system  This less invasive 

surgical approach allows the system to be applied in patients who may not be 

able to undergo an open chest procedure  The use of pacing therapies for the 

treatment of ventricular tachycardia reduces patient trauma associated with 

higher energy cardioversion pulses and extends the longevity of the PCD 

pulse generator  

The PCD  System allows the titration of therapies for patients with 

ventricular tachycardia while providing critical defibrillation backup  Multiple 

detection algorithms are designed to allow the device to distinguish ventricular 

tachycardia from sinus tachycardia and atrial fibrillation  In addition  

independent detection algorithms for VT and VF allow the delivery of 

different types of therapy for each of these two arrhythmias  The 

incorporation of antitachycardia pacing algorithms allows the use of pacing for 

the termination of well tolerated ventricular tachycardia  These algorithms  

which are rate adaptive  can adapt to changes in the ventricular tachycardia 

and successfully terminate the episode  Defibrillation therapy is important in 

the event that an episode of VT accelerates to VF whether spontaneously or 

as a result of a delivered therapy  The incorporation of multiple 

cardioversion and defibrillation pathways  SINGLE  SEQUENTIAL and 

SIMULTANEOUS  allows the physician to provide an adequate 

cardioversion defibrillation efficacy safety margin for all patients  The 

capacity to provide programmable extrastimuli pacing allows noninvasive 

electrophysiologic studies to be performed  The potential benefits from 

permanent cardiac pacing provide support for chronic and transient episodes 

of bradycardia  

Finally  the benefits of programmability of tachyarrhythmia detection and 

therapy parameters  VVI parameters  and stored telemetry data on the 

delivery of therapy may avert the need for reoperation in the event of 

changing patient conditions or complications  

pl 
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D  Study Objectives 

The clinical study was designed to evaluate the operation  safety  and 
effectiveness of the PCD  System in detecting and treating episodes of 
ventricular tachycardia and ventricular fibrillation  

The analysis focuses on data supporting the safety and effectiveness of the 
PCD system  including the implantable pulse generator and associated 
Transvene lead system  Models 6895 6999  6884 6966 SP2100  6881 6963 
and its use in this patient population  The analysis includes the clinical 
experience with the PCD system  pace sense  detection  and therapy 
functions in both the acute and chronic settings  Data is provided on the 
PCD System efficacy in terminating spontaneous VT VF episodes  clinical 
observations  clinical complications  and deaths in this patient population  

This summary presents safety and efficacy evaluation performed on 317 
patients  116 of which have implant durations equal to or greater than six 
months  

All patients underwent extensive pre implant testing which included 
electr ophysiologic evaluation of the patient s clinical ventricular 
tachyarrhythmias  Operative testing was performed to verify that the final 
implanted lead configuration properly detected and treated episodes of 
ventricular fibrillation  and when appropriate  ventricular tachycardia  

All patients were evaluated prior to hospital discharge  one  1  month post 
implant  three months post implant  and then at intervals of every three 
months  In some cases  additional testing was performed at physician 
discretion to evaluate spontaneous events and or potential clinical 
complications  

Medtronic collected all clinical data on the PCD  System and its components 
under the clinical protocol outlined in the Investigational Plan  A common 
protocol was used on all study patients on a worldwide basis  

International centers were subject to the appropriate requirements  e g  the 
Declaration of Helsinki  in order that the data met the statutory requirements 
of the FDA  All clinical data  U S  and International  obtained with the PCD 
System with Transvene Leads is included in this report  

R3 
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E  Overview of Clinical Experience 

This report covers a total of 319 implants in 317 patients of the PCD  Device 

with the Transvene   Defibrillation Lead System  A total of 52 investigative 

centers participated in the clinical trial with 20 centers in the U S  and 32 

Internationally  The first implant occurred internationally on October 20  

1989  and the first implant in the U S  occurred on October 16  1990  Table 

E 1 shows the distribution of Model 7216A and Model 7217B patients 

between U S  and International investigators  

     

Table E 1  PCD Transvene System   Implant Distributions   11 27 91 

The mean documented implant duration for this patient population is 4 5 

months and ranged from implant to 22 0 months  The cumulative implant 

duration is 1426 months  There are 116 patients with implant durations equal 

to or greater than six months  Table E 2 shows the follow up time by type of 

data form  The number presented for the PHD includes 12 patients that had 

2 PHD visits  Thirty seven patients did not have a PHD  

All 

10 4 

Table E 2  PCD Transvene System   Follow Up Quantity   11 27 91 

The patient population enrolled in the clinical trial was predominately 
male 

 82 0   with a mean age of 58 5 years  In the majority of patients  45 7    

the primary indication for implant was recurrent  sustained ventricular 

tachycardia without an episode of sudden cardiac death  Coronary artery 

disease was the primary heart disease in 72 2  of the patient population with 

a mean reported ejection fraction of 36 7  Table E 3 provides a data 

summary on these patients  Also included is the data summary of the patients 

with 6 months of follow up and the data summary from the PCD Epicardial 

experience that formed the basis for the PCD Epicardial PMA submission  
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All Patients 

 3 Electrode 
Systems  

Patients with 6 
months of 
Follow up 

317 

1426 5 

4 5 mo 10 0 me 

22 0 me 

260 82 0  
57 18 0  

94 81 0  
22 19 0  

57 1 yrs 

120 37 9  
145 45 7  

52 16 4  

229 72 2  

290 36 7  

247 77 4  
67 21 0  

5 1 6  

Mean LED 15 1J  N 288  

Mean DFl  

Number of Patients 79 
1648 

99 2  

Number of Patients 61 
376 

99 2  

One Year SCD Survival 100 0  

Patients with 
PCD Epicar dial 

System 

434 

4778 0 

11 0 mo 

27 8 me 

374 86 2  
60 13 8  

41 35 3  
54 46 6  
21 18 1  

118 27 2  

233 53 7  
83 19 1  

83 71 6  325 74 7  

105 40 0  415 34 6  

85 73 3  
28 24 1  
3 2 6  

184 42 4  

7 1 6  
243 56 0  

10 6J  N 395  

14 2J  N  60  

52 
1099 

99 1  

277 
8672 

97 7  

31 
212 

98 6  

177 
1034 

98 1  

100 0  98 8  

Table E 3  PCD System Data Summary   All Transvene Patients vs Transvene Patients with 

6 mo Follow up vs Epicardial Patients   11 27 91 
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E 1 Implant Data 

Implants of the PCD  Device may use two or three Transvene  leads  

The physician has the flexibility to use whichever lead system best 

meets the patient s needs  

Table E 4 illustrates the lowest mean energy of defibrillation  LED  
and mean defibrillation threshold  DFI  for the implanted lead 

systems  The implant criteria for the PCD Device was 3 of 4 episodes 

of VF successfully terminated at 18 Joules or less with a given lead 

configuration  All patients may not have a LED at implant  The LED 

is only identified if the investigator reported the induced rhythm as VF  

Conversion of VT or V Flutter to sinus rhythm was not included in the 

determination of the LED  In addition  it is not a protocol 
requirement to obtain a DFT at implant  However  recommendations 
have been provided to those institutions that prefer to obtain DFT s 

during the implant procedure  

All Systems 289 15 1J 147 13 7J 

RVSVC SQ 186 15 9J 84 14 6J 

RU CS SQ 77 13 6J 48 11 6J 

RV CS SVC 26 14 4J 15 15 5J 

Table E 4  PCD Transvene System   LED and DFT Values   11 27 91 

The mean implant Lowest Energy of Defibrillation  LED  for all lead 

systems was 15 1J and mean implant Defibrillation threshold  DFT  for 

all lead systems was 13 7J  As the mean DFFs and LED s indicate  

VF was reliably terminated at an energy value below the maximum 

output  34 Joules  of the PCD Device  

E 2 Spontaneous VT and VF Episode Experience 

A total of 103 patients  32 5   have experienced a spontaneous 
ventricular tachyarrhythmia episode that has been detected and treated 

by the PCD Device  Forty two patients  13 2   experienced VT 

only  24 patients  7 6   experienced VF only and 37 patients  11 7   
experienced an episode of both VT and VF  

There have been a total of 2024 episodes of spontaneous VT or VF as 

detected by the PCD   The overall PCD Device success rate in 

terminating spontaneous VT VF episodes is presented in Table E S  
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VT 1634 1648 99 2  

VF 373 376 99 2  

Total 

Table E 5  

2007 2024 99 2  

PCD Transvene  System   Success Rate for Spontaneous VT VF Episodes   

11 27 91 

E 2 1 Spontaneous VT 

For the purposes of this clinical trial  spontaneous VT was defined as 
those episodes that satisfied the programmed VT detection criteria  
Specifically  all programmed VT detection must be fulfilled to be 
detected as a VT episode  Successful termination of the episode was 
defined as satisfying the VT detection of episode termination criteria  

To date  1648 spontaneous episodes of VT have been detected by the 
PCD Device in 79 patients  The mean number of episodes per 
patient was 9 and ranged from 1   254 episodes  

The majority of spontaneous VT episodes  93 4 o  were successfully 
treated with VT Therapy  1 and 99 2  were successfully treated with 
one of the four programmable VT therapies  

Of the 1634 successfully terminated spontaneous VT episodes  94 6 o 
were treated with one of the programmed antitachycardia pacing 
therapies incorporated in the PCD Transvene System  The clinical 
benefit of tiered therapy is the reduction of delivery of high energy 
shocks for the treatment of stable recurrent ventricular tachycardia  
This greatly enhances the patient acceptance of ICD therapy since 
antitachycardia pacing is often not perceptible by the patient  

Nine patients experienced 14 episodes  14 1648   0 8   in which the 
PCD Device was ineffective in terminating a spontaneous episode of 
VT despite delivery of all four programmed VT therapies  Thirteen 
episodes were due to sinus tachycardia or atrial fibrillation with a rapid 
ventricular response that had been detected as VT  A modification of 

programmed parameters or of antiarrhythmic drug therapy was 
completed to reduce the incidence of detecting sinus tachycardia or 
atrial fibrillation in these patients  It should be noted that the PCD 
Transvene  System responded appropriately in all cases based on the 

programmed detection parameters  
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The remaining episode was in one patient in which the programmed 
VT therapies were ineffective in terminating a spontaneous VT 

episode  This patient s antiarrhythmic drug regimen was modified to 
improve therapy efficacy  No patient deaths occurred as a result of 
ineffective VT therapy  

E 2 2 Spontaneous VT Episode Experience By Primary Indication 

The primary indications for implant of the PCD Transvene System 
were sudden cardiac death  SCD   recurrent sustained ventricular 
tachycardia  VT  and sudden cardiac death associated with recurrent 
sustained ventricular tachycardia  SCD VT   Spontaneous VT episode 
efficacy by primary indication is provided in Table E 6  The overall 
efficacy for spontaneous VT episodes is greater than 98  for each of 
the patient groups  There is no difference in therapy efficacy among 
the patient s indications  Table E 6 contains the spontaneous VT 

episode therapeutic efficacy  
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Indication 

SCD 379 380 99 7  

826 835 98 9  

433 99 1  

TOTAL 1634 1648 99 2  

Table E4  PCD Transvene System   Spontaneous VT Episode Efficacy by Primary Indication   

11 27 91 

E 2 3 Spontaneous VT Episode Experience By Therapy Type 

The PCD Device incorporates three programmable VT therapy types  
RAMP  BURST and CARDIOVERSION  for the treatment of 
recurrent ventricular tachycardia  Spontaneous VT episode efficacy by 

programmed therapy type is provided in Table E 7  

VT Therapy Type   Success 

Ramp 1158 1245 93 0  

Burst 388 426 90 9  

Cardioversion 88 102 

Table E 7  Spontaneous VT Episode Efficacy by Therapy Type   11 27 91 

86 3  

E 2 4 Spontaneous VF 

For purposes of this clinical trial  VF is defined as those episodes that 
satisfy the programmed VF detection criteria  Specifically  all 

programmed VT detection must be fulfilled to be detected as a VT 

episode  Successful termination of the episode is defined as satisfying 
the VF detection criterion for episode termination  
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To date  376 spontaneous episodes of VF have been detected by the 

PCD Device in 61 patients  The mean number of episodes per 

patient was 4 and ranged from 1   75 episodes  A review of the chart 

for this patient that experienced the 75 episodes of VF revealed that 

this was most likely due to atrial fibrillation  

The majority  81 1 o  of spontaneous VF episodes were successfully 
treated with VF Therapy  1 and 99 2  were successfully treated with 

one of the four programmable VF therapies  

Two patients experienced 3 episodes of spontaneous VF  3 376   

0 8   in which the PCD  Device was ineffective in terminating the 

episode --------- delivery of all four programmed VF therapies  One 

patient --------- had two reported ineffective VF spontaneous episodes 
that were due to atrial fibrillation with rapid ventricular response 

rather than VF  Reprogramming and p----------- ogic intervention 
resolved the problem  The other patient --------- required external 

defibrillation to convert the VF episode  This patient s antiarrhythmic 
drug regimen was modified to improve defibrillation efficacy  Both of 

these patients have subsequently done well with no more reported 

ineffective VF therapies  

E 2 5 Spontaneous VF Episode Experience By Primary Indication 

The primary indications for implant of the PCD Transvene  System 
were sudden cardiac death  SCD   recurrent sustained ventricular 

tachycardia  VT  and sudden cardiac death associated with recurrent 

sustained ventricular tachycardia  SCD VT   Spontaneous VF episode 

efficacy by primary indication is provided in Table E 8  There is no 

difference in therapy efficacy among the patient s indications  The 

overall efficacy for spontaneous VF episodes is greater than 98  for 

each of the patient groups  

Indication 

SCD 122 124 98 4  

120 120 100 0  

SCD VT 131 132 99 2  

TOTAL 373 

Table E 8  
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E 2 6 Spontaneous VF Episode Experience By Therapy Type 

The PCD Device incorporates three programmable defibrillation 

pathways  SEQUENTIAL  SINGLE and SIMULTANEOUS  for the 
treatment of ventricular fibrillation  Spontaneous VF episode efficacy 
by programmed defibrillation pathway is provided in Table E 9  

317 320 99 1  

Simultaneous 

Table K 9  

56 56 100 0  

PCD Transvene System   Spontaneous VF Episode Efficacy by Therapy Type   

11 27 91 

E 3 Overall Success Rate 

Of the 317 patients who received a PCD Transvene System  267 

patients  84 2    267 317  have either experienced a spontaneous 
VT VF episode or had VT VF induced during a post implant 
electrophysiology study  The performance of the PCD  Transvene 
System therapies have been thoroughly evaluated and been shown to 
be effective in detecting and terminating episodes of ventricular 
tachyarrhythmia  

There have been no reports of a patient death due to the PCD 
Transvene  System not detecting a spontaneous episode of VT or VF  

The overall success rate of the PCD Transvene  System in 
terminating spontaneous episodes of either VT or VF is 99 2  with a 
VT success rate of 99 2  and VF success rate of 99 2   

The incidence of unsuccessful termination of an apparent  true  

episode of ventricular tachycardia despite delivery of all four therapies 
was 0 06   1 1648   The incidence of unsuccessful termination of an 
apparent  true  episode of ventricular fibrillation despite delivery of all 
four therapies was 0 3   1 376   

The evaluation of spontaneous episode experience indicates that the 
PCD  Transvene System s VT and VF detection and therapy 
functions have performed safely and effectively in the indicated patient 
population  
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F  Complications and Observations 

The introduction of a multiprogrammable implantable cardioverter 

defibrillator  ICD  device allows the physician to resolve the majority of 

relevant medical events by noninvasively changing programmed parameters 
rather than requiring invasive procedures  However  there will continue to be 

certain relevant medical events which will require invasive procedures for 

resolution  

For purposes of this clinical study  reported relevant medical events were 

divided into complications and observations based on the following 

definitions  

COMPLICATION  A symptomatic or asymptomatic clinical event with potential adverse 

effects  which can NOT be treated or resolved by reprogramming the 

device and REQUIRES invasive intervention  

OBSERVATION  A symptomatic or asymptomatic clinical event with potential adverse 

effects  which either does NOT require invasive intervention  or which 

CAN be corrected by reprogramming the device  

As of November 27  1991  there have been a total of 48 complications 

identified in 45 patients and 57 observations identified in 56 patients in the 

PCD Transvene System patient population  Thus  14 2   45 317  of the 

patients have experienced a clinical event which was defined as a complication 

and 17 7   56 317  of the patients have experienced a clinical event which 

was defined as an observation  Table F 1 summarizes how these events were 

reported with U S versus International  

U S  18 20 10 10 

International 27 28 46 47 

Total 

Table F 1  

45 48 56 57 

PCD Transvene System Complications Observations U S  versus International   

11 27 91 

Table F 2 summarizes the reported PCD Transvene System complications 

and observations by category  The category  Ineffective Therapies  included 

patients in whom increased defibrillation requirements were documented  
 Inappropriate Therapies  includes patients in whom VT VF therapies wer 

delivered for nonpathological rhythms   Pacing or Pace Sense Relate 
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includes patients in whom undersensing  oversensing or loss of capture was 

documented   Infection Related  includes reports of pocket infection  seroma  

and hematoma was documented   Lead Related  includes lead dislodgement  

lead fracture  subcutaneous patch crinkling  and perforation  and  Device 

Related  includes patients in whom the device was explanted for reasons other 

than patient death  infection  or transplant  

The reported complications and observations are recognized clinical events 

that may occur with any of the current ICD devices  These complications and 

observations are discussed in the PCD device and Transvene manual  

0 9  0 9  

8 2  

0 3  2 2  

3 2  5 4  

9 7  0 6  

0 6  

Table F 2  PCD Transvene System   Complications Observations   11 27 91 

The  Lead Related  complications observations include perforation  lead 

fracture  subcutaneous patch crinkling  and lead dislodgement  Table F 3 

contains a summary of the reported  Lead Related  complications and 

observations  
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2  0 6   

2  0 6   

2  0 6   2  0 6   

5  1 6   

25  7 8   

Table F 3  PCD Transvene System Lead Related Complications Observations   11 27 91 

There have been a total of twenty five lead dislodgements reported in twenty 

patients over a mean implant duration of 4 5 months  Thus  the incidence of 

lead dislodgements in this patient population is 7 8 o  25 dislodgements 319 
implants   The incidence of right ventricular lead dislodgement was 2 0   6 
dislodgements 304 implants   the incidence of coronary sinus lead 

dislodgement was 6 3   7 dislodgements 112 implants  and the superior vena 

cava lead dislodgement was 4 7   11 dislodgements 234 implants   

None of the lead dislodgements resulted in an ineffective therapy for a 

spontaneous VT of VF episode or patient death  Lead dislodgements were 

documented by fluoroscopic examination during electrophysiologic evaluation  

chest x ray obtained during routine follow up  or during pacing sensing 
threshold evaluation during routine follow up  In all twenty five cases  

reoperation was required to reposition the lead and reestablish an effective 

defibrillation lead system  

Lead dislodgements are not specific to the PCD Transvene System and 

have been reported with dual chamber pacemakers and the current market 

released implantable cardioverter defibrillator  ICD  system  The early 

history of dual chamber pacemakers witnessed a high lead dislodgement rate 

of at least 20   Smyth  PND  et al  Permanent pervenous atrial sensing and 

pacing with a new J shaped lead  J Thoracic Cardiovascular Surgery  
1976 72 565 570   Winkle  et al reported that the incidence of dislodgement 
of the superior vena cava spring leads with the current market release ICD 

system to be 6 3 o   Winkle  et al  Automatic Implantable Cardioverter  
Defibrillator  Efficacy  Complications  and Survival in Patients with Malignant 

Ventricular Arrhythmias  JACC  June 1988  Vol 11  No 6 1278 86   
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G  Inactive Patients 

There are a total of 17 patients who had received a PCD  System and are no 

longer active in the study as of 11 27 91  Table G 1 shows the distribution 

of inactive patients by reason for no longer being active in the PCD 

Transvene System clinical study  

5 

8 

4 

17 

Table G 1  Inactive Patients   11 27 91 

H  Patient Deaths 

The positive impact of implantable cardioverter defibrillator  ICD  therapy 
on sudden cardiac death mortality has been well documented in the medical 
literature  The use of device therapy for the treatment of recurrent 
ventricular arrhythmias has become an accepted and important clinical tool  
An analysis of the sudden cardiac death survival in the PCD System patient 
population was performed  
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For purposes of the clinical study  each of the patient deaths was categorized 

using the following definitions  

Non Cardiac  Deaths that occurred where the primary cause of death was 

determined to be non cardiac in nature  e g  stroke  cancer  

etc  

Cardiac  Deaths that occurred where the primary cause of death was 

determined to be cardiac in nature  

Non Sudden  Deaths that occur greater than one hour after the onset of 

symptoms  

Sudden  Deaths that occur within one hour of the onset of symptoms 
or where the death is unwitnessed  Sudden cardiac deaths 

were also categorized as being Witnessed or Unwitnessed  

Perioperative  Deaths that occur within thirty days of implant  

System Related  A death which results from a malfunction  operation not 

according to design specification  of a PCD System 

component  or as a result of a device induced arrhythmia  or 

an interaction between a PCD System component and the 

patient  

Procedure Related  A death which occurs as a result of a procedure required to 

implant  follow or test a PCD System  

All deaths and significant complications have been and will continue to be 

reviewed by a committee comprised of PCD Transvene M System 

investigators and other physicians  Two committees  Clinical Event Review 

Committees  have been formed  one to review North American deaths and 

complications  and the other to review European clinical events  The primary 

purpose of these reviews was to determine whether the PCD System was 

related to the deaths or significant complications that have occurred and  if 

so  what changes may be required to prevent such events in the future  

There have been a total of 5 patient deaths reported in the PCD  Transvene 

System patient population  Table H 1 summarizes how these patient deaths 

have been classified  There have been no sudden cardiac deaths in this 

patient population  
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4 

5 

Table H 1  PCD Transvene System   Summary of Death Classifications   

11 27 91 

None of the patient deaths were attributed to a malfunction of the PCD 

Transvene  System  

Actuarial survival analysis on the PCD Transvene System was done on all 

patients in whom the device was implanted  Thus  the analysis is done Rom 

the perspective of intention to treat  Those patients in whom the PCD  

Device was OFF at the time of death or in whom no device was implanted 

are included in the survival analysis  Those patients that were screened for 

a PCD Transvene M System but failed to receive a Transvene system are not 

included in this analysis  

Projected one year survival calculations for the various death classifications 

are provided in Table H 2  The actuarial projections include perioperative 
deaths only in the calculation of one year survival from death due to all 

causes  shown in the row labelled Overall   The perioperative death rate 

defined as deaths which occurred within thirty days of implant was 0 3  

 1 317   

Sudden Cardiac Death 100 0  

Non Sudden Cardiac 97 9  

All Cardiac 97 9  

Noncardiac 99 3  

Perioperative 0 3  

Overall 96 8  

Table H 2  PCD Transvene System   One Year Actuarial Survival   11 27 91 
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Overall  the PCD Transvene Device has been safe and effective in reducing 

the sudden cardiac arrhythmic death rate in the indicated patient population  
The incorporation of programmable VT VF detection and therapies has 

improved the type of therapy available for the treatment of recurrent VT VF 

while maintaining the positive impact of ICD therapy on survival from sudden 

cardiac death  

I  Clinical Experience By Primary Indication 

Medtronic is requesting approval for use of the PCD  Transvene  System in 

the following patient population  

Patients who have survived at least one episode of cardiac arrest due to a ventricular 

arrhythmia not caused by an acute myocardial infarction  or 

Patients with recurrent  sustained ventricular tachycardia that remain inducible via 

programmed electrical stimuli or exercise  or occur spontaneously  despite the most 

efficacious antiarrhythmic drug therapy that can be tolerated by the patient chronically  

Sudden cardiac death without recurrent VT  SCD  was the indication for 

implant in 37 9  of the patients  recurrent ventricular tachycardia without an 

episode of sudden cardiac death  VT  was the indication for implant in 45 7  

of the patients  and sudden cardiac death and recurrent VT  SCD VT  was 

the indication for implant in 16 4  of the patients  

The performance of the PCD Transvene System in these three groups are 

summarized in Table I 1  

In all three patient groups  coronary artery disease was the predominant heart 

disease and the patients exhibited moderate left ventricular dysfunction as 

demonstrated by mean ejection fractions of less than 40   The mean LED 

at the time of implant was similar among the patient groups as was the mean 

DFT  

The overall efficacy in terminating spontaneous VT VF episodes in the SCD 

patient group was 99 4 o  in the VT patient group 99 1   and in the SCD VT 

group 99 1   Thus  independent of the indication for implant  the PCD 

Transvene System was highly effective in terminating spontaneous episodes 

of VT VF  

The one year sudden cardiac death survival rates for all groups was 100   

This analysis indicates that the PCD Transvene System has performed 
safely and effectively in the indicated patient groups and should be approved 

for use in the indicated patient population  
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120 

92 76 7  
28 23 3  

56 7 yrs 

81 67 5  

40 2  

 N   110  

145 52 317 

121 83 5  
24 16 5  

47 90 4  

5 9 6  

260 82 0  
57 18 0  

60 0 yrs 58 5 yrs 58 5 yrs 

108 74 5  40 76 9  229 72 2  

35 2  

 N   132  
33 0  

 N  48  
36 7  

 N  290  

Detibrillation 

Sequential 
Simultaneous 

Single 

89 74 1  
26 21 7  

5 4 2  

112 76 2  
35 23 8  

0 

45 86 6  
6 11 5  

1 1 9  

247 77 4  
67 21 0  

5 1 6  

Mean LED 15 3J 

 N   135  
17 1J 

 N  45  
15 1J 

 N   288  

Mean DFI  12 5J 

 N 54  

13 7J 

 N  147  

Spontaneous VT  
4 of Patients 
  of Episodes 

 Po Success 

14 
380 

99 7  

47 
835 

98 9  

18 
433 

99 1  

79 
1648 

99 2  

Spontaneous VF  
  of Patients 
4 of Episodes 

 o Success 

16 
124 

98 4  

32 
120 

100 0  

13 
132 

99 2  

61 
376 

99 2  

1 Year SCD Survival 100 0  100 0  100 0  100 0  

Table 1 1  PCD Transvene System Data Summary by Primary Indication   11 27 92 
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J  Patients Not Meeting Implant Criteria 

The PCD Transvene  System offers a simpler and safer implantation 
technique for an implantable cardioverter defibrillator system  In addition  the 
PCD Transvene  System decreases the potential perioperative mortality and 

long term morbidity and mortality associated with current epicardial system 
implantation approaches  

There is a class of patients who cannot tolerate the thoracotomy required for 
the utilization of the epicardial patch lead defibrillation lead system and who 
are at high risk of sudden cardiac death  For these patients  the PCD 
Transvene  System is the only therapy available  Because of the surgical risks 
and postsurgical complications associated with epicardial lead system  
implantation in the following patient groups may not be possible   patients 
that pose high surgical risk because of their state of health  patients who are 

potential heart transplant candidates and patients who may eventually require 
open heart surgery for treatment of their coronary artery disease  The PCD  
Transvene System simplifies and greatly reduces the risk associated with lead 
introduction  making therapy available to these patient groups  Because there 
is no need to open the chest of these patients  options for future therapy 
remain available  e g  CABG is associated with decreased morbidity and 

mortality if there has been no prior open chest surgery  

However  it is expected that nonthoracotomy lead systems will have higher 
mean implant defibrillation thresholds as compared to traditional epicardial 
lead systems  In a epicardial lead system  greater electrode surface area 
would theoretically decrease defibrillation requirements  

The smaller electrode surface areas of the PCD Transvene System might 

reduce the proportion of patients in whom the implant criteria could be met  
Not meeting the implant criteria may reduce the chronic effectiveness of the 
lead system  Recent studies indicated that 70  of patients tested may be 
candidates for a nonthoracotomy defibrillation lead system  Wilber  D  et al  

Clinical Advances in Nonepicardial Implantable Defibrillator Lead Systems  
The Journal of Invasive Cardiology  Vol 3  No 6 November December 1991   

For purposes of the PCD Transvene System  the implant criteria was 

defined as successful VF termination at least 3 times in 4 attempts with the 
final lead configuration with an output energy of 18 Joules or less  The 

determination of a defibrillation threshold was not necessary  
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A defibrillation threshold  DFI   was defined as the energy at the lowest 
successful defibrillation attempt  provided the patient had a failure below the 
lowest success or a success at   SJ  The lowest energy of defibrillation  LED  
was defined as the lowest programmed energy that successfully defibrillated 
the patient  In both cases  conversion of ventricular tachycardia or ventricular 
flutter to sinus rhythm was not included in the determination of the DFT or 
LED  

A total of 368 patients were evaluated for implantation of the PCD  
Transvene System  The PCD Transvene System was implanted in 86 1  

 317 368  of the patients who were screened for the system  A total of 257 

patients  or 70   met the recommended defibrillation implant criteria which 
compares favorably with the predicted success rates published in the literature 

 Wilber et al   

However  18 9 o  60 317  of the patients did not meet the recommended 
PCD  Transvene System defibrillation efficacy implant criteria and still 
received the PCD Transvene System  The major reasons for not meeting 
implant criteria included 3 4 successes at 24 Joules or less  35    two 
successes at 18 Joules  31 7    failure to induce at least three episodes of VF 
at implant  20 o   and deteoriating patient condition  11 7    However  in 
80  of the patients  48 60   at least one episode of induced VF was 
successfully reverted with 24 Joules or less  

The investigators felt in every case that the testing performed at the time of 
implant  though it did not meet the recommended implant criteria  did 
demonstrate an adequate defibrillation safety margin when programming VF 
Therapy  1  

This is particularly true in those patients  N  40  in whom 3 4 successes at 24 
Joules or two successes at 18 Joules was documented  In these patients  a 
safety margin of 10 Joules was provided between the successful defibrillation 
energy  24 J or less  and the maximum output of the PCD Device  34 J   
The investigators utilized this 10 Joule safety margin as a benchmark based 
on the clinical experience discussed in the article  Troup P   et al  The 
Implanted Defibrillator  Relation of Defibrillating Lead Configuration and 
Clinical Variables to Defibrillation Threshold  Journal of American College 
of Cardiology 1985  6 1315 1321  Finally and perhaps most importantly  the 
investigators also felt that these patients medical condition precluded a PCD 
Epicardial System implant with a thoracotomy approach and its associated 
morbidity and mortality  

In the patients screened for the PCD Epicardial System  11 0  did not meet 
the recommended implant criteria but ultimately received the system  The 
spontaneous VT VF episode efficacy  one year sudden cardiac death survival 
and overall one year survival rate is similar in the two patients populations  
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Thus  the patients who received the PCD Transvene  System despite not 
meeting the recommended implant criteria were not a higher risk for sudden 
cardiac death  

There were 51 patients  13 9   in whom the PCD Transvene System 
implant criteria could not be met despite multiple inductions and the 
evaluation of multiple PCD Transvene System lead configurations  In these 

patients  there was not a 10J safety margin between the lowest energy that 
successfully defibrillate the patient and the maximum output of the PCD 
Device  34J   These patients all received PCD Epicardial System implants 
and in all cases met the required defibrillation implant criteria  

Patients Receiving PCD Transvene System   Did Not Meet Impkrnt Criteria 

In order to determine if the patient s not meeting implant criteria had a 
higher risk for morbidity and mortality  a comparison of their clinical outcome 
was made with those patients who did meet the implant criteria  This 
comparison is provided in Table J 1  

The two patient groups had similar efficacy in the treatment of spontaneous 
VT VF episodes  Importantly  in the patient population that did not meet the 
implant criteria there were no patients who experienced episodes of VT VF 
where all four programmed therapies failed to terminate a  true  episode  
Those episodes which were not terminated were delivery of inappropriate 
therapy for atrial fibrillation with rapid ventricular response or sinus 
tachycardia  

There was no difference in the one year sudden cardiac survival of the overall 
survival in the two groups  This indicates  that despite not meeting the 
implant criteria  these patients were not at higher risk of sudden cardiac 
death  
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257 60 

99 2  99 1  

99 7  97 4  

4 

0 4  

100  
98 1  
98 1  
99 1  
96 8  

100  
96 9  
96 9  
100  
96 9  

Table J 1  PCD Transvene System  Patients Not Meeting Implant Criteria versus 
Patients Meeting Implant Criteria   Comparison of Clinical Outcome   

11 27 91 

The survival of patients receiving a PCD Transvene  System without 
meeting implant criteria  N  60  was compared to patients receiving 
a PCD  Epicardial System without meeting implant criteria  N  44   

This comparison is provided in Table J 2  Though the PCD 
Transvene  System had a higher incidence of patients not meeting 
implant criteria but receiving the system  18 9    the overall survival 
of these patients was statistically significantly better as compared to the 
PCD Epicardial System patients not meeting implant criteria  
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determined this to be an appropriate demonstration of device 

effectiveness and that the PCD Transvene System could be implanted  

The clinical outcome in these patients was not adversely affected by 

not meeting implant criteria since their spontaneous VF episode 

efficacy was 100  and the overall one year actuarial survival was also 

100   

21 

9 
5 
7 

15 

100  

Sudden Cardiac 100  
100  

Table J 3  PCD Transvene System Patients Not Meeting Implant Criteria with 3 4 

Successes at   24 Joules Clinical Experience   11 27 91 

Two Successes at 18 oules 

There were 19 patients in whom the PCD  Transvene  System was 

implanted with 2 successes at 18 Joules  A third success at 18 Joules 

was not obtained either because VF could not be induced or the 

physician felt that adequate testing had been completed to evaluate the 

PCD Transvene System  

The clinical outcome in these patients was not adversely affected by 

not meeting implant criteria since their spontaneous VF episode 

efficacy was 100  and the overall one year actuarial survival was also 

100   

Based on this analysis  of the sixty patients who received the PCD 

Transvene System despite not meeting the recommended implanted 

criteria  40  66 7   had successful termination of VF at 24 Joules or 

less  There were no patient deaths in this group and the overall 

spontaneous VF episode efficacy was 100   Thus  there were no 

patients in whom the PCD  Transvene System was implanted 
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without a safety margin of at least 10 Joules provided between the 

successful defibrillation energy  24 J or less  and the maximum output 

of the PCD Device  34 J   

Failure to Induce Three E isodes of VF 

There were 12 patients who did not meet the recommended PCD 

Transvene  System implant criteria because at least three episodes of 
VF were not induced at the time of implant  The indication for 

implant was sudden cardiac death  SCD  in four patients  recurrent 
ventricular tachycardia  VT  in four patients and sudden cardiac death 

associated with recurrent ventricular tachycardia  SCD VT  in four 

patients  

There were four patients  33 3 o  who had at least one episode of VF 

induced which was successfully reverted with 18 Joules  In the 
remaining eight patients  there were no episodes of VF induced  Five 

of these patients were on Amiodarone therapy which may have 

contributed to the inability to induce VF  In the eight patients in whom 

no VF was induced at implant  either VT  polymorphic VT or 

ventricular flutter was induced and successfully reverted with 18 Joules 

or less  Since the indication for implant in these eight patients was 

either VT or SCD VT  the investigator felt the effective termination 

of VT was adequate to allow implantation of the PCD Transvene  

System  

Of the 12 patients who did not meet the recommended PCD  

Transvene System implant criteria because at least three episodes of 

VF were not induced at the time of implant  seven  58 3 o  have either 

experienced a spontaneous VF episode or have had VF induced during 

a electrophysiology study  In all cases  VF was successfully reverted by 

VF Therapy  1  34J   

There has been one reported patient death   Patient ID ---------  which 

was classified as non sudden cardiac secondary to end stage heart 

failure  Thus the one year sudden cardiac death survival in this patient 

population is 100  while the one year overall survival is 88 9   

Patient Condition 

In seven patients the PCD Transvene System implant procedure was 

terminated prior to meeting the recommended implant criteria due to 
the patient s deteriorating condition  The mean ejection fraction of this 

group was 24 5  which may have placed the patients at increased risk 

for perioperative mortality and morbidity  This group had a mean of 
nine VF inductions and 2 5 lead configurations evaluated in an attempt 
to meet the recommended implant criteria  
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without a safety margin of at least 10 Joules provided between the 

successful defibrillation energy  24 J or less  and the maximum output 

of the PCD Device  34 J   

Failure to Induce Three E isodes of VF 

There were 12 patients who did not meet the recommended PCD  

Transvene   System implant criteria because at least three episodes of 

VF were not induced at the time of implant  The indication for 

implant was sudden cardiac death  SCD  in four patients  recurrent 

ventricular tachycardia  VT  in four patients and sudden cardiac death 

associated with recurrent ventricular tachycardia  SCD VT  in four 

patients  

There were four patients  33 3 o  who had at least one episode of VF 

induced which was successfully reverted with 18 Joules  In the 

remaining eight patients  there were no episodes of VF induced  Five 

of these patients were on Amiodarone therapy which may have 

contributed to the inability to induce VF  In the eight patients in whom 

no VF was induced at implant  either VT  polymorphic VT or 

ventricular flutter was induced and successfully reverted with 18 Joules 

or less  Since the indication for implant in these eight patients was 

either VT or SCD VT  the investigator felt the effective termination 

of VT was adequate to allow implantation of the PCD M Transvene 

System  

Of the 12 patients who did not meet the recommended PCD 

Transvene M System implant criteria because at least three episodes of 

VF were not induced at the time of implant  seven  58 3   have either 

experienced a spontaneous VF episode or have had VF induced during 

a electrophysiology study  In all cases  VF was successfully reverted by 

VF Therapy  I  34J   

There has been one reported patient death   Patient ID ---------  which 

was classified as non sudden cardiac secondary to end stage heart 

failure  Thus the one year sudden cardiac death survival in this patient 

population is 100  while the one year overall survival is 88 9   

Patient Condition 

In seven patients the PCD Transvene System implant procedure was 

terminated prior to meeting the recommended implant criteria due to 

the patient s deteriorating condition  The mean ejection fraction of this 

group was 24 5  which may have placed the patients at increased risk 

for perioperative mortality and morbidity  This group had a mean of 

nine VF inductions and 2 5 lead configurations evaluated in an attempt 

to meet the recommended implant criteria  v 
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Four of the patients  57 1    had at least one successful termination 

of VF at 18 Joules prior to the termination of the implant procedure  

The lowest energy of defibrillation in this group ranged from 18 22 

Joules  Thus at least a 10 Joule defibrillation margin was provided 

between the successful defibrillation energy and the maximum output 

 34J  of the PCD Device  

In two patients  VT  polymorphic VT or ventricular flutter was 

repeatedly induced and terminated however VF could not be induced  

The physicians elected to terminate the procedure due to the patients 

poor hemodynamic status rather than attempt further inductions to 

obtain ventricular fibrillation  

One final patient  Patient ID --------- VF could only be successfully 

terminated by 34 Joules despite evaluation of multiple configurations  

The physician elected to implant the system and reevaluate the PCD 

Transvene System at the prior to hospital discharge electrophysiology 

study  At this evaluation  VF was still only successfully reverted by 34 

Joules  The PCD  Transvene System was explanted and the patient 

received a PCD Epicardial System with the lowest energy of 

defibrillation being 24 Joules  

The clinical outcome in these patients was not adversely affected by 

not meeting implant criteria since their spontaneous VF episode 

efficacy was 100 o and the overall one year actuarial survival was also 

100   

E ui ment 

Finally  in one patient  Patient ID --------- the implant procedure was 

terminated prior to meeting implant criteria due to inappropriate lead 

system impedance values measured on the Model 5335 ETCD  The 

patient has had induced episodes of ventricular fibrillation successfully 

reverted by VF Therapy  1  34J   Analysis of the Model 5355 ETCD 

indicated appropriate performance of the device  

In conclusion  60 patients received the PCD Transvene System 

despite not meeting the recommended implant criteria  The major 

reasons for not meeting implant criteria included 3 4 successes at 24 

Joules or less  35    two successes at 18 Joules  31 7    failure to 

induce at least three episodes of VF at implant  20    and 

deteoriating patient condition  11 7    However  80 o of the patients 

 48 60  had at least one successful reversion of an induced episode of 

VF with 24 Joules or less  
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The investigators felt in every case that the testing performed at the 

time of implant  though it did not meet the recommended implant 

criteria  did provide an adequate defibrillation safety margin when 

programming VF Therapy  1  

No patient received the PCD  Transvene  System without a safety 

margin of at least 10 Joules provided between the successful 

defibrillation energy  24 J or less  and the maximum output of the 

PCD Device  34 J   

The clinical outcome of the patients was not adversely affected by not 

meeting the recommended implant criteria as is seen by an overall 

spontaneous VF episode efficacy of 97 4   one year sudden cardiac 

death survival rate of 100  and a one year overall survival rate of 

96 9   Thus  despite not meeting the recommended implant criteria  

the PCD Transvene System performed safely and effectively in this 

patient population  

Patients Not Meeting Implant Criteria   Conclusion 

The PCD Transvene System offers a simpler and safer implantation 

technique for implantable cardioverter defibrillator systems  However  

it is expected that nonthoracotomy lead systems will have higher mean 

implant defibrillation thresholds than those obtained with traditional 

epicardial lead systems  Despite this  physicians elected to utilize the 

PCD  Transvene System in patients who did not meet the 

recommended implant defibrillation criteria because of their 

cardiovascular condition and increased risk for morbidity and mortality 

associated with a thoracotomy  It should be noted that the PCD 

Transvene System was not implanted in any patient without at least 

a 10 Joule defibrillation safety margin between the successful energy 

and the maximum output of the PCD Device  34J   

A total of 368 patients were evaluated for the implantation of the 

PCD   Transvene System  Of these  86   317 368  ultimately 

received the PCD Transvene M System  A total of 257 patients  or 

70   met the recommended defibrillation criteria which compares 

favorably with the predicted success rates published in the literature 

 Wilber  et al   

There were 60 patients  18 9   who received the PCD  Transvene 

System and did not meet the recommended implant criteria  The 

reasons for not meeting implant criteria were 3 4 successes at 24 

Joules or less  35    2 successes at 18 Joules  31 7    failure to 

induce at least 3 episodes of VF at implant  20    and deteoriating 

patient condition  11 7    However  80  of the patients  48 60  had 

at least one episode of VF successfully reverted with 24 Joules  
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The investigators felt in every case that the testing performed at the 

time of implant  though it did not meet the recommended implant 

criteria  did provide an adequate defibrillation safety margin when 

programming VF Therapy  1  

The incidence of not meeting implant criteria in the PCD  Transvene  

System  18 9   is similar to that reported with the PCD Epicardial 

System  11 0    More importantly  there is no difference in 

spontaneous VT VF episode efficacy  one sudden cardiac death 

survival and overall one year survival in the two groups  Thus  despite 
not meeting the PCD M Transvene System implant criteria  these 

patients were not a increased for sudden cardiac death  Though these 

results are important  Medtronic is not recommending a modification 

of the PCD Transvene System implant criteria  

There were 51 patients  13 9   who did not meet the recommended 
implant criteria and received a PCD Epicardial System  Analysis 

indicated a increased perioperative mortality in patients undergoing 
both a PCD Transvene  and Epicardial System evaluation  This was 

related to both a depressed left ventricular function and increased VF 

inductions and VF duration experienced during the implant procedure  
Based on this clinical experience  Medtronic is modifying the labeling 

to 1  recommend that the physician limit the number of inductions and 

duration of VF during PCD M Transvene System implants and 2  

recommend that the physician consider the number of VF inductions 

performed and duration of VF episodes prior to preceding to an PCD 

Epicardial System implant  

The current recommended implant defibrillation criteria for the PCD  
Transvene System is 3 4 successes at 18 Joules or less  The clinical 
experience presented both in this section and the entire reports 
indicates that this criteria is safe and effective in predicting effective 
termination of a spontaneous VF episode  Medtronic does not intend 

to modify the implant criteria at this time  

There are patients  due to their underlying cardiovascular condition  
who are not candidates for an epicardial system and who may not meet 

the recommended PCD Transvene System implant criteria  Clinical 
experience indicates that if a safety margin of 10 Joules is provided 
between the successful defibrillation energy and the maximum output 
of the PCD Device  34J  these patients are not at increased risk for 

sudden cardiac death  
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K  Comparison to AICD Epicardial System Clinical Experience 

The Automatic Implantable Cardioverter Defibrillator produced by 

Cardiac Pacemakers  Inc  is the only device to have obtained approval 

from the U S  FDA for Market release  This system represents the 

only market released device available to compare with the PCD 

Transvene System  There are important differences in the 

capabilities and operation of these two systems  particularly in the area 

of antibradycardia and anticardia pacing  In addition  the current 

market approved AICD System is implanted only with defibrillation 

lead systems requiring a thoracotomy  Nevertheless  a comparison of 

those aspects that are similar is provided in Table K 1  Note that the 

percentage reported for the PCD  Transvene   System includes both 

complications and observations  

PCD  o 

1 9  4 1  

8 2  

Therapy Delivery 

20  

Pocket Infection 3 5  2 2  

Erosion 0 3  0 7  

Table K 1  PCD Transvene System versus AICD System  Comparison of 

Complication Observation Rates   11 27 91 

The AICD complications are based on a recent published article 

 Winkle  et al  Long Term Outcome With the Automatic Implantable 

Cardioverter Defibrillator  JACC  May  1989  13 6   135 161   

The incidence of failure to cardiovert and or defibrillate was lower in 

the PCD Transvene System patient population  The instances of 

failure to cardiovert and or defibrillate in the PCD Transvene 

System patient population were associated with increased defibrillation 

requirements  none of which resulted on patient death and all of which 

occurred during electrophysiologic testing  In three cases  the 

implanted lead system was modified to provide adequate defibrillation 

efficacy  in two cases  the patient s drug therapy was modified and  in 

the final case  reprogramming provided for defibrillation efficacy  

The instances of failure to cardiovert of defibrillate in the Winkle  et 

al article were associated with patch dislodgement  patch crinkling  

lead conductor fracture  and elevated defibrillation thresholds  
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The incidence of inappropriate problematic VT VF therapy delivery 

was lower in the PCD Transvene System patient population  This 

is to be anticipated since this device incorporates independently 

programmable detection algorithms for VT and VF  The reasons for 

inappropriate therapy included sinus tachycardia being detected as 

VT VF and atrial fibrillation with rapid ventricular response being 

detected as VT VF  

The circumstances reported in the Winkle  et al article were non  

sustained VT  recurrent stable VT  sinus tachycardia  atrial fibrillation 

with rapid ventricular response and pacemaker interaction  The 

patients with VT complained of receiving multiple shocks with limited 

or no symptoms  The incorporation of antitachycardia pacing 
decreases the need for delivery of cardioversion shocks for the 

termination of stable VT and increases patient acceptance of ICD 

therapy  

The incidence of pocket infection is higher in the PCD Transvene 

System patient population  This is not unexpected since the PCD 

Transvene M System implant procedure may require the evaluation of 

multiple lead orientations to obtain adequate defibrillation eKcacy and 

may result i an increased procedure time  In the Winkle  et al 

experience all patients with pocket infection had the devices explanted  

In the PCD Transvene System experience  the incidence of device 

explant secondary to pocket infection was 2 5   which would then 

make the incidence of pocket infection comparable in the two patient 

groups  

Thus  the incidence of complications and observations was similar to 

that of the AICD in the categories of ineffective VT VF therapy  

infection  and erosion  Clinically significant  however  is that the 

incidence of inappropriate therapy delivery in the PCD Transvene   

System is lower than that of the AICD System  

This analysis indicates that the PCD  Transvene  System offers 

potential clinical advantages since the need for a thoracotomy is 

eliminated  The associated mortality and morbidity is reduced  

Table K 2 contains a comparison of the actuarial survival rate of the 

PCD N Transvene System versus Ventak P Epicardial System  The 

patient population used for comparison is the one described in the 

Summary of Safety and Effectiveness Data  PMA P890061  dated May 

2  1991 available through the Freedom of Information Act   For 

purposes of this comparison  only the overall actuarial survival rate 

includes perioperative deaths  All other calculations in both the PCD M 

Transvene and Ventak P group exclude perioperative patient deaths  
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For the Ventak P Epicardial System  patient deaths were censored if 

the Ventak P System had been either electively deactivated for various 

reasons prior to the patient s death  thus preventing the device from 

attempting to convert the arrhythmia or if the pulse generators were 

known to be nonfunctional and awaiting replacement  For purposes 
of this comparison  one patient death was censored in the PCD 

Transvene   System patient population because the device was 

deactivated at the time of the patients death  

317 292 

100  98 6  

97 3  90 8  

Table K 2  Comparison of the Actuarial Survival PCD Transvene System versus 

Ventak P Epicardial System   11 27 91 

This comparison indicates that the projected survival from sudden 

cardiac death of patients receiving a PCD  Transvene System is 

improved to that reported for the Ventak P Epicedial System  Thus  

the incorporation of programmable VT VF detection and therapy 

algorithms has improved the type of therapy available for the 

treatment of recurrent VT VF while maintaining the positive impact 

of ICD therapy on survival from sudden cardiac death  

In addition  this comparison indicates that the projected survival from 

all causes of death  Overall  in patients receiving a PCD Transvene 

System is markedly improved as compared to the Overall one year 
survival reported for the Ventak P Epicardial System  This 

improvement is directly related to the decrease in the perioperative 
mortality in patients receiving a PCD Transvene  System due to the 

elimination of the requirement for a thoracotomy  

 gatv 
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L  Comparison to PCD Epicardial System Clinical Experience 

The PCD Epicardial System  which is a tiered therapy device  

combines features of bradycardia support pacing  antitachycardia 

pacing  low energy cardioversion as well as defibrillation therapy  This 

system has incorporated programmability and multiple detection and 

therapeutic options that allows the titration of device therapy to a 

patient s specific clinical arrhythmia history  

However  the PCD Epicardial System requires a thoracotomy for 

implantation because of the need to insert epicardial patch leads  This 

exposes the patient to increased surgical risk an potentially limits the 

type of patient who may be considered for implant of the system  The 

need for a simpler and safer implantation technique is widely 

recognized  The incorporation of a nonthoracotomy lead system  such 

as the PCD  Transvene System  would decrease the potential 

perioperative and long term mortality and morbidity associated with 

current epicardial system implantation approaches  

The PCD Epicardial System and PCD Transvene M System are 

identical except for the implanted defibrillation lead system  Thus the 

performance of the PCD device is similar in the two systems and 

therefore a comparison of clinical experience should focus on those 

areas where the lead system implanted may impact clinical outcome  

This analysis will show that the incorporation of a nonthoracotomy 
defibrillation lead system has improved the type of therapy available 

for the treatment of recurrent VT VF and decreased the potential 
mortality and morbidity associated with epicardial implant approaches 

while maintaining the positive impact of ICD therapy on VT VF 

episode efficacy and patient survival  

In comparing the clinical experience with the PCD Transvene 

System to the PCD Epicardial System clinical experience  it is 

important to determine that the patients who received the device are 

comparable  

The patient characteristics of the patients receiving the PCD 

Transvene  System were compared to the patients discussed in the 

PCD Epicardial System PreMarket Approval Application  P900061  
dated December 16  1991  
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317 434 

4 5 months 11 0 months 

260 82 0  
57 18 0  

374 86 2  

60 13 8  

58 5 years 58 3 years 

120 37 9  
145 45 7  
52 16 4  

118 27 2  
233 53 7  
83 19 1  

229 72 2  

45 14 2  
325 74 7  
66 15 2  

Mean Ejection Fraction 36 7  34 6  

Number of Drugs Failed 2 9 3 2 

Spontaneous VT Efficacy 99 2  97 7  

Spontaneous VF Efficacy 99 2  

Iricidence of Complications 14 2  13 6  

Incidence of Observations  17 7  26 3  

Number of Deaths 5 64 

Perioperative Mortality  0 3  5 5  

One Year Survival 

Sudden Cardiac 
Overall  

Statistically Significant 

100  
96 8  

98 8  
85 6  

Table L 1  Comparison of Patient Characteristics  PCD Traasvene System versus PCD 

Epicardial System   11 27 91 

The two patient groups are comparable in mean age and mean 

ejection fraction  Both groups had moderately depressed left 

ventricular function demonstrated by the mean ejection of 36 7  for 

the PCD Transvene M System patient group and 34 6  for the PCD  

Epicardial patient group  

Analysis indicated that the PCD Transvene System patient 

population had a statistically significant higher percentage of patients 
whose indication for implant was sudden cardiac death  p  0 008   It 
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is not expected that this difference will result in a different clinical 

outcome in the PCD  Transvene System patient population as 

compared to the PCD Epicardial System  This difference in patient 
indication is a reflection of the physicians use of the PCD Transvene 

System  

Despite their excellent clinical performance  epicardial defibrillation 

lead system have important limitations  The requirement for direct 

thoracic access contributes significantly to perioperative complications  

patient discomfort and prolonged hospitalization  The availability of 

reliable nonthoracotomy lead systems should provide positive clinical 

impact on these issues while not negatively impacting patient survival  

There was a significant increase in overall survival in the patients 
receiving a PCD Transvene  System  As previously noted  the 

Overall one year actuarial survival includes death from all causes  The 

overall one year survival for patients receiving the PCD Transvene 

System was 96 4 o  This is significantly improved as compared to the 

overall one year actuarial survival for the PCD  Epicardial System 

 85 6    p  0 001   This improvement in overall survival is primarily 
due to the marked improvement in perioperative mortality  the PCD  

Transvene System having a 0 3 Po perioperative mortality versus the 

a perioperative mortality of 5 5  in the PCD Epicardial System  

This improvement in perioperative mortality is primarily due to the 

elimination of the need for surgical thoracotomy and its associated 

morbidity and mortality  

A comparison of PCD Transvene  System clinical experience and 

PCD Epicardial System clinical experience indicates that the devices 

are being used in patients with similar cardiovascular disease history  

The reported incidence of complications is comparable between the 

two systems  The reported incidence of observations was statistically 

lower in the PCD  Transvene System  

Finally  the reported Sudden Cardiac Death survival rates in the two 

patient groups is very similar  PCD Transvene   100   PCD 

Epicardial   98 8    However  there is statistical improvement in the 

overall survival in the PCD Transvene System patient population  
This is directly related to the decreased perioperative morbidity and 

mortality associated with the PCD Transvene System  
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The PCD Transvene   System eliminates the need for a thoracotomy 

for the implantation of defibrillation lead systems  This directly impacts 

the overall patient survival by decreasing the perioperative patient 
morbidity and mortality when compared to the PCD  Epicardial 

System  This is added benefit however is not gained at the expense the 

PCD Transvene System efficacy in treating spontaneous VT VF 

episodes when compared to the PCD   Epicardial System  

M  PCD M System Performance 

M 1 PCD M Device 

Devices implanted for the treatment of recurrent ventricular 

tachyarrhythmias should perform safely and reliably in the 

indicated patient population  Device longevity  ventricular 

tachyarrhythmia detection and therapy performance and 

analysis of explanted devices were evaluated to assess the 

performance of the PCD Device  

Extended longevity of implantable cardioverter defibrillators 

should decrease the number of device replacements a given 

patient would experience over their lifetime and decrease 

unnecessary patient morbidity  Thus  the PCD  Device 

longevity  which is monitored utilizing battery voltage and 

charge time obtained via telemetry  was analyzed  The PCD 

Device longevity data collected is consistent with the longevity 

projections  

The combined experience of induced and spontaneous VT VF 

episode experience has shown that the PCD  Device VT VF 

detection and therapies have performed safely and according to 

design specifications when required to treat induced and 

spontaneous VT VF episodes  

There have been a total of 19 devices explanted  Reasons for 

explant were patient death  5   infection  8   cardiac transplant 

 4   low battery voltage  1  and high voltage arcing  1   The 

analysis of the device that was explanted due to lower than 

expected battery voltage indicated that the decreased battery 

voltage measurement was due to hermetic leakage at the input 

to one of the integrated circuits  This leads to a voltage drop 

across a resistor where the voltage measurement is taken  

Analysis indicated that the battery was performing to 

specifications and the hermetic leakage was a random event  

Analysis of the other device indicated that arcing occurred 

between the conductors inside the hermetically enclosed brazed 

ring of the high power hybrid  As a result  high voltage w 

momentarily applied to the low power circuitry  including the 
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low power hybrid  This low power hybrid lost function 

including the capability to pace and transmit telemetry due to 

excessive voltage applied  Since this is the only device that 

exhibited this type of failure in the field and the hybrid 

manufacturing process has demonstrated that it will screen out 

infant mortality  this failure was assumed to be a random 

component failure  

This clinical data indicates the PCD Device has performed 
safely and reliably in the indicated patient population  

M2 Transvene Lead Performance 

The Transvene Lead System consists of a Right Ventricular 

Lead  a Coronary Sinus Superior Vena Cava lead  and a 

Subcutaneous Patch lead  There have been a total of 319 Right 

Ventricular leads  15 with the SP2100 and 304 with the Model 

6884 6966   336 Coronary Sinus Superior Vena Cava leads 

 Model 6881 6963   and 292 Subcutaneous Patch leads  Models 
6895 10317 6999  implanted with a cumulative implant 

duration of 1426 5 months  The reported incidence of right 

ventricular conductor coil fracture is 0 6 o  2 319   

Based on the clinical data collected  the Transvene  leads have 

performed safely and reliably  
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N  Summary 

The overall clinical experience with the PCD Transvene System 

indicates that the system performed according to design and 

specification  The reported clinical complications and patient deaths 

are appropriately addressed in the required labelling for the system 

and the patient selection criteria for implant of the device is 

appropriate  

The following conclusions can be drawn from this analysis of the data 

collected in this clinical study  

Patient Deaths 

  The projected one year survival probabilities for Sudden Cardiac Death  Non  

Sudden Cardiac Death  all Cardiac Deaths and Noncardiac Death were found 

to be 100 0   97 9   97 9   aad 99 3   respectively  

The incorporation of programmable VT VF detection and therapies has 

improved the type of therapy available for the treatment of recurrent VT VF 

while maintaining the positive impact of ICD therapy on survival from sudden 

cardiac death  

  The sudden cardiac death survival of 100 0  at one year is comparable to that 

of the AICD patient population 98 0   

  There have been no deaths due to a PCD Device malfunction  

Complications Observations 

Complications were reported in 14 2  of the patient population and 

observations were reported in 17 7  of the patient population  

The incidence of complications was comparable to that of the market released 

AICD system in the categories of ineffective VT VF therapy  pocket infection  

and pocket erosion and was lower than the AICD in the category of 

inappropriate delivery of VT VF therapy  

Patient Indications 

All of the patients entered into this clinical evaluation met at least one of the 

primary indications  Sudden cardiac death  SCD  was the primary indication 

in 37 9  of the patients  recurrent ventricular tachycardia  VT  was the 

primary indication in 45 7   of the patients and SCD VT was the primary 

indication in 16 4  of the patients  

The number of patients  32 5   receiving VT VF therapy for spontaneous 

episodes of ventricular arrhythmias supports the conclusion that the patient 

selection criteria are appropriate and that the PCD  Transvene System was 

implanted in patients who benefit from this therapy  
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  The one year sudden cardiac death survival rates for the SCD patient group 

was 100 0   for the VT patient group 100   and the SCD VT patient group 

100 0   

VT VF Detection and Therapy Performance 

  The PCD Transvene System properly detects and treats VT as is 

demonstrated by the spontaneous episode data  The overall success rate for 

detection and treatment of spontaneous VT was 99 2   

  The PCD Transveae System properly detects and treats VF as is 

demonstrated by the spontaneous episode data  The overall success rate for 

detection and treatment of spontaneous VF was 99 2   

  There were no reported patient deaths due to the nondetection of a 

spontaneous VT or VF episode by the PCD Transvene System  

PCD Transvene System Performance 

  The PCD Transveae System compoaents  Model 7216A 7217B and Model 

6884 6966  6881 6963  6895 6999 Transvene leads  have performed 

according to design and specification and are  therefore  considered safe and 

effective in the indicated patient population  
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O  Clinical Experience Summary Conclusions 

The PCD Transvene System is a tiered therapy device which 

combines features of bradycardia pacing support  antitachycardia 

pacing  low energy cardioversion as well as defibrillation therapy  The 

incorporation of these features has allowed the physician to titrate the 

ICD therapy to meet specific patient clinical needs  allowed fewer 

shocks to be delivered for recurrent ventricular tachycardia because of 

antitachycardia pacing features  allowed fewer cases of inappropriate 

therapy delivery due to programmable detection and allowed a sudden 

cardiac death survival rate identical to the Ventak P Epicardial System  

The incorporation of a nonthoracotomy lead system has allowed for a 

safer and as effective implantation procedure  The elimination of the 

need for a thoracotomy has improved both perioperative and long term 

patient morbidity and mortality  

Medtronic asserts and the PCD Transvene  investigators 

unanimously agree that the findings of the clinical study support the 

conclusion that the Medtronic Tachyarrhythmia Control System and 

the Transvene Cardioversion and Defibrillation Electrodes are safe 

and effective in the indicated patient population  In addition  the 

continued excellent performance of the PCD Transvene System 

warrants the expansion of the clinical study to additional investigative 

centers as well as the submission of this PreMarket Approval 

Application  
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G  Summa of Safe and Effectiveness Conclusion 

The efficacy and safety of implantable cardioverter defibrillator  ICD  therapy 

for recurrent ventricular tachycardia  VT  and ventricular fibrillation  VF  has 

been well established  The current market released device provides 

defibrillation therapy for VF or hemodynamically unstable VT  however this 

type of therapy may not be optimal for patients with stable  well tolerated VT 

that is amenable to antitachycardia pacing  The need to incorporate 

programmability and multiple detection and therapeutic options has lead to 

the development of a tiered therapy device  the Medtronic PCD System  

However  the current market released system requires a thoracotomy for 

implantation because of the need to insert epicardial patch leads  This 

exposes the patient to increased surgical risk an potentially limits the type of 

patient who may be considered for implant of the system  The need for a 

simpler and safer implantation technique is widely recognized  The 

incorporation of a nonthoracotomy lead system  such as the PCD N 

Transvene System  would decrease the potential perioperative and long term 

mortality and morbidity associated with current epicardial system implantation 

approaches  

For the indicated patient population  the primary benefits from the PCD 

Transvene System center on the detection and termination of life threatening 

ventricular arrhythmias  The use of pacing therapies for the treatment of 

ventricular tachycardia reduces patient trauma associated with higher energy 

cardioversion pulses and extends the longevity of the PCD Device pulse 

generator  In addition  the PCD Transvene System offers the potential for 

decreased patient morbidity and mortality due to the elimination of the need 

for a thoracotomy  

Extensive laboratory and animal testing and human clinical trials of the PCD 

System were performed to demonstrate the safety and efficacy of the PCD 

Transvene System and its components in the indicated patient population  

Nonclinical laboratory studies included testing at the component  hybrid and 

system level  All requirements were satisfied and the components and device  

level testing performed according to specification  Results of animal testing 

demonstrated safe and reliable performance of the PCD Transvene System  

The indications for use of the PCD System include  

Patients who have survived at least one episode of cardiac arrest due to ventricular 

arrhythmia not caused by an acute myocardial infarction  or 

Patients with recurrent sustained  ventricular tachycardia that remains inducible via 

programmed electrical stimuli or exercise  or occur spontaneously  despite the most 

effacious antiarrhythmic drug therapy that can be tolerated by the patient chronically  

71 
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The safety and efficacy of the PCD Transvene System in patients with VT and 

 2 

VF was evaluated in 317 patients with a mean implant duration of 4 5 months  

The overall success rate in terminating spontaneous VT VF episodes was 

99 2  The one year sudden cardiac death survival rate was 100  which was 

comparable to the reported sudden cardiac death rate of the PCD Epicardial 

System  98 8 Po  and Ventak P Epicardial System  98 6   patient populations  

More importantly  the PCD Transvene System provided a significant 

improvement in overall one year survival  96 8   when compared to the PCD 

Epicardial System  85 6   and the Ventak P Epicardial System  90 8 o  

patient populations  This improvement in overall survival was primarily due 

to the decreased perioperative mortality associated with the PCD Transvene 

System  

These data  in total  demonstrate the safe and effective performance of the 

PCD Transvene System in the indicated patient population  Therefore  the 

PCD Transvene System as reported in this PMA application is safe and 

effective for its intended use  
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IV  D vie D cri ion an M nufacturin e ti n 

A Device Description of all components of the Transvene PCD System is 

provided in this section  This includes  

1  Description of the Model 6963  6966 and 6999 Leads  

2  Description of the Model 7217B PCD Device  

3  Description of the Model 5355 ETCD Device  

First  however  a description of the Transvene Lead Tachyarrhythmia 

Control System is presented  
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mm f sm 

A non thoracotomy lead system is defined as one in which no electrode is 

placed in or on the pericardial sac  This system is designed to provide a 

minimally invasive alternative to an epicardial patch lead system for those 

patients who are candidates for an implantable tachyarrhythmia control 

device  

The non thoracotomy lead system for the Model 7217B PCD device  called 

the Transvene lead system  consists of the following  

Model 6963 Coronary Sinus Superior Vena Cava Defibrillation Lead 

Model 6966 Right Ventricular Pacing  Sensing  and Defibrillation 

Lead 
Model 6999 Subcutaneous Patch Lead 

Descriptions of these leads are contained in Section IV of this submission  

The figure on the following page is an illustration of the PCD Transvene 

lead system  
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IV  Device Description 

This section contains a general description of the Transvene lead system  

which  in addition to the leads  includes the PCD and ETCD devices  This 

is then followed by more detailed device descriptions of the non  

thoracotomy leads  
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A  D ri in f Trnvne ad P D tern 

The Medtronic Tachyarrhythmia Control System consists of two 

fundamental configurations   1  the implantable configuration and  2  the 

external configuration  Both configurations use the Transvene lead system  

See Figure IV A 1  

The implantable configuration is composed of a Pacer Cardioverter  

Defibrillator  PCD  device  implantable leads  and a programmer  The PCD 

device is an implantable  multiprogrammable  automatic tachyarrhythmia 

control device  

The external configuration is composed of an External Tachyarrhythmia 

Control Device  ETCD   a patient cable  implantable leads  and a 

programmer  The ETCD is an externally operated  multiprogrammable  

tachy hythmia control device  

Intended Uses   Transvene Leads 

Model 6963 Lead 

The Medtronic Transvene Model 6963 Unipolar  Coronary Sinus or 

Superior Vena Cava  Tranvenous Lead features an electrode for the delivery 

of cardioversion and defibrillation therapies  It is intended for long term 

use in the coronary sinus or superior vena cava and is designed to be used 

with an implantable tachyarrhythmia control device along with at least one 

other lead  such as the Model 6966 Tripolar  Right Ventricular  

Transvenous Lead  

The lead has application where implantable tachyarrhythmia cardioversion 
or defibrillation systems are indicated  

Model 69 6 Lead 

The Medtronic Transvene Model 6966 Tripolar  Endocardial  Screw In 

Lead is designed for pacing  sensing  and delivering cardioversion and 

defibrillation pulses in the ventricle  The lead has application where 

implantable tachyarrhythmia control systems are indicated  

The Model 6966 lead has a helical electrode made of platinum alloy that 

can be actively fixed in the endocardium  The helix can be extended or 

retracted by rotating the lead connector pin with a special fixation tool  



gi llgilgj C IMXilK lK  s 

Active fixation leads are particularly beneficial for patients who have 

smooth or hypertrophic hearts where lead dislodgement may be potential a 

problem  

The three electrodes of this lead are the coil  ring  and helix  

The defibrillating coil electrode is most proximal to the pulse 

generator and connects electrically to the connector pin of the 

unipolar leg of the bifurcation  This unipolar leg will not accept a 

stylet  

The ring electrode is proximal to the helix and connects electrically 

to the connector ring of the bipolar leg of the bifurcation  

The helix tip electrode is most distal to the pulse generator and 

provides active fixation in the endocardium  It can be extended or 

retracted by rotating the lead connector pin with a special fixation 

tool  The helix electrode connects electrically to the connector pin 
of the bipolar leg of the bifurcation  This bipolar leg is the only one 

that will accept a stylet  

The helix tip electrode and the ring electrode may be used for bipolar 

pacing and sensing  the coil electrode is intended to be used for delivery of 

cardioversion and defibrillation pulses  

The lead has application where implantable tachyarrhythmia cardioversion 

or defibrillation systems are indicated  

Model 6999 Lead 

The Medtronic Model 6999 Unipolar  Subcutaneous  Oval  Patch Lead 

features an electrode for the delivery of cardioversion and defibrillation 

therapies  It is intended for long term use and is designed to be used with 

an implantable tachyarrhytmia control device along with at least one 

complementary defibrillating electrode and a pacinglsensing lead  a third 

defibrillating electrode may also be used  

The lead has application for patients in whom implantable tachyarrhythmia 

cardioversion or defibrillation systems are indicated  
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In n es P DD vice 

The Model 7217B PCD device is intended for use in patients who are at 

high risk of sudden death due to ventricular tachyarrhythmia  

Current medical research indicates that such patients should  

  have survived at least one episode of a cardiac arrest  presumably 
due to a ventricular tachyarrhythmia as evidenced by resuscitation 

using a transthoracic defibrillator  The ventricular tachyarrhythrnia 

should not be caused by an acute myocardial infarction  or 

  in the absence of a prior cardiac arrest  have recurrent  sustained 

ventricular tachycardias that occur spontaneously or can be induced  

despite the most efficacious antiarrhythmic drug therapy that can be 

tolerated chronically  

Extensive electrophysiologic evaluation and testing of the proposed pacing  
cardioversion  or defibrillation therapies are recommended during and after 

the implantation of the Model 7217B PCD device  Before permanently 

programming the PCD device to the automatic detection and delivery of the 

VT and or VF therapies  the patient should have demonstrated a satisfactory 

response to the proposed therapy  
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In nde s ET D 

The Model 5355 External Tachyarrhythmia Control Device is intended for 

use in conjunction with an antitachycardialdefibrillation lead system during 

diagnostic studies for implanting the Model 7217B PCD device  

Indications for use of the ETCD include 

  Patients experiencing recurrent episodes of ventricular 

tachy arrhythmia  

  Patients who survived a cardiac arrest due to a ventricular 

tachyarrhythmia and are at risk for repeated episodes  

Patients who are undergoing electrophysiologic studies and serial 

antitachycardia drug testing  

Patients who have ventricular tachycardia and are being evaluated to 

assess the efficacy of pacing level therapies on their arrhythmia  and 

Patients who are undergoing an assessment of the efficacy of 

antitachycardia pacing  cardioversion  or defibrillation therapies in 

anticipation of an implantable cardioverter defibrillator  
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m nn f tern 

A list of components used in the system is given below  It is separated into 

a listing of those components for which market approval is sought and those 

components that are now commercially available  

kin A rov 

Transvene Leads 

Model 6963 
Model 6966 
Model 6999 

mmer i 1 Av il ble  

Programmers 
Model 9710 and 
accessories 

Printers 
Model 9751 

Pacer Cardioverter Defibrillator 
 PCD  Device  

Model 7217B 

Model 9712 

External Tachyarrhythmia 
Control Device  ETCD   

Model 5355 ETCD 
Model 5418 Patient Cable 
Model 5419 Patient Cable 
Model 5414 Test Load 
Model 5417 EGM Cable 

Programmer Software Cartridge  

Model 9788   Memory Module 
for 7217B PCD Device and 5355 ETCD Devices 

Lead Accessories  

Model 6701 Lead End Cap 

  Indicates devices pending FDA approval  F900061 

  jL  
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m nents Used in the Im lant bl C nfi uration 

The irnplantable configuration is composed of a PCD Device  lead system  

and a 9710 Programmer with applicable software cartridge  The implantable 

device is a Model 7217B PCD Device  The PCD device requires an 

appropriate lead system consisting of up to three cardioversion defibrillation 

electrodes  See Figure IV A 2  The Transvene leads used with the Model 

7217B PCD Device are the Models 6963  6966  and 6999  

The Model 9710 Programmer is commercially available  Two printers are 

also commercially available  When higher printing speeds are desired  it is 

recommended that the programmer be used with the faster printer  the 

Model 9751  If slower printing speeds are acceptable  as may be the case 

in some follow up situations  the Model 9710 Programmer can be used with 

the battery powered Model 9712 Printer  

om onents used in the External Confi uration 

The external tachyarrhythmia control system is composed of the Model 

5355 ETCD  a Model 5418 Patient Cable  a Model 5419 cable  lead 

system  and a Model 9710 Programmer with applicable software cartridge  

see Figures IV A 3  4  The ETCD uses replaceable batteries as its power 

source  The Model 5418 Patient Cable and Model 5419 Cable are designed 

to connect the Transvene leads to the ETCD  Like the impantable system  

the ETCD uses the same Transvene leads  Models 6963  6966  and 6999   
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Purpose r f h  Ltd 

P D tm nfiurtin 

The PCD Device is an implantable device designed to detect episodes of 

ventricular tachycardia  VT  and ventricular fibrillation  VF   and upon 

detection  automatically deliver the appropriate therapy or a progression of 

therapies programmed by the physician for each patient  The available 

therapy types that can be programmed are overdrive pacing  cardioversion  

and defibrillation  The PCD Device also has bradycardia pacing capability  

The Transvene leads allow the PCD device to deliver these therapies to the 

heart  

ET D S stem C nfi uration 

The ETCD is an external tachyarrhythmia control device designed to deliver 

overdrive pacing  cardioversion  defibrillation  and bradycardia therapies 

in the same fashion as the PCD device  The ETCD can be programmed to 

automatically deliver overdrive pacing therapy upon detection of VT  When 

used as a component of a system that includes the appropriate Medtronic 

programmer and applicable software cartridge  the ETCD can deliver 

manually initiated VT pacing  cardioversion  and defibrillation therapies  

The ETCD allows the assessment of the Transvene lead system 

characteristics and aids in the assessment of lead system pacing and sensing 

characteristics  

Ov rview of S stem Features 

eneral 

The PCD device is designed to automatically detect episodes of VT or VF 

and  upon detection  deliver the appropriate programmed pacing  

cardioversion  or defibrillation therapies  The device has two independently 

programmable detection and therapy procedures  one for VT and a second 

for VF  

When used as a component of a system that includes the appropriate 

Medtronic programmer and dedicated software  the ETCD is designed to 

deliver manually initiated cardioversion and defibrillation therapies  The 

ETCD is also designed to detect episodes of VT and VF  It can 

automatically deliver VT overdrive therapies  burst and ramp  upon 

detection of a VT  
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V D 
  

n ndThr 

Both the PCD device and ETCD use a VT detection algorithm which can 

use up to three separately programmable criteria as it monitors the cardiac 

cycle length to identify the presence of a tachycardia  Upon detection  the 

devices deliver their first programmed VT therapy  If the VT episode 

persists and is again detected  up to three additional independently 

programmable VT therapies may be delivered to restore the patient s 

normal cardiac rhythm  This progression of four VT therapies can be 

tailored to each patient s need  For the PCD device the therapies may be 

selected from two methods of overdrive pacing  burst and ramp  and 

synchronized cardioversion  

For the ETCD the same overdrive pacing therapies can be automatically 

delivered  with cardioversion therapy being available as a manual therapy  

VF D tection and Thera 

The VF Detection algorithm monitors the cardiac cycle length to identify 

a VF episode  Upon detection  the PCD device provides a programmable 
high energy defibrillation pulse for VF therapy  Up to a maximum of four 

VF therapies may be delivered for ongoing detected VF episodes  Each 

defibrillation therapy consists of one  single pulse  or two  simultaneous or 

sequential  high voltage pulses designed to restore the normal cardiac 

rhythm  

For the ETCD  each cardioversion or defibrillation therapy  which must be 

initiated manually via the programmer  also consists of one high voltage 

pulse or two  simultaneous or sequential  high voltage pulses in the same 

fashion as the PCD devices  

Br d cardia Thera 

For both the ETCD and PCD devices  bradycardia pacing is delivered in 

the VVI mode  Asynchronous   VOO   pacing is not available  and is 

avoided even with magnet application since this type of pacing has 

increased potential to initiate ventricular arrhythmias in patients receiving 

this system  

pb 
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Load Systems 

The PCD Device and the ETCD perform pacing  sensing  cardioversion  

and defibrillation through multiple electrodes in the lead system  Listed 

below are the electrodes and their function  

  The PACE SENSE electrodes are incorporated in the right 

ventricular defibrillation lead  These electrodes function as the 

sensing circuit and deliver pacing pulses  The PACE SENSE 

electrodes are used for sensing in conjunction with the SENSE2 

electrode  

  The COMMON electrode is an electrode coil that serves as the 

cathode for cardioversion  defibrillation  and pacing  

  The PULSE2 electrode is an electrode coil that serves as the anode 

for cardioversion and defibrillation  

  The PULSE1 electrode is an optional electrode coil that serves as an 

additional anode for sequential and simultaneous cardioversion and 

defibrillation  

Cardioversion and defibrillation current pathways are between the PULSE2 

and COMMON electrode coils and  if the additional lead is implanted  

between the PULSE1 and COMMON electrode coils  

ther Ca abilities 

The physician may use the ETCD or the PCD devices to conduct 

noninvasive electrophysiologic studies  EPS  via the programmer with the 

appropriate software cartridge  The physician can also manually deliver 

various therapies via the programmer to manage an induced or spontaneous 

tachyarrhythmia  

The PCD device will provide the physician with information  via the 

Programmer  about its present programmed status and data on its operation 

accumulated between office visits  This information may be printed and 

retained in the patient s file  

The PCD Device and ETCD can also transmit an electrogram to the 

programmer  The electrogram is the electrical signal sensed on the leads  
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A programmer generated set of symbols  termed Marker Channel  allows 

real time visualization of sensing  pacing  detection  and therapy events 

occurring within the device  

In addition  the ETCD provides a display of measurements and other 

information related to delivered cardioversion and defibrillation pulses  

With this information and other features  the ETCD can be used to assess 

the suitability of the lead system and its placement for individual patients  

 y1 



R  ti EilKC COEEIEIK E 
P7 

P DB n evi E c tion 

The longevity of the Model 7217B PCD Device depends upon several 

factors  including programmed bradycardia pacing parameters  the 

percentage of paced to sensed events  the pacing load  and on the frequency 

of high voltage capacitor charging  The longevity projections found in Table 

IV A 1 apply under the following conditions  

65 ppm pacing rate  
5 4 V pacing pulse amplitude  
0 49 ms pacing pulse width  and 

500 ohm pacing lead  

Projected Longevity  
Table IV A 1 

100  Sensing Quarterly 5 0 years 

15  Pacing Monthly 4 2 years 

100  Pacing Monthly 3 4 years 

The longevity of the device decreases with the following  

An increase in pacing rate  
An increase in pacing amplitude  
A decrease in pacing impedance  
An increase in pacing pulse width  
An increase in the percentage of bradycardia paced to sensed events  

or 
An increase in the charging frequency  

Each 34 Joule charging cycle will typically decrease the longevity of the 

device by approximately four to six days  

These preliminary longevity projections are based upon accelerated battery 

data and device modeling  With the stated condition  100  pacing and 

monthly 34 Joule charging cycles  the minimum longevity of the device will 

be 2 5 years  7217B   Average refers to the projected mean longevity of the 

modeled run of PCD devices at the stated conditions  Minimum longevity 

means that virtually all  i e   99 9   of all modeled production run of PCD 

devices will attain the value given  
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Battery Compartment 

Display 

Power Indicators 

Cradle For 
Programmer Head 

Keystrip 

Connector Panel 

Figure IV A 4  Model 5355 External Tachyarrhythmia Control Device 
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1  D ri i n od1 6 in slS ri r V na v Model 

Ri ht V ntric 1 nd Mod 1 999 ubc n ous P h 

Illustrations of these leads are provided on the pages following this 

discussion  

The Medtronic Tachyarrhythmia Control System uses a tripolar  screw in  

right ventricular lead for  RV  pacing  sensing  cardioversion and 

defibrillation  a unipolar  coronary sinus superior vena cava lead  CSISVC   

and a unipolar  subcutaneous oval patch electrode  SQ   The available 

models of the system are as follows  

  Model 6963 CSISVC Lead 
  Model 6966 RV Lead 
  Model 6999 SQ Lead 

The Model 6963  6966 and 6999 leads are intended to be used with the 

Model 7217B PCD Device  The leads have a 6 5 mm connector intended 

for direct insertion into a 6 5 mm port of the 7217B PCD Device  

The Model 6963 lead is intended for use in the coronary sinus or superior 

vena cava  The lead features a platinum alloy electrode coil which provides 

the necessary surface area for cardioversion and defibrillation  Silicone 

insulation surrounds a low resistance metal alloy conductor coil  

The Model 6966 lead is designed for pacing  sensing  and delivering 

cardioversion and defibrillation pulses in the right ventricle  The lead 

features three metal alloy conductors in -- ------------ ---------------- 

surrounded by polyurethane insulation  The lead has a platinum alloy 

electrode coil which provides the necessary surface area for cardioversion 

and defibrillation  This electrode is most proximal  closest  to the pulse 

generator and connects to the unipolar  6 5 mm  leg of the bifurcated 

connector  This leg does not accept a stylet  The lead has a helical 

electrode made of platinum alloy that can be actively fixed in the 

endocardium  The helix can be extended or retracted by rotating the lead 

connector pin with a small tool  The helix tip electrode is most distal to the 

pulse generator and connects to the pin of the bipolar  3 2 mm  leg of the 

bifurcated connector  The ring electrode is made of a platinum alloy  It 

is proximal to the helix and connects to the ring of the bipolar  3 2 mm  leg 

of the bifurcated connector  Bipolar sensing occurs between the helix tip 

and the ring electrodes  Bipolar pacing occurs between the helix tip and the 

defibrillation coil electrode  



R UMD X E0DMUR 
The Model 6999 lead is intended for use subcutaneously  submuscularly  

or directly on the periosteum of the ribs  The lead features platinum alloy 

electrode coils and a low resistance metal alloy conductor surrounded by 

silicone insulation  Four helical coils are partially embedded into the 

silicone patch and --------- the necessary surface area for cardioversion and 

defibrillation  A ----------- ------- is molded into the patch and provides 

support for sutures  There are three nodes in the center and two nodes at 

the junction of the lead body and patch electrode of one side of the patch 

electrode  These nodes are intended to designate the insulated side of the 

patch electrode  

The following section describes the functional components  device 

properties  and principles of operation for the Model 6963  6966 and 6999 

leads  

Illustrations of the Model 6963  6966 and 6999 leads are provided on the 

following pages  

(b)(4)
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F n ti n m nng 

1  m Allo Electr e oil 

The Model 6963 coronary sinus superior vena cava lead and the 

Model 6966 right ventricular lead each feature a platinum alloy coil 

electrode that delivers cardioversion and defibrillation pulses to the 

heart  The Model 6963 lead uses silicone adhesive and the Model 

6966 lead employs polyurethane tubing to help prevent tissue in  

growth and aid in chronic lead removal  

The conductive surface of the Model 6999 subcutaneous patch 

electrode consists of four platinum helical coils partially embedded 

in molded silicone rubber  These coils serve as the electrodes that 

deliver cardioversion and defibrillation pulses to the heart  Inside 

the helical coils is silicone rubber to help prevent tissue in growth 

and aid in chronic lead removal  

2  Low Resistance Metal Allo Conductor Coil 

This conductor coil consists of -------------- ---------- -------- alloy that 

provides a low resistance pathway for delivery of cardioversion and 

defibrillation pulses from the tachy----------- ia control device to the 

platinum alloy electrode coils  The ---------- was selected for use due 

to its proven long term reliability when used in implanted 

bradycardia lead systems  The use of -------------- coil provides the 

low resistance needed for the de------- --- ------ voltage --------- The 

coil used on the Model 6966 is -------- -------- ------ ------------ The 

coils used on the Model 6963 and 6999 are not sputter -------   

3  Metal Allo Conductor Coil  applicable only to the Model 6966 

Lead  

The Model 6966 inner and middle conductor coils consist of several 

----- -- ires  The wires are ------ in diameter for the inner coil and 

------ --- diameter for t--- --------- ------ The wires are made of 

---------- -------- alloy and -------- -------- ------ ------------ 

4  H li al El ctree  Model 6966 only  

The Model 6966 --------------------- distal  helical electrode is 

extended into and retracted from the myocardium through a self  

sealing electrode head by turning the connector terminal pin with a 

0 

(b)(4)

(b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4)
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pinch on tor------- -- ol  The stimulating surface area of the helical 

electrode is --- ------   nominal   

5  n El ctrQQ  Model 6966 only  

The --------------------- ring electrode for bipolar pacing and sensing 

is positioned just proximal to the distal  helical --- --- ---  lead  The 

 nominal  surface area of the ring electrode is --- ------- 

6  Insulation 

  Model 6963 and 6999 Leads 

These leads are comprised of ---------- -------- insulation  This 

material has a long history  since 1962  of use on Medtronic 

pacing l------ ------- tion wall thickness for both the 6963 and 

6999 is ------ --------  

  Model 6966 Lead 

This lead is comprised of ---------------- -------- ----- --------- 

Insulation wall thicknesses are  

inner ------- ------ ----- 
middle ------- ------ ----- 
outer ------- ------ ----- 

7  Anchorin Sleeve 

There is an anchoring sleeve positioned on the lead body of the 

Model 6963 and 6966 leads  It is intended to be used for fixation of 

the lead body to soft tissues near the site of insertion of the lead into 

the vein at the time of the implant  It is designed to protect the lead 

from undue strains and stresses at the point of fixation  

8  ---- ------ ------- Embedded into Silicone Rubber 

----------- ------- is embedded into each subcutaneous patch and 

provides support when suturing the lead to the subcutaneous muscle  

   l 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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9    t lets 

Stylets are ------- which stiffen the lead and or temporarily alter its 

shape during implant  This is accomplished through a controlled 

stiffness of the distal tip  allowing it to bend with the application of 

excessive force  Stylets are also designed to help minimize damage 

to the coil during insertion and removal  The Models 6963 and 6966 

use stylets  the Model 6999 does not  

10  nnec r As embl 

The Model 6963 ----- ------ leads feature a ---- ----- te-------- assembly 

consisting of a ---------- ------ connector pin and ---------- rubber 

sleeve  The distal part of the sleeve provides a strain relief area  

The Model 6966 lead features a ---- ----  terminal assembly identical 

to that used on the 6963 and 6999 as described abo---- In addition  

the lead connector is bifurcated and has an a----------- ---- ----- in line  

bipolar terminal assembly consisting of a ---------- ------ connector 

pin  a --------- cal  ---------- ------  ring  terminal just distal to the pin  

and a ---------- rubber sleeve  This distal part of the sleeve provides 

a strain relief area  

(b)(4)

(b)(4)
(b)(4) (b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4)
(b)(4)
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b  Devi  e Prqpe rti s 

The Model 6963  6966 and 6999 non thoracotomy leads are designed 

for sensing  pacing  cardioversion and defibrillation  These leads 

have application where implantable tachyarrhythmia control devices 

are indicated  Reference the technical manuals for the Model 6963  

6966 and 6999 leads for specific device features  
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The PCD Transvene System uses leads which do not require open  

chest surgery to implant  Multiple configurations involving either 

two or three different leads may be used to deliver cardioversion and 

defibrillation pulses  These configurations are comprised of a 

tripolar  right ventricular  RV  lead  Model 6966   and either a 

coronary sinus  CS  lead  Model 6963  or a subcutaneous  SQ  lead 

 Model 6999   or all three of these leads  The Model 6963 lead can 

be placed in either the coronary sinus great cardiac vein or the 

superior vena cava  SVC   

In these systems  the helical tip and ring of the RV lead is used for 

sensing  thus providing standard  bipolar sensing  The tip electrode 

is termed PACE SENSE and the ring electrode is termed SENSE 2  

Bradycardia pacing takes place between the tip  PACE SENSE  and 

the COMMON defibrillation electrode  

A system using two leads delivers cardioversion and defibrillation 

pulses between two coils  one on each lead   A system using three 

leads delivers cardiover sion and defibrillation pulses either 

simultaneously or sequentially from the anode electrodes  PULSE 1 

and PULSE 2  to the COMMON defibrillation electrode  

To detect VT VF  the PCD device monitors the cardiac cycle length 

for fulfillment of the programmed VT VF detection criteria  When 

the programmed criteria are fulfilled  the PCD device detects the VT 

or VF episode and delivers the first programmed therapy  If this 

therapy is ineffective and the VT VF is again detected  the next 

programmed therapy is delivered  This progression continues until 

the PCD confirms episode termination or delivers all programmed 

therapies  

The performance of the Models 6966  6963  and 6999 are evaluated 

at the following times  

1  At implant by the evaluation of the pacing and sensing 

thresholds and defibrillation efficacy when treating VT VF 

2  Chronically by evaluation of stability of chronic defibrillation 

efficacy in induced episodes of VT VF and successful 

termination of spontaneous episodes of VT VF  



IRDUKilD  01HHiE lm boa 

2  D scn tion  R ted Transvene Lead S 

  Model 7217B PCD Device 
  Model 5355 ETCD Device 
  Model 9788 MemoryModule 

stem C onents 

These device descriptions are provided in Appendix 1  Features of 

Tachyarrhythmia Control System  Volume 7   
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IV  D vice D cri tion and Manufacturin Section 

B  AM anufacturing Description of the following devices is provided in 

t is section  

  Lead Models 6963  6966 and 6999 
  Model 7217B PCD Device 
  Model 5355 ETCD Device 
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1  Lntr  u tion 

Manufacturing information for the three lead models comprising the 

Transvene Lead system is provided in this section  

----- -------- ------ ---- ----- -- ----------------- -- ---- ------------- ------ ------- 

--------- --- ---------------- -------------- ------ -------------- -- ------------ --- ----- 

---------- 

----- --------- ------ ----------- ----- ----- ------ ---- ------- 
---- ----------------- -- ---- 

------------- ----------- --------- --- ----- ---------------- ------ -------------- -- 

------------ --- ---------- --- 

(b)(4)
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  Manufacture of the IVIodel 6966 RV Lead 

- -------------- ------ ------- ---------- ---------------- ----- 

C 

(b)(4)
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Medtronic 8 
Medtronic  Inc  
7000 Central Avenue  N E    0  
Minneapolis  MN 55432 3576 
Telephone   612  574 4000 
Cable  Medtronic Telex  29 0598 
Telecopy   612  574 4879 

March 31  1992 

I 

Office of Device Evaluation 
PMA Document Mail Center  HFZ 401  
Center for Devices and Radiological Health 
Food and Drug Administration 
1390 Piccard Drive 
Rockville  MD 20850 

Re  Premarket Approval Application  PMA  for the Medtronic  Multiprogrammable 
Tachyarrhythmia Control System with Non thoracotomy Cardioversion and 
Defibrillation Electrodes  i e   the PCD  Transvene System  Lead Models 6963  
6966 and 6999  

This submission is a PMA application for the Medtronic Transvene Lead System used in 
conjunction with the Model 7217B pacer cardioverter defibrillator  PCD   Model 5355 
external tachyarrhythmia control device  ETCD  and Model 9788 MemoryMod Software 
Module  

The PCD and ETCD devices as used with an epicardial lead system were recommended 
for approval by the FDA Advisory Panel on February 3  1992  F900061   The purpose 
of this PMA application is to obtain approval for the use of the non thoracotomy lead 
system for use with the Medtronic PCD and ETCD  The terms non thoracotomy leads 
 NTL   transvenous leads and Transvene Lead System are synonymous and may be used 
interchangeably throughout this application  

The Transvene System  in conjunction with the PCD device  is intended to treat patients 
at risk of sudden cardiac death due to ventricular arrhythmias  Like the epicardial 
electrodes PCD System  the primary benefits from the use of the Transvene PCD System 
center on the detection and termination of these life threatening ventricular arrhythmias  
The incorporation of a non thoracotomy lead system allows for a safer and effective 
implantation procedure  and improving both perioperative and long term patient morbidity 
and mortality  
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March 31  1992 

The Transvene PCD System clinical study  DE G870102  includes 319 Transvene lead 

implants with a mean implant duration of 4 5 months and a total of 1426 device months 

experience  There are 116 patients with lead system implant duration equal to or greater 

than six months  The data included in this submission is all data that was received by 

Medtronic and entered onto the clinical database as of November 27  1991  The results 

 em the clinical study are provided in Volume 5 of this application  

Market approval is not being sought for use of the Transvene PCD System with other 

manufacturers  implantable cardioverter defibrillators  nor is it sought for use of the PCD 

device with other manufacturers  transvenous defibrillation lead systems  

Two manufacturing facilities are to be used in the assembly  sterilization and packaging 

of the Transvene leads  These are  

1  Medtronic  Inc  
Rice Creek Facility 
7000 Central Avenue N E  
Minneapolis  MN 55432 
Tel  612 574 4000 
Establishment Registration Number  2182208 

Is presently prepared for inspection  
Most recent FDA inspection  January 21 February 8  1992  

2  Medtronic  B V  
Wenckebachstraat 10 
6466 NC Kerkrade West 
The Netherlands 
Tel  31 45 43 85 85 
Is presently prepared for inspection  
Most recent FDA inspection  January 6 9  1992  

The existence of this PMA application and the data and other information it contains are 

confidential  and the protection afforded to such confidential information by 18 USC 1905 

and other applicable laws is hereby claimed  
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March 31  1992 

In accordance with 21 CFR 814 42 a   the FDA has 45 days from the date of receipt to 

notify Medtronic if this application is sufficiently complete for a substantive review and 

acceptable for filing  

Six copies of this application are enclosed  Should additional information be required by 

the Agency  please contact the undersigned  

Sincerely  

MEDTRONIC  INC  

Jennifer M  Marrone 
Manager  Regulatory Affairs 
Cardiac Pacing Business 

 612  574 4688 
 612  574 6424 FAX 
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III  D vice Descn el 6966 Ri ht Ventricular Lead 

Illustrations of this lead are provided on the pages following this discussion  

The Medtronic Tachyarrhythmia Control System uses a tripolar  screw in  

right ventricular lead for  RV  pacing  sensing  cardioversion and 

defibrillation  a unipolar  coronary sinus superior vena cava lead  CSISVC   

and a unipolar  subcutaneous oval patch electrode  SQ   The available 

models of the system are as follows  

  Model 6963 CSISVC Lead 

  Model 6966 RV Lead 

  Model 6999 SQ Lead 

The Model 6966 lead is intended to be used with the Model 7217B PCD 

Device  

The Model 6966 lead is designed for pacing  sensing  and delivering 

cardioversion and defibrillation pulses in the ------ ------------ The lead 

features three metal alloy conductors in -- ------------ ---------------- 

surrounded by polyurethane insulation  The lead has a platinum alloy 

electrode coil which provides the necessary surface area for cardioversion 

and defibrillation  This electrode is most proximal  closest  to the pulse 

generator and connects to the unipolar  6 5 mm  leg of the bifurcated 

connector  This leg does not accept a stylet  The lead has a helical 

electrode made of platinum alloy that can be actively fixed in the 

endocardium  The helix can be extended or retracted by rotating the lead 

connector pin with a small tool  The helix tip electrode is most distal to the 

pulse generator and connects to the pin of the bipolar  3 2 mm  leg of the 

bifurcated connector  The ring electrode is made of a platinum alloy  It 

is proximal to the helix and connects to the ring of the bipolar  3 2 mm  leg 

of the bifurcated connector  Bipolar sensing occurs between the helix tip 

and the ring electrodes  Bipolar pacing occurs between the helix tip and the 

defibrillation coil electrode  

The following section describes the functional components  device 

properties  and principles of operation for the Model 6966 lead  

(b)(4)
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a  F n ti nal m onents 

1  Platinum Allo Electrode Coil 

The Model 6966 right ventricular lead features a platinum alloy coil 

electrode that delivers cardioversion and defibrillation pulses to the 

heart  The Model 6966 lead employs polyurethane tubing to help 

prevent tissue in growth and aid in chronic lead removal  

2  w R si tance M tal Allo Conductor il 

This conductor coil consists of -------------- ---------- -------  alloy that 

provides a low resistance pathway for delivery of cardioversion and 

defibrillation pulses from the tachy----------- ia control device to the 

platinum alloy electrode coils  The ---------- was selected for use due 

to its proven long term reliability when used in implanted 

bradycardia lead systems  The use of -------------- coil provides the 

low resistance needed for the delivery of high voltage pulses  The 

coil used on the Model 6966 is -------- -------- ------ ------------ 

3  Metal Allo Conductor Coil 

The Model 6966 inner and ------- e conductor coils consist of several 

fine wires  The wires are ------ in diameter for the inner coil and 

------ in diameter for the middle coil  The wires are made of 

---------- -------- alloy and -------- -------- ------ ------------ 

4  Helical Electrode 

The Model 6966 --------------------- distal  helical electrode is 

extended into and retracted from the myocardium through a self  

sealing electrode head by turning the connector terminal pin with a 

pinch on to-------- tool  The stimulating surface area of the helical 

electrode is --- ------  nominal   

5  Rin Electrode 

The --------------------- ring electrode for bipolar pacing and sensing 

is positioned just proximal to the distal  helical --- --- -- e lead  The 

 nominal  surface area of the ring electrode is --- ------ 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4) (b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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6  In ulation 

----- -- odel 6966 lead is comprised of ---------------- -------- and 

--------  Insulation wall thicknesses are  

inner ------- ------ ----- 
middl-- ------- ------ ----- 
outer ------- ------ ----- 

7  Anchorin leeve 

There is an anchoring sleeve positioned on the lead body of the 

Model 6966 lead  It is intended to be used for fixation of the lead 

body to soft tissues near the site of insertion of the lead into the vein 

at the time of the implant  It is designed to protect the lead from 

undue strains and stresses at the point of fixation  

8  St lets 

Stylets are ------- which stiffen the lead and or temporarily alter its 

shape during implant  This is accomplished through a controlled 

stiffness of the distal tip  allowing it to bend with the application of 

excessive force  Stylets are also designed to help minimize damage 

to the coil during insertion and removal  

9  onn ctor Assembl 

The Model 69--- lead features a ---- ----- ter------- - ssembly 

consisting of a ---------- ------ connector pin and ---------  rubber 

sleeve  I-- ----------- ---- lead connector is bifurcated and has an 

additional ---- ----- --------  bipolar terminal ass-------- consisting of a 

---------- ------ connector pin  a cyli--------- ---------- ------  ring  

terminal just distal to the pin  and a ---------- rubber sleeve  This 

distal part of the sleeve provides a strain relief area  

(b)(4)
(b)(4)

(b)(4)

(b)(4)

(b)(4)
(b)(4) (b)(4)

(b)(4)
(b)(4) (b)(4)

(b)(4)
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b  Device Pr i s 

The Model 6966 non thoracotomy lead is designed for sensing  

pacing  cardioversion and defibrillation  This lead has application 

where implantable tachyarrhythmia control devices are indicated  

Reference the technical manual for the Model 6966 lead for specific 

device features  
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c  Princi 1 s f ration 

The PCD Transvene System uses leads which do not require open  

chest surgery to implant  Multiple configurations involving either 

two or three different leads may be used to deliver cardioversion and 

defibrillation pulses  These configurations are comprised of a 

tripolar  right ventricular  RV  lead  Model 6966   and either a 

coronary sinus  CS  lead  Model 6963  or a subcutaneous  SQ  lead 

 Model 6999   or all three of these leads  The Model 6963 lead can 

be placed in either the coronary sinus great cardiac vein or the 

superior vena cava  SVC   

In these systems  the helical tip and ring of the RV lead is used for 

sensing  thus providing standard  bipolar sensing  The tip electrode 

is termed PACE SENSE and the ring electrode is termed SENSE 2  

Bradycardia pacing takes place between the tip  PACE SENSE  and 

the COMMON defibrillation electrode  

A system using two leads delivers cardioversion and defibrillation 

pulses between two coils  one on each lead   A system using three 

leads delivers cardioversion and defibrillation pulses either 

simultaneously or sequentially from the anode electrodes  PULSE 1 

and PULSE 2  to the COMMON defibrillation electrode  

To detect VT VF  the PCD device monitors the cardiac cycle length 

for fulfillment of the programmed VT VF detection criteria  When 

the programmed criteria are fulfilled  the PCD device detects the VT 

or VF episode and delivers the first programmed therapy  If this 

therapy is ineffective and the VT VF is again detected  the next 

programmed therapy is delivered  This progression continues until 

the PCD confirms episode termination or delivers all programmed 

therapies  

The performance of the Models 6966  6963  and 6999 are evaluated 

at the following times  

1  At implant by the evaluation of the pacing and sensing 

thresholds and defibrillation efficacy when treating VT VF 

2  Chronically by evaluation of stability of chronic defibrillation 

efficacy in induced episodes of VT VF and successful 

termination of spontaneous episodes of VT VF  
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M nuf c urin D seri tion  Model 6966 RV Lead  Rice Creek 

The following Manufacturing Description has been prepared in conformance 

with the  Guidance for Preparation of PMA Manufacturing Information  

made available by FDA August 21  1991  Copies of the device description 

and labeling from other parts of the PMA have been included in the first 

part of this volume  as indicated in the cover letter  

This section contains a complete description of the methods used in  and the 

facilities and controls used for  the manufacture  processing  packaging  

storage and distribution of the Model 6966 RV Lead  Process qualification 

testing and results are included in Section F 3  As requested  a summary 

describing how applicable GMP requirements are met has been provided for 

each area identified  In some cases copies of actual procedures are also 

provided  

The Model 6966 RV Lead meets the definition of a critical device  

implantable leads are currently on the Critical Device List  We have thus 

addressed specifically additional controls that are in place to meet the 

critical device requirements  
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A  r ni i n n Per nn 1 

 1  m n lie n c 
 ves 

for ntr llin ali n how the 

ma e kn wn m lo e s  

-- ------------- --- ---- ------------- ------------ ---------- -------- -------------- 

--- --------- ----- -- --- ---------- 

---- ------- --------- --------- ---- ---- ---------- ---------- ------------ ----- 

--------- --- ---- ----------- --- --- ---- --------------- ---------- --- 

-------------- ----- --- --- ------------- --- -- ----------- --- -------------- 

---------- ----------- ----- ---------- 

----- ------------ -------- --- ------------ ----- ---------- -- --------------- --- -- 

------- --- --------- ------------- ------- ------------ ---- ------------------ ---- 

----- ------------ --------- ---------- ----- ---- ----- --- -- -------------- ------- 
---------- -- -------------- ----- ---- ------------ --------- ------------- -------- 

---------- ----- ------------- --- ------ ------------- ----- --------- ------------ 

---- --- ---------- 

  ---- ---------------- ----- --------------- --------- ------------- --- 

------------ --------- ----- -------- ------------ -- ------------- --- 

--------- --- ---- ------------- -------------- ----- ---- --------------- 

  -------------- ---------- ---------------- ----- --- ----------- ---- --- 

-------------- 

  -------- ---- ---- ---------- ---------- --- ------------- --------- ---- 

------------- ---- -------------- ---- ---- --------- --- ------ ----------- ----- 

---------- ----- ----- --- ------- ---- -------- --- ------ ----- 

----------------- 

  --------- ----- ----------- -------------- ----- --- ------- --- -------------- 

----- -------- ----- --------------- -- --------------- --- --------- 

  ----- ----------- --- -------- ------------- ----- --- ----------- ------- 

--------- ------------ ------ ----- --------- ------------ -------- ----- 

-------- ----- --- ------------ --- ---------- ---------------- -- 

------------- 

(b)(4)

(b)(4)
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-------------- ------------ ----------- ----- ---------- ----- --- ----------- 
----- --------- ------ --- ------------------- ----- ----- -------------- 
------------ ----- ----------- ------- --- -------------- ---- ---------------- 
-- ------------- 

  --------- ----- --- ------------ ------ ---- ------------- ------------- 
------------- ------ ---- ------------- --------------- ----- --- ---------- 
----- ------------- 

----- --------- ---------- -------- ---- -------- ------------------ -------- ---------- 
----------------- ---- --------- --- ----- --- ------ ------------ ---- -------- ---- 
---------------- ---------------- ------ -- -- ------------ ------ --- 
------------------ --------- ------------ ------------ ----- ---- ----------- ------ 
---- ----------------- --- --------------- ---- --------- ---------- ----- ---------- 
---------- --------- ------ ----- ---- ---------- ---- ------- ------------- 
----------------- ------ ---- -------------- ---- ---- -------- ----- ----------- --- 
----------- -------------- --------- ------- ----- ---- ----------------- --- 
------------- --------- ----- ------------ 

----- ---------------- ---- --------------- -------- ----------- ------------------ 
------------- ---- --------- ----- --------------- --- ---------- ----- -------------- 
---- -------- ------------------ ----------- ---- -------- --- ---- ---------- 
-------------- -------- ---- -------- ------------ ------------------ ------------- 
------ ------ ------------- ----- -------------- --- ---------- ----------- -------- ---- 
---------- --- ------- ------ ------------ --- ---------- ----------------- ------ -- 
---------- ----------- ------ ------------- ---- ------------ ------ ---- -------- 
------------------ ---------- ----- -------------- 

----- ---------- ------- ---- -------------- --- -- --------- ------------- ---------- 
--- ---------- --- ---- ------- ---------- --------- ---------- ------- -------------- 
---- --------------- --- ---------- 

1  Production records review  

----- ------------- --------- ---------- ---- --------- --- ---- ---- 
---------------- ---- ------------------ ----- ----- ---------- 
---------------- --------- ---- ------------- 

  ----- ----------- ----- --------- --- ------------- ------------ --- 
-------- ---------------- --- -------- ----- ------------------ 
----------------- ------ --- ------------- --------------- ----- 
----------- ------ --- --------- --- --------- ---- --------------- 

(b)(4)

(b)(4)

(b)(4)



IX tlM C COEIEEE 
  --------------- --- -------------- ------------- ----- ------------- 

---- ------------- --- ----- --- ---------- ------------ 
--------------- ----- ---------- ------ --- ------------ ----- 
------------ 

2  Approval rejection of components  materials  packaging  
labeling  subassemblies and devices  

----- --------- --- -------- -------- ----- ------------- --- ---------------- 
------------ ------------- ----------- ----------------- ----- --------- 
------- -- --------------- --- ---------- 

  ------------ ------------- -- ------------- --- -------- --- 
------------ --------------- ----- ----------- ------ --- ---- 
--------------- --- ----------- ----- ------------ --------- 
---------- --- ------------------ 

  -------------- --- --- ------------------- --------------- ----- 
----------- -- ----------------- --- ---- -------------- ------------ 
--------- ----------- ---- ---------- --------- -------- 

  ------------- -------- --- ----------------- -- ----------------- --- 
---------- ------------------ ------------- ------------- ----- 
------------- ------ 

  ------------- ----------------- ----- --------- ---- ----- --- ---- 
---------- --------- -------- ---- ------------- --- ---- 
-------------- ------------------ ----- --------- ------------- 

3  Identifying and resolving quality assurance problems  

---------- --------- --- --------- -------- ------- ---- ------------ --- -- 
--------- --- ------ ------ --- --------- -------------- -------- ------------ 
------------ ------------ -------- ----- ----- ------------ --------- ---- 
----------------- --- -------------- ------------------ ------ 
------------------ ----- --------- ------------- --------------- --- ----- --- 
---------- ---------- ------------- ----- ------ ------------ -------- --- 
---------- ----- --------- ---- ------------ ------------ 

  ------ ----------------- 

  ----------- --- ------------ ---- ----- ------- ----- ----------- 
------------ ----- --------------- ------------ 

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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  -------------- --- ----- ------------------- ---------- -------- 
---------- 

  ------------------- --- ---- ------ ----- ------------- ----------- 
----- 

  --------------- --------------- --- ---- ------------ -------- ----- 
-------------- --- ---------- ----------- 

----- ---------------- --- ---- ------------ -------- ----- --- ------------ --- 
-------------- --------- -------------- -------- -------- ------------ 
--------- ----- --------- -------- 

4  Quality Assurance checks  

---------- ----------- -------------- ----- --------- ----------------- -------- 
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Medtronic Q 

I 
HIOH VOLTAOf UI4POEAA COHNECTOII  El    

COIIHf COEUR UHDOlkl1l HAVTI TDISIOH  L5 rim  

VNVOLA I 8 KOHHCKTOR P0 II HOCHDtal4NUHO IIP wml 

CONECTOII 8 OHOPOLAII PAM VOLTA  t ALTO II S owl s 

COHtlTOhl QOHOHXAlt P tll ALIT IDIDONC  EJ Inn  

Serial Number 
Numero de Shirie 
Seriennummer 
Numero de Serie 
Numero di Serie 

Sterile Lot Number 
Lot de Sthrilisation No  

Sterilisaiionsnummer 
Late Estbril Numero 

tACDSENDC IIPOLAII COHHCCTOll  XI rlrllt 

COHHOC UIl IIPOLAIIIE PACDIDIOC  Ll em  

IIPOLAIIEII LONHC KTOfl fUll 5lWVUITIOWWANDIEHWH40 
A8    I 

COHECIOIl IIPDLAII I ACD5DISl  1 llew  

CONHCllDIIE OIPOLAIIL PDl ItlWXADOHDIIWLLAWDPO 
QJ  l 

Usa Before 
Utlliser Avant 
Zu implantieren var dern 

Fecha de Ceducidad 
Data di Scadenza 

Sterilization Date 

Date de Sllrilisation 
Sterilisatlonsdatum 
Fecha de EsteriIizscibn 

Numero di Lotlo Sterile 
Data di Sterilizzazione 

Non Reusable 
Usage Unique 
Nichl wiedeneerwendbar 
Inlerioc Desechable 
Non Riusabile 

Lead Lenglh  
Longueur dele Sonde  
Lknge der Elektrods  
Longilud del Elenrodo  
Lunghezzs dell Benroca etere  

Contonta  One had with Polyurethane Insulation  

Contenu  Une sonde avec Isolation de Polyurethane  

Inhalt  fine Electrode mit Polyurethane Isolation  

Contenldo  Un cable con Material Aislanle de Poliuretano  

Contleno  Un catetere can Ma eriale lsolante in Poliuretano  

Sterilization  Elhylene oxide gas 

St4rilisstian  Gaz d oxyde d 4thylhne 

Stenlisation  Athylenoxydgas 
Esteriiizacibn  Gas dxido de elileno 

Slerilizzazione  Gas ossido di abilene 

CAUTION  Federal Law  U S A   restricts this device to sale by or on the order ol a physician  

ATTENTION  La rbglementsiion am4ricsine  FDA  n autorise la vente de ce produit qua aur prescription mbdicsle  

ACHTUNG  Ein US Bundesgeseu schrilnkt den Verkauf dlesea Produkts an Arne ader aul Anordnung durch einen Arzt ein  

PRECAUCION  Laa Leyos Federales  EE UU  restringsn la venta de oste dispositivo unicsmente a mid s o per 

prescripci6n medica  

ATTENZIONE  La legge Federsle  U S A   limita la vendita dl questo prodono esclusivarnente si medid o su rlchiests 

d un medico  

The contents of this package is STERILE  

Le eontenu de ce paquet est STERILE  

Der Inhalt dieser Packung ist STERIL  

El contenido de este envoitario est4 ESTERII 

ll eontenuto de questa contetione 4 STERILE  

11 the peckage is damaged or opened see Ihe Technical Manual for Information  

Sl I emball ape est endommsg4 ov ouvert vair le manu el technique pour information  

Im Falle einer beschidigten ader gsbtlneten Packung Gebrauchsanweisung beachlen  

Si el paquele ha side dansdo o abierto  ver el Manual TOcnico para inlormacibn  

Se la confeiione 4 danneggista o aper a vedere il Manuale Tecnlco per le inlonnazione relative  

Sterile Pack Label for Model 6966 Lead 



I 
HIGH VOLTAGE UNIPOLAR CONNECTOR  8 5 mm  

CONHECTEUR UNIPOLAIRE HAUTE TENSION 15 5 rnid  

UNIPOLARER KONNEKTOR FUR HOCHSPANNUNC  0 5 mm  

CONECTOR MONOPOLAR PARA VOLTAJE ALTO  85 mm  

CONETTORE MONOPOLARE PER ALTA TENSIONE  a 5 mm  

PACE SENSE B1POLAR CONNECTOR  3 2 mm  

CONNECTEUR BIPOIJLIRE PACE SENSE  3 2 mm  

81POLARER KONNEKTOR FUR STlMULATIOWWAHRNEHMUNQ 

 34 mm  
CONECTOR BIPOLAA PACEISENSE  3 2 mm  

CONNETTORE BIPOLARE PER STIMOlAZIONE AIVELAMENTO 

34 mm  

Serial Number 
Numero de Shirie 

Seriennummer 
Numero de Serie 
Numero di Sene 

Use Before 
Utiliser Avant 
Zu Implantieren ver dern 

Fecha de Caducidad 
Data di Scadenza 

lerile Lot Number 

01 de  10rilisatian No  

erilisalionsnummer 
te Estbril Numero 

umero di Lotto Sterile 

Sterilization Dale 
Date de Stbrilisation 
Sterilisationsdslurn 
Fecha de Esterilitacidn 
Data di Slerilizzazione 

Lead Length  
Langueur de la Sonde  
Lounge der Eleldrode  
Longitud del Electrode  
Lunghezza dell Elettrocatelere  

Sterilization Validity Period  
Durde de Vaiidil4 de Stlrilisation  
Wirkssmkeil der Slerilisalion  
Periodo de Validez de la Eslerilizacihn  

Psriodo di Validity della Slenlizzazione  

Can1enta  One lead with Polyurethane Insulation  Accessories and Produa Lilerature  

Contenu  Une sonde avec Isolation de Polyurblhane  Accessoires el Oocumentstion  

Inhalt  Eine Eleldrode mit Polyurethan Isolation  Zubehdr und Dokumentauon  

Continldo  Un cable eon Malensl Aislsnte de Poliure1ana  Accessorios y Documentacion  

Contlene  Un cateiere con Maleriale lsolante in Poliuretano  Accessori e Documentazione  

4 Years 
4 Ans 
4 Jahre 
4 Amos 
4 Anni 

CAUllON  Federal Law  U S A   restncts this device le sale by or on the order of a physician  

AWENTlON  La r4glementauon amhricaine  FDA  n autorise la vente de co produit que sur prescnption mldicale  

ACHTUNG  Ein US Bundesgesetz schrinkl den Verkauf diesel Products an Arzte oder auf Anordnung durch einen Arzl ein  

PRECAUCION  Las Leyes Federales  EE UU  restrlngen Is venta de esre dispositivo unicamente a medicos o par 

prescripcidn medica  

ATTENZlONE  La legge Federale  U S A   limita la vendila di questo prodono esclusivamente ai medici o su richiesta d un 

medico  

The contents  STERILE  of the inner package have been sterilized by ethylene oxide gas  

Le contenu  STERILE  du paquei inflame a 4th slerilis4 au gaz d oxyds d 4lhyl0ne  

Der Inhalt  STERIL  der inneren Verpackung ist in Alhylenoxydgas sterilisiert  

El contenido  ESTERlLE  del paquete interior ha side estenlizado con gas 4xido de etileno  

II contenuto  STERlLE  della contezione intøma it stato sottaposto a sterilizzazione con gas ossida di etilene  

STORAGE  Slore below 40 C1104 F 

STOCKAGE  Au essous de 40  C 104  F 

LAGERUNG  Unter 40  Cl104  F 

ALMACENAMIENTO  Par debajo de 40  C 104 F 

IMMAGAZZINAGGiQ  Al di sottodi 40  C 104  F 

Shelf Box Label for Model 6966 Lead 

gal 



O 
LC 
Q 
4  

lb 

0  



I g 11 3 

p 
Gj 1 p  I     

IX i UEilXX  02lUUilK0Esva  

  Manufacture of the Model 6963 CSISVC Lead 

and Model 6999 SQ Patch 

  Medtronic  Kerkrade  The Netherlands 
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Medtronicg 

Medtronic  Inc  

7000 Central Avenue  N E  

Minneapoiis  MN 55432 3576 

Telephone   612  574 4000 

Cable  Medtronic Telex  29 0598 

Telecopy   612  574 4879 

March 31  1992 

Office of Device Evaluation 

PMA Document Mail Center  HFZ 401  

Center for Devices and Radiological Health 

Food and Drug Administration 

1390 Piccard Drive 

Rockville  MD 20850 

Re  Premarket Approval Application  PEA  for the Medtronic  Multiprogrammable 

Tachyarrhythmia Control System with Non thoracotomy Cardioversion and 

Defibrillation Electrodes  i e   the PCD Transvene System  Lead Models 6963  

6966 and 6999  

This submission is a PMA application for the Medtronic Transvene Lead System used in 

conjunction with the Model 7217B pacer cardioverter defibrillator 
 PCD   Model 5355 

external tachyarrhythmia control device  ETCD  and lVIodel 9788 MemoryMod Software 

Module  

The PCD and ETCD devices as used with an epicardial lead system were recommended 

for approval by the FDA Advisory Panel on February 3  1992  P900061   The purpose 

of this PMA application is to obtain approval for the use of the non thoracotomy lead 

system for use with the Medtronic PCD and ETCD  The terms non thoracotomy leads 

 NTL   transvenous leads and Transvene Lead System are synonymous and may be used 

interchangeably throughout this application  

The Transvene System  in conjunction with the PCD device  is intended to treat patients 

at risk of sudden cardiac death due to ventricular arrhythmias  Like the epicardial 

electrodes PCD System  the primary benefits from the use of the Transvene PCD System 

center on the detection and termination of these life threatening ventricular arrhythmias  

The incorporation of a non thoracotomy lead system allows for a safer and effective 

implantation procedure  and improving both perioperative and long term patient morbidity 

and mortality  

872 
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Page 2 
March 31  1992 

The Transvene PCD System clinical study gDE G870102  includes ----- Transvene lead 

implants with a mean i--------- duration of 4 5 months and a total of 1426 device months 

experience  There are ----- ---------  with lead system implant duration equal to or greater 

than six months  The data included in this submission is all data that was received by 

Medtronic and entered onto the clinical database as of November 27  1991  The results 

from the clinical study are provided in Volume 5 of this application  

Market approval is not being sought for use of the Transvene PCD System with other 

manufacturers  implantable cardioverter defibrillators  
nor is it sought for use of the PCD 

device with other manufacturers  transvenous defibrillation lead systems  

Two manufacturing facilities are to be used in the assembly  sterilization and packaging 

of the Transvene leads  These are  

1  Medtronic  Inc  

Rice Creek Facility 

7000 Central Avenue N E  

Minneapolis  MN 55432 

Tel  612 574 4000 
Establishment Registration Number  2182208 

Is presently prepared for inspection  

Most recent FDA inspection  January 21 February 8  1992  

2  Medtronic  B V  

Wenckebachstraat 10 

6466 NC Kerkrade West 

The Netherlands 
Tel  31 45 43 85 85 
Is presently prepared for inspection  

Most recent FDA inspection  January 6 9  1992  

The existence of this PMA application and the data and other information it contains are 

confidential  and the protection afforded to such confidential information by 18 USC 1905 

and other applicable laws is hereby ciaimed  

 7 
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Page 3 
March 31  1992 

In accordance with 21 CFR 814 42 a   the FDA has 45 days from the date of receipt to 

notify Medtronic if this application is sufficiently complete for a substantive review and 

acceptable for filing  

Six copies of this application are enclosed  Should additional information be required by 

the Agency  please contact the undersigned  

Sincerely  

MEDTRONIC  INC  

Jennifer M  Marrone 

Manager  Regulatory Affairs 

Cardiac Pacing Business 

 612  574 4688 

 612  574 6424 FAX 
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III  
M l 9 u c ane u PathLeds 

an 

Illustrations of these leads are provided on the pages following this 

drs cuss on  

The Medtronic Tachyarrhythmia Control System uses a tripolar  screw in  

right ventricular lead for  RV  pacing  sensing  cardioversion and 

defibrillation  a unipolar  coronary sinus superior vena cava lead  CSISVC   

and a unipolar  subcutaneous oval patch electrode  SQ   The available 

models of the system are as follows  

  Model 6963 CSISVC Lead 
  Model 6966 RV Lead 
  Model 6999 SQ Lead 

The Model 6963 and 6999 leads are intended to be used with the Model 

7217B PCD Device  The leads have a 6 5 mm connector intended for 

direct insertion into a 6 5 mm port of the 7217B PCD Device  

The Model 6963 lead is intended for use in the coronary sinus or superior 

vena cava  The lead features a platinum alloy electrode coil which provides 

the necessary surface area for cardioversion and defibrillation  Silicone 

insulation surrounds a low resistance metal alloy conductor coil  

The Model 6999 lead is intended for use subcutaneously  submuscularly  

or directly on the periosteum of the ribs  The lead features platinum alloy 

electrode coils and a low resistance metal alloy conductor surrounded by 

silicone insulation  Four helical coils are partially embedded into the 

silicone patch and --------- ---- ---- essary surface area for cardioversion and 

defibrillation  A ----------- ------  is molded into the patch and provides 

support for sutures  There are three nodes in the center and two nodes at 

the junction of the lead body and patch electrode of one side of the patch 

electrode  These nodes are intended to designate the insulated side of the 

patch electrode  

The following section describes the functional components  device 

properties  and principles of operation for the Model 6963 and 6999 leads  

(b)(4)
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a  Fun ti n om onents 

1  Platinum Allo Electrode 

EII Epgg 

The Model 6963 coronary sinus superior vena cava lead features a 

platinum alloy coil electrode that delivers cardioversion and 

defibrillation pulses to the heart  The Model 6963 lead uses silicone 

adhesive to help prevent tissue in growth and aid in chronic lead 

removal  

The conductive surface of the Model 6999 subcutaneous patch 

electrode consists of four platinum helical coils partially embedded 

in molded silicone rubber  These coils serve as the electrodes that 

deliver cardioversion and defibrillation pulses to the heart  Inside 

the helical coils is silicone rubber to help prevent tissue in growth 

and aid in chronic lead removal  

2  Low Resistance Metal Allo onductor 

This conductor coil consists of -------------- ---------- -------  alloy that 

provides a low resistance pathway for delivery of cardioversion and 

defibrillation pulses from the tachy----------- ia control device to the 

platinum alloy electrode coils  The ---------- was selected for use due 

to its proven long term reliability ------- used in implanted 

bradycardia lead systems  The use of -------------- coil provides the 

low resistance needed for the delivery of high v-------- --------- The 

coils used on the Model 6963 and 6999 are not -------- --------  

3  Insulation 

The Model 6963 and 6999 leads are comprised of silicone rubber 

insulation  This material has a long history  since 1962  of use on 

Medtronic p------- leads  Insulation wall thickness for both the 6963 

and 6999 is ------ --------- 

4  Anchorin leeve 

There is an anchoring sleeve positioned on the lead body of the 

Model 6963  It is intended to be used for fixation of the lead body 

to soft tissues near the site of insertion of the lead into the vein at the 

time of the implant  It is designed to protect the lead from undue 

strains and stresses at the point of fixation  

(b)(4)

(b)(4)

(b)(4)

(b)(4)

(b)(4)
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5  --- --- ------- Em 

----------- ------  is embedded into the Model 6999 subcutaneous patch 

and provides support when suturing the lead to the subcutaneous 

muscle  

6  

Stylets are ------  which stiffen the lead and or temporarily alter its 

shape during implant  This is accomplished through a controlled 

stiffness of the distal tip  allowing it to bend with the application of 

excessive force  Stylets are also designed to help minimize damage 

to the coil during insertion and removal  The Model 6963 uses a 

stylet  the Model 6999 does not  

7  onnector Assembl 

The Model 6963 ----- ------ leads feature a 6 5 mm terminal assembly 

consisting of a ---------- ------ connector pin and silicone rubber 

sleeve  The distal part of the sleeve provides a strain relief area  

(b)(4) (b)(4)

(b)(4)

(b)(4)

(b)(4)
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b  D vie Pr p rtie 

The Model 6963 and 6999 non thoracotomy leads are designed for 

sensing  pacing  cardioversion and defibrillation  These leads have 

application where implantable tachyarrhythmia control devices are 

indicated  Reference the technical manuals for the Model 6963 and 

6999 leads for specific device features  
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c  Prin i 1 s f ration 

The PCD Transvene System uses leads which do not require open  

chest surgery to implant  Multiple configurations involving either 

two or three different leads may be used to deliver cardioversion and 

defibrillation pulses  These configurations are comprised of a 

tripolar  right ventricular  RV  lead  Model 6966   and either a 

coronary sinus  CS  lead  Model 6963  or a subcutaneous  SQ  lead 

 Model 6999   or all three of these leads  The Model 6963 lead can 

be placed in either the coronary sinus great cardiac vein or the 

superior vena cava  SVC   

In these systems  the helical tip and ring of the RV lead is used for 

sensing  thus providing standard  bipolar sensing  The tip electrode 

is termed PACE SENSE and the ring electrode is termed SENSE 2  

Bradycardia pacing takes place between the tip  PACE SENSE  and 

the COMMON defibrillation electrode  

A system using two leads delivers cardioversion and defibrillation 

pulses between two coils  one on each lead   A system using three 

leads delivers cardiover sion and defibrillation pulses either 

simultaneously or sequentially from the anode electrodes  PULSE 1 

and PULSE 2  to the COMMON defibrillation electrode  

To detect VT VF  the PCD device monitors the cardiac cycle length 

for fulfillment of the programmed VT VF detection criteria  When 

the programmed criteria are fulfilled  the PCD device detects the VT 

or VF episode and delivers the first programmed therapy  If this 

therapy is ineffective and the VT VF is again detected  the next 

programmed therapy is delivered  This progression continues until 

the PCD confirms episode termination or delivers all programmed 

therapies  

The performance of the Models 6966  6963  and 6999 are evaluated 

at the following times  

1  At implant by the evaluation of the pacing and sensing 

thresholds and defibrillation efficacy when treating VT VF 

2  Chronically by evaluation of stability of chronic defibrillation 

efficacy in induced episodes of VT VF and successful 

termination of spontaneous episodes of VT VF  
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Manuf Ldgrin iJ3 ri i n  

Model 6999 Subcutaneous Lead 
Model 6963 Coronary Sinus Lead 

Medtronic European Service and Technology Center  ESTC   Kerkrade  The Netherlands 

The following Manufacturing Description has been prepared in conformance with the 
 Guidance for Preparation of PMA Manufacturing Information  made available by FDA 

August 21  1991  Copies of the device description and labeling from other parts of the 

PMA have been included in the first part of this volume  as indicated in the cover letter  

This section contains a complete description of the methods used in  and the facilities and 

controls used for  the manufacture  processing  packaging  storage and distribution of the 

Models 6999 and 6963 Nonthoracotomy  NTL  Leads  Process qualification testing and 

results are included in Section F 3  As requested  a summary describing how applicable 

GMP requirements are met has been provided for each area identified  Copies of actual 

procedures are provided when specifically requested by the Guidance  

The Models 6999 and 6963 Leads meet the definition of a critical device  implantable 

leads are currently on the Critical Device List  We have thus addressed specifically 

additional controls that are in place to meet the critical device requirements  
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