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Preface

Public Comment

Written comments and suggestions may be submitted at any time for Agency consideration to
the Division of Dockets Management, Food and Drug Administration, 5630 Fishers Lane,
Room 1061, (HFA-305), Rockville, MD, 20852. When submitting comments, please refer to
the exact title of this guidance document. Comments may not be acted upon by the Agency
until the document is next revised or updated.

Additional Copies

Additional copies are available from the Internet at:
http://www.fda.gov/cdrh/ode/quidance/560.html. Y ou may also send an e-mail request to
dsmica@fda.hhs.gov to receive an electronic copy of the guidance or send afax request to
240-276-3151 to receive a hard copy. Please use the document number (560) to identify the
guidance you are requesting.

Note: Where used in this guidance, defined terms are in bold letters.
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Guidancefor Industry and FDA Saff

| nformation for Manufacturers Seeking
M arketing Clearance of Diagnostic
Ultrasound Systems and Transducers

This guidance represents the Food and Drug Administration’'s (FDA's) current thinking
on thistopic. It does not create or confer any rightsfor or on any person and does not
operate to bind FDA or the public. You can use an alternative approach if the approach

satisfies the requirements of the applicable statutes and regulations. If you want to discuss
an alternative approach, contact the FDA staff responsible for implementing this
guidance. If you cannot identify the appropriate FDA staff, call the appropriate number
listed on the title page of this guidance.

| ntroduction

This guidance document provides detailed information recommended for manufacturers
seeking marketing clearance of diagnostic ultrasound systems and transducers. This
guidance replaces “ Information for Manufacturers Seeking Marketing Clearance of
Diagnostic Ultrasound Systems and Transducers,” dated September 30, 1997 (the 1997
guidance).

The 1997 guidance stated that any substantial equivalence decision should be followed by
submission of a510(k) Special Report prior to shipping the device. This new guidance
document no longer recommends the submission of a510(k) Specia Report if the
manufacturer maintains acoustic output measurements and labeling recordsin their Design
History File! (see Appendix A of this guidance document). Appendix A contains
suggestions for documenting thisinformation. Also refer to: CDRH Device Advice, Quality
System http://www.fda.gov/cdrh/devadvice/pmal/quality system.html and 21 CFR Part 820--
Quality System Regulation, Subpart C--Design Controls; Sec. 820.30(j) Design History File.

This guidance also adds appendices addressing non-OEM (original equipment manufacturer)
replacement transducers (Appendix B) and reprocessed “single-use only” transducers
(Appendix C) and revises recommended labeling for cleaning and disinfecting transducers
(Appendix D).

! Bolded words in the text are defined in Section 4 of the guidance.


http://www.fda.gov/cdrh/devadvice/pma/quality_system.html
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NOTE: This guidance refersto many voluntary standards and other guidances. An attempt
has been made to list the most current versions, but submitters should refer to the latest
version of guidances and voluntary standards (see individual standards documents and the
CDRH web page http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cf Standards/search.cfm
on recognized standards) when preparing their submissions. Contact the Radiol ogical
Devices Branch (RADB) if questions of applicability arise.

The Least Burdensome Approach

Theissuesidentified in this guidance document represent those that we believe should be
addressed before your device can be marketed. 1n developing the guidance, we carefully
considered the relevant statutory criteriafor Agency decision-making. We also considered
the burden that may be incurred in your attempt to follow the guidance and address the issues
we have identified. We believe that we have considered the least burdensome approach to
resolving the issues presented in the guidance document. If, however, you believe that there
is aless burdensome way to address the issues, you should follow the procedures outlined in
the “ A Suggested Approach to Resolving Least Burdensome Issues’ document. Itis
available on our Center web page at http://www.fda.gov/cdrh/modact/| eastburdensome.html.

FDA's guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the Agency's current thinking on atopic and
should be viewed only as recommendations unless specific regulatory or statutory
requirements are cited. The use of the word should in Agency guidances means that
something is suggested or recommended, but not required.


http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandards/search.cfm
http://www.fda.gov/cdrh/modact/leastburdensome.html
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General Information

Section 1. General Information

1.1 INTRODUCTION

This guidance supplements other FDA documents regarding the specific content requirements
of apremarket notification submission. Y ou should aso refer to 21 CFR 807.87; the
guidance, “Format for Traditional and Abbreviated 510(k)s,”
http://www.fda.gov/cdrh/ode/guidance/1567.html; and CDRH Device Advice, Premarket
Notification 510(k), http://www.fda.gov/cdrh/devadvice/314.html. We recommend that you
tab the major sections of your submission and that the numbering scheme of your submission
follow or refer to the Section numbersin this guidance. Section 6 in this guidance contains an
illustrative list for FDA reviewers diagnostic ultrasound 510(k) submissions..

Section 402(j)(5)(B) of the Public Health Service Act, as amended by Title VIII of the Food
and Drug Administration Amendments Act of 2007 (FDAAA), requires that certifications be
submitted with new applications/submissions to FDA. If you have questions on the
Certification Form or the new requirements for the clinical trials databank under the Food and
Drug Administration Amendments Act of 2007, Title V111, Section 801, please contact:
FDAAAclinicaltrials@fda.hhs.gov. Additiona information about Title VIII and alink to
Form 3674 may be found at: http://www.fda.gov/cdrh/news/121307.html.

The application of this document is limited to the devices described below.

Device 21 CFR section Product Code

Ultrasonic Pulsed Doppler Imaging System 892.1550 YN

Ultrasonic Pulsed Echo Imaging System 892.1560 YO
Diagnostic Ultrasound Transducer 892.1570 ITX

Endoscope and Accessories 876.1500 ODG
Diagnostic Intravascular Catheter 870.1200 OBJ
Fetal Doppler Ultrasound 884.2660 LXE
Fetal Doppler Ultrasound Monitor 884.2660 MAA
Echocardiograph 870.2330 DXK
Cardiovascular Blood Flowmeter 870.2100 DPW
Intravascular Ultrasound Catheter 870.1200 OBJ

NOTE: FDA regulates diagnostic phantoms, quality assurance (QA) test objects, and other
devices used to test diagnostic ultrasound systems and transducers as class |, Radiologic



http://www.fda.gov/cdrh/ode/guidance/1567.html
http://www.fda.gov/cdrh/devadvice/314.html
mailto:FDAAAclinicaltrials@fda.hhs.gov
http://www.fda.gov/cdrh/news/121307.html
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPCD/classification.cfm?ID=609
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Quality Assurance Instruments (21 CFR 892.1940). Such devices are exempt from the
requirement of 510(k) premarket notification, subject to the limitations of section 892.9.
Section 892.1940 also exempts radiological QA devices from good manufacturing practice
regulations (21 CFR Part 820) except for those related to records (21 CFR 820.180) and
complaint files (21 CFR 820.198).

In addition to submitting a premarket notification [510(k)] for a new ultrasound device,
manufacturers must also meet the following electronic product radiation control
requirements:

e 21 CFR 1020.10 (Performance Standard for lonizing Radiation Emitting Products -
Television Receivers) for ultrasound products incorporating a cathode-ray-tube

display;
e 21 CFR 1002.20 (Reporting of Accidental Radiation Occurrences);
e 21 CFR Part 1003 (Notification of Defects or Failure to Comply); and
o 21 CFR Part 1004 (Repurchase, Repairs, or Replacement of Electronic Products).

Diagnostic ultrasound manufacturers are not required to submit abbreviated radiation saf ety
reportsasindicated in Table 1 of 21 CFR 1002.1. This guidance does not change the policy
established by a notice to industry, dated February 24, 1986, exempting such products from
reporting so long as a 510(K) is submitted.

Y ou should refer to the CDRH guidance document titled “ Deciding When to Submit a 510(Kk)
for a Change to an Existing Device” (http://www.fda.gov/cdrh/ode/510kmod.pdf) for
guidance on when a change or modification to an already cleared device requires submission
of anew 510(k). Further information can be found in Appendix E.

This guidance retains the two-track approach of the 1997 guidance, in which FDA’s
recommendations for the information you should include in your 510(k) submission depend
on whether your device follows Track 1 or Track 3.2 The Track 1 recommendations are for
devices that do not conform the Output Display Standard. Track 3 recommendations are
for devices that conform to the Output Display Standard.

Please note: Instead of conforming to the Output Display Standard, Track 1 devices follow
FDA recommendations for application-specific acoustic output exposure levels (see Table 2-
1).

Although the term Output Display Standard is a generally recognized shortened name for
the Sandard for real-time display of thermal and mechanical acoustic output indices on
diagnostic ultrasound equipment (AIUM/NEMA 2004a), for the purposes of this guidance,
the term refers to one of two standards, AIUM/NEMA 2004a and Medical electrical
equipment - Part 2-37: Particular requirements for the safety of ultrasonic medical

2 For historical reasons, there is no Track 2.


http://www.fda.gov/cdrh/ode/510kmod.pdf
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diagnostic and monitoring equipment (IEC 2007). Both are FDA-recognized standards® and
conformance with either allows you to follow Track 3 for your device. If you chooseto
follow the Output Display Standard (Track 3), you should provide a declaration of
confor mity to the one of those standards (see FDA-3654 Standards Data Report form at
http://www.fda.gov/opacom/morechoices/fdaf orms/FDA-3654. pdf).

See also Appendix F for aflow chart to aid in determining which Track to follow, and what
the recommendations are for each Track with respect to acoustic output. In either case, you
should clearly identify the Track being followed for your submission.

1.1.1 Abbreviated 510(k)s

An Abbreviated 510(k) submission must include the required elements identified in 21 CFR
807.87, including the proposed labeling for the device sufficient to describe the device, its
intended use, and the directions for itsuse. In an Abbreviated 510(k), we recommend that
you include a descriptive summary report of appropriate supporting data within the meaning
of 21 CFR 807.87(f) or (g). The report should describe how this guidance document was
used during the device development and testing and should briefly describe the methods or
tests used and a summary of the test data or description of the acceptance criteria applied to
address the risks identified in this document, as well as any additional risks specific to your
device. This section suggests information to fulfill some of the requirements of section
807.87 and identifies other items that we recommend you include in an Abbreviated 510(k).

Cover sheet

The coversheet should prominently identify the submission as an Abbreviated 510(k) and
cite the title of this guidance document.

Proposed labeling

Proposed labeling must be sufficient to describe the device, its intended use, and the
directionsfor its use (21 CFR 807.87(e)). (Please refer to Section 1.8 for specific
information that should be included in the labeling for devices of the type covered by this
guidance document.)

Summary report®
In accordance with 21 CFR 807.87, your summary report should contain:

8 (see “ Recognition and Use of Consensus Standards’ at (http://www.fda.gov/cdrh/osel/guidance/321.pdf)

* An abbreviated 510(k) summary report is intended to explain how a device-specific guidance document was
used during development and testing of your device. Thisis not the 510(k) summary described in 21 CFR
807.92, which may be submitted to satisfy 21 CFR 807.87(h). For additional information on abbreviated
510(k) summary reports, see section 9 of Format for Traditional and Abbreviated 510(k)s at
http://www.fda.gov/cdrh/ode/guidance/1567.html.



http://www.fda.gov/opacom/morechoices/fdaforms/FDA-3654.pdf
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Description of the device and itsintended use

We recommend that you describe the performance specifications and, when
appropriate, include detailed, labeled drawings of the device. (Please refer to Section
1.4 for specific information that we recommend you include in the device description
for devices of the type covered by this guidance document.) Y ou should also submit
an “indications for use” enclosure. (See Appendix G for an example of a
recommended format.)

Description of device design requirements

Y ou must include a brief description of the device design requirements. (21 CFR
807.87(g).

I dentification of therisk analysis method

We recommend that you identify the risk analysis method(s) you used to assess the
risk profile, in general, as well as the specific device' s design and the results of this
analysis. (Please refer to Section 1.2 for the risks to health generally associated with
the use of this device that FDA hasidentified.)

Discussion of the device characteristics

We recommend that you discuss the device characteristics that address the risks
identified in this guidance document, as well as any additional risksidentified in your
risk analysis.

Description of the performance aspects

We recommend that you include a brief description of the test method(s) you have
used or intend to use to address each performance aspect identified in Sections 1-3 of
thisclass Il specia controls guidance document. If you follow a suggested test
method, you may cite the method rather than describing it. 1f you modify a suggested
test method, you may cite the method but should provide sufficient information to
explain the nature of and reason for the modification. For each test, you may either
(2) briefly present the data resulting from the test in clear and concise form, such asa
table, or (2) describe the acceptance criteria that you will apply to your test results®.
(See aso 21 CFR 820.30, Subpart C - Design Controls for the Quality System
Regulation.)

2 |f FDA makes a substantial equivalence determination based on acceptance criteria, the subject device should
be tested and shown to meet these acceptance criteria before being introduced into interstate commerce. |If the
finished device does not meet the acceptance criteria and, thus, differs from the device described in the cleared
510(k), FDA recommends that submitters apply the same criteria used to assess modifications to legally
marketed devices (21 CFR 807.81(8)(3)) to determine whether marketing of the finished device reguires
clearance of a new 510(k).
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Reliance on standards

If any part of the device design or testing relies on arecognized standard, we
recommend that you include either:

« astatement that testing will be conducted and meet specified acceptance
criteria before the device is marketed or

« adeclaration of conformity to the standard.®

Because adeclar ation of conformity is based on results from testing, you cannot
properly submit a declaration of confor mity until you have completed the testing the
standard describes. For more information, please refer to section 514(c)(1)(B) of
Federal Food, Drug, and Cosmetics Act (the Act) and the FDA guidance, Use of
Standards in Substantial Equivalence Determinations,
http://www.fda.gov/cdrh/ode/quidance/1131.html.

If it is not clear how you have addressed the risks identified by FDA or additional risks
identified through your risk analysis, we may request additional information about aspects of
the device' s performance characteristics. We may also request additional information if we
need it to assess the adequacy of your acceptance criteria. Under 21 CFR 807.87(l), we may
request any additional information that is necessary to reach a determination regarding
substantial equivalence. Also, if you choose to use a standard in the submission of any new
510(k) (Traditional, Abbreviated or Special [see
http://www.fda.gov/cdrh/ode/parad510.pdf]), you should fill out a standards form (Form
3654) for each standard referenced and submit it with your 510(k). Information on thisform
may be found at http://www.fda.gov/opacom/morechoices/fdaforms/FDA-3654.pdf .

As an aternative to submitting an Abbreviated 510(k), you can submit a Traditional 510(K)
that provides all of the information and data required under 21 CFR 807.87 and described in
thisguidance. A Traditional 510(k) should include all of your methods, data, acceptance
criteria, and conclusions. Manufacturers considering certain modifications to their own
cleared devices should consider submitting a Special 510(k).

1.2 RISK ASSESSMENT

Diagnostic ultrasound has an excellent safety record over its several decades of use.
However, exposure of tissuesto intense levels of ultrasound, well above those levels found
with diagnostic ultrasound devices, can have significant destructive effects. Therefore,
determinations of substantial equivalence in terms of safety for diagnostic devices are made
in part by comparing the appropriate acoustic output levels of new devices to those of
predicate devices; i.e., devices on the market prior to May 28, 1976, the date of the Medical
Device Amendments to the Federal Food, Drug, and Cosmetic Act. These Preamendments
acoustic output exposure levels are given in Table 2-1 of thisguidance. Thelevelsare

® See http://www.fda.gov/opacom/morechoices/fdaforms/FDA-3654.pdf



http://www.fda.gov/cdrh/ode/guidance/1131.html
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derated to permit a more accurate comparison between transducers having different
frequencies and focal lengths.’

Furthermore, because |aboratory studies have shown the potential for both thermal and
mechanical bioeffects at diagnostic acoustic output levels, and because of the particular
concern for fetal exposures (Stratmeyer 2003), prudent use has been advocated by national
and international bodies concerned with medical ultrasound use and safety (AIUM 1994,
Barnett et a. 2000, BMUS/BIR 2000, Health Canada 2001, Nyborg, 2002, NCRP 2002).
Two mechanisms have been advanced to help clinical users employ this concept: providing
the maximum levels of acoustic output in the device labeling (AIUM 2008) and
incorporating an acoustic output display on the device (AIUM 1994, |IEC 2007,
AIUM/NEMA 2004a). This guidance recognizes both of these mechanisms. For devices
that follow the Track 1 recommendations (Section 2), acoustic output information should be
included in the Operator’ s Manual. A tabular format such as shown in Examples 2-2 and 2-3
may be useful for this purpose. For devicesthat follow the Track 3 recommendations
(Section 3), the system should incorporate the output display according to AIUM/NEMA
2004a or |EC 2007, and the labeling should include acoustic output information. A tabular
format such as shown in Example 3-4 may be useful for this purpose. Although the
completed examples need not accompany the 510(k) submission, Section 1.6.1 suggests the
basic elements of the acoustic output test methodology that should be described in the
submission.

1.3 INDICATIONSFOR USE

We recommend that you use this section to provide the indications for use (IFU) statement,
which is adocument used to identify and describe the specific indications for use for the
system(s) and transducers included in the 510(k) submission.

Y our IFU statement should be exactly the same as the indications for use described
throughout your 510(k) submission, including the indications for use in the device labeling.
Diagnostic ultrasound devices are generally indicated as “ prescription use only.”

We recommend that your |FU statement contain the clinical applications (see “Guidance for
Industry: General/Specific Intended Use,” (http://www.fda.gov/cdrh/modact/genspec.pdf))
and modes of operation applicable to each application for the system and for each transducer.
We believe that atabular format is desirable for presenting thisinformation. An exampleis
provided in Appendix G.

General imaging and Doppler IFUs for ultrasound devices have usually been cleared through
the 510(k) process. However, individual devices may not follow this pattern. For example,

" For further information on regulatory acoustic output comparisons, see O’ Brien et al. 2002, Harris 2000, and
Stratmeyer 1989.


http://www.fda.gov/cdrh/modact/genspec.pdf
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devices with unique specific indications or that provide novel quantitative information may
be found to have a new intended use or raise new types of questions of safety and
effectiveness. These devices may requireaPMA.

1.4 GENERAL DEVICE DESCRIPTION

1.4.1 You should provide agenera description of the subject device, including (but not
limited to) model designation, design, patient contact materials, and control panel and
system operation. The following items should be addressed for system operation (as
applicable):

1411

1412

1413

1414

Y ou should describe the transducer and its operation in each mode and mode
combination, including, but not limited to:

a. the transducer model designation and type (e.g., mechanical sector,
rectangular phased array, curved linear array, annular phased array); and

b. size and spacing of element(s), geometrical configuration, total number of
elementsin the array and array dimensions as well as the maximum number of
active elements for asingle pulse, if applicable, and the nominal ultrasonic
frequency(ies) of the transducer assembly.

Y ou should describe the operating controls that can cause a change in the
radiated field, e.g., output, pulse repetition frequency, transmit focal length,
sector angle, image rate, pulse duration, depth, and sample volume. For a Track
1 device, describe the operating controls and procedures necessary to change to
an application or mode that has a higher application-specific acoustic output
level (see Table 2-1).

Y ou should describe any unique features or technological characteristics of the
subject device.

Y ou should specify which track is followed in the 510(k) submission. Systems
may use transducers that are of different tracks, but a single transducer should be
either Track 1 or Track 3 for all applications with a specific model. In some
cases, however, exceptions may be considered (e.g., Transcranial Doppler
(TCD)).

1.5 PREDICATE DEVICE COMPARISON

1.5.1 You should identify comparable predicate device(s) to which the subject deviceis
being claimed to be substantially equivalent. Identify, if possible, the 510(k)
numbers for the predicate device(s).

1.5.2 You should compare the subject device to the predicate device(s) in terms of key
safety and effectiveness features. We recommend you also discuss the differences
and provide supporting data, if applicable. In addition, you should provide the
following (tabular format is desirable):
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e indication(s) for use;

e genera device description (design, patient contact materials, operational
characteristics, specifications);

e acoustic output and device settings used;

e genera safety and effectiveness; and

e |abeling and/or promotional materials (draft documents are acceptable).

1.5.3 You should identify any accessories or kits intended for use with the device. For
accessories or kits, you should provide evidence of the predicate status of the
designated comparison device(s); i.e., Preamendments status (see CDRH Device
Advice, Preamendments Devices,
(http://www.fda.gov/cdrh/devadvice/314.html#preamend)) or 510(k) number(s).

1.6 Acoustic OuTpPUT

Defined in Sections 2 and 3 are the "Tracks" a manufacturer of diagnostic ultrasound
equipment may follow to demonstrate the substantial equivalence of its ultrasound system
with respect to acoustic output. See Appendix F for adecision flow chart. In all cases, the
derated global maximum acoustic output should not exceed Preamendments acoustic
output exposure levels (see Table 2-1); i.e., derated Ispra <720 mW/cm?, and either M1 <1.9
or derated |sppa <190 W/cm?. Note the exception for ophthalmic use in Section 3. Also
note that the global maximum der ated value is the global maximum value after derating
and not the der ated value corresponding to the global maximum value measured in water.

In al submissions, the manufacturer should indicate that the acoustic output exposure levels
will be or were measured, calculated, and derated following the most recently released
revision of the Acoustic Output Measurement Sandard for Diagnostic Ultrasound
Equipment (AIUM/NEMA 2004b) or the measurement procedure should be fully described.
Any deviation from the methodol ogies outlined in the AIUM/NEMA standard document
should be fully described in terms of the differing methodology used and be supported with
validating data.

In determining the global maximum acoustic output, manufacturers are not expected to
include hydrophone measurement uncertainties when reporting intensity or M| values,
because measurement uncertainties were not included in the acoustic output exposure levels
in Table 2-1. To further clarify this procedure, the uncertainty of the acoustic output
exposure levelsin Table 2-1 is estimated to be +30% for intensity and +15% for MI, so a
firm does not have to account for its measurement uncertainty as long as that uncertainty
does not exceed 30% (or 15%). If the measurement uncertainty does exceed 30% (or 15%),
then the Preamendments acoustic output exposure levelsin Table 2-1 should be reduced
accordingly by the amount over 30% (or 15%).

10
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For example, if the global maximum hydrophone-determined | spra 3 was 600 mW/cm?, and
the hydrophone measurement uncertainty for intensity was +25%, then the value 600
mW/cm? (and not 600 x 1.25 = 750 mW/cm?) would be compared to 720 mW/cm?,

However, if the hydrophone uncertainty was +35%, then 600 m\W/cm? would be compared to
720 x (1.30/1.35) = 693 mW/cm?.

Manufacturers must comply with 21 CFR 820.30(j) Design History File. Your Design
History File must contain or reference the records necessary to demonstrate that the design
was developed in accordance with the approved design plan and the requirements of 21 CFR
Part 820. Accordingly, include documentation of the acoustic output measurement of your
transducers including measurement instrumentation, calibration, software, test results, and
test protocols.

1.6.1 Test Methodology

Y ou should provide in the 510(k), either 1) a separate section containing a description of the
acoustic output test methodology or 2) areference to apreviously cleared 510(k) submission
or approved PMA application that contains an acceptabl e description of the acoustic output
test methodology (you should include 510(k) or PMA number, along with the attachment
number and/or page numbers). If you refer to a510(k) or PMA, any updates to the test
methodology that could affect the comparison with the predicate device should be
specifically noted and included in the submission.

The test methodology section should contain the components discussed below.

1.6.1.1 You should include descriptions of measurement instrumentation (e.g.,
hydrophone type, effective diameter, frequency response, hydrophone amplifier
characteristics). If you use any commercia devices, you should include
manufacturers names and model numbers.

NOTE: With reference to Section 3.3.2 of AIUM/NEMA 2004b, it is
recommended that all measurements of pulsed (i.e., amplitude modul ated)
waveforms that result in reported or labeled acoustic quantities or in output
display indices be made with a spot-poled membrane hydrophone. This
recommendation applies unless it can be demonstrated that a non-membrane
(e.g., needle-type) hydrophone gives aresult equivalent to (or better than) a
membrane hydrophone, whether due to the nature of the pulse or field being
measured, special hydrophone designs, or the use of correction factors or
procedures. Furthermore, the combined +£3 dB frequency response of all
components used to condition, amplify, or record the hydrophone wavefor m (but
typically excluding the hydrophone itself) should be documented down to at least
f/20. Any deviation from this practice (e.g., due to mechanical interferences)
should be described fully in this test methodology section. Non-membrane
hydrophones are acceptable for continuous wave measurements and uses not
directly affecting reporting or labeling, such asin quality control measurements.
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Y ou should provide a description of the measurement set-up.

Y ou should include descriptions of the measurement and cal culation procedures,
including consistency checks and protocol for assuring that global maximum
output conditions are identified, especialy in autoscanning and combined-mode
situations. This description should include an example calculation of the Ispra 3
in both a non-autoscanning and autoscanning mode, including awaveform
record for the non-autoscanning case.

NOTE: For Doppler fetal heart rate monitors (see Sections 2.1.2 and 2.2.5), the
example calculation should include I sata instead of lspra 3.

Y ou should describe your procedures for assuring that when either hardware or
software changes are made, the effects of these changes on the acoustic output
are assessed, and, if necessary, are then measured, documented, and incorporated
into the labeling and, if applicable, output display.

Y ou should describe any procedures used to correct for spatial averaging by the
hydrophone, if applicable. See e.g., Zeqiri, et a. 1992.

Y ou should describe the calibration procedures for measurement instruments,
including how often calibrations or spot checks are performed.

Y ou should describe the procedures used for assessment of Type A (random) and
Type B (systematic) uncertainties associated with measurement or calculation of
the ultrasonic power, pressure, intensities, and center frequency. In addition,
you should include a brief description of all relevant error sources considered
and an explanation of how the overall uncertainty was determined. See
Appendix H, item 2.

Y ou should describe the protocol for assuring that the specifications for acoustic
output exposure levels will not exceed the global maximum acoustic output
exposure levels specified in Sections 2 (Track 1) or Section 3 (Track 3). If the
test protocol described in 1.6.1.3 is not used on all devices, you should describe
the correlation between acoustic output and sensitivity or other measurable
parameter(s). If 100% testing will not be performed, you should describe the
statistical sampling plan used to ensure that the specifications for acoustic output
exposure levels are meaningful. We recommend that this plan comprise the
one-sided tolerance limit for normal distributions. See Appendix A, Section B5.
This plan can be described ssmply by providing the values of vy (or, equivalently,
1-a) and P. Pleasejustify valueslessthan y= 0.9 and P=0.9.

Note: Statistical analyses of measurement or performance data are requested in
several sections of the guidance. See Appendix H for asummary.
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1.7 GENERAL CLINICAL SAFETY AND EFFECTIVENESS

1.7.1 Clinical Measurement Accuracy and System Sensitivity

1711

1712

1.7.13

Y ou should identify and describe the various clinical (biometric) measurements
that may be performed with the subject device.

For each transducer/mode combination, you should provide the accuracy of any
measurement (e.g., distance, volume, heart rate, Doppler frequency shift,
velocity, indices, etc.) that can be made in that mode and the range over which
this accuracy can be expected to be maintained. Y ou should describe and justify
the test methodology (e.g., laboratory phantom) used to determine each

accuracy. With regard to Doppler accuracy, you should provide a plot for each
transducer of measured versus actual velocity with error barsfor at least ten
velocity values over the range of velocity values specified in the labeling. Please
note that electronic phantom data should not be used because it generally does
not include the transducer as part of the test system.

For each probe/mode combination in which quantitative claims regarding
Doppler sensitivity are made in the product labeling, you should provide a
minimum performance specification of the Doppler sensitivity in the Design
History File. The justification for the methodology and an analysis of
uncertainty should also be included in the Design History File. The results of
the design validation, including identification of the design methods, the date,
and the individuals performing the validation, must be documented in the Design
History File (21 CFR 820.30(g), (j))-

1.7.2 Thermal, Mechanical, and Electrical Safety

1721

1722

Please provide either adeclaration of conformity to an FDA-recognized
standard or data showing that your system has been tested to be thermally,
electrically, and mechanically safe. Y ou may include descriptions, safety
precautions, testing, and data to support the electrical and mechanical safety of
your device and identify the FDA recognized standards to which the system
conforms.

Y ou should describe the means used to limit the surface heating of invasive
probesin the event of adevice malfunction. Please state and scientifically
justify your temperature limits.

1.7.3 Patient-Contacting Materials

1731

1732

Please provide the trade name, generic material composition (e.g., polyethylene,
polycarbonate), and manufacturer of all patient-contacting materials or provide
the Master File number that contains the material description.

Y ou should provide biocompatibility testing results for tests conducted as
described in 1SO 10993-1:2003, “Biological Evaluation of Medical Devices —
Part 1: Evaluation and Testing,” and the guidance entitled "Use of International
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Standard I SO-10993, "Biological Evaluation of Medical Devices Part-1:
Evaluation and Testing,” (http://www.fda.gov/cdrh/g951.html) for any patient
contact materials. For materias, probes, components and accessories that have
been previously cleared for the same or more critical tissue contact,
biocompatibility data need not be provided if you indicate that the patient contact
materials are unchanged in formulation and processing from a previously cleared
device.

1.7.4 Cleaning, Disinfection, Sterilization, and Pyrogenicity

1741

1742

1.7.4.3

If the transducer is supplied non-sterile or is intended to be reused between
patients, you should provide clearly written recommended procedures on how to
clean, disinfect, and sterilize the transducer between uses if necessary. These
recommended procedures should be validated by you and a summary of your
validation procedures provided in the submission. The level of disinfection or
sterilization should be appropriate for the intended clinical use. Y ou should
determine which types of disinfectants are compatible with your products. Y ou
may recommend the use of an FDA-cleared liquid sterilant/high level
disinfectant for the high level disinfection of transducers used as semi-critical
devices (see “ Content and Format of Premarket Notification [510(k)]
Submissions for Liquid Chemical Sterilants/High Level Disinfectants,”
(http://www.fda.gov/cdrh/ode/397.html). For sterilization, which should be used
for transducers in contact with the bloodstream or normally sterile tissues, you
should recommend the use of an appropriate sterilization process, which you
should validate for use with your transducers. See Appendix D for more
information.

For device components or accessories provided sterile to the user, FDA
recommends that you provide sterilization information in your 510(k) as
described in the “Updated 510(k) Sterility Review Guidance K90-1,”
(http://www.fda.gov/cdrh/ode/guidance/361.html). We recommend the device
be sterilized with a sterility assurance level (SAL) of 1 x 10°.

If the deviceislabeled pyrogen-free, you should provide a description of the
method (standard method) used to assess pyrogenicity. FDA recommends the
following endotoxin endpoint: 0.5 EU/mlI for general medical devices (e.g.
blood contacting) and 0.06 EU/ml for devices that contact cerebrospinal fluid.
These endpoints assume an extraction methodol ogy described in “Guideline on
Validation of the Limulus Amebocyte Lysate (LAL) Test as an End-Product
Endotoxin Test,” (http://www.fda.gov/cder/guidance/old005f n.pdf).

1.75 Software/Firmware

Applications that contain software that governs the operation of diagnostic ultrasound
eguipment have usually been submitted with minor level of concern as described in
“Guidance for the Content of Premarket Submissions for Software Contained in
Medical Devices’ (the Software guidance)
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(http://www.fda.gov/cdrh/ode/guidance/337.pdf). The rationale for thislevel of
concern was that the potential for injury possible to a patient in the event of
software/firmware failure, both directly (i.e., inappropriate delivery of electrical,
thermal, or acoustic energy) and indirectly (i.e., inappropriate physician action based
on inaccurate diagnostic information), is not likely to be major or life threatening.
Thisis an outdated interpretation. The Software guidance places software “where a
failure or latent flaw could indirectly result in minor injury to the patient or operator
through incorrect or delayed information or through the action of a care provider”
into the moderate risk category.

We recommend that you provide afull description of the software/firmware
supporting the operation of the subject device following the Software guidance,
commensurate with the appropriate level of concern. This recommendation applies to
original systems aswell as to any software/firmware changes made to
aready-marketed devices. New or unusual indications, applications, or technological
characteristics may result in ahigher level of concern. Changes to software must be
revalidated and reverified in accordance with Design Controls, 21 CFR 820.30(g)(i),
and documented in the Design History File 21 CFR 820.30(j). FDA recognizes that
many of these ultrasound systems have a variety of software modules controlling
many different functions and that the level of concern for a particular module may
vary. With appropriate justification, a manufacturer may provide different levels of
documentation for different modules.

We recommend that your 510(k) submission also provide a summary description of
new or atered algorithms and an explanation of why they are suitable for the chosen
task.

LABELING

Labeling must provide sufficient detail to satisfy the requirements of 21 CFR 807.87(e). The
following information will assist you in meeting the requirements of 21 CFR Part 801.
Although final labeling is not required for 510(K) clearance, final labeling must comply with
the requirements of 21 CFR Part 801 before amedical device isintroduced into interstate
commerce. In addition, final labeling for prescription medical devices must comply with 21
CFR 801.109. Labeling recommendations in this guidance are consistent with the
requirements of Part 801.

1.8.1 You should provide draft operator's manuals and any labeling materials that describe

the system and associated transducers (maintenance manuals are not necessary).
Labeling for al prescription diagnostic ultrasound equipment must comply with 21
CFR 801.109. Manufacturers are encouraged to consult CDRH Device Advice,
Labeling Requirements (http://www.fda.gov/cdrh/devadvice/33.html) for labeling
advice. In general, labeling contains:

a. adescription of the device indications for use,
b. contraindications,
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warnings,

precautions,

adverse effects,

instructions for use,

summaries of clinical studies, and

Q@ o a

references.

Provide clearly stated indications for use, contraindications, warnings,
precautions, and a prescription device statement where appropriate. This
includes (but is not limited to):

a. aprecaution to perform the ultrasound procedure prudently using the
principle of ALARA (AsLow AsReasonably Achievable);

b. for Track 1 systems, a caution when applicable (see also Table 2-1 and
Section 2.2.4) that the device is not intended for fetal use (either in the
operator's manual, individual transducer manuals, or on equipment
labeling);

c. adescription of the warnings, displays, or other system responses of the
deviceto fault conditions;

d. acaution that cardiac rhythm disturbances during perfusion studies using
gas ultrasound contrast agents have been observed in the diagnostic range
of Mechanical Index (M) values. See the specific package insert for the
contrast agent being used for details; and

e. appropriate data supporting specific diagnostic claims.

Provide clinical instructions for the use of the device in either the system or
transducer operator's manual. Indications for use must be specified for
prescription devices (21 CFR 801.109(c)).

Y ou should identify the device's compatible device accessories, kits, and
components in the operator's manual (s). Y ou should also provide the
specifications for these accessories. When use of probe sheaths is recommended,
the probe labeling should discuss the natural rubber safety issues described in 21
CFR 801.437, User Labeling for Devices that Contain Natural Rubber.

Y ou should provide the accuracy of each clinical measurement possible with the
device and the range over which this accuracy can be expected to be maintained.

NOTE: The accuracy range given for Doppler applications should not exceed the
range measured under 1.7.1.2.

Y ou should provide draft acoustic output labeling in the operator's manual,
following Section 2.2 (Track 1) or Section 3.2 (Track 3).

16



Contains Nonbinding Recommendations

General Information

1.8.1.6 You should provide instructions for care of the device between uses, including
storage, cleaning, disinfection, and sterilization of al components, as

appropriate.

a For clinical applications of a semi-critical or critical® nature (e.g.,
intraoperative, transrectal, transvaginal, transesophageal, or biopsy
procedures), labeling should recommend, when appropriate, the use of
sterile, legally marketed probe sheaths. Note that the use of sheaths
does not change the type of reprocessing that is recommended after
each use (see Appendix D, special situation 2).

b. When recommending a procedure that uses alegally marketed liquid
disinfecting or sterilizing agent, either your labeling should reference
the labeling provided by the agent’ s manufacturer or your instructions
should be consistent with the agent’ s labeling.

c. For areusable device, when recommending any procedure, such as
cleaning, low level disinfection, high level disinfection, or
sterilization, you should provide detailed instructions to the user. You
should validate these procedures. Please see “Labeling Reusable
Medical Devices for Reprocessing in Health Care Facilities: FDA
Reviewer Guidance” (http://www.fda.gov/cdrh/ode/198.pdf), which
describes the information you should provide in your 510(k)
submission.

1.8.1.7 Additional labeling may be necessary to address safety and effectiveness
concerns, depending upon the clinical application(s) of the transducer; e.g.,
transcranial, transesophageal, intraoperative, transvaginal, ophthalmic, or
vascular diagnostic systems.

Neurological intraoperative probes (i.e., probes that make contact with the dura
or any intracranial tissues) should have the following additional labeling:

a. arecommendation to use sterile, pyrogen-free sheaths; and

b. acaution, warning the user of a potential problem in using the probe on
patients with known or suspected Creutzfeldt-Jakob disease (CJD). The
probe sheath cannot be relied upon to prevent contamination of the probe.
A transducer exposed to central nervous system tissue from known or
suspected CJD or vCJID should be destroyed since it may not be possible
to sterilizeit. (See
http://www.cdc.gov/ncidod/ga cjd_infection control.htm).

8 The terms “critical device” and “semi-critical device” generally refer to devices that during use contact
normally sterile tissue or body spaces (critical), and those that during use contact mucous membranes or
non-intact skin (semi-critical).
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1.8.1.8 Referencesto literature should be included when appropriate.

1.9 CARDIOVASCULAR APPLICATIONS

Ultrasound systems intended for specific cardiovascular applications include intravascular
ultrasound (IVUS) catheters, associated software, and imaging systems. For cardiovascular
applications, these devices are reviewed by the Cardiac Electrophysiology and Monitoring
Branch (CEMB) in the Division of Cardiovascular Devices (DCD), Office of Device
Evaluation, CDRH. For specific questions related to devices that feature cardiovascular
applications, please contact the CEMB Branch Chief at (240) 276-4095.

This section is not intended to provide a comprehensive discussion of the requirements of
ultrasound systems for cardiovascular applications, but to provide some basic
recommendations to aid a sponsor in the preparation of a’510(k) application for a
cardiovascular application.

Indications for Use

Your submission should describe the specific indications for use for which the deviceis
intended (e.g., visualization of cardiac and vessel anatomy and physiology).

Device Description

For IVUS catheters, the submission should contain afull characterization of the device
description, including:

e dimensions (catheter size, length);
e materials of use;
e devicedesign;

e mechanical properties (e.g., deflectability); and
e mechanism of action, including properties of use.

Regarding any software, the submission should provide afull description of the algorithm
(or methodology) employed by the software in its generation of any diagnostic or visual
information. The submission should also include evidence that demonstrates the
accuracy of the algorithms employed and that supports the instructions for use.

Performance Testing

For 1VUS catheters, the submission should contain appropriate mechanical and electrical
testing including the following:

e tensilestrength;
e torsional strength;
e deflection; and
e buckling force.
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Section 2. Track 1 Recommendations

Track 1 recommendations are for diagnostic ultrasound systems that do not follow the
Output Display Standard or are not indicated for any fetal Doppler applications (except for
fetal heart rate monitors, Section 2.1.2). Track 1 submissions are evaluated in relation to
application-specific Preamendments acoustic output exposure levels. Table 2-1 liststhe
highest known acoustic field emissions for Preamendments diagnostic ultrasound devices.
Thevalues are derated. Systems that exceed these application-specific acoustic output
exposure levels are evaluated on a case-by-case basis.

Table 2-1: Preamendments Acoustic Output Exposure Levels

Use | spras(MW/cm?) | sppa.a(W/cm?) or M|
Peripheral Vessd 720 190 19
Cardiac 430 190 1.9
Fetal Imaging & Other* 9 190 19
Ophthalmic 17 28 0.23

* Abdominal, Intraoperative, Pediatric, Small Organ (breast, thyroid, testes, etc.),
Neonatal Cephalic, Adult Cephalic

Iseras = Derated Spatial-Peak Temporal-Aver age | ntensity
Ispras = Derated Spatial-Peak Pulse-Average I ntensity
MI = Mechanical Index

NOTE: for purposes of acoustic output exposure levels.
a. transesophageal and intravascular for non-cardiac use, and muscul o-skeletal
applications should be included in the category, Fetal Imaging & Other;

b. cardiac useincludes transthoracic adult and pediatric uses as well as intravascular
and transesophageal adult and pediatric uses for visualization of the heart and
coronary vessels,

c. peripheral vesseal use includes vessels of the neck; and
d. cephalic and transcranial are synonymous.

2.1 TrRACK 1-Acousrtic OUTPUT

Track 1 is based on application-specific comparisons to Preamendments acoustic output
exposure levels given in Table 2-1. Measurements or estimates of acoustic output for each
transducer should be made at the highest output setting available for use.

NOTE: For each transducer, the system should operate in such away that a conscious and
deliberate action is required to change to an application or mode that has a higher
application-specific acoustic output exposure level. Otherwise, output measurements should
be made for the application having the highest application-specific acoustic output exposure
levels. (See Section 1.4.1.2.)
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Y our submission should include the information described bel ow.

For each system/transducer combination, we recommend you specify for each
mode/application combination (as stated in the Indications for Use), the target range
of values for the I spra 3 and for the M1 or Isppa 3 Under the operating conditions that
maximize these quantities. A tabular format is desirable; see the example given in
Example 2-1.

NOTE: The upper bound should not be greater than the appropriate application
specific value listed in Table 2-1. When system/transducer or mode/application
combinations have the same design target range for a given output quantity, a
single range can be listed for those combinations.

A description of how the specification(s) in 2.1.1.awill be met.

The engineering basis for the range of values specified in 2.1.1.a (e.g., preliminary or
prototype measurements, theoretical calculations, estimates based on measurements
of previously cleared transducers, or acoustic output exposure levels).

NOTE: If you specify upper bounds that the device will not exceed in place of the
target range of values recommended in 2.1.1.a, you should explain how you
addressed the recommendationsin 2.1.1.band 2.1.1.c.

For continuous-wave fetal heart rate (FHR) monitors with low-power unfocused CW
Doppler transducers, there is a single acoustic output exposure level for the spatial-
average temporal-average intensity (Isata) at the transducer face of 20 mW/cm?. This
intensity may be estimated by dividing the ultrasonic power by the area
corresponding to the entrance beam dimensions. A simple conservative approach
for pulsed Doppler FHR monitorsis to use 20 mW/cm? as a guide for the maximum
gpatial-average pulse-average intensity at the transducer face. For such transducers,
two estimates should be made:

a. duty factor (DF) = pulse duration x pulse repetition frequency

b.

213

Isata @ Transducer Face = Ultrasonic Power/Area Corresponding to entrance
beam dimensions

If the lsata @ Transducer Face/DF is less than 20 mW/cm?, then the transducer's
acoustic output is below Preamendments exposure levels for the type of ultrasound
transducer, i.e., 20 mW/cm?. If thisvalueis higher than 20 mW/cm?, you may
consult with the Radiological Devices Branch about the appropriate measurements
that you should make.

Track 1 submissions for devices whose overall acoustic output exceeds application
specific limits should be supported by laboratory and clinical data demonstrating
safety and the need for higher output. In these submissions, you should describe what
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user interactive features are provided to enhance user awareness of acoustic output
(e.g., on screen display, power up default settings, or manual override).

For example, for any transducer intended for transcranial (cephalic) applicationsin
which the I spra 3 exceeds 94 mW/cm?, you should provide an estimate of maximum
temperature rise (TR) attributable to the use of that transducer for each operating
mode. Y ou should describe the model used to determine the estimation. This model
should account for heating of skull bone. An acceptable model for making these
estimates can be found in Section 6 of AIUM/NEMA 20043, or in IEC 2005. When
the I spra 3 exceeds 94 mW/cm? for this application, we recommend special labeling in
the form of on-screen precautions about scanning through the eye, burr-holes,
fontanels, or foramen magnum.

2.2 TRACK 1-AcousTic OUTPUT LABELING IN THE OPERATOR’S M ANUAL

221

222

223

224

2.25

In the operator’ s manual, you should provide global maximum acoustic output
values for each possible system/transducer/mode/application combination. A tabular
format is desirable for thisinformation. An example of thisformat is provided in
Section 2.3 and also in the AIUM labeling standard (AIUM 2008). The proposed
labeling in your 510(k) should contain the acoustic output quantities you plan to
include but not necessarily the values of these quantities, and also a description of
any symbols used. In addition, the labeling should include the corresponding

oper ating conditions, and the measurement uncertainties for acoustic quantities
(power, pressure, intensities, center frequency). The global maximum values of
MI and spatial-peak intensities in the Track 1 acoustic output labeling should be
statistical maximum values. See Appendix A, Section B5.

Y ou should provide an explanation of how derated acoustic output exposure
guantities were derived from exposure quantities measured in water.

Y ou should provide an explanation of the interactive system features that affect
acoustic output (see Section 1.4.1.2). Y ou should also provide instructions on how to
use these features to follow the AL ARA principle. For transducers that exceed
application specific acoustic output exposure levelsin Table 2-1 or for transducers for
which more than one application-specific acoustic output exposure level applies, you
should describe what user-interactive features are provided to enhance user awareness
of acoustic output. For example these features could include an on-screen display,
power-up default settings, manual override, or warnings.

When abdominal Doppler isindicated, you should clearly state that this indication
does not include fetal Doppler.

For unfocused fetal heart rate monitors, (see Section 2.1.2) you should provide the
following information instead of that recommended in Sections 2.2.1 and 2.2.2: Isata
at the transducer face, entrance beam dimensions, center frequency, pulse duration
and pulse repetition frequency (if pulsed), and measurement uncertainties for Isata,
ultrasonic power, and center frequency. Thereported Isata at the transducer face

21



Contains Nonbinding Recommendations

Track 1 Recommendations

should be the statistical maximum of the global maximum value. See Appendix A,
Section B5.
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Example 2-1
TRACK 1 SUMMARY (ref. 2.1.1)
System: Transducer:
Mode of Operation
Clinical Global Maximum B M PWD CWD Color Combined | Other*
Application | Output Level (est.) Doppler (Specify) | (Specify)
max ISPTA.3
Ophthalmic | min lspras
max Ml (OI' |SppA.3)
min M1 (or Isppa 3)
max ISPTA.3
Fetal min lspras
Imaging '
& Other max M| (or |sppA_3)
min M1 (or lsppa 3)
max_lspras
Cardiac min lspras
max M| (or |sppA_3)
min M1 (or Isepa.3)
maX |spras
Peripheral | min lspras
Vessd max MI (or Isppa 3)
min M1 (or lsppa 3)

* Examples of other modes of operation include: A-mode, Amplitude Doppler, 3-D Imaging, Harmonic Imaging, Tissue Motion
Doppler, and Color Velocity Imaging
N.B. Theinformation should be provided separately for each system and transducer.
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2.3 TRACK 1—-ExAMPLE AcousTic OUTPUT FORMATS

For each mode/application combination identified in Section 2.1.1.a, we recommend that you
provide the acoustic output (MI, Ispra 3, Isppa.3) @nd associated acoustic parameters and
operating control conditions. A tabular format is desirable; see Examples 2-2 and 2-3 for
non-autoscanning and autoscanning modes, respectively. If the acoustic output of an
“other” mode is the same (within the manufacturer’ s stated measurement uncertainty) as that
of adesignated standard mode, then one acoustic output description can apply for both
modes. However, the acoustic output description should be identified as applying to both
modes.

All entries in Example 2-2 and Example 2-3 should be obtained at the same oper ating
conditionsthat give rise to the global maximum derated intensity or MI value in the
second row. These operating conditions should be specified. Measurement uncertainties
for acoustic quantities (power, pressure, intensities, center frequency) should be provided.

Symbols used in the two examples are described below.

lseras the derated spatial-peak temporal-aver age intensity (milliwatts per square
centimeter).

lseeas the derated spatial-peak pulse-aver age intensity (watts per square centimeter). The
value of Ipa 3 at the position of global maximum M1 (Ipa 3@MI) may be reported
instead of lsppa 3 if the global maximum MI is reported.

Ml the M echanical Index. The value of M1 at the position of Isppa 3, (M@l sppa.3) May
be reported instead of MI (global maximum value) if lsppa 3 is< 190W/cm?.

prs  thederated peak rarefactional pressure (megapascals) associated with the transmit
pattern giving rise to the value reported under M.

W, theultrasonic power (milliwatts). For the operating condition giving riseto lspra 3,
W, isthe total time-average power; for the operating condition subject to reporting
under Isppa 3, W, is the ultrasonic power associated with the transmit pattern giving
rise to the value reported under I sppa 3.

fe the center frequency (MHz). For MI and lIsppa 3, fc iSthe center frequency
associated with the transmit pattern giving rise to the global maximum value of the
respective parameter. For Ispra 3, for combined modes involving beam types of
unequal center frequency, f. is defined as the overall range of center frequencies of
the respective transmit patterns.

Zsp the axial distance at which the reported parameter is measured (centimeters).

X6, Y-6 arerespectively the in-plane (azimuthal) and out-of-plane (elevational) -6 dB
dimensionsin the x-y plane where zg, is found (centimeters).

PD  thepulseduration (microseconds) associated with the transmit pattern giving rise to
the reported value of the respective parameter.
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PRF the pulserepetition frequency (Hz) associated with the transmit pattern giving rise
to the reported value of the respective parameter.

EBD the entrance beam dimensions for the azimuthal and elevationa planes

(centimeters).
EDS theentrance dimensions of the scan for the azimuthal and elevational planes
(centimeters).
Example 2-2
Acoustic Output Format for Track 1
Non-Autoscanning M ode
System: Operating Mode:
Transducer Model: Application(s):
Acoustic MI lspTa3 I'sppa.3
Output

(mWicm?) | (W/em?d)

Global Maximum Value

pr.3 (M Pa)
W, (mW)
Associated |[f. (MH2)
Acoustic  |Zg (cm)
Parameter |[Beam dimensions X6
(cm)
Y-6
(cm)
PD (Msex)
PRF (H2)
EBD Az.
(cm)
Ele.
(cm)
Operating |Control 1
Control Control 2
Conditions |Control 3
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Example 2-3
Acoustic Output Format for Track 1
Autoscanning M ode

System: Operating Mode:
Transducer Mode!: Application(s):
Acoustic Output MI Ispta3 | spPa.3
(mW/cm?) (W/cm?)
Global Maximum Value
Pr3 (M Pa)
Wo (mW)
Associated |[f. (MH2)
Acoustic  |Zg (cm)
Parameter |Beam dimensions X6
(cm)
Y-6
(cm)
PD (usec)
PRF (H2)
EDS Az
(cm)
Ele.
(cm)
Operating |Control 1
Control Control 2
Conditions |Control 3
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Section 3. Track 3 Recommendations

If you follow the Output Display Standard (AIUM/NEMA 2004a or |[EC 2007), FDA
considers your device a Track 3 device. Systems that include fetal Doppler applications,
except for fetal heart rate monitors, should follow Track 3. Under Track 3, acoustic output
will not be evaluated on an application-specific basis, but the global maximum der ated
lsera should be < 720 mW/cm?, and either the global maximum M1 should be < 1.9 or the
global maximum derated Isppa should be < 190 W/cm?®. An exception is for ophthalmic
use, in which case, the TI = Max(T1S_as, TIC) should be <1; Ispra 3 < 50 mW/cm? and MI <
0.23. FDA considers a device with fixed acoustic output to be Track 1, unless Section 3.1.5

applies.

3.1 TrRAcCK 3-AcousTic OUTPUT

The Track 3 approach applies to systems that follow the Output Display Standard. This
approach eliminates the application-specific comparison of acoustic output to
Preamendments exposure levels.

3.1.1 Your submission should include the information described bel ow.

a. For each system/transducer combination, we recommend you specify for each
mode (as stated in the Indications for Use), the target range of values for the
| spra.3, @and the M1 or Isppa 3, and an estimated range of TI’s under the operating
conditions that maximize these quantities. A tabular format is desirable; see the
example given in Example 3-1.

NOTE: Where system/transducer or transducer/mode combinations have the
same design target range for a given output quantity, only a single range can be
listed for those combinations.

b. A description of how the specification(s) in 3.1.1.awill be met.

c. Theengineering basis for the range of values specifiedin 3.1.1.a(e.g.,
preliminary or prototype measurements, theoretical calculations, estimates based
on measurements of previously cleared transducers, or acoustic output exposure
levels).

NOTE: If you specify upper bounds that the device will not exceed in place of the
target range of values recommended in 3.1.1.a, you should explain how you
addressed the recommendationsin 3.1.1.b and 3.1.1.c.

3.1.2 You should indicate:

a. that measurements of acoustic output display indices - the Thermal Index (TI)
and the M echanical Index (MI) - will be made following Section 6 of
AIUM/NEMA 20043, or |EC 2005; and
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b. that information supplied in the 510(k) will be for global maximum TI and Ml
values.

Y ou should specify the default setting acoustic output exposure levels (e.g., asa
percentage of the maximum levels) and the rationale for selecting these default values.
See Section 5 of AIUM/NEMA 2004a or Clause 201.12.4.3 of |EC 2007.

NOTE: A default setting that uses the maximum acoustic output for implementing
ALARA isnot considered good practice. Thereason isthat the user must then take
action to make the device operate at a potentially safer output, rather than having to
take an action to make the situation potentially less safe if the default had been set at a
lower output.

Y ou should explain the reason for any Thermal 1ndex that exceeds a value of 6.0.

If no system/transducer combination is capable of exceeding either a Tl of 1.0 or an
M1 of 1.0 in any operating mode, you should submit the global maximum values of
the lspras, Tl (TIS, TIB, or TIC), MI, and lpa 3 @ MIma, (See Section 3.2.4). You
should also include the details of the calculationsin the Design History File.

3.2 TRACK 3-AcousTic OUTPUT LABELING IN THE OPERATOR’'SM ANUAL

321

322

323

324

In the operator’ s manual, you should provide global maximum acoustic output
values for each possible system/transducer/mode combination. A tabular format is
desirable for thisinformation. Examples of thisformat are provided in Section 3.3,
and also in the AIUM labeling standard (AIUM 2008). The labeling in your 510(k)
should contain the acoustic output quantities you plan to include, but not necessarily
the values of these quantities. The labeling should also include a description of any
symbols used. In addition, the labeling should include the corresponding oper ating
conditions, and the measurement uncertainties for acoustic quantities (power,
pressure, intensities, center frequency).

Y ou should provide an explanation of the real-time display features and controls of
the system, including default settings (see Section 4.2 of AIUM/NEMA 2004a or
Clause 201.7 of IEC 2007). Y ou should provide instructions on how to use these
features and controlsto follow the ALARA principle.

NOTE: If theintended uses include neonatal cephalic, then the provisions of the
Output Display Standard are interpreted to mean that all three thermal indices (TIS,
TIB, TIC) should be available to be called up by the user, although all three indices
do not have to be displayed simultaneously. In thisregard, please see page 39 in the
AIUM publication, “Medical Ultrasound Safety” (AIUM 1994).

Y ou should provide the display accuracy (see Section 4.2.1 of AIUM/NEMA 2004a
or Clause 201.7.2.101 of IEC 2007).

If no system/transducer combination in a Track 3 device is capable of exceeding
either aTl of 1.0 or an M1 of 1.0 in any operating mode, you should provide the
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mean of the global maximum values (when taken over a number of units), for each
transducer, of lspras, T (TIS, TIB, or TIC), MI, and Ipasz @ Mlma. See Example 3-
2. You should explain the meaning of and describe the uncertainties associated with
these values.

Example 3-1
Track 3 Output Range Summary For mat

(see3.1.1.9)
System:
Transducer:

Mode of Operation

Global Maximum B M PWD CWD Color Combined | Other*
Output Levels (est.) Doppler | (Specify) | (Specify

maX |spra 3

min | SPTA.3

max M1 (or
| sppa.3)

min M1 (or
| sppa.3)

max TIS

min TIS

max TIB

minTIB

max TIC

min TIC

* Examples of other modes of operation may include: A-mode, Amplitude Doppler, 3-D
Imaging, Harmonic Imaging, Tissue Motion Doppler, and Color Velocity Imaging
N.B. Theinformation should be provided separately for each system and transducer.
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Example 3-2

TRACK 3SUMMARY

(for systemswith no probes having global maximum index values
exceeding 1.0)
(see3.1.5and 3.2.4)

System:

Transducer
Model

IspTA3

Tl Type

Tl Vaue

Ml

[pa 3@M | max

Model A
Model B
Model C
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3.3 TRACK 3- EXAMPLE AcousTtic OUTPUT FORMATS
Example 3-3 shows an example of atabular format for presenting the transducer/mode

combinations for which the global maximum displayed M1 or Tl is greater than 1.0.

Track 3 Transducer/M ode Combination Summary Format

Example 3-3

System:

Mode of Operation
Transducer B M PWD CWD Color Combined | Other*
Model Doppler | (Specify) | (Specify)

* Examples may include: A-mode, Amplitude Doppler, 3-D Imaging, Harmonic Imaging,

Tissue Motion Doppler, Color Velocity Imaging

In Example 3-3, the following mode definitions and conventions apply:

M Mode:

PW Dop./CW Dop.:

Color Flow:

Combined modes;

May include simultaneous B mode.

In duplex modes, report largest displayed T1S (scanned or
non-scanned) if > 1.0.

May include simultaneous Color Flow M-mode, B-mode and M
mode. In combined modes, report largest displayed TIS (scanned
or non-scanned) if > 1.0.

Need only be reported as a separate mode if the largest

formulation of TIS, TIB or TIC (if there is an applicable intended
use; e.g., transcranial or neonatal cephalic) is greater than the

corresponding value reported for all constituent modes.
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If the acoustic output of an “other” mode is the same (within the manufacturer’ s stated
measurement uncertainty) as that of adesignated standard mode, then one acoustic output
description can apply for both modes. However, the acoustic output description should be
identified as applying to both modes.

For each of these transducer/mode combinations identified in Example 3-3, we recommend
that you provide acoustic output information. This should include global maximum index
values, associated acoustic and transducer parameters, and relevant operating control
conditions. A tabular format is desirable; see the example given in Example 3-4.

All values that you report should be obtained at the same oper ating conditions that give rise
to the global maximum Displayed Index Value. These oper ating conditions should be
specified. Measurement uncertainties for acoustic quantities (power, pressure, intensities,
center frequency) should be provided.

Symbols used in Example 3-4 are described below.
Ml the M echanical Index.
T1Sxan the Soft Tissue Thermal Index in an auto-scanning mode.

T1Snon-scan the Soft Tissue Thermal Index in anon-autoscanning mode.

TIB the Bone Thermal Index.

TIC the Cranial Thermal Index.

Azprt the area of the active aperture (square centimeters).

Pr3 the derated peak rarefactional pressure associated with the transmit pattern

giving rise to the value reported under M1 (megapascals).

W, the ultrasonic power, except for Tl Scan, in Which caseit isthe ultrasonic
power passing through a one centimeter window (milliwatts).

W 3(z1) the derated ultrasonic power at axial distance z; (milliwatts).

I1a3(z2) the derated spatial-peak temporal-averageintensity at axial distance z;
(milliwatts per square centimeter).

Z the axial distance corresponding to the location of max[min(W3(2), Ita3(2) X
1 cm?)], where 2>z, (centimeters).

Znp 1.69,/A,, (centimeters).

Zsp the axial distance at which TIB isaglobal maximum (i.e., zsg, = Zg 3)
(centimeters).

Z@Pll smax  the axial distance corresponding to the maximum of the derated spatial-peak
pulseintensity integral (megapascals).

32



deq(2)

fe

Dl m. Of Aaprt
PD

PRF

Pr@Pl max

Jeq@P! | max

FL

I PA.3@M I max

Contains Nonbinding Recommendations

Track 3 Recommendations

the equivalent beam diameter as afunction of axial distance z. Itisequal to
[(4/7)(Wo/I7a(2))]%° where I1a(2) is the tempor al-aver age intensity asa
function of z (centimeters).

the center frequency (MHz). For M, f;isthe center frequency associated
with the transmit pattern giving rise to the global maximum reported value of
MI. For TI, for combined modes involving transmit patterns of unequal
center frequency, f. is defined as the overall range of center frequencies of
the respective transmit patterns.

the active aperture dimensions for the azimuthal (x) and elevational (y) planes
(centimeters).

the pulse duration (microseconds) associated with the transmit pattern giving
rise to the reported value of M.

the pulse repetition frequency associated with the transmit pattern giving
rise to the reported value of M1 (Hz).

the peak rarefactional pressure at the point where the free-field,
gpatial-peak pulseintensity integral isamaximum (megapascals). See
Section 6.2.4.1 of the Output Display Standard, entitled "M easurement
Methodology for Mechanical and Thermal Indices'.

the equivalent beam diameter at the point where the free-field, spatial-peak
pulse intensity integral isamaximum (centimeters). See Section 6.2.5.1 of
the Output Display Standard, entitled "M easurement Methodology for
Mechanica and Thermal Indices".

the focal length, or azimuthal (x) and elevational (y) lengths, if different
(centimeters).

the derated pulse-aver age intensity at the point of global maximum
reported M| (watts per square centimeter).

NOTE: Some of the symbols used in IEC 2007 are different from those above, which are
taken from AIUM/NEMA 2004a, AIUM/NEMA 2004b, and AIUM 2008. These differences
are tabulated in AIUM 2008. In such cases either symbol is acceptable, but all symbols
should be defined in the labeling.
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Example 3-4. Track 3 - Acoustic Output Format
Acoustic Output Tablefor Track 3

exceeds 1.0.)

Transducer M oddl:

Operating Mode:

TIS TIB | TIC
Index Label MI scan non- scan non-
AgpriSl | Agpr>l | scan
Global Maximum Index Vaue
Pr3 (MPa)
Wo (mW)
min of[ W 3(z,), (mW)
ITa.3(21)]
Z: (cm)
ASSOC Znp (cm)
Acoustic  |zgp (cm)
Parameter (z@PII 3max (cm)
Jeq(Zsp) (cm)
fe (MH2)
Dim of Az X (cm)
Y (cm)
PD (Msex)
PRF (Hz2)
Pr@Pl  max (MPa)
Other Uoq@P 1 (cm)
Informatio |Focal FLx (cm)
n
Length FLy (cm)
Ipa.3 @M yax (W/cm?)
Operating |Control 1
Control Control 2
Conditions [Control 3

NOTE 1 Data need not be included for more than one of the three situations related to TIS.
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NOTE 2 Information need not be provided regarding TIC for any transducer assembly not
intended for transcrania or neonatal cephalic uses.

NOTE 3 Data need not be included for TIS, TIB or TIC if your device meets Section 4.1.2.1
of AIUM/NEMA 2004a or Clause 201.12.4.2a of |EC 2007.

NOTE 4 Datarelated to MI need not be included if your device meets Section 4.1.2.4 of
AIUM/NEMA 2004a or Clause 201.12.4.2b of IEC 2007.

NOTE 5 Example Track 3 Acoustic Output Tables for B-mode, Pulsed Doppler mode, and
combined Color Flow/M-mode can be found in AIUM 2008.

3.4 TRACK 3- EDUCATION PROGRAM FOR THE CLINICAL END-USER
3.4.1 ALARA Education Program

Y ou should provide an AL ARA education program for the clinical end-user that coversthe
subjects listed below. ALARA isan acronym for the principle of prudent use of diagnostic
ultrasound by obtaining the diagnostic information at an output that is AsLow As
Reasonably Achievable. Thiseducation program should include explanations of:

a. thebasic interaction between ultrasound and matter,
b. the possible biological effects,
c. thederivation and meaning of the indices,

d. arecommendation to use and the need to follow the ALARA principlein al studies,
and

e. clinical examples of specific applications of the ALARA principle.

Y ou may wish to provide a document published by the AIUM, "Medical Ultrasound Safety"
(ATUM 1994), to meet the generic content of the educational program. Y ou should aso
provide information specific to your device regarding ALARA.

3.4.2 Recommended information for Educational Material for Track 3 Devices.

3.4.2.1 Bioeffects and Biophysics of Ultrasound Interactions.
Y ou should provide the following:

o brief description of ultrasound, diagnostic frequencies, acoustic output exposure
levels;

e brief description of the change in policy that requires user education;
e short history of ultrasound use and safety record;

e potential hazards at high output levels;

e biologica effect mechanisms--thermal, mechanical;
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e exposure-effect studies (range of outputs);

e risk versus benefit;

e present state of output levels--higher than historical levels, and
e indicesasindicators of thermal and mechanical effects.

3.4.2.2 Therma Mechanisms.

Y ou should provide the following:
e description of thermal bioeffects--temperature rise;
e tissuetype (soft, bone, fluid) and relative absorption;
e transducer type (frequency, focusing) and relationship to exposure;
e attenuation, absorption, and scattering mechanisms in different tissue types; and
e gpatial volume of insonified tissue (at focus, or elsewhere), including:
homogeneity of tissue in insonified volume (effects of layering);
soft tissue;
o bonetissue (fetal, skull, other); and
o fluids, gas.

O

3.4.2.3 Nonthermal Mechanisms.

Y ou should provide the following:
e description of mechanical effects--cavitation and role of bubbles;
e factorsthat produce cavitation, including:
o pressure (compressional, rarefactional);
frequency;
beam focusing;
pul sed/continuous,
standing waves,
boundaries; and
o typeof material and ambient conditions.

0O O O O

e typesof cavitation, including:
o stableand inertial cavitation;
o microstreaming; and
o nucleation sites.
¢ threshold phenomenafor different types of tissues; and
e bioeffects data on animals (lung hemorrhage, intestinal hemorrhage).

3.4.2.4 Benefits of Ultrasound vs. Risk.
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Y ou should provide the following:

benefits of use;

risk of use;

risk of not using ultrasound;

increase in risk as acoustic output increases;

increase in diagnostic information as acoustic output increases,
increase in responsibility for user at higher acoustic output exposure levels; and
the ALARA principle, including:

controlling energy;

controlling exposure time;

controlling scanning technique;

controlling system setup;

effects of system capabilities;

effects of operating mode (learn to distinguish); and
effects of transducer capabilities.

0O 0O 0O O O O

3.4.2.5 The Output Display Indices.
Y ou should provide the following:

purpose, e.g., display exposure indices;
Mechanical Index (M1);

Thermal Index (Tl):

soft tissue Thermal Index (TIS);

bone Thermal Index (TIB);

cranial bone Thermal Index (TIC); and

thresholds for display of indices (e.g., whether the system can exceed Tl
or Ml of 1.0).

system display levels (e.g., minimum TI displayed, minimum M| displayed,
display increments); and

explanation of the meaning of the Tl and MI, including:
o threshold bioeffect levels vary depending on tissue type and
o bioeffect levels vary depending on frequency and pressure

O

O

O

3.4.2.6 Practicing the ALARA Principle.
Y ou should address the following:

how to implement ALARA by using the Tl and MI indices,
effects of system controls on acoustic output:
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o Overall gain and TGC versus increasing output and
o Dynamic range and post-processing versus increasing output.
relationship of system applications to output;
o selection of appropriate range for task
effect of transducer parameters on output:
o freguency;
o focusing;
o pulselength; and
o dwell time (scanned versus unscanned).
effect of system operating modes on output:
o B mode;
o Doppler (spectral, color flow, amplitude Doppler); and
o M mode.
means of controlling exposure time;

whether the device uses the lowest possible output to obtain diagnostic
information; and

examples of clinical applications.
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Section 4. Definitions and Formulae

This section provides precise definitions for the pertinent technical terms used in this
document. Unless explicitly noted in this section, the definitions provided are in concurrence
with equivalent definitionsin AIUM/NEMA 2004a, AIUM/NEMA 2004b. Where used in
this guidance, the terms defined below arein bold letters.

4.1 GENERAL DEFINITIONS
acoustic pressure: The value of the total pressure minus the ambient pressure.

Symbol: p
Unit: Pascal, Pa

ALARA: Aslow asreasonably achievable.

autoscan (autoscanning): The electronic or mechanical steering of successive ultrasonic
pulses or series of pulses, through at least two dimensions.

bandwidth: The difference between the most widely separated frequencies f; and f, at
which the transmitted acoustic pressur e spectrum is 71 percent (-3 dB) of its maximum
value.

Symbol: BW
Unit: Hertz, Hz

beam axis: A straight line joining the points of maximum pulse intensity integral measured
at severa different distancesin the far field. Calculated according to regression rules, this
line extends back to the transducer assembly surface.

beam cross-sectional area: The area on the surface of a plane perpendicular to the beam
axis consisting of all points where the pulse intensity integral is greater than 25 percent of
the maximum pulse intensity integral in that plane. For situations in which the relative
acoustic pressur e waveform does not change significantly across the beam cross-sectional
ar ea, the beam cross-sectional area may be approximated by measuring the area on the
surface of a plane perpendicular to the beam axis consisting of all points where the acoustic
pressureis greater than 50 percent of the maximum acoustic pressurein the plane.

Symbol: A
Unit; centimeter squared, cm?

bounded-squar e output power: Power emitted in the non-autoscanning mode from the

contiguous one square centimeter of the active area of the transducer through which the
highest ultrasonic power istransmitted.
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meot Woix1
Unit: milliwatt, mW

center frequency: Defined as
fo= (fl + fz)/z
where
f, and f, are frequencies defined in bandwidth.

Symbol: f;
Unit: Hertz, Hz

conventional: (as used with the muscul o-skeletal application) Structures located at a depth
greater than 1.5 cm.

declaration of conformity: adocument that declares that a product isin conformance with
the provisions of arecognized standard (See FDA-3654 Standards Data Report form at
http://www.fda.gov/opacom/morechoices/fdaf orms/FDA-3654. pdf).

derating (derating factor, derated): A factor applied to acoustic output parameters
intended to account for ultrasonic attenuation of tissue between the source and a particul ar
location in the tissue. Asreferred to in this document, the average ultrasonic attenuation is
assumed to be a 0.3 dB/cm-MHz along the beam axisin the body. Derated parameters are
denoted with a subscript “ 3”.

Symbol: a
Unit: decibel per centimeter - megahertz, dB cm*MHZz*

Design History File: Documentation established and maintained by the manufacturer for each
type of medical device. The Design History File shall contain or reference the records
necessary to demonstrate that the design was developed in accordance with the approved
design plan and the requirements of 21 CFR Part 820 - Quality System Regulation. See CDRH
Device Advice, Quality System (http://www.fda.gov/cdrh/devadvice/pma/quality system.html)
and 21 CFR 820.30(j) Design History File.

designated standard mode: Consists of the following specific operating modes: A-mode,
B-mode, M-mode, PW Doppler, CW Doppler and Color Doppler.

duty factor: The product of the pulse duration and the pulse repetition frequency for a
pulsed waveform.

entrance beam dimensions. The dimensions of the —12 dB beam width where the beam
enters the patient. For contact transducers, these dimensions can be taken as the dimensions
of the radiating element if so stated.

Symbol: EBD
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Unit: centimeter, cm

entrance dimensions of the scan: For autoscan systems, the dimensions of the area of the
surface through which the scanned ultrasound beams enter the patient, consisting of all points
located within the -12 dB beam width of any beam passing through that surface during the
scan.

Symbol: EDS
Unit: centimeter, cm

envelope: A smooth curve tangent to and connecting the peaks of successive cycles of a
wavefor m.

far field: That region of the field in which the acoustic energy flow proceeds essentially as
though coming from a point source located in the vicinity of the transducer assembly. (For
an unfocused transducer assembly, the far field is commonly at a distance greater than
S/zA where Sistheradiating cross-sectional area and A is the acoustic wavelength in the
medium.)

focal surface: The surface which contains the smallest of all beam cross-sectional ar eas of
afocusing transducer assembly.

Symbol: (none)
Unit; centimeter squared, cm?

global maximum: The greatest value of a quantity evaluated over al times, over al
locations, and over all operating conditions for any given operating mode.

intensity: The ultrasonic power transmitted in the direction of acoustic wave propagation,
per unit area normal to this direction, at the point considered. For measurement purposes,
this point is restricted to points where it is reasonabl e to assume that the acoustic pressure
and particle velocity arein phase, viz., in thefar field or the area near the focal surface.

intensity, instantaneous. The instantaneous ultrasonic power transmitted in the
direction of acoustic wave propagation, per unit area normal to this direction, at the point
considered. It isgivenin thefar field by:

= p2/pc

where

p is the instantaneous acoustic pressure;
p isthe density of the medium;

c isthe speed of sound in the medium.
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Symbol: i
Unit: Watt per square-centimeter, W cm

intensity, pulse-average: Theratio of the pulseintensity integral (energy fluence per
pulse) to the pulse duration.

SymbO': Ipa
Unit: Watt per square-centimeter, W cm™

intensity, spatial-aver age tempor al-average: For autoscanning systems, the
tempor al- aver age intensity averaged over the scan cross-sectional area on asurface
specified (may be approximated as the ratio of ultrasonic power to the scan cross-
sectional area or asthe mean value of that ratio if it is not the same for each scan); for
non-autoscanning systems, the tempor al-aver age intensity averaged over the beam
cross-sectional area (may be approximated as the ratio of ultrasonic power to the beam
cross-sectional area).

SymbO': lsata
Unit: milliwatt per square-centimeter, mwW cm

intensity, spatial-peak pulse-average: The value of the pulse-aver age intensity at the
point in the acoustic field where the pulse-aver age intensity isamaximum or is alocal
maximum within a specified region.

Symbol: lsppa
Unit: Watt per square-centimeter, W cm’

intensity, spatial-peak temporal-average: The value of the tempor al-aver age
intensity at the point in the acoustic field where the tempor al-aver age intensity isa
maximum, or isalocal maximum within a specified region.

Symbol: lspra
Unit: milliwatt per square-centimeter, mwW cm

intensity, tempor al-average: The time average of intensity at a point in space. For
non-autoscan systems, the average is taken over one or more pulse repetition periods.
For autoscan systems, theintensity is averaged over one or more scan repetition peri-
ods for a specified operating mode. For autoscan modes, the average includes
contributions from adjacent lines that overlap the point of measurement. For combined
modes the average includes overlapping lines, from all constituent discr ete operating
mode signals.

Symbol: I+a
Unit: milliwatt per square-centimeter, mw cm'
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intensity, temporal peak: The peak value of the intensity at the point considered.

SymbO': Itp
Unit: Watt per square-centimeter, W cm™

invasive probe: An ultrasound probe that is intended to contact tissue other than intact skin
or the surface of the eye. These include transvaginal, transesophageal, transrectal,
transurethral, intravascular and intraoperative probes.

mechanical index: The spatial-peak value of the peak rar efactional pressure, derated by
0.3 dB/cm-MHz at each point along the beam axis, divided by the square root of the center
frequency, that is:

MI = p,o(z)/(.72)

where

pr3 (Zsp) iSthe peak rarefactional pressurein megapascals derated by 0.3 dB/cm-
MHz to the point on the beam axis, zs, Where the pulse intensity integral (Pl 3) is
maximum; and

f. isthe center frequency in megahertz.

Symbol: Ml
Unit: Unitless

mode: One of the following system operations: A-mode, M-mode, static B-mode, real-time
B-mode, CW Doppler, pulse Doppler, static flow mapping, real-time flow mapping, or any
other single display format for presenting clinical information.

non-autoscan (non-autoscanning): The emission of ultrasonic pulsesin asingle direction,
where scanning in more than one direction would necessitate moving the transducer
manually.

operating condition: Any one combination of the possible particular output control
settings for amode.

output control settings: The settings of the controls affecting the acoustic output of an
ultrasound instrument. Such controls may include, but are not limited to, the power output
control, the focal zone control, and the imaging range control.

Output Display Standard: The*“Standard for real-time display of thermal and mechanical
acoustic output indices on diagnostic ultrasound equipment. Revision 1,” AIUM/NEMA
Standards Publication (AIUM/NEMA 2004a) or IEC 60601-2-37 “Medical electrical
equipment - Part 2-37: Particular requirements for the safety of ultrasonic medical diagnostic
and monitoring equipment,” (IEC 2007).
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peak rarefactional pressure; peak negative pressure: Maximum of the modulus of the
negative instantaneous acoustic pressur e in an acoustic field during an acoustic repetition
period.

Symbol: p; or p.
Unit: megapascal, MPa

power (ultrasonic power): A quantity describing the rate at which acoustic energy travels
per unit time in the direction of propagation. Unless stated otherwise, all references to power
measurements in this guidance will be to temporal-average values.

Symbol: W,
Units: Watts, W

pressure: See acoustic pressure.
pulse-average intensity: Seeintensity.

Symbol: Ipa
Unit: Watt per square-centimeter, W cm

pulseduration: 1.25timestheinterval between the time when the time integral of intensity
in an acoustic pulse at a point reaches 10 percent and when it reaches 90 percent of the pulse
intensity integral.

Symbol: PD
Unit: second, s

pulseintensity integral: Thetimeintegral of instantaneous intensity, for any specific
point and pulse, integrated over the time in which the envelope of acoustic pressure or
hydrophone signal for the specific pulseis nonzero. It is equal to the energy fluence per
pulse. For atransducer assembly operating in a non-autoscanning mode, it is equal to the
product of tempor al-aver age intensity and pulse repetition period.

Symbol: PII
Unit; Joule per centimeter-squared, J cm™

pulserepetition frequency: For a pulsed waveform, the number of pulses generated per
second.

Symbol: PRF
Unit: Hertz, Hz

radiating cross-sectional area: The area of the surface at and parallel to the face of the
active transducer element(s) and consisting of all points where the acoustic pressureis
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greater than —12 dB of the maximum acoustic pressurein that surface. The area of the active
element(s) of the transducer assembly may be taken as an approximation for the radiating
cross-sectional area.

Symbol: S
Unit; centimeter squared, cm?

scan cross-sectional area: For auto-scanning systems, the area, on the surface considered,
consisting of all points|located within the beam cross-sectional area of any beam passing
through the surface during the scan.

Symbol: (none)
Unit; centimeter squared, cm?

gpatial-aver age tempor al-aver age intensity: Seeintensity.

Symbol: Isata
Unit: milliwatt per square-centimeter, mwW cm

spatial-peak pulse-averageintensity: Seeintensity.

&/mbol: | sppa
Unit: Watt per square-centimeter, W cm’®

gpatial-peak temporal-aver age intensity: Seeintensity.

Symbol: lspra
Unit: milliwatt per square-centimeter, mwW cm

superficial: (as used with the musculo-skeletal application) Structures located at a depth of
1.5cmor less.

tempor al-averageintensity: Seeintensity.
Symbol: I+a
Unit: milliwatt per square-centimeter, mwW cm'

temporal-peak intensity: Seeintensity.

Symbol: ltp
Unit: Watt per square-centimeter, W cm

thermal index: A quantity related to calculated or estimated temperature rise under certain
defined assumptions. The thermal index istheratio of total acoustic power to the acoustic
power required to raise tissue temperature by 1°C under defined assumptions. Inthe
calculation of al thermal indicesin the Output Display Standard, the average ultrasonic

45



Contains Nonbinding Recommendations

Definitions and Formulae

attenuation is assumed to be 0.3 dB/cm-MHz along the beam axis in the body. (See Tables
2-1, 2-2, 2-3, and 2-4 in the Output Display Standard for thermal index categories and
formulae.)

Symbol: TI
Unit: Unitless

TIS as. The soft-tissue thermal index at surface for non-autoscanning mode;

TI S as= Wolxl fc
- 210

where
Woix1 1S the bounded-squar e output power in milliwatts;
fc isthe center frequency in megahertz.

Symbol: TIS as
Unit: Unitless

transducer assembly: The transducer(s), the transducer housing (probe), any associated
electronic circuitry, any liquids contained in the housing, and the integral cable, which
connects the transducer probe to an ultrasound console.

ultrasonic power: See power.

waveform: The graphical characterization of an acoustical or electrical parameter asa
function of time.

waveform record: A permanent plot or photograph of avoltage waveform for a specific
hydrophone when excited under specified conditions.

wavelength: The ratio of the speed of sound in the medium to the center frequency.

Symbol: 4
Unit: centimeters per cycle, cm cycle™

4.2 LIST OF SYMBOLS

i
I pa

instantaneous intensity
pulse-aver age intensity

p = acoustic pressure

BW = bandwidth

A = beam cross-sectional area
fe = center frequency

a = derating factor
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gpatial-aver age tempor al-aver age intensity
gpatial-peak pulse-average intensity
gpatial-peak tempor al-aver age intensity
tempor al-aver age intensity

tempor al-peak intensity

mechanical index

peak rarefactional pressure

power, ultrasonic power

pulse duration

pulseintensity integral

pulserepetition frequency

radiating cr oss-sectional area

thermal index

soft tissue thermal index at surface
wavelength
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Section 6. lllustrative List for FDA Reviewer s of
Diagnostic Ultrasound 510(k) Submissions

510(k) Number:

Device Name:

Company Name:

Needed? Present?
Section ltem yes/ no yes/ no
Administrative | nformation:
MDUFMA COVES SNEEL........oooeeeeeerereie e /0 /0
CDRH Premarket ReVIEW COVEr SNEEL ......vveveeeeeeeeeeeeeeee e ee e e e e seeen L1701 L1/
510(K) COVEY LEIEN ......voeeeceeeeeceeeeeeetesceeeaeeeeeeae s enaes s L1/ L1/
INiCatiONS FOr USE SEAEEMENL .....vveeeeeeeeeeeeeeseseseeeeeeeeeeeeeeeeeeseeeeeeeseseeeeeseseeeens L1701 L1/
510(K) SUMMArY OF SLAEEMENE .........c.evevveeeeeeereseesesessessesessssesessssensssnsnes L1/ L1/
Truthful and ACCUraCy SLAEEMENT ..........c.ceveeecerreeeeeeeecee et seseseenans L1701 L1/
Financial Certification Or DiSCIOSUME .......coveveveeeeeeeeeeeeeeeeeeeeee e seeeeeneeeeee e L1/ L1/
Declarations of Conformity and Summary REPOIS............c.cvevreeeeeereeeenen. L1/ L1/
StaNards FOrM FDA-3654.......ooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeese st seeseseeeeeeeseseesesaseseens L1/ L1/
Clinical TrialS FOrM EDA-3872.....oooeeeeeeeeeeeeeeeeeeeeeeeeeees e eeeneneeaeseeen L1701 L1/
EXECULIVE SUMIMEIY ......ocvocvreeeecreeeeseeteseeeesteseseesaesessessessessssesssssssessssessesssenens L1/ L1/
REASON FOr SUDIMISSION <.ttt et e eeeeeee et e s e seee et et eeeneseseseseseees L1/ L1/
Submission TYPE (Track 108 3) ..uvcvceeeceeeeeeeeeseeeeeeseeeee s seneees L1/ L1/
13 Indicationsfor Use:
510(K) INdications fOor USE FOMM .........c.oveveveereieeseeesesese s seesensens L1/ L1/
New Indications for Use (Probes, ACCESSONES) .........c.eeeerverereeerneinsseeennens L1/ L1/
Previously Cleared INdications for USE..........c.ccueveecuevevceeeiecieeeseeeeeeee s L1/ L1/
14 General Device Description:
SYSEEM DESIGN .o ees s ees s s ssesasssensnnans L1/ L1/
TranSauUCEr OPEIAHION ..........cecveeeeeeireseeeeeeseeseesesses s sess s seses s senessnsnes L1/ L1/
OPErating CONIOIS........vvueveeceeeeeeceeeeeeteeesee e st ees st s s estesenaseeseneeeas L1701 L1/
New or Unique Features/Technological Characteristics...........coovurvveverenne. L1701 L1/
15 Predicate Device Comparison:
Legally Marketed Predicate DEVICE(S) .........cvveeeerreeeeeieeeeeseseeseesesneseseseens L1/ L1/
Comparison t0 Predicate DEVICE(S) «......cevcueveeeceereeeeeeeeieeeresesesseeeseeseseneeens L1701 L1/
A CCESSOT BT KIS, vt veeeeeeeeeeeeee et et eeeeeeeeeeseseeeeeeeeeeeeee et et eeeeseseseseseeeneneeeeeeeeeaeeen L1701 L1/
Labeling and/or Promotional MaterialS ...........coueueeeeeeveeeeeeeseeseeseseeseeeeseens L1/ L1/
16 Acoustic Output Reporting:
Measurement Methodology Certifications.............ococueveeeeeeeeceeeeeeceeeeceeenens L1701 L1/
Test Methodology Reporting Per Section 1.6.1...........c.cureeveceeeeereceeeeeeecnnns L1/ L1/
17 General Clinical Safety & Effectiveness:
171 Clinical Measurement Range and Accuracies:
- Test Methodology for Accuracies and Sensitivities..........ccoecuevercereennee. /U L1701
- Doppler Sensitivity (for quantitative claims)............cc.cceeeeveceeeeveceeeeeeecnnns 1/ 1/
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174

175

18
181

1811

1812
1813

1814
1.8.15

18.1.6
1817
18.1.8

21
211

212
213

22

221
222
223

224
225
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Thermal, Mechanical and Electrical Safety ........cvvvvvvrieienenenine s
Patient Contact Materials:

- Material Name/Chemical COmMPOSItiON ........cooeevinieirinieisee e
- Previously Cleared or Biocompatibility Data.........ccccevevrererieerienennnnnnens
Cleaning, Disinfection, Sterilization, and Pyrogenicity:

- Legaly Marketed Disinfectants/ Sterilants ..........coeoeeeeeieiene s
- Recommended Procedures for Probe Processing.........ccccceevevevevenennanen,
- Level of Required Disinfection/Sterilization (SAL) ...ccceeeevercevvniesnnnens
- Information for Components Provided Sterile.........cccovvevinnnenncnne
- PyrogeniCity ClaiMS .......cocooiriieieie e
Software/Firmware Information (Moderate L OC):

- Summary Description of Algorithms & Explanations............ccccceeveevenen.
- SOftWare DESCIIPLION......cccueiuieeeirieeeieriee ettt
- Software Version NUMDEY ..o
- Device Hazard ANAYSIS.....cccoiiceie ittt sre e enea
- Software Requirements Specification (SRS).......cccoveeeveeveverinnnveseneenns
- Architecture Design Chart..........cccveeririienireneeseseeseee e
- Software Design Specifications (SDS)......cccocereririnenienireeieee e
- Traceability ANBIYSIS......ccocieiieieie et
- Software Development Environment Description..........cccoevvvceveniennnnns
- Verification and Vaidation Documentation...........ccocceeeeeenenenesenennnnens
- ReviSION LeVEl HiStOrY....c.ooeieee e
- Unresolved Anomalies (Bugs and DEfects) ........ccccevvrevenenienecesieeiienns

L abeling:
Draft Operator’s Manuals/ Promotional Materials........cccceeeveneresenennnne
Description of System and TranSAUCESS .......cccoveeieriereneneneeeeee e
Indications for Use, Contraindications, Warning & Precautions..................
Prescription Device Statement..........ocvvvvereeeeieere e seeee e
Clinical INStructionS fOr USE.......cocveieiisire e
Compatible Accessories and Kits (with Specifications) ........c.ccccceeeieieenne
Probe Sheath Recommendation for Invasive Uses

aNd FDA LateX AlET ..ot
Clinical Measurement Accuracies and RaNgES...........covereereneenieneneneenns
Draft Acoustic Output Labeling with Descriptions and

Measurement UNCErtaiNtieS ........ccovvveereveeneneeseseee s
Care, Cleaning, Disinfection, Sterilization ..........cccccoovvieveverceseerce s
SPeCial LabEIING ..o e
Literature REFEIrENCES.........ooiiiie e e

Track 1 Specific Information

Acoustic Output Reporting:

Mode/Application Possibilities SUMMArY ..........cccoovveniineineneeseseeniene
Target Range of Values (M1 or Igppa 3 @NA Ispra3) eeeeereereererierieeieneneniennens
Fetal Heart Rate Monitor INnformation ..........ccccveveieveneseneicse e
Temperature Rise for Transcranial ..........ccocvvevvevevenieceececsereses s

Acoustic Output Labeling:

Draft Acoustic Output Labeling FOrmats .........cocoveveienenieeieiesese e
Explanation of Derated Acoustic Output QUantities...........cccvveeerereerennenn
Interactive SysStem FEALUIES..........cocvieeireeeeeereese e
AL ARA DISCUSSION. ....ciuiiuiiieriiriestestesiesieseeseesieseesiesaesresaesseseeseeseseesseseesnens
Abdominal Doppler ContraindiCation ............ccoovveeeeeeiecieeriesese e
Fetal Heart Rate MONItOriNG .....cviveeeeeereere e s
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Track 3 Specific Information

Acoustic Output Reporting:

Operating Mode PosSiDilitieS SUMMENY...........c.oeverererereresseseseseesesens /0
Output Display and Measurement Method Certification............c.cccovvueneee. VAN
DESCIiption Of DEFAUILS. ........c.cvceeeeeceeeeeeteeecee et nee L1701
JUSLITICAEION OF T1 SB.0..e ettt et et ee et et et et et e eeeeeeeeeseseseeeeeeeeeesenesenen L1701
Global maximum T, lgpra3,MI @and lpa 3@M I When MI/TI < 1.0 ....... /0
Acoustic Output Labeling:

Draft Acoustic Output Labeling FOrMats.............cocueveeverereeeeereeeeeeneseseenanns L1/
Description of Real-Time Display and CONtrolS............ccovuveereneerereseeseenes VAN
DISPlAY ACCUIBEY ....e.vecvereeereeeeeetesesesssssesesssssesesssssesesssssasesssssessassssssesnssseneans VAN
Global maximum TI, lspra s, MI and lpa 3@M | ma When MI/TI < 1.0......... L1/
EAUCALION PrOgraM.........cueveveceeeeeeceeeeseceeeesaeeesesaeeesesseesesasssnsssesesssessenssessnes L1701
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Appendix A

Appendix A: Suggested Format and Content of Acoustic
Output M easurement and L abeling Records
Maintained in the Design History File

General Information

This appendix is intended to assist manufacturers in documenting the final measurement data and
product labeling information, based on their production devices. This information should be
maintained in the Design History File.

Suggested records:

A. LABELING/USER INFORMATION

The Design History File should contain:

1. acopy of al labeling, including acoustic output information following Sections 2.2 and
3.2 of this guidance and

2. theglobal maximum derated Ispra intensity values and M echanical Index (or
derated Isppa intensity) values obtained from production units as determined according
to Section B5 below. For Track 1, you should document this information for each
system/transducer/mode/application combination (i.e., one set of values for each
applicable mode/application combination identified under Section 2.1.1.a of this
guidance). For Track 3, you should document this information for each
system/transducer/mode combination (i.e., one set of values for each applicable mode
identified under Section 3.1.1.a of this guidance).

B. GMPTEST PLAN

The Design History File should contain:
1. thenumber of units tested and percentage of production lot if applicable;

2. measurement uncertainties for acoustic quantities (power, pressure, intensities, and
center frequency);

3. theoperating conditions used to obtain the measured acoustic output;

4. astatement explaining whether the oper ating conditions result in maximizing output,
and if not, ajustification for equivaence; and

5. thedtatistical plan and protocol used to ensure that the appropriate intensity and index
values are not exceeded [Ispra 3 Valuesfor Track 1 (see Table 2-1); Ispraz= 720
mW/cm? (50 for ophthalmic) for Track 3; for Track 3 ophthalmic, Max(T1S _as,
TIC)<1; MI =1.9(0.23 for ophthalmic) for both tracks].
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If 100 percent sampling is not done, then the sampling plan should provide reasonable
statistical assurance that production units will not exceed the maximum acoustic output
exposure levels specified in Sections 2 (Track 1) and 3 (Track 3) of the guidance. We
recommend that the statistical technique known as “ one-sided tolerance for normal
distributions’ be used. See Hahn et al. 1991, Section 2.4 (pages 34-36), Sections 4.6.3
and 4.6.4 (pages 60-61), and Table A.12d (page 315), or see Natrella 1966, Section 2-5
(page 2-13) and Table A-7 (page T-14). This procedure has the following formul ation:

L>X+Ks
where:

L istherelevant Ispras Or Ml (Or Isppa 3) Preamendments acoustic output exposure
level (see Table 2-1)

is the mean of the measured values

is the standard deviation of the measured values

is the tolerance coefficient and is a function of the confidence level (notated (1 -
o) in Hahn et al. 1991 and y in Natrella 1966), the proportion (P) of the
distribution less than (X + Ks), and the sample size (n).

A0 X

The choicesfor vy (or, equivaently, 1 - o), P, and n are at the manufacturer's discretion.
However, the choicesfor v, P, and n should be documented and justified in the GMP process
and the Design History File. The valuesof X and s aso should be documented.

For this statistical procedure to be valid, the sample size n should not be less than three.
Also, please note that, if the above one-sided tolerance inequality is not met for an initia
(and presumably low) sample size, you should not simply increase n to achieve alower
tolerance coefficient value (K) and continue the test. Such a sequential testing approach is
invalid.

An example of applying this procedure to a population of ultrasound transducersis given in
Ziskin 1993 and Ziskin 2003. However, please note that Table 2 in Ziskin 1993 isincorrect
and should be replaced by either Table A-7 in Natrella 1966, Table A.12d in Hahn et al.
1991, or Table Il in Ziskin 2003.

NOTE: In computing the standard deviation s, the hydrophone measurement uncertainty
should not be taken into account if it islessthan + 30% for intensity or + 15% for MI.
However, if the hydrophone measurement uncertainty exceeds these values, then the acoustic
output exposure levelsin Section 2 (Track 1) or Section 3 (Track 6) should be reduced
accordingly as described in Section 1.6, paragraphs 3 and 4.

C. STATISTICAL TECHNIQUES

For ongoing testing of production units, statistical techniques must conform to 21 CFR
820.250.
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Appendix B: Non-OEM Replacement Transducers

These transducers are generally those that are manufactured by a party other than the original
equipment manufacturer (OEM) and are intended to replace a transducer originally provided
by the system manufacturer. They can be either new transducers or original equipment
transducers that have been modified or remanufactured.

Like new OEM transducers, non-OEM, reprocessed, and remanufactured transducers are new
medical devices. Assuch, they are subject to the 510(k) premarket notification regulations
(21 CFR 807.81). They need to have a cleared 510(Kk) prior to being marketed.

In addition to the information recommended in the body of this guidance, we recommend the
following in regard to acoustic output testing and labeling for diagnostic ultrasound
replacement transducers:

1. Inmaking the acoustic output comparison between the replacement and OEM
transducers, three or more transducers of each type should be used. The use of a
single OEM generator is acceptable if it operates within the OEM manufacturer’s
specifications.

2. Acoustic output comparisonsin the basic modes of M, B, and pulsed Doppler are
acceptable, but worst-case (i.e., maximum output) conditions should be identified and
reported.

3. New acoustic output information (following Sections 2.2 and 3.2) should be provided
in the transducer operator’s manua whether or not you can demonstrate that the
acoustic outputs of the replacement and OEM transducers agree within the limits of
the measurement uncertainty. Moreover, if the outputs do not agree the sponsor
should demonstrate that means have been incorporated into the replacement
transducer to ensure the accuracy of the acoustic output real-time display indices.
Furthermore, if the outputs do not agree, then the transducers should not be referred
to as "replacement.” Instead the transducers should be referred to as "similar to" and
the differences should be noted.

4. The acoustic output measurement methodology should be completely described
following Section 1.6.1 of this guidance.
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Appendix C: Reprocessed “ Single-Use Only” Transducers

Reprocessed single-use only transducers are ultrasound transducers that are intended by the
OEM to be single-use devices (SUDs), but after such single-use they are reprocessed for use
on another patient or in another procedure on the same patient. Reprocessing of SUDs
requires aregistered reprocessor to submit a 510(k) to the FDA for premarket clearance. See
“Frequently-Asked-Questions about the Reprocessing and Reuse of Single-Use Devices by
Third-Party and Hospital Reprocessors,” (http://www.fda.gov/cdrh/ohip/guidance/1333.pdf)
and “ Frequently-A sked-Questions about the Reprocessing and Reuse of Single-Use Devices
by Third-Party and Hospital Reprocessors; Three Additional Questions,”
(http://www.fda.gov/cdrh/ohip/guidance/1427.pdf). The reprocessor should conduct
functional testing, aswell as validation of cleaning and of sterilization. For the 510(k)
submission, reprocessors should address the following points in addition to providing all of
the information requested in the body of this guidance.

1. You should provide a detailed discussion of how you confirm that the diagnostic
ultrasound performance characteristics (i.e., image quality, acoustic output) and
physical integrity of the reprocessed transducer (when used with each compatible
OEM system) are substantially equivalent to the original OEM device following
transducer reprocessing for the maximum recommended number of cycles.

2. You should completely describe the acoustic output test methodology following
Section 1.6.1 of thisguidance. Y ou should furnish final acoustic output test results
for the last recommended reprocessing cycle. Y ou should compare these results to
those for the OEM device. We recommend that you measure three or more
reprocessed and OEM transducers for this comparison.

3. You should describe the testing that will be performed to verify that the repeated
reprocessing procedures are not adversely affecting the acoustic output and imaging
performance of the transducer, following “Validation Datain Premarket Notification
Submissions (510(k)s) for Reprocessed Single-Use Medical Devices’ (Validation
Data guidance) (http://www.fda.gov/cdrh/ode/guidance/1216.html).

4. If the maximum number of reprocessing cycles for the transducer is not specified,
then you should test each transducer (100% sampling) for acoustic performance
characteristics following each reprocessing cycle. All results should be documented
and compared to the original OEM device specifications.

5. You should describe the method that you as the reprocessor use to keep track of the

number of reprocessing cycles that an individual transducer has undergone. Again,
thisis better addressed by referring to the Validation Data guidance.
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Appendix D: Cleaning, Disinfection, and Sterilization

Reusable devices should contain clear instructions for cleaning and sterilization or
disinfection. The recommended cleaning and sterilization procedures should be validated by
the manufacturer. Guidance on this subject is“Labeling Reusable Medical Devices for
Reprocessing in Health Care Facilities,” (http://www.fda.gov/cdrh/ode/198.pdf).

Ultrasound probes that are non-critical devices only need to be cleaned and low-level
disinfected between patient uses. Probes used in semi-critical applications should be
sterilized between uses whenever feasible, but high level disinfection is minimally
acceptable. In addition, the use of a sheath is recommended for every semi-critical use of the
probe. Critical devices should be sterilized and the use of a sterile sheath is recommended.
Please note that the use of sheaths does not change the type of processing that is
recommended for the transducer. After use, the single-use sheath should be removed and
discarded. The probe used in a semi-critical application should be cleaned and sterilized or
at least receive high level disinfection after use even if a sheath was used. Probes used for
critical applications should be cleaned and sterilized after use even if a sterile sheath was
used. Sheaths can fail during use and the level of resulting contamination may not be easily
visible.

For devices and accessories that can be terminally sterilized, a validated method of
sterilization should be specified. The validation method used should be described. The SAL
should be stated. The critical sterilization cycle parameters for each sterilization method
should be provided clearly to the users along with a description of any equipment and
accessories needed for sterilization of the medical device.

For steam sterilization, you should indicate whether the recommended cycle(s) are pre-
vacuum or gravity cycles and state the cycle temperature and time and the recommended
drying time.

For ethylene oxide gas sterilization, you should state the EO concentration recommendations,
the cycle time and temperature, and the humidity needed for the sterilization process, as well
as the minimum holding or exposure time in the sterilant and the aeration time needed to
remove ethylene oxide residues on the device. Cycle parameters provided to users should be
consistent with the validated cycles provided in sterilizers used in health care facilities.

If anon-traditional sterilization method is recommended, you should identify the exact
sterilizer make and model validated as well asthe critical cycle parameters of time and
temperature and any post-sterilization instructions needed.

In addition, there are several special situations:

1. Neurosurgical use: Probes that contact brain tissue and cerebrospinal fluid should
always be used with a sterile, endotoxin-free sheath because the disinfectant/sterilant
residue left on the probe is neuro-toxic and endotoxin is pyrogenic (e.g., cause
fevers). NOTE: If the probe is used on a patient with known or suspected
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Creutzfeldt-Jakob Disease (CJD) the probe should be destroyed. (see
http://www.cdc.gov/ncidod/ga cjd infection_control.htm)

. Endoscopic, rectal, and transvaginal probes should normally be used with a sterile
sheath. If these probes are used to assist biopsy procedures, all of the biopsy
accessories should be sterile for the procedure and should be cleaned and resterilized
after each use. If the transducer probe itself has a built-in channel for the needle
guide, that channel could create arisk for contamination of the biopsy needle during
use unless the channel is thoroughly cleaned and the probe is sterilized before use on
another patient.

. Dueto theinherent limitation of using liquid chemicals for sterilizing medical
devices, liquid chemical use should be limited to reprocessing only critical and semi-
critical devicesthat are heat-sensitive and incompatible with other sterilization
methods, such as ETO gas or heat sterilization.

For further information see CDRH's document titled "L abeling Reusable Medical
Devices for Reprocessing in Health Care Facilities: FDA Reviewer Guidance.”
(http://www.fda.gov/cdrh/ode/198.pdf). Also, the following documents should be
consulted:

e ANSI/AAMI ST 35: 2003. Safe handling and biological decontamination of
reusable medical devices in health care facilities and in nonclinical settings.
Association for the Advancement of Medical Instrumentation. Arlington, VA.

e ANSI/AAMI ST 81: 2004. Sterilization of medical devices-Information to be
provided by the manufacturer for the processing of resterilizable medical
devices. Association for the Advancement of Medical Instrumentation.
Arlington, VA.

e ANSI/AAMI/ISO 11607-1:2006. Packaging for terminally sterilized medical
devices-Part 1: Requirements for materials, sterile barrier systems, and
packaging. Association for the Advancement of Medical Instrumentation.
Arlington, VA

e ANSI/AAMI/ISO 11607-2: 2006 Validation requirements for forming, sealing
and assembly processes 1ed. Association for the Advancement of Medical
Instrumentation. Arlington, VA

e ANSI/AAMI/ISO 10993: Biological evaluation of medical devices.
Association for the Advancement of Medical Instrumentation. Arlington, VA.

e U.S. Food and Drug Administration. Guideline on validation of the Limulus
amebocyte lysate test as an end-product endotoxin test for human and animal
parenteral drugs, biological products, and medical devices.
http://www.fda.gov/cder/guidance/old005f n. padf
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U.S. Food and Drug Administration. Guidance on the Content and Format of
Premarket Notification [510(k)] Submissions for Liquid Chemical Sterilants
and High Level Disinfectants. http://www.fda.gov/cdrh/ode/397.pdf

U.S. Food and Drug Administration. Labeling Reusable Medical Devices for
Reprocessing in Health Care Facilities. http://www.fda.gov/cdrh/ode/198.pdf

AAMI TIR 12: 2004. Designing, Testing, and Labeling Reusable Medical
Devices for Reprocessing in Health Care Facilities: A Guide for Device
Manufacturers. Association for the Advancement of Medical Instrumentation.
Arlington, VA.

AAMI TIR 30: 2003. A compendium of processes, materials, test methods,
and acceptance criteriafor cleaning reusable medical devices. Association for
the Advancement of Medical Instrumentation. Arlington, VA.
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Appendix E: Deciding if System or Transducer

M odifications Require a New 510(k)
Premarket Notification

In addition to the recommendations below, please refer to the guidance “Deciding When to
Submit a 510(k) for a Change to an Existing Device”
(http://www.fda.gov/cdrh/ode/510kmod.pdf) and “ The New 510(k) Paradigm, Alternate

Approaches to Demonstrate Substantial Equivalence in Premarket Notifications’
(http://www.fda.gov/cdrh/ode/parad510.pdf).

A. Addition or Modification of Transducers

We believe that the addition or modification of transducersto a particular system will
need a new 510(k) except when all of the following conditions are met:

1.
2.

3.

The system is already the subject of a submitted and cleared 510(Kk);

Indication(s) for use and mode(s) of operation of the system or transducer are
unchanged;

Acoustic output of each new or modified transducer is below the
Preamendments acoustic output exposure level in Table 2-1 for the respective
indication(s) (Track 1) or are below Ispra 3 = 720 mW/cm? and either M1 =1.9 or
lsppa.3 =190 W/ cm? (Track 3). For Track 3 ophthalmic applications Tl =
max.(T1S_as, TIC) and is not to exceed 1.0, lspra3 < 50 mW/cm? and M1 <
0.23; and

Acoustic output is measured and recorded according to the proceduresin this
510(k) guidance; these procedures are included in the Design History File, and
the results are included in the Design History File, as part of Good
Manufacturing Practices (GMP’s) for that device. This condition should be met
for changes that affect the output of any transducer intended for use with the
system. In addition, the Design History File should adequately document
minor changes not affecting the indications for use or acoustic output. These
files may be reviewed during FDA quality system inspections. If measurement
technology different from that defined in this guidance is used to document
acoustic output, a 510(k) premarket notification may be necessary.

B. Modificationsto Previoudy Cleared Diagnostic Ultrasound Systems

Modifications to a diagnostic ultrasound system that has a previously cleared 510(k)
generally will not require anew 510(k) if the Track (1 or 3), indication for use, and the
ultrasound generator, controls, and signal processing technologies are unchanged; no
system functions are added; no significant new clinical information is provided; and the
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clinical application/mode of operation does not provide a significant new interpretation
of existing information.
C. New Indicationsfor Use

We believe that new clinical applications or new modes of operation may represent
new indications for use and, therefore, need anew 510(k). An example format for
providing the indications for useis given in Appendix G.
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Appendix F: Decision Flow Chart for Tracks1and 3

Is acoustic

. ) measurement Validate measurement
Begin methodology.
methodology OK? gy
See Section 1.6.

Does ultrasound
system conform to
Output Display
Standard?

Fetal Doppler
application (other than
FHR' monitor)?

A 4
o TRACK 1 TRACK 3
d See Section 2. See Section 3.

Are acoustic output levels
below Track 1 application-
specific levels in Table 2-1?

Are acoustic output levels
below Track 3 levels in
Section 3?

YES YES

Submit data to demonstrate
equivalence; contact Radiological
Devices Branch.

Justify need for higher a}coustic
output; estimate max TR'; special
labeling. See Section 2.1.3.

Is output labeling OK?

Correct Labeling. See Section 2.2 for Esgit\)lztgrrllgzl_
Track 1 and Section AC?)uqtic phodes

3.2 for Track 3.

* FHR = fetal heart rate; TR = temperature rise
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For Use For mat

Intended Use: Diagnostic ultrasound imaging or fluid flow analysis of the human body as follows:

Clinical Application

Mode of Operation

Generd
(Track 1 Only)

Specific
(Tracks1 & 3)

B |M|PWD | CWD

Color
Doppler

Combined
(Specify)

Other*
(Specify)

Ophthalmic

Ophthalmic

Fetal
Imaging
& Other

Fetal

Abdominal

Intra-operative (Specify)

Intra-operative (Neuro)

L aparoscopic

Pediatric

Small Organ (Specify)

Neonatal Cephalic

Adult Cephalic

Trans-rectal

Trans-vaginal

Trans-urethral

Trans-esoph. (non-Card.)

Muscul o-skeletal
(Conventional)

Muscul o-skel etal
(Superficial)

Intravascular

Other (Specify)

Cardiac

Cardiac Adult

Cardiac Pediatric

Intravascular (Cardiac)

Trans-esoph. (Cardiac)

Intra-cardiac

Other (Specify)

Peripheral
V essel

Peripheral vessel

Other (Specify)

N = new indication; P = previously cleared by FDA; E = added under this appendix
* Examples of other modes of operation may include: A-mode, Amplitude Doppler, 3-D
Imaging, Harmonic Imaging, Tissue Motion Doppler, and Color Ve ocity Imaging
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Appendix H: Satistical Analyses

There are four areas of the submission in which a statistical analysis of measurement or
performance data may be appropriate.

1. Description of clinical measurement accuracy. See Sections1.7.1.2 and 1.8.1.4 of
this guidance.

2. Description of measurement uncertainties for acoustic quantities (power, pressure,
intensities, center frequency). See Section 2.2.1 (Track 1) and Section 3.2.1 (Track
3) of thisguidance. In thisregard, a good description of the various potential sources
of Type A (random) and Type B (systematic) uncertainties for hydrophone
measurements can be found in Preston et al. 1988. Also see Ziskin 2003.

3. Description of statistical sampling plan used to ensure that the specifications for
acoustic output exposure levels are meaningful. See Section 1.6.1.8 and Ziskin 2003.

4. Description of display accuracy, as specified in Section 4.2.1 of AIUM/NEMA 2004a
or Clause 201.7.2.101 of IEC 2007. See Section 3.2.3 (Track 3) of this guidance.
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