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1 PROCEEDI NGS
2 Call to Order and I ntroductions
3 DR. CHESNEY: Good norning and wel cone to

4 what should be a very fascinating day and a half.
5 I would Iike to start by saying that there is the
6 potential for us to finish our work today if we

7 stay very focused and very attentive to the

8 specific issues that the FDA is asking us to

9 address. But first we need to have the

10 i ntroductions and | think nmaybe we could start with
11 Dr. Mal donado and go around this way, please.

12 DR MALDONADO  Sanuel Mal donado, from
13  Johnson & Johnson.

14 DR. MOORE: Phillip More, fromthe

15 University of California San Francisco, pediatric
16 car di ol ogy.

17 DR. SIEGEL: Marilyn Siegel, from

18 Washi ngton University in St. Louis, pediatric

19 radi ol ogi st.
20 DR. DI LSIZI AN Vasken Dil sizian,
21 Uni versity of Maryland, Director of Nuclear
22 Car di ol ogy, both adult and cardi ol ogy and nucl ear
23 medi ci ne.
24 DR SABLE: Craig Sable, Children's

25 Nati onal Medical Center in Washington, Director of
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Echocar di ogr aphy.

DR. CGEVA: Tel Ceva, Department of
Cardiology at Children's Hospital in Boston.

DR D AGOSTINO Ral ph D Agostino, Boston
Uni versity, statistician.

DR FOGEL: Mark Fogel, pediatric
cardiol ogy, Children's Hospital, Phil adel phia.

DR. SANTANA: Victor Santana, pediatric
hemat ol ogi st, oncologist at St. Jude's Children's
Research Hospital in Menphis, Tennessee.

DR. GORMAN:  Rich Gorman, pediatrician,
private practice, Ellicott Cty, Muryland.

DR EBERT: Steve Ebert, infectious
di sease pharmacist, Meriter Hospital, Professor of
Phar macy, University of Wsconsin, Madison.

MR. PEREZ: Tom Perez, executive secretary
to this neeting.

DR. CHESNEY: Joan Chesney, Professor of
Pedi atrics at the University of Tennessee in
Menphis and also at St. Jude's Children's Research
Hospital .

DR FOST: Norm Fost, Professor of
Pedi atrics and Director of the Beioethics Program
at the University of Wsconsin, Mdison.

DR. NELSON: Robert Nelson, Critical Care
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1 Medi ci ne, Children's Hospital, Philadel phia.

2 DR. FINK: Bob Fink, pediatric

3 pul manol ogy, Professor of Pediatrics, Children's
4 Medi cal Center, Dayton, Chio.

5 DR. O FALLON: Judith O Fall on,

6 bi ostatistician, recently retired fromthe Myo
7 dinic.

8 DR. FUCHS: Susan Fuchs, pediatric

9 energency nedicine, Children's Menorial Hospital,

10 Chi cago.

11 DR. DANFORD: Dave Danford, Professor of

12 Pedi atrics, Section of Cardiology, University of

13 Nebraska Medical Center and Crayton University in

14 Omaha.
15 DR GLODE: Mnm dode, pediatric
16 i nfectious disease at Children's Hospital,

17 Uni versity of Col orado in Denver.

18 DR HUDAK: Mark Hudak, Professor of
19 Pedi atri cs and Neonatol ogy, University of Florida,
20 Jacksonvi |l | e.

21 DR SACHS: Hari Sachs, Professor of
22 Pedi atrics and medi cal officer at FDA

23 DR. | YASU: Solonpbn lyasu. | amteam

24 | eader at the FDA

25 DR S. MJURPHY: Shirley Mirphy, the "other
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Murphy." | amthe Director of the Division of
Pedi atric Drug Devel opment and | am going to be
sitting here today because the "other Mirphy" may
have to deal with counterterrorism

DR. CHESNEY: Thank you and we
particularly wel come our cardi ol ogy and i nagi ng
consultants so that we have sone expertise on the
committee. W are going to be very dependent on
you to talk to us about degradi ng nucl ear particles
and so on in the major session for this norning.
But next we would like Tomto give us the neeting
statenent, please.

Meeting Statenent

MR. PEREZ: Thank you. The follow ng
announcenent addresses the issue of conflict of
interest with respect to Section 17, Best
Phar maceuticals for Children Act Adverse Event
Reporting, and is nade a part of the record to
precl ude even the appearance of such at this
meet i ng.

This norning you will hear from Dr.
Sol onon lyasu, |ead nedical officer with the
Di vi sion of Pediatric Devel opnent. As nandated in
the Best Pharmaceuticals for Children Act, Dr.

Ilyasu will report on adverse events for the
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foll owi ng drugs that were granted market
exclusivity under 505(a) under the Federal Food,
Drug and Cosnetic Act, Paxil, paroxetine; Cel exa,
cital opram Pravachol, pravastatin and Navebj ne,
vi nor el bi ne.

Because the agency is not seeking advice
or recommendations fromthe subcomittee with
respect to these products there is no potential for
an actual or apparent conflict of interest.

The foll owi ng announcenent addresses the
i ssue of conflict of interest with respect to the
use of immging drugs in conjunction with cardi ac
i magi ng procedures in the pediatric popul ation and
is made a part of the record to preclude even the
appearance of such at this neeting. Based on the
agenda, it has been deternined that the topics of
today's neeting are issues of broad applicability.
Unli ke issues before a committee in which a
particular firms product is discussed, issues of
broader applicability involve many sponsors and
their products. Al subcommttee participants have
been screened for their financial interests as they
may apply to products and conpani es that could be
af fected by the subcomm ttee's di scussions of

i magi ng drugs used in conjunction with cardiac
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i magi ng procedures in pediatric popul ations.

To determine if any conflicts of interest
exi sted, the agency has revi ewed the agenda and al
rel evant financial interests reported by the
meeting participants. Based on this review, it has
been determ ned that there is no potential for an
actual or apparent conflict of interest at this
meet i ng.

Wth respect to FDA's invited industry
representative, we would |like to disclose that Dr.
Sanuel Mal donado is participating in this meeting
as an industry representative acting on behal f of
regul ated industry. Dr. Ml donado is enpl oyed by
Johnson & Johnson.

In the event that the discussions involve
any ot her products or firms not already on the
agenda for which FDA participants have a financial
interest, the participant's involvenent and
exclusion will be noted for the record.

Wth respect to all other participants, we
ask in the interest of fairness that they address
any current or previous financial involvenment with
any firm whose product they may wi sh to coment
upon.

Ted Treves is Chief of the D vision of
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Nucl ear Medicine at Children's Hospital, Harvard,
who was an invited speaker for today, will not be
able to attend.

DR CHESNEY: Thank you. Qur first
speaker this nmorning will be Dr. Rosemary Roberts,
who is going to offer a wel cone on behal f of the
Ofice of Counteterrorismand Pediatric Drug
Devel opnent .

Wl cone

DR ROBERTS: Good norning. | would Ilike

to take this opportunity to thank you all for
comng today. | would also like to thank the

"Murphys" for allowing nme to come up and speak. |

rarely get to do it; you know, I amsort of the guy

inthe mddle. | know sone of you had to
experience much worse weat her than we have here
today in order to get here so we certainly
appreciate all of your dedication in conng.

Qur office, as you know, has two high
priority areas, counterterrorismwhich we mght be
dealing with today unfortunately, and al so
pedi atric drug devel opnent, and we are certainly
happy that we have this programtoday.

We are excited about |earning nore about

cardiac inmagi ng and having this opportunity to
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di scuss it and have such a distingui shed group of
peopl e here to help us see how to nmove forward in
this area. So, thank you very much for com ng.
hope that you have a good day and we appreciate al
the advice that you can give us.

One other thing, as you know because Di ane
Mur phy nmentioned it yesterday, with the recent
| egislation, the Pediatric Research Equity Act, we
now have a full pediatric advisory commttee. W
are working on that charter and hope to have
somet hing going on with that in the next couple of
months and then we will be setting up that advisory
conmittee. Thank you.

DR. CHESNEY: Thank you, Dr. Roberts. CQur
next speaker is Dr. Solonon Iyasu who is going to
bring us up to date on the adverse event reports as
required by the BPCA.

Adverse Event Reports per Section 17 of BPCA

DR | YASU. Good norning. Yesterday |
presented adverse event reports for paroxetine and
citalopram pertaining to psychiatric adverse
events. Today | will be presenting on adverse
events reported for paroxetine and cital opram and
then, subsequently, | will report on adverse events

for vinorel bine and pravastati n.
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[Slide]

First 1 would like to acknow edge the
contributions of these individuals.

[Slide]

First I will speak about paroxetine and
cital opram and then vinorel bi ne and pravastatin.

[Slide]

The data source for the adverse events is
fromthe FDA's Adverse Event Reporting System which
is a spontaneous and voluntary system This system
has several limtations which | wanted to bring to
your attention. The under-reporting is a very
significant problem There are reporting biases
that may be associated with either media publicity
or depending on how | ong the drug has been on the
market. The quality of the reports is variable,
often very scanty. And, this database only
i ncludes the nunerator data, therefore, it is very
difficult to estimate the true incidence rate of
events or exposure risk

[Slide]

Since | will be tal king about the use of
these nedications in the pediatric popul ation,
would like to also tell you a little bit about this

dat abase that FDA has. The first is |IM Health,
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National Prescription Audit Plus which neasures
prescriptions dispensed fromretail pharmacies, but
the di sadvantage is that it does not provide
denographic i nformati on or prescription use. So,
it only gives you total prescriptions dispensed.

The ot her database is the National D sease
and Therapeutic | ndex, which is a survey based on a
sampl e size of about 2,000 to 3,000 office-based
physicians. The small sanple size can nmake these
data projections unstable, particularly when use is
not very prevalent as in the case of the pediatric
popul ati on.

[Slide]

Anot her dat abase available to FDA is based
on a large prescription clains database but, again,
these data cannot be projected nationally. There
i s no methodol ogy devel oped for that.

Prem er is another database which contains
i npatient drug use from about 400 acute,
short-stay, non-federal hospitals. There is
nati onal projection nethodol ogy available for this
data, but accurate national estinmates are
sel ectively available. Drug use cannot be I|inked
to diagnosis or procedures, and the treatnents

adm ni stered at hospital outpatient clinics are not
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included in this database.

[Slide]

There is one nore inpatient database,
which is the Child Health Corporation of Anerican
Pediatric Health Information System whi ch captures
informati on from about 26 free-standing children's
hospitals with charge | evel drug utilization data.
Agai n, although this is very pediatric specific,
the data are froma limted nunber of hospitals
and, therefore, cannot be projected nationally.

[Slide]

Now coming to the drugs that | will be
tal ki ng about today, there is sone background about
Paxil which | mentioned in yesterday's
presentation. It is an antidepressant which is
marketed by d axoSmithKline, first approved in
Decenber, 1992. |Its adult indications are severa
psychi atric conditions--nmajor depressive disorder,
obsessi ve-conpul sive disorder, panic disorder
soci al anxi ety di sorder and generalized anxiety
di sorder, post-traumatic stress disorder. There
are no approved pediatric indications. Exclusivity
for this drug was granted on June 27, 2002

[Slide]

The relevant safety information on the
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| abel as it currently exists refers to preghancy
category C, which nmeans that the drug has not been
studied in pregnant wonen and, therefore, when
using it in pregnant wonen the risks and the
benefits have to be wei ghed.

| tal ked about precautions specifically
pertaining to psychiatric events yesterday. Today
I have listed themhere but what is specifically
important here are the seizures and the adverse
reactions with abrupt discontinuation of this
medi cation, and in patients with a history of
sei zures caution should be exercised with the use
of this medication.

[ Slide]

Additionally, there is information in the
adverse event section of the |abel pertaining to
pre-marketing reports and that includes
hypertensi on, di abetes, dysphagi a and nausea and
voni ti ng.

In post-marketing reports there are
reports of serotonin syndrome, hepatic dysfunction
and anaphyl axis, and also in the overdose section
of the | abel about dangerous hepatic dysfunction

[ Slide]

Coning to the use data for this
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medi cation, it is the second nost commonly used
SSRI in children. For sone of you who were here
yesterday at the other neeting this is a repetition
but, for the benefit of the others who were not at
that meeting | amrepeating this information. Both
pedi atric and adult prescriptions have increased
steadily in recent years. Pediatric diagnoses nost
often linked with use of this nedication include
depression, anxiety and obsessive-conpul sive

di sorders. And, pediatric patients account for
approximately 3.5 percent of total U'S
prescriptions of Paxil between July, 2002 and June,
2003.

[ Slide]

When we | ooked at the one-year
post-exclusivity determ nation period, there was a
total of 127 pediatric adverse event reports.

After ny review and excluding all the duplicates,
these are the unique reports for pediatrics in one
year. W categorized theminto different
categories and psychiatric adverse events accounted
for about 68. The rest of them are discontinuation
syndrone, about 7 patients. Maternal exposure was
about 33; neurol ogi c about 8; accidental ingestion

in 2 and then others were 9. So, today we will be
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1 talking nostly about the non-psychiatric which
2 includes the 5 categories that | have here which
3 are on this slide

4 [Slide]

5 First | will talk about the adverse events

6 pertaining to pediatric deaths. There were about

7 10 deaths involving direct pediatric exposures;
8 compl et ed suicides, which | discussed yesterday;
9 and 1 case of Stevens-Johnson syndrome. That

10 patient was al so receiving valproic acid, with a
11 known association with Stevens-Johnson syndrone.

12 [Slide]

13 There were 3 deaths anong patients with

14 pedi atric exposure. The pediatric exposures

15 i ncluded congenital heart di sease and 36 premature

16 infants who died after 75 days postnatally. The

17 second case was a 53-day old infant who was al so

18 getting OxyContin and i nmedi at e-rel ease oxycodone

19 and Paxil exposure prenatally--not the kid.

20 Aut opsy was done and it was determned to be a SIDS

21 death by the nedical examiner. The third case was

22 a multiple congenital anonmaly, possibly a genetic

23 syndrone. This was an aborted fetus and it was a

24 fetal death.

25 [Slide]
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Going into detail about the 33 in utero
exposures or breast feeding exposures, there was a
possi bl e wi thdrawal syndrome reported in 11
patients, one of the fatalities previously
descri bed; and congenital anomalies in 5 patients
and seizures in about 4 patients; devel opnenta
del ay or abnornmality in 4 and nurmur or congenita
heart di sease in about 3; and insufficient weight
gain in 2 patients; and there were others that
i ncluded various events that could not be
classified.

[SIide]

Focusing on the direct exposures, there
were 8 patients with neurol ogic events. Anong

these, 3 patients had extrapyram dal or novenent

di sorders. Two of these involved other nedications

as well that are listed here, which are known drugs

associated with this kind of syndrone. Seizures

were reported in 3 patients. Two of these patients

had exi sting seizure disorders and were al so
recei ving Paxil.

There was one patient where there was a
| oss of consciousness and hal |l uci nations. The
pati ent was al so on anphet am ne-dextro-anphet am ne

at the same tine. Then, there was one patient
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where serotonin syndrome was reported as an adverse
event.

[ Slide]

Continuing with the pediatric adverse
events, there were also reports of accidenta
ingestion. One was a 2-year old who ingested 6
tabl ets of paroxetine and recovered without
sequel ae. A 2-year old was a comatose patient with
ingestion of multiple nedications including
par oxeti ne who recovered after an | CU course
There were a number of medications that were
i nvol ved as concom tant nedi cations, including
ot her psychotropic agents, theophylli ne,
anytriptyline--there were several of themso this
was a very conplicated pol ypharmacy case. O her
events--there were 9 single occurrences and the
majority were | abel ed.

[ Slide]

In closing, nost of the events were
| abel ed or related to | abel ed events. Unl abel ed
events involved maternal exposures. And, the
saf ety of paroxetine will continue to be nonitored
in the future. W could not determ ne causality of
any of these nedications because of the nmultiple

medi cations and al so the scant histories in sone of
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the case reports. Nevertheless, we will continue
to nonitor adverse events for paroxetine in the
Adverse Events Reporting System

[Slide]

Now | will talk a little bit about Cel exa,
citalopramwhich is also an antidepressant,
mar ket ed by Forest Pharnmaceuticals. |Its only adult
indication is for major depressive disorder and the
typical adult dose is about 20-40 ng/day. Again,
there are no approved pediatric indications. This
was first marketed in July, 1998 and pediatric
exclusivity was granted in July, 2002

[Slide]

Agai n just nentioning sone of the rel evant
safety | abeling associated with this drug, it is
again a pregnancy category C drug. It is also
excreted in breast mlk so caution should be
exerci sed when used in nursing nothers.

In the precautions section there are
precautions regardi ng i npai rnent of intellectual or
psychonot or functions with the use of cital opram
Al so, there is danger of seizures, especially in
ones who have history of seizure, and cital opram
shoul d be used with care. In the post-nmarketing

reports and overdose section of the | abel, there
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1 are adverse events pertaining to QIc prol ongation
2 [Slide]

3 Sunmari zi ng sone of the use data for

4 citalopram it is the fourth nost comonly used

5 SSRI in children. Both pediatric and adult

6 prescriptions have, again, increased steadily in
7 recent years. Pediatric patients account for

8 approxi mately 3.3 percent of the total U. S

9 prescriptions of Celexa. Pediatric diagnosis is
10 often linked with its use in depressive disorders,
11 obsessi ve-conpul sive disorder and attention deficit

12 di sorder.

13 [ Slide]
14 For the one-year period of review, which
15 i ncludes the post-exclusivity period, there were 42

16 unduplicated pediatric reports after this review

17 was undertaken, and 16 out of the 42 were in utero
18 exposures and nostly resulted in unl abel ed events
19 and one death that | will discuss later; 26

20 children invol ved direct exposure and 8 resulted in
21 unl abel ed events and no deaths. As | nentioned

22 yesterday, there were 16 serious adverse events, 10
23 hospitalizations and about 4 life-threatening and 2
24  with disability.

25 [Slide]
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CGoing to the gender and age distribution
of these adverse events, they were both in females
in both direct and in utero exposure. As expected,
the in utero exposures were reported in 4 patients
who were less than 2 years. The mgjority of them
were actually less than 1. |In the direct exposure
they were nostly in the older patients, 9 from6-11
years and 15 patients in 12-16.

[ Slide]

Looki ng at the reasons for exposure to
citalopramin these reports, as | nentioned, 16 of
themwere in utero and included 13 patients who
were receiving citalopramfor the treatnment of
depression. Two invol ved ingestion of another
person's prescription and then other events which
are post-traumatic syndrome and GAD and RDD and
al so anxi ety, aggression and one was ADHD, just one
singl e occurrence of those conditions. Then, in 6
patients it was unknown why they were receiving
cital opram

[ Slide]

Focusi ng on the known adverse events, of
the 16, as | nentioned, there was one death. There
was an aut opsy done and there was no cause of death

identified by the nedical officer. It was signed
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out as a SIDS death in a 4-nonth old. There were
congenital anonmalies in 7 patients. Three were
unrel ated ki dney mal formations; 1 eye nal formation;
1 cardiac defect; 1 cleft lip and 1 congenita
megacol on. Then, there were 5 patients where
potentially there was a neonatal withdrawal
syndrone, and then there were 3 other patients with
myocl onus and otitis in 1 patient and del ayed head
control at 1-nonth in 1 patient. |In the |ast
patient there was a report of fetal asphyxia.

[ Slide]

Anong the direct exposure group there were
21 patients, excluding the 5 psychiatric events
that | reported on yesterday. There were 4
patients in which cardi ovascul ar events were
reported. One was a supraventricul ar tachycardia
in an 8-year old with a prior history of simlar
epi sodes. It resolved after Cel exa was
di scontinued. There were 2 patients with prol onged
Qlfc. One invol ved syncope and seizure in a 13-year
old who was al so taking other nedications
concomitantly, albuterol, cetirizine and
mont el ukast. There was al so a patient where an
overdose of citalopramwas involved in a 1l4-year

old. Wiether this was an i ntenti onal overdose or
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acci dental was not reported so we cannot give you
additional details on that. There was 1 patient
where arrhythm a was reported in an 8-year old with
overdose of cital opram

[ Slide]

In the group where there were reports of
neurol ogi cal or special senses adverse events,
there were 8 patients. One involved denyelinating
spinal lesion in a 13-year old who was al so on
met hyl pheni date and nmultivitanm ns. There was a
patient with a visual field cut in a 15-year old
who was al so on Depo Provera and who inproved after
di scontinuation of Depo. There was one patient
with a cataract, a 10-year old, also on
risperidone, and 5 patients with seizures.

[Slide]

Among ot her events that were reported
there were 2 patients where serotonin syndronme was
predom nantly given but also, as part of the
syndrone, seizures occurred in both of these cases.
Then, there was 1 where only syncope was reported
with the use of Cel exa.

There was one curious report of a
fal se-positive drug screen for cocai ne on crushed

tablet. We tried to get additional information on
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this and fromthe chem stry point of viewthere is
no rel ationship between these two structurally or
chemically. It may have been a probl em of
adulteration of the patient's nedicine. W do not
have any details but this involved a police test
that tested a crushed tablet found on a person
found to be positive for cocaine. There were
others. Five patients involved concomtant

medi cati ons and/or conplicated underlying di sease
whi ch coul d not be categorized into a specific

cat egory.

[ Slide]

In sunmary, unl abel ed events included in
the non-psychiatric adverse events are the ones
that | nentioned involving in utero exposure and
the case where denyelinating spinal cord | esion was
reported for one patient; visual field cut in one
patient and the supraventricular tachycardia in
anot her patient. These are single occurrences.
Supraventricul ar tachycardia is not specifically
| abel ed but tachycardia and sinus tachycardia are
in the | abel

[Slide]

In conclusion, we will continue to nonitor

these adverse events but | wanted to bring to your
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attention that there will be updates that will be
provided in the future neetings regarding three

i ssues that are under review, neonatal withdrawal,
opht hal mol ogi ¢ mal formati on and then the QTc

prol ongations. W will be reporting on this in
future neetings.

So, | am done with paroxetine and
citalopramand if there are questions about this
section | will entertain any questions. There are
nmore details that are needed but Dr. Hari Sachs
will work very closely with me on these issues and
we will have sone details about the cases if there
are any questions. Yes?

DR. CHESNEY: Yes, Dr. Nel son?

DR. NELSON. Rem nd ne, given our
di scussi on yesterday, can you tell fromthe data
or, if you can't is it worth finding out what the
timng of the suicide events on paroxetine is in
respect to when the drug was started? 1|n other
words, within a week, the first two weeks of
exposure to the drug?

DR IYASU. It varied. It varied from
patient to patient. There was no clear pattern
Most of themwere on therapy at the tinme that the

sui ci de events occurred. It varied from about 14
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days to about a year in terms of how | ong they had
been on therapy. The events that were reported
varied also. But there was not nuch detail so that
we can nmeke a clear, distinct pattern as to when
Sone of them were early; some of themwere |ater.

It was very difficult, as | nentioned yesterday, to
try to pin it down because of the scanty
descriptions that were provided in the case reports
but nost of themwere on therapy. There were a few
that were post-therapy and during the w thdrawal
peri od.

DR CHESNEY: Dr. Ebert?

DR EBERT: O the 33 maternal exposures
you noted with paroxetine, do you know what
proportion of those were in utero versus breast
f eedi ng?

DR I YASU. Qut of the 33, about 6 of them
i nvol ved al so breast feedi ng exposure.

DR EBERT: | noticed there was no caution
regardi ng breast feeding, or you didn't nmention one
specifically with that product in the | abeling.

DR I YASU. Yes, | think | rmay not have
mentioned it but there is also in the | abe
i nformati on about nursing nothers.

DR CHESNEY: Dr. d ode?
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DR GLODE: | just want to clarify, as
part of the pediatric exclusivity there is no
requirenent for the sponsor to do any sort of
random sanpl e or active surveillance for safety
i ssues or adverse events? They just also use this
passive reporting systen? |Is that right?

DR | YASU. Well, as part of the BPCA it
is my understanding that the manufacturers are
required, just by FDA regul ations, to report al
adverse events that cone to themto the FDA. But
this is for the passive surveill ance system
Unl ess there are specific sorts of adverse events
that are agreed upon in the pediatric studies for
foll owup, they do not have to report on follow up
Di ane can add to this.

DR. D. MJRPHY: The only thing | wanted to
add is that we have asked for specific
post -studi es, you know, conpletion of study
surveillance for certain products. But it has to
be asked for in the witten request. CQutside of
exclusivity there are Phase |V commitnents that
could be asked for. But, in general, what you
heard i s what usually happens--studies are
conpl eted and unless there is a specific

requirenent they revert to the passive reporting
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system unl ess a conpany notices a signal that they
then bring to the attention of FDA.

DR S. MJURPHY: Joan, | just wanted to add
for our guests that are here frominmaging that this
is mandatory one-year reporting required under the
Best Pharmaceuticals for Children's Act in which a
drug gets pediatric exclusivity, which you wll
|l earn about in alittle while from Susan's tal k.
Then we are required by lawto report to this
committee publicly the adverse events that occur
forward for one year. So, that is why you are
seeing reporting on these drugs. They have
triggered a time point for the conrmittee to hear
about the reports.

DR CHESNEY: Could | ask a question,
pl ease? Could you clarify this--Dr. O Fallon
mentioned in the van this norning readi ng about
this neonatal w thdrawal syndronme and it didn't
conme up yesterday. | notice with paroxetine you
comrented that these are unl abel ed events invol ving
mat ernal exposure. Wat exactly is the w thdrawal
syndrone, and is this sonething that should be in
the I abel ? Could you el aborate a little?

DR | YASU. These are issues that are

under review right now, but to give you sort of
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addi tional information on what the concern is

have sonme notes here. It is usually associated
with reports that involve nervous or neuronuscul ar
effects after birth when the nother is exposed to
some of these SSRIs, including cital opram or Paxil
This may include synptons like irritable or
agitated crying, hyperreflexia, hypertonia,

sei zures or seizure-like novenents, and al so

i nclude sonme breathing difficulties as well as
feeding difficulties. So, this is sort of a
syndrone that is increasingly being recognized with
babi es who have been exposed prenatally to sone of
these drugs. It is still under continued review
right nowto see whether this is information that
needs either to be comunicated to the public or be
put in the label. | can't give you nore details
except that we are looking at it very closely.

DR CHESNEY: Presumably, these were
serious enough to cause sonebody to nmake a report
which is inpressive to me. This is quite an
i mpressive nunber for just voluntary reporting. Do
you have any nore information about whether they
needed to be managed? | assume if they had
sei zures they had to have sonme specific managenent

i ssues.

file:/l/l[Tiffanie/C/storage/0203PEDI.TXT (31 of 328) [2/19/2004 10:22:32 AM]

31



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

DR IYASU. | don't have additional
i nformation right now about what specific measures
will be taken regarding this, except to say | think
this is something that we are concerned about and
speci fic recommendati ons as to what woul d happen as
followup are still open.

DR CHESNEY: Maybe | can ask sone of the
FDA folk, is there anything that we can do to help
nmove this along? This seens like it might be a
significant issue.

DR. S. MJRPHY: | think just what you have
done is expressing your concern and we will take
that back to the Division. | think that it is
under review right now and | think that is why
Sol onobn can't say nore.

DR | YASU: Yes.

DR CHESNEY: Dr. Gornman?

DR, GORMAN. Are you aware of the Canadi an
literature surrounding this wthdrawal syndrone
fromthe unit in Toronto that | ooks at
mat ernal -fetal exposure rate and has noted an
increased transfer to NICUs for babies born with
these agents?

DR IYASU. Yes, | amand it is good that

you are pointing that out, and the Division is also
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awar e of the data.

DR. CHESNEY: | have one ot her question
relative, | guess, to yesterday's discussion, the
paroxetine 68 psychiatric adverse events in
children, were those along the lines of what we
were tal king about yesterday, which is activation
of stinmulant syndrone, or do you have any further
br eakdown of those?

DR | YASU. Actually, we were talking
about this with Hari. Hari, do you want to conment
on that?

DR SACHS: You know, as Sol onbn pointed
out yesterday, there are the 9 conpl eted suicides
and 17 suicide attenpts. | went back and just
checked the case reports to see how nmany of them
were associated with agitation. | picked up 8, 2
of which have resulted in conmpleted suicide, 2 with
suicidal ideation, 2 with suicide attenpts and 2
with self-rmutilation. Interestingly enough, for 4
of themthe kids' reasons for treatnent were not
maj or depression; they were OCD and anxiety; 4 of
them were for depression and it was pretty split,
hal f female, half nmale, and half of themwere on
concom tant nedi cations, including other

psychotropics or having a history of substance
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abuse. So, it is definitely a very m xed bag.

DR. CHESNEY: |If we subtract out the
sui cidal issues, that still |eaves a significant
number of other children. VWhat were their adverse
events?

DR S. MJRPHY: The other psychiatric
adverse events, as | said, the totals were the 9
compl et ed suicides, 17 suicide attenpts, severa
cases of suicidal ideation and 10 of self-injury.
Then, the rest of them were kind of energence of
ot her psychiatric synmptons such as nania. So, it
depends | guess on what you | ook at but what | was
thi nking was that the agitation was picked up, or
at least the other suicidality issue was picked up
as well as the agitation. It wasn't that agitation
| ooked, you know, linked to anything el se at |east
in these 68 reports.

DR |YASU. Yes, | think just |ooking at
these case reports there was trenendous variability
al so. But you can find some agitation in some of
the case reports and no nention of it in others.

So, it was hard to sort of see which one is
predom nant there; there is a mxture

DR CHESNEY: Dr. Nelson?

DR. NELSON: | realize this suggestion nmay
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be naive froma resource point of view but, given
the di scussion, does it nake sense to do a nore
i n-depth case ascertai nnent both for the cases you
have got and to see if there are other cases, and
to see if someone could do a case study design
approach to see if they could ascertain that
this--you know, simlar to what happened with the
rotaviral vaccine--mght be a hint relative to the
timng and to this issue of agitation? | nean,
that m ght be one way to try to sort this out?

DR. IYASU: | think that is a good
suggestion. These kind of studies always require
additional resources that the Ofice of Drug Safety
may not have avail able, but theoretically | think
you can go back and try to ascertain sone of these
cases. But one thing that we have to be carefu
about is that the cases that come to our attention
are a selected few and we don't know what they
actual |y represent because, you know, it is really
a small percentage of an unknown group of adverse
events. So, it requires | think careful assessnent
of what the cases actually represent. Do they
represent other cases that are occurring in the
popul ation? But it is a good suggestion

DR CHESNEY: Dr. d ode?
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DR GLODE: | would just like to
enphasi ze, and | think this cane up for nmany people
yesterday, that with a database of between 3, 000
and 4,000 children with regard to safety issues, it
is a very inadequate nunber for safety. So, there
needs to be sone mechanism| think, other than this
passi ve surveillance reporting, for doing
addi tional safety studies whether that is by Phase
IV studies fromthe sponsor, or whatever, but there
needs to be nore safety data beyond 3,000 to 4,000
I think for children for these drugs.

DR IYASU. | think your point is well
t aken.

DR. CHESNEY: Thank you

DR IYASU. Al right, thank you

[Slide]

Now | will report on two other nedications
that have received exclusivity. The first drug is
vi norel bine which is an anti-tunmor drug narketed by
d axoSmithKline. The indications which are
approved are in adults as a single agent or in
conbination with cisplatin for the first-line
treatment of ambul atory patients with unresectabl e,
advanced non-small cell lung cancer. Again, there

are no approved pediatric indications for this
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medi cation. Exclusivity was granted on August 15,
2002.

[Slide]

Sunmarizing the use data, there wasn't
much in ternms of our databases that revealed a | ot
of use for this nedication in the pediatric
popul ati on.

In CHCA, which is a children's hospita
corporation database which is 26 children's
hospitals that | mentioned before, which is a
di schar ge-based dat abase, there were 5 di scharges
in 2001 and about 21 discharges in 2002 that
i ndi cated that this nedication nay have been used.
The di agnoses that were closely linked with its use
were put under the category of chenotherapy and
nmost of them were Hodgkin's di sease.

[Slide]

Looki ng at the adverse event reports for
vinorel bine, the total raw nunber of adult and
pediatric reports that were received were about
495, and 181 of them were domestic and 314 were
international reports. These are not adjusted for
duplicates so this includes duplicates al so.

Looking at the pediatric reports for the

one year, there were 3 unduplicated pediatric
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reports and 1 was U S. and 2 were foreign. Al

were reported as having serious outcones but there
were no deaths with the use of this nmedication in
the one-year period that was evaluated. Five of
the 16 adverse events that were reported were

consi dered unl abel ed. The di agnosis or the reason
its use was for the treatnent of rhabdonyosarcona
in 2 of the patients and 1 of the patients had
neur obl astoma and the drug was being given for that
treat nent.

[ Slide]

I amjust summarizing the 3 patients who
were reported to us with adverse events. The first
one is a l1l4-year old with rhabdonyosarcoma who
devel oped neutropenia, a |abeled event, and was
successfully treated with Nupogen

The second patient was a 2-year old with
r habdomyosar coma who devel oped |ife-threatening
adverse events including unlabel ed events that
i ncl uded epidernol ysis, mnuscle inflanmation,
somol ence and tachypnea. This patient was al so on
cytoxan. The patient was hospitalized for about 16
days and eventual |y recovered and was di scharged.

A 6-year old was di agnosed neur obl ast oma

and devel oped adverse events including one of the
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1 unl abel ed events, the nuscle spasm but the adverse

2 events that reported for this patient resolved
3 after |owering the dose of vinorel bine.

4 [Slide]

5 So, it was a small number of reports that

6 we got for the |abeled and unl abel ed adverse events

7 were reported, as | mentioned before. The

8 unl abel ed events have al so been reported in adults

9 and are not unique to pediatrics. The FDA will

10 continue its routine nonitoring of additional data

11 on adverse events in all popul ations, including

12 pediatrics, to followup on the significance of any

13 of these events.

14 [ Slide]
15 The last drug | will be presenting on is
16 pravastatin, which is one of the statins. It is

17 mar ket ed by Bristol-Mers Squibb. In adults it
18 i ndicated for the prevention of coronary and

19 cardiovascul ar events and hyperlipidema. In

20 children it is approved for 8 years and ol der for

21 the treatnment of heterozygous fanili al

22 hyperchol esterol enmia. Pediatric exclusivity was

23 granted on July 10, 2002.

24 [Slide]

25 Drug use databases indicate that the total
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di spensed prescriptions have increased by about
17.5 percent between Septenber, 1999 and August,
2003. That is, from13.4 to 15.8 million per year
for pravastatin and that is adults and pediatrics.
This is total dispensed prescriptions.

Pedi atricians wote about 47,000 or about 0.4
percent of the total of the 15.8 nmillion
pravastatin prescriptions during that period.

[Slide]

Looking at the proportion of pediatric
prescriptions, an estimted 7,900 prescriptions
wer e di spensed nationwi de to pediatric patients
aged 1-16 years. This is based on a cal cul ati on of
the proportions that were obtained from advanced
PCS, which is a database that | mentioned before
whi ch has denographic i nformation, and applying it
to the total dispensed prescriptions. It is a
smal | nunber but this has to be interpreted with
caution because really this is an estinate.

[Slide]

There was a total nunber of adult reports,
about 993 reports during the exclusivity period and
691 were U.S. and 302 were international reports.
There were no pediatric adverse event reports that

were nentioned in the one-year exclusivity period.
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[Slide]

Therefore, | don't have any additiona
comments on pravastatin in the pediatric
popul ation, except to say that we will continue to
moni tor the database and see if there are any
adverse events that enmerge. Thank you very nuch.

DR. CHESNEY: Thank you. Are there any
questions? Yes, Dr. D Agostino?

DR D AGOSTING Could you tell me or us
what the physicians do with the statins in terms of
muscle, liver and so forth in the pediatric
popul ation? Do they do anything routinely in terns
of the side effects? | nmean, what do you do with a
child with nuscle problens? The children are
growi ng and so forth so how do you recogni ze that
that is happeni ng?

DR IYASU. Well, fromthe adverse event
reports there is no way to tell, or there is no
information as to what actually is being done to
treat that, except in the cases that were presented
today where they were admtted but what actua
treatnent was given was not clearly specified.

DR D AGOSTINO Do we know if there is
wi thdrawal of the drug in the children where things

i ke that might be happening? That is not an
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adverse event necessarily but if the children are
compl ai ni ng about rmnuscl e pains and so forth.

DR IYASU. | can't tell you because the
narratives that were provided to us were very
scanty. So, what treatment was given to these
i ndividual patients is not clearly stated in those
narrative reports, except that there was an | CU
course for one of themwhere it was considered to
be serious enough that the patient was adnmitted.
In terms of the conplaints, they were elicited and
reported by a health professional. Wether these
were based on clinical records or nmedical records
or whether they were just clinical encounters, |
couldn't tell fromthe narrative

DR CHESNEY: Dr. Santana?

DR SANTANA: Can you clarify for nme a
process issue? M/ understanding is that when an
agent is granted exclusivity there is a commtnent
to do a nunber of studies and those studies may
occur in different time lines. \When does that data
fromthose studies surface in adverse event
reporting to this conmittee? Because it seens to
me that what we are seeing are reports that are
comng fromdifferent sources, nore public kind of

usage sources, but the data fromthe actual studies
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1 that are being done or have been done under the

2 excl usivity--when does that surface for us to see

3 in these reports?

4 What nade nme think about that question is

5 that for a lot of the oncol ogy drugs that may be

6 granted exclusivity, and | think this one is a good

7 exanple, those studies will occur in a seni-closed

8 system ei ther through the cooperative group

9 mechani sm or through | arge oncol ogy institutions,
10 and those data may not necessarily show up in these
11 ot her databases. For the oncol ogy drugs, why don't

12 you go to the NCI and request their adverse event

13 reporting for the pediatric patients that are
14 participating in those studi es under drugs that
15 have been granted exclusivity? That would be a
16 nmore enriched data set than using this other

17 system Can you comment, please?

18 DR IYASU. MW coment is that the adverse

19 events are reported to FDA, again, through this

20 passive system The exclusivity is granted on a

21 specific data and then, if there is a change in

22 | abeling for exanple, it nmay not happen for severa

23 mont hs after exclusivity is granted. So, in

24  theory, what you would expect is that there would

25 have been a change in the | abel and then there
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woul d be increased usage of the nedication and then
we have to nonitor or would pick up if there are
any adverse events that energe as use expands. But
with many of these drugs maybe the indication is
not approved and, secondly, there is a tine |lag

bet ween the use and the period that we are | ooking
at because this is inmmediately the one-year after.

Now, we depend on adverse event reporting
with the systemthat we have. W don't have any
other system But an active surveillance nmechani sm
is where we actually go to do case finding and
queryi ng other databases is sonething that is a
good idea. But, again, as | said before, that
systemis not in place to go after that.

DR. SANTANA: So, the data that is being
coll ected by the sponsors for the studies that may
be related to exclusivity, when does that data
surface for us to see?

DR I YASU. Oh, that is a question that--

DR S. MJRPHY: Yes, the medical officers
reviews have to be posted on the web 180 days after
exclusivity is granted. | think you bring up an
excellent point. | think what we are trying to do
is interpret the law and figure out the best way to

report to you, and that is one of the things |I was
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1 going to ask you, if this is the best infornation.
2 What we are doing now is going to the AERS passive
3 system and picking up all the reports for a year

4 after exclusivity. W are not going into the

5 trials and pulling those out.

6 DR. SANTANA: Yes, what highlighted ny

7 coment was the oncol ogy exanpl e.

8 DR. S. MJRPHY: That is a very good
9 exanpl e.
10 DR. SANTANA:  You woul d not pick up a |ot

11 of the oncol ogy adverse event reports through these
12 dat abases. You would have to go to a very enriched
13 data set that already exists.

14 DR I YASU. | agree.

15 DR SANTANA: There is a lot of

16 under-reporting here.

17 DR S. MJRPHY: Yes, there is a lot of

18 under -reporting.

19 DR. SANTANA: This drug is an exanpl e but
20 | suspect if we continue that practice with

21 oncol ogy drugs we will see a | ot of under-reporting
22 that will not cone out until years later when the
23 drugs are being used in a different way.

24 DR S. MJRPHY: Well, | agree with you

25 think that the reporting of a lot of this, you
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know, can be enhanced and we have sort of taken a
year now to report this way. | think we also
realize that the label is going to get out there
for six months at least. So, is there really,
after exclusivity, a big peak in pediatric use, or
does the use conme later, or was it used off-1|abe
bef ore?

DR. D. MJRPHY: | think the question is
really good but it gets to a different process and
I think it is an inportant process for this
committee to think about because it has huge
ram fications. Wat the |aw mandates we do is, as
has been noted, to report on the adverse event
reporting after exclusivity. At sone period in
that exclusivity the product will be approved and
| abel ed.

The issue is that the BPCA has said that
this information will be posted. The studies wll
be posted on the web and theoretically in the
medi cal review informati on on the oncol ogy
product--1 nean, the information that cane out
during the studies should be up on the web at that
poi nt .

Now, | think the other issue though that

peopl e are pointing out, and that | think this
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conmmittee is now very famliar with is that if you
have a new | abel and that |abel is supposed to
reflect the adverse events that were defined in
those studies, then that is the way of
communi cating to the public what those adverse
events were that were found in that better process,
which is controlled studies, versus this passive
adverse event reporting. That |abel sonetines is
not avail able except up on the web site sonewhere
for different periods of time depending on how many
| abel s are out there already, etc. So, it wll
vary.

So, | think you are bringing forth a very
i mportant question which is access to this
i nformati on, which we tal ked about yesterday quite
a bit. Second is the issue--and | really think the
comrmittee needs to think about this for a |ong
time--are you asking us to review every study that
i s approved under exclusivity? There have been
over a hundred determ nations and over 60, 70
| abel s. That would be 60 neetings literally to go
over each of the studies. So, | think that is a
different question. | just want to make sure that
we define when the information will be avail abl e.

DR. CHESNEY: Dr. O Fallon had her hand up
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next .

DR. O FALLON: | have anot her process
issue. | was curious because in | ooking at
pravastatin, or whatever it is, there are two
different estimates of the size of the prescription
to the pediatric population. On one slide it says
pedi atricians wote 47,000 of the total
prescriptions during that year and the other one
says an estimated 7,900 prescriptions were
di spensed. Now, | realize you are working off two
different sets but the difference between 8,000 and
47,000 is bigin ny mnd and | amwondering is that
sort of a very high upper bound and a very | ow
| ower bound, or what. You are trying to get at
what is the piece of the pie that goes for
prescriptions to this age group.

DR IYASU Yes, | think that is an
important point. There is obviously a big
di screpancy between the two estinates. One is
referring to di spensed prescriptions witten by
different specialties. The other one is getting
proportions out of a database that is not
nationally representative and applying the
denogr aphi c percentage to the national database

So, we are trying to get sort of two estinmates but
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they are giving us different estinmtes and we don't
know how to sort of marry the two. But we thought
that we woul d give these databases and expl ai n what
the limtations of both of these databases are,
which | nentioned before. So, that is a good
point. It is sonething that we have to work on to
try to get better databases that could give us
better estimates and not mss significant portions

of dispensed prescriptions. That is a good point.

Thanks.
DR CHESNEY: Dr. Gorman and then Dr.
D Agosti no.
DR. GORMAN:. | can explain four of those
pravastatin prescriptions, | wote themfor mny
not her .

[ Laught er]

So, a pediatrician wote thembut it
didn't go to a pediatric patient. So, that is four
and you only have 47,000 nore to go. So.

The other issue that | think is alittle
bit nore global is that | think | hear a different
theme energing fromour discussion which is that we
have |istened to the AERS data reporting system and
its weaknesses and we have |istened to the concerns

that there are safety signals we will not neet
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during the controlled clinical trials for efficacy.
I think the AERS systemgrew up in a totally
different generation of information collection and
distribution and perhaps there needs to be a nore
active system | ooking for safety signals than we
presently have. | think | heard Dr. d ode say that
and | have heard other people say that with active
case finding there is a nore active searching, and
I amnot sure that is inside the charge of the FDA
but I amsure that that is sonmething that woul d
enhance the safety of these agents. Rather than
demandi ng of sponsors that the clinical trials get
| arger and larger and larger, look for clinica
safety signals and perhaps there can be anot her
mechanismthat allows us to | ook for safety signals
for the rare events after post-nmarketing.

DR. CHESNEY: Dr. D Agostino?

DR D AGOSTING M comment is similar to
that. | nean, in sone fields |like cardiology with
the statins we have an idea, we have a very good
i dea of what sone of the problens are and there are
|l ots of different conpanies and |lots of different
trials, but it is quite quick in some cases to put
t oget her how many probl ens are devel opi ng. |[|nstead

of each study being reported separately, | know
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with the OICs and things that we do in sonme of the
cardi ol ogy we can quickly find out how many nuscl e
probl ens are devel opi ng, how nmany |iver problens
are devel opi ng without having a list of each study
being laid out but these conpanies are constantly
surveying. They know what sonme of the problens are
and they have active ways of getting at them Are
we doing the same here? | nean, | presune we are
and the question is how do we get that information
to the conmittee here and how you are actually

pul ling that data together because, as we said, the
AERS is not really going to do it.

DR. D. MJRPHY: The conpanies are required
to report this to us so it is comng into AERS. |f
the conpany knows about it, it is coming in to us.

DR D AGOSTING What | was saying is sone
of these are doing active registries, surveillances
and so forth so they are actively |ooking. They
are not just waiting for a passive.

DR D. MJRPHY: | think what Dr. Gornan
and you all are trying to say is that you have
heard the limtations, and we have sort of pounded
you with it multiple times, and that there needs to
be a better way but that we can't power safety

studies for rare events. That just won't go
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forward; it is not feasible.

I was just trying to see if sonmebody from
our ODS O fice was here because it would be good
for themto hear your concerns and we will relay
those back to them how can we inprove the process?
Can we target--1 think one of the questions is can
we target areas, which it sounds |ike others have,
where we think there needs to be an active
surveill ance systenf? Certainly, as | nentioned
earlier, we have done that in a few cases where we
know what the safety signal is. |If you know what
the safety signal is, then it is a lot easier to
design that kind of surveillance system So, you
know, it gets back to that kind of focused system
versus finding in kids unexpected results which
don't know that we are able to do yet.

DR. CHESNEY: Dr. Danford?

DR. DANFORD: To briefly address Dr.

D Agostino's earlier question about what woul d the
response of a pediatric cardiol ogist be to nuscle
pai ns, nyal gias or nuscle problens we m ght
encounter in starting these nmedicines in children,
I think that we would be pretty quick to w thdraw
t he nedi ci nes under those circunstances. | don't

t hi nk, wat ching the people who handl e our chil dhood
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lipid problems in our town--1 don't think that the
di scovery of that or any of the other relatively
wel | - known conplications discovered by our adult
col | eagues woul d necessarily trigger a report that
woul d show up in AERS. You know, we know about
these things; we stop the nedicines and we don't
think about it. It highlights once again the
i nadequaci es of this approach and our need to | ook
for other ways.

DR IYASU. | think these are all very
good comrents and, in terns of the limtations of
the AERS dat abase, | think everybody recognizes
that it has very linmited utility in ternms of
pi cki ng up adverse events. It is useful to sort of
maybe generate sone potential signals, especially
rare events that have not been picked up in
clinical trials, but to confirmthe existence of an
event in association with a particular drug it is
terribly inadequate and | understand and | hear
what you are saying in terns of are there any
better ways of |ooking at adverse events and
monitoring themthat woul d be a step forward. But
there are also limtations in ternms of whether you
do it for specific adverse events for a specific

drug or whether you do it for all the nedications
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that are regulated by FDA. As Diane said, it has
been done for certain specific events of concern
but when you try to do it to capture all potentia
adverse events, that is a big undertaking and we

| ook forward to having sone specific
recomendations fromthe commttee. Thank you very
nmuch.

DR. CHESNEY: Thank you. Just thinking
out loud, Dr. Danford raises a very interesting
point which is that if there were a difference in
the incidence of a | abel ed adverse event in
children we woul d never pick that up because we
woul d just say, well, yes, we know that happens but
if it were nore comon in children than adults we
woul dn't pick that up. Does that nake sense?

DR IYASU. Well, we |ook at sort of the
pedi atrics and conpare whether it is nmore conmon in
pediatrics for a specific event than in adults.

But it is always very difficult also to sort of
have a relative rate of the event in the two
popul ati ons because of the different use patterns
and different frequencies of use in the different
popul ations. So, a sort of head-to-head conparison
sonetinmes doesn't work but it gives us sonme idea in

terms of whether there is a potential signal that
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we need to | ook further into.

DR. CHESNEY: Right, but a lot of these
woul dn't be reported to AERS because, "well, this
is sonmething that we know happens" and unless it
may be happeni ng nmuch nore often in pediatrics it
woul dn't be reported because it is a | abeled
adverse event.

DR. | YASU: Absolutely. Under-reporting
is one of the big issues in AERS. Thank you

DR CHESNEY: Thank you very much.
thi nk we have one new person at the table, Dr.
Stylianou, would you mind introducing yourself,
pl ease?

DR. STYLIANOU: Mario Stylianou,
statistician fromNH | do sone work with
pediatric clinical trials at the National Heart,
Lung and Bl ood Institute.

DR CHESNEY: Thank you. There is nobody
schedul ed to speak at the open public hearing but
let me ask if there is anybody not schedul ed who
would Iike to cone to the m crophone. Apparently
not. W are scheduled for a 15-m nute break
G ven the small room and small nunber of people and
potential to nove ahead today, maybe we coul d take

10 mi nutes and, according to this clock, be back
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bet ween 10: 20 and 10: 25 to begi n our discussion of
the cardi ac i magi ng drugs. Thank you

[Brief recess]

DR. CHESNEY: Let's get started if
everybody could find their seats, please. W do
have sone new people at the table so | thought we
m ght take this opportunity to |l et themintroduce
t hensel ves and start over here.

DR BEITZ: | amJulie Beitz. | amthe
Deputy Director of the Ofice of Drug Eval uation
1.

DR LOEWKE: | am Sally Loewke. | amthe
Acting Division Director of the Division of Medical
I magi ng and Radi ophar maceuti cal Drug Products.

DR BUCKLEY: Hi, | am Shavhree Buckl ey.

I ama nmedical officer in the Division of Pediatric
Drug Devel oprent, and a pediatrician

DR. CHESNEY: Thank you. Just one
techni cal or business detail, it was brought to ny
attention that sone people would be willing to
either forego lunch or make it a brief 15-mnute
lunch in order to keep on going. So, please keep
that in mnd and we will raise it again at the end
of this nmorning's session as to whether you want to

do that.

file:/l/l[Tiffanie/C/storage/0203PEDI.TXT (56 of 328) [2/19/2004 10:22:32 AM]

56



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

The rest of our session very briefly, as
understand it--and this will be repeated to us a
nunmber of times but for the comittee's benefit and
for me thinking out |oud, our challenge is to help
the FDA determ ne what cardiac i magi ng drugs, not
devi ces or procedures but what cardiac i mgi ng
drugs do we need pediatric labeling for. Very few
of these imaging agents or drugs currently have
pedi atric | abeling, and how many need it and for
how many coul d the use sinply be extrapol ated from
adult |abeling? Specifically, they are interested
in what imaging drug cl asses need further study.
Secondl y, what patient popul ati ons woul d be
avail able to receive these drugs. Along that |ine,
utilization information is particularly inportant.
In other words, how many children woul d undergo a
procedure invol ving the agent such that there would
be enough to do a study with the agent?

So with that, | am pleased to introduce
Dr. Susan Cunmins who is the |ead nmedical officer
in the Division of Pediatric Devel opnent. |
understand that in addition to introducing this
session, she may have sone comments for us about
the previous issue of adverse drug reporting.

Use of Inmaging Drugs in Conjunction with
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Cardi ac | magi ng Procedures in the Pediatric

Popul ation Pedi atric Regul atory Update

DR CUMMNS: Good norning. First, just
to comment on the adverse drug reporting feedback
that you gave us, | wanted to |let you know that we
ki bitzed over the break and what we will do for our
next meeting and into the future is provide you
with the medical officers' summaries for the drugs
that are granted exclusivity. W will also provide
you with the |abeling changes, as well as the AERS
summary that you get now in the sumary that is
provided to you in your packets.

Di ane Murphy has al ready shared your
concerns with the Ofice of Drug Safety who,
thensel ves, are always interested in strengthening
drug safety reporting to the FDA and we will be
talking with them about your concerns and see how
to go forward with them

[Slide]

I want to wel cone you all here. There are
a lot of new faces at the table. | am Susan
Cummins. | ama nedical team|eader in the
Di vi sion of Pediatric Drug Devel opnent and Shirl ey
Mur phy asked ne to tell you a little bit about

nmyself so here is a 30-second story.
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| cane to the Division fromthe National
Acadeny of Sciences a little over a year ago where
I was the Director of the Board on Children, Youth
and Fam lies. This board was a joint board with
both the Institute of Medicine and the Nationa
Research Council .

| also brought along a | ong experience
wi th environmental health, especially in chil dhood
| ead poisoning. For many years | managed the
chi | dhood | ead poi soni ng prevention programfor the
State of California. |In that role we used neetings
such as this one, advisory comittees, extensively.
We were actually mandated by state | aw to use
advi sory committees to help us with conpl ex issues
of science, nmedicine, public health and policy.

So, | have a lot of experience with nmeeting
processes both at the National Acadeny of Sciences
and in California, and | love neetings like this.

I think your input is just so valuable and really
hel ps us be able to nove forward.

I want to thank you in advance for al
your time and wisdom and at the end of the day for
the advice that you are going to give us. Many of
you, in addition to com ng today, participated in a

series of scoping interviews that we conducted to
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plan this neeting and to help us define the issues
that we needed to address. That was just
unbel i evably hel pful. 1 don't know that we could
have noved forward in planning this neeting wthout
the input that you have given us already. W also
| ook forward to a very stinulating and productive
day so | want to thank you already for all that you
have done.

[Slide]

What | amgoing to do today is give you a
brief overview of the |ast decade of pediatric drug
devel opment efforts at the FDA. | am al so pl eased
to report that the agency is fully engaged in
efforts to strengthen | abeling of products for use
in the pediatric popul ations.

Today | amgoing to tal k about the issues
listed here. First | amgoing to review pediatric
i ssues, especially pediatric safety issues which
have | ong influenced the evolution of FDA | aw,
regul ation and policy. That said, today | am going
to focus on recent nilestones, those of the |ast
decade.

I will also briefly reviewthe witten
request process, discuss current pediatric |abeling

and exclusivity statistics, the big goals of these
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1 efforts and pediatric resources that are avail abl e
2 at the FDA Internet web site. For the standing

3 committee nenbers this will be yet another review
4 and | apol ogi ze for that, though | appreciate Joan
5 Chesney's graci ous comrents yesterday that no

6 review could be too many. However, nany of you are
7 new, as | just nentioned and have just cone for

8 this nmeeting and this topic is intended to provide
9 you with a quick prinmer on how these issues have
10 unfol ded at the FDA

11 [Slide]

12 As in every field, we at the FDA conduct
13 our work with many acronym shortcuts. You have

14 your MR, your PET, your SPECT, your XR, and we

15 have our FDAMA, BPCA, PREA and WR. The acronyns |
16 will use for ny talk are listed here. The first
17 three refer to recent laws. FDAMA is the Food,

18 Drug and Cosnetic Mdernization Act. BPCA is the
19 Best Pharmaceuticals for Children Act. PREA is the
20 Pedi atric Research Equity Act. WR refers to a
21 witten request and PPSR refers to a proposed
22 pediatric study request. | wll describe all of
23 these t hroughout the course of ny talk.
24 [Slide]

25 In 1994 FDA issued pediatric regul ations
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that required data review for pediatric |abeling.
This rule required sponsors to review both their
exi sting data as well as avail abl e published
literature to see if enough data was available to
support pediatric labeling. No clinical studies
were required by this rule. Inportantly, this rule
i ntroduced the concept of extrapol ation of efficacy
data fromadults to children when that
extrapol ati on seened scientifically appropriate.

[Slide]

In 1997 FDAMA was passed by Congress.
FDAMA actual ly brought the FDA |aw up to date. It
was a big | aw that nodernized the Food, Drug and
Cosnetic Act. Included in this | aw were several
pedi atric provisions, nost inportantly the
exclusivity incentive, which is a big carrot based
on conpliance with terns of a witten request
i ssued by the FDA to drug sponsors. Before the
passage of FDAMA the pediatric market, with the
exception of perhaps antibiotics and a few other
product cl asses, was too small to support a drug
devel opnment program so pediatric studi es were not
done. Pediatric exclusivity changed all of that,
as you will see in a mnute. The pediatric

exclusivity provisions of FDAMA sunsetted on
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January 1, 2002.

[ Slide]

Now, what is pediatric exclusivity?
Pediatric exclusivity is an additional 6-nonth
period during which a sponsor retains exclusive
mar keting control of all forns of a drug product
line. It requires either an existing patent or
exclusivity and is not a patent extension. FDA
doesn't have the authority to grant a patent
extension; only the Patent Ofice can do that.
Pediatric exclusivity attaches to an existing
patent or to other exclusivities which have been
granted by the FDA.

This is a very powerful econom c incentive
for pediatric drug devel opnent because it confers
to the entire drug noiety and every product that
contains that active drug product. It delays for 6
mont hs the introduction of generic products. As
soon as the generic product is introduced the sale
of the branded product declines dramatically.

For exanple, consider the steroid
fluticasone. Wen exclusivity was granted to
fluticaszone it attached to Flovent, the inhal ed
product; to Flonase, the nasal spray; to Cutivate,

the topical product; and to Advair, the conbi ned
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fluticasone and sal neterol product. |magine, for
exanple, a product with 2 billion dollars annually
in sales. Exclusivity translates to an additiona
1 billion dollars in sales. So, this is a very,
very powerful economic incentive for pediatric
studies, and this was the carrot that nade
pedi atric studi es econonically feasible.

[ Slide]

I want to touch on one part of FDAMA about
whi ch there has been sonme confusion on the part of
i ndustry, the FDAMA priority list. The priority
list consisted of several hundred drugs that were
prioritized for pediatric studies by the FDA. If a
drug was on the priority list it did not require
FDA to issue a witten request. |ssuance of a
witten request if a drug was on the priority list
was optional. But inportant for now, this list has
sunsetted. Its sunset was on January 1, 2002. So,
it sunsetted when the pediatric provisions of FDAVA
sunsetted so nowthis list is a piece of history;
it really no | onger exists.

[Slide]

The next advance | want to nention is the
Best Pharmaceuticals for Children Act, the BPCA,

whi ch becane | aw on January 4, 2002. The BPCA
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re-authorized the exclusivity provisions of FDAVA
for on-patent drugs. |In addition, it also includes
an additional nechani smfor obtaining information
on the safe and efficaci ous use of off-patent drugs
in the pediatric popul ations.

There is a slide mssing so | amgoing to
tell you what it says. The Best Pharnaceuticals
for Children Act--as | just nentioned, BPCA
est abl i shes nmechani sns for study of both on-patent
and off-patent products. It requires in addition
the FDA to collaborate with NIH on these studies.
For off-patent products that is the nmajor focus of
the work of our O fice and for on-patent products
that industry does not want to study. So, if
i ndustry does not want to study an on-patent
product we have a mechani smthrough BPCA to get
studi es done aon that product for pediatric
| abel ing, as well as mechani sns for doing studies
of off-patent products. For both on-patent and
of f-patent products industry has the right of first
refusal to conduct studies that are requested
through the witten request process.

[Slide]

There are two paths to a witten request.

First, FDA can itself issue a witten request and
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thi s happens when the agency determ nes that there
is a public health need for the studies that are
bei ng requested. The definition of a public health
need can vary on many factors, such as whether
there is substantial off-1abel use; if the proposed
use is a significant pediatric issue; and whet her
there are other treatnent options avail able.
Havi ng a di sease be prevalent is not the only
factor that we fold into a decision about the
public health need. Pediatric studies for drugs to
treat rare di seases may al so have a high priority,
especially when no other treatnent options are
avai | abl e.

The other path is when industry subnmits a
PPSR to the FDA. In that circunstance the FDA may
accept the proposal as it is and issue a witten
request. It may nodify the proposal and issue a
nodi fied witten request, or it may not accept the
proposal at all and the factors that we just
described fold into the decision-maki ng process.
In that case, if the FDA decides not to issue a
witten request then it will issue an inadequate
letter.

[Slide]

Now, what is a witten request? A witten
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request is a |l egal docunent that provides a
detailed outline of the studies needed by the FDA
to adequately | abel the product for us in the
pediatric population. It is an outline, a detailed
outline that does not have the kind of detail you
usually see in a protocol. Once a study is noving
forward based on a witten request, then a protoco
is devel oped. The witten request specifies al
the study needs to | abel the product, including
i ndi cation, population, types of studies, PK
safety and efficacy studies for exanple, safety
paraneters that need to be nonitored, whether there
is a need for long-termfollow up and what that
m ght be and the time frane for response. |In the
next few slides | amgoing to reviewthe witten
request process.

[Slide]

These slides focus on the on-patent
process. The off-patent process is fairly sinmilar.
In this exanmple the industry sponsor submits the
proposed pediatric study request to the agency and
the FDA reviews the PPSR to determ ne whether there
is a public health benefit to the proposed studies.
Again, the public health benefit issue here is

important. The agency only issues a witten
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request if it determines that there is a public
health benefit to the studies. |If so, it issues a
witten request and, again, if not, it issues an

i nadequate letter.

[ Slide]

Once the FDA has issued its witten
request, the industry has 180 days to respond to
that request. |If it declines the request, then the
WR may be referred to the National Institutes of
Heal th Foundati on for funding of the requested
studies. | would add though that currently there
are very limted funds available within the NIH
Foundation to conduct studies of on-patent
products.

[ Slide]

I amnot going to talk about this slide.

I want to nove on and talk a little bit nore about
the on-patent drug exclusivity process because that
has been somewhat of a nystery, what happens at the
FDA in this on-patent witten request revi ew

i ssuance, and then review studi es once they cone in
to the FDA

[ Slide]

This slide addresses all of that and |

want you to focus on the right side of the diagram
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this colum right here. Prior to issuing a witten
request the agency does background research on the
drug product and the issues at hand and conducts a
literature review. That literature reviewis used
to informthe drafting of a witten request. The
draft request is then reviewed by PdIT, the
pediatric inplenentation teamwhich is a
cross-functional teamthat neets regularly within
the agency to discuss draft witten requests.

Once the draft is reviewed, has been
di scussed, has been revised and finally approved,
it is issued to industry by the review division
The studies are conpleted by the sponsor, if the
sponsor agrees to performthem and the results are
submitted to the agency. So, we are right here.

Once the FDA receives the subnmitted study
reports a tine clock starts. It has 60-90 days to
review the reports and nake an exclusivity
determination. The submission is reviewed
eventually by the exclusivity board which is a
cross-CDER team It is a very formal neeting and
the teamis chaired by Dr. John Jenkins. The
revi ew focuses not on whether efficacy has been
denonstrated but, rather, on whether the sponsor

has fairly met the ternms of the witten request.
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That is the legal standard that we nust neet. This
is determ ned by nmaking a very careful conparison
of the subm ssion that we have received fromthe
sponsor conpared to the witten request that was

i ssued.

If, for exanple, the witten request asks
that 10 children between the ages of 6 and 10 be
included in the study popul ation, then the revi ew
carefully checks to see if, in fact, 6 [sic]
children were included in the study population in
the submission. |If exclusivity is granted, then
that notice is posted on the pediatric page and on
the web. Oher actions to the |abel follow within
a few nont hs.

[ Slide]

This incentive has really been a
trenmendous success. Please note here, this slide
reports on industry response to the witten request
process as of January, 2004. Your handout may say
2003. It is one of those last mnute errors you
see after looking at a slide a dozen tines. To
date we have received over 300 proposals from
i ndustry. W have issued nearly 300 witten
requests. We have nmade exclusivity determ nations

for 101 cases and granted exclusivity in 91 of
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those cases. This effort has led to 63 new | abel s.

The significance of these new | abels
really cannot be underestimated. It isn't just
data; the | abeling changes determ ne how we use
these drugs and provide new i nformati on on how to
use these drugs safely in the pediatric popul ation
on issues such as dose, unanticipated adverse
events and the like.

[Slide]

I want to nove forward to the present. On
Decenber 3, 2003 the President signed the Pediatric
Research Equity Act, PREA, into law. PREA minmcs
the Pediatric Rule which was overturned by the
courts in 2002, and this form provides the stick
that bal ances the carrot that | tal ked about
earlier. PREA is retroactive for applications back
to April 1, 1999.

[Slide]

PREA requires pediatric studies of certain
drugs and biologics for the issues listed here: if
there is a newindication; if there is a new dosage
form a new route; a new dosing reginmen; or a new
active ingredient. Biologics are included because
bi ol ogi cs have not been eligible for exclusivity in

the past because they don't have patents.
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The Act al so establishes, as was nmenti oned
earlier, a formal pediatric advisory commttee and
this committee will be seated at the Conmissioner's
level so it will advise the agency on pediatric
i ssues for nost of the FDA centers--for drugs,
bi ol ogi cs, foods and devi ces, probably not
veterinary nedicine. |Its range of issues will be
even broader than that of the current subconmittee
whi ch has tackled a nunber of issues. The range of
i ssues we have tackled since | have been here is
just extraordinary. Inplenentation of the Act is
still under discussion within the agency. The FDA
is currently in the process of devel oping a
gui dance to advi se on how we plan on inplenmenting
the Act.

[Slide]

This is our goal for all of these efforts,
to add new pediatric information to the | abels of
drug products that are comonly used in children
Bef ore pediatrics came to the FDA drugs were
commonly used off-label, as | know you all know,
and in that circumstance each child was an N of 1.
Little was | earned from any of these individua
treatnent experinents and we al ready have gat hered

a lot of very valuable information since this
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effort has started.

[Slide]

I want to close by nentioning just a
coupl e of resources that are available on the FDA
Internet. |If you go to the FDA hone page, which is
shown here, at www. fda.gov and you | ook at the
| ower right corner--this little arrow right here,
there is alittle link to the pediatrics web hone
page.

[Slide]

Then if you go to the pediatric honme page
there is a ot of valuable information--statistics,
gui dances, information about pediatric advisory
subcommi ttee neetings and rmuch, much nore

That concludes nmy comrents. | want to
thank you for your attention and | will turn the
podi um over to Sally Loewke.

DR CHESNEY: Just in advance of Dr.
Loewke, | wonder if all of the speakers who follow
her, and including her, could tell us just very
briefly, 30 seconds, about your background, please.

FDA Perspective

DR. LOEWKE: Good norning and wel come all.

[Slide]

My nane is Sally Loewke. | amthe Acting

file:/l/l[Tiffanie/C/storage/0203PEDI.TXT (73 of 328) [2/19/2004 10:22:32 AM]

73



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

74
Division Director for the Division of Medical
I magi ng and Radi ophar maceuti cal Drug Products.
am a nucl ear nedi ci ne physician and | amgoing to
note sone bias here. | ama nother of twins with a
son who has had sone cardi ac probl ens, who has
actually had to have cardiac catheterization and
sone cardi ac procedures. So, | amgoing to throw
that out just so you know.

[Slide]

Dr. Chesney and panel nenbers, | really
want to thank you very much for com ng here today
and taking tinme out of your busy schedules to talk
about this very inportant topic, the use of inmaging
drugs in conjunction with cardiac inmaging
procedures in the pediatric population. As you
know, cardiac inaging plays an inportant role in
the managenent of patients with cardi ac di sease and
to date we have very few drugs that are approved
for cardiac indications in the pediatric
popul ati on.

We are here today to get needed input from
you about the use of these products in the
pedi atric popul ation. The information that you
will bring forward will be invaluable to the agency

as we proceed in our efforts to provide safe and
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effective drugs for the pediatric popul ation

[Slide]

These are several areas that | will be
addressi ng over the course of this presentation
thi s norning.

[Slide]

The FDA is a regulatory agency. It is
made up of 6 centers. The center that is
responsi ble for review of drugs for human use is
the Center for Drug Eval uation Research. W are
al so known as CDER An inportant piece of
information to also take away fromthis slide is
that the devices are regulated by a different
center within the FDA, CDRH, Center for Devices and
Radi ol ogi ¢ Heal t h.

[Slide]

CDER s mission is to assure that safe and
effective drugs are nmade available to the Anerican
peopl e.

[Slide]

The Division of Medical Inmaging and
Radi ophar maceuti cal Drug Products is one of 18
divisions that makes up the Ofice of New Drugs
within CDER. The Division is responsible for the

review of drugs that are utilized for diagnostic
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i magi ng i ncluding sone radi ot herapeutic products as
well. The nedical imaging drugs have been broken
down into two categories, the contrast agents and

t he radi opharnaceuticals. The definitions you are
about to see come fromthe FDA draft gui dance which
is in your packet.

[Slide]

A contrast agent is a medical imging
agent used to inprove the visualization of tissues,
organs and physi ol ogi ¢ processes by increasing the
relative difference of imaging signal intensities
in adjacent regions of the body. Sone common
exanpl es of these types of agents include iodinated
contrast, gadolinium and nicrospheres.

[ Slide]

A di agnosti c radi opharmaceutical is an
article that is intended for use in the diagnosis
or monitoring of a disease or a manifestation of a
di sease in humans that exhibits spontaneous
disintegration of unstable nuclei with the em ssion
of nuclear particles or photons, or any radioactive
reagent kit or nuclide generator that is intended
to be used in the preparation of such an article.
One of the common radioactive tags that is used in

nucl ear medi ci ne i magi ng, including nucl ear cardiac
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i magi ng, woul d be technetium 99-M

[Slide]

As an aid to your understanding of the
Division and its thinking about the devel oprment of

medi cal i magi ng drugs, you were provided with the

draft guidance for devel oping clinical imaging drug

and biol ogi ¢ products in your preparatory package.
Thi s docunent provides information on inportant
areas that need to be discussed during the course
of drug developnment. | refer you to the guidance
for specifics, however, | will briefly touch upon
the types of indications that could be sought for
both the pediatric and adult indications.

Structure delineation--an imging agent
able to locate and outline normal anatonic

structures and, in doing so, can clarify the

spatial relationship of that structure with respect

to other body parts or regions.

D sease or pathol ogy detection--an agent
is able to detect and | ocate specific di sease or
pat hol ogi cal st ates.

Functional , physiol ogical or biochenica
assessnent--an agent is able to evaluate function,
physi ol ogy of biochem stry of a tissue, organ

system or body region. This type of indication
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could apply to an agent that is used to detect
either a decrease or an increase of a nornal
function or physiological or biochem cal process.

Di agnostic or therapeutic patient
managenent - -a nmedi cal i magi ng agent woul d i nprove
pati ent managenent deci sions or inproved patient
out comes, including predicting survival or patient
response to specific therapies.

[ Slide]

To provide you with a framework of the

types of information we routinely see when new drug

applications cone into the agency, | have this one
slide. It is not all-inclusive for the clinica
assessnent and it is not all-inclusive for the

informati on that we seek in a new drug application
but it highlights a couple of points | wanted to
di scuss further. For efficacy, obviously, we
review the data and review the studies to make sure
an appropri ate dose has been selected that is going
to give you a useful inmage. We |ook at the
phar macoki neti cs and nake sure they are well
def i ned.

The pivotal Phase IIl trials are the
trials where we get nost of our efficacy

informati on and what we like to see is a trial
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design that includes clinically relevant endpoints,
rel evant patient popul ations and an appropriate
standard of truth.

The question is what does all that nean?

I amgoing to give you an exanple to help

illustrate nmy point here. It is not a cardiac
example but | still think it nmakes the point
effectively. |If you are devel opi ng a nedica

i magi ng agent that you felt could distinguish
bet ween beni gn versus malignant |esions, having an
agent that could identify a malignant |esion
obviously has clinical utility. Physicians wll
know what to do with that information and it is
very useful. So, you would then pursue study of
that agent in a patient popul ation who woul d
present with a tunor or a | esion that needed
further evaluation. Utimtely, how do you
val i date the perfornmance of the new drug? You
would do so in this case by getting biopsy and

confirm ng the pathol ogy of those |esions.

From a safety perspective, we identify any

maj or toxicities that m ght have conme about during
the course of drug devel opment and we put together
an adverse event profile that, if the drug is

approved, generally is put into drug |abeling.
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So, overall our review and action on a
drug, whether it be approval or non-approval, is
based on a risk/benefit assessment. |In this case
risk can nean a safety hazard or risk. It could
al so mean hazard could be occurring froma
m sdi agnosis as a result of the inaging drug.

[Slide]

The Division has several drugs in which
cardiac indications are approved. This slide lists
drug cl asses and sone of the general indications
that are approved in both the adult and pediatric
popul ations. The iodinated contrast drug class is
the only drug class that has a cardiac indication
approval in both the adult and pediatric
popul ati ons, that being for conventiona
angi ography. The pediatric approval goes down to
the age of 1.

The gadol i ni um drug products are not
approved in either the adult or pediatric
popul ations for a cardi ac indication, however they
do have other indications that are approved in both
popul ati ons.

The radi ophar maceuti cal s--we have approva
for myocardial perfusion identifying cardiac

i schem a and ot her nyocardi al functiona
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assessnents such as ejection fraction, wall notion
and viability. Again, those are studi ed and
approved in the adult popul ation.

M crospheres are one of our nost recent
drugs that have been on the market. They have been
approved for left ventricular opacification and
endocardi al border delineation but have only been
approved in the adult popul ation.

[Slide]

Hi storically, children were felt to be
considered like little adults and we coul d dose on
a mlligranf kil ogram basis and, therefore, research
in children really wasn't necessary. However, in
the 1970s there was a change in that thinking where
peopl e actually felt it was unethical not to study
drugs in the pediatric population as many new drugs
were flooding the market and were being used in
this popul ati on.

Today, as Susan has nentioned, we have the
Best Pharmaceuticals for Children Act and the
Pedi atric Research Equity Act which are
congressional ly mandat ed, and Congress has clearly
stated that children deserve the sane | evel of
evi dence as that provided for the adult approvals.

[Slide]
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The agency has tried to foster pediatric
drug devel opnent and, in doing so, has made
comments about the potential use of extrapolation
fromefficacy data fromadults to the pediatric
popul ation. Therefore, if the course of disease
and the effects of the drug are simlar in adults
and pediatric patients, then the FDA may concl ude
that pediatric efficacy can be extrapol ated from
adequate and well-controlled studies in adults,
usual Iy suppl enmented with other information
obtained in the pediatric popul ati on such as
phar macoki neti ¢ and safety studies.

[Slide]

VWhen may it not be appropriate to
extrapol ate? Wen the disease is different in
eti ol ogy, pathophysiology or in its manifestations;
when the response to therapy is different; when the
pat hophysi ol ogy may be conparabl e but the response
unpredi ct abl e; or when pharmacoki netic paraneters
are not well-defined in the adult popul ati on.

[Slide]

We know that there are differences in
pat hophysi ol ogy of cardiac di sease between the
pediatric and adult populations. Pediatric

popul ation presents with congenital heart disease
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and the adults with atherosclerotic heart disease,
and nost of our drug approvals for cardiac
indications in adults have revol ved around pati ent
popul ati ons that have signs and synptons of
atherosclerotic disease. So, the question to
ponder later today is do differences in the
eti ol ogy and pat hophysi ol ogy affect inmaging drug
perf or mance?

[ Slide]

We have had great difficulty in getting
accurate use data of these products. 1In an effort
to try to give you sone perspective, we | ooked at
the Child Health Corporation of America's Pediatric
Health Informati on System database. Currently,
this is inpatient data from 31 free-standing
children's hospitals with charge | evel drug
utilization information. It is our first access to
pedi atric inpatient drug use and, since many
children's hospitals are the sites of research
trials, we feel that we probably get great
informati on on potential off-label use of these
products.

Thi s dat abase, however, has a | ot of
limtations to it. You cannot nationally project.

The FDA only has access to data dating back to
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1999. There is no direct |ink between drug and

di agnosi s procedure. It does not capture

out patient use and free-standing i mage center use.
And, the contrast nedia radi opharnmaceuticals are
usual 'y bundl ed together with the imagi ng procedure
and cannot be specifically separated out.

[Slide]

So, this is the result of our database
search and this is specifically from 26
free-standing children's hospitals at the tinme this
was done. These are drug nentions in the pediatric
popul ation for the years 2001 and 2002 out of the
total discharges that you see at the bottom of the
slide. The iodinated contrast agents have the nost
drug nentions for both 2001 and 2002, foll owed by
t he gadol i nium contrasts, radi opharmaceuticals and
the m crospheres.

[Slide]

Si nce nost of our products are not
approved in pediatrics we have little know edge
about their safety. | just want to step back for
one second to nake one nore conment about that
dat abase information on use. W are fully aware
that it is not an accurate representation of the

use of these products because we know many i magi ng
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procedures are performed on an outpatient basis and
are performed at free-standing inaging centers.

So, we hope that the discussions |ater today and
the presentations fromour experts will help
enhance our know edge of the frequency of use of

t hese products.

[Slide]

Unfortunately, we have a limted know edge
base for pediatric safety data as well since we
have few approvals. So, in an attenpt again to
gi ve you sone kind of flavor of what we do know, we
did a data search of the Adverse Event Reporting
System al so known as the AERS database. It is a
spont aneous and voluntary reporting systemand it
too has many limtations which you heard about
earlier today. There is under-reporting; reporting
bias; the quality of the reports is very limted;
and you cannot estimate the true incidence rate of
events or exposure risk

[SlIide]

I just want to go over the nethodol ogy
briefly of our search. W did not want this whol e
meeting to revolve around any one specific drug
but, rather, the drug classes so in an attenpt to

keep that theme with the search of this database we
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sel ected two drugs per drug class which we thought
were relative market | eaders and did a search of
the database in both the adult and pediatric
popul ati on.

Once we got those results, we then
conbi ned them and, as you will see, the slides that
will be forthcom ng are conbined data for the drug
class per se. W report out the npbst conmon
adverse events reported in 10 percent of the total
or greater. W report out the deaths and the
search tine frames were variabl e dependi ng on the
specific drug product that we used and their
original approval dates. Again, be warned that
this database has its linmtations and cannot be
construed as an accurate representation of the
adverse event profiles for these drug cl asses.

[ Slide]

This is the data we generated for the
i odi nated contrast agents. As you can see here,
there were 2,997 reports in the adult popul ati on
versus 68 in the pediatric population. The combn
event types were pruritus, dermatitis and urticaria
in the adults and urticaria, dyspnea and faci al
edema in pediatrics. There was a total of 274

deaths in the adults and 2 reported in the
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pedi atric popul ati on

Those 2 deaths in the pediatric popul ation
i ncluded a 9-year old male having an abdom nal CT
who had an anaphyl actic reaction and died. This
patient was noted to have a history of asthma. The
other patient was a 7-nonth old with nmultiple
cardi ac anonalies who di ed approximately 6 hours
after a cardiac cath procedure. As you can note,
these common events are really a hypersensitivity
type reaction and these are very conmon for
i odi nated contrast agents.

[Slide]

This slide represents the gadolinium drug
class. There is a total of 5,163 reports in the
adult popul ation versus 233 in the pediatric
popul ati on. Conmon events in adults include
urticaria, vomting, nausea, dyspnea and pruritus,
and in children vomting, nausea and urticaria.
There was a total of 108 deaths in the adult
popul ation and 3 in the pediatric popul ation

Those 3 deaths were as follows, a 7-nonth
old with gastroenteritis had an MR to exclude
meningitis. The patient had spina bifida and the
patient died 2 hours after the procedure from

septic shock.
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A 12-year old fenale died from
complications of brain stemgliom and a 5-year old
mal e wi th meni ngeal toxem a died approximtely 8
hours after an MRl from conplications of
henorrhagi c stroke. Again, as | stated earlier,
the gadol i niumdrug cl ass does not have a cardi ac
i ndi cation approval in either popul ation

[Slide]

The radi opharmaceutical drug class--a
total of 334 reports in the adult popul ati on versus
no reports in the pediatric popul ation. Conmon
events in adults include dermatitis, pruritus,
urticaria, nausea, cough, headache and dyspnea and
a total of 16 deaths were reported.

[Slide]

The nicrosphere drug class--a total of 107
reports in the adult popul ation, no reports in the
pedi atric popul ation. Common events in adults are
back pain and headache and no deaths reported.

[Slide]

Overall, to date we have few approval s of
cardiac inmaging drugs in the pediatric popul ation
We have limted use data and limted safety data,
and we have the question to ponder whether the

di fferences between cardi ac di sease processes in
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89
adults and kids can actually allow us to
extrapol ate the efficacy data.

[Slide]

These are basically the questions for the
panel that will be coming up either later today or
tomorrow. | just flash themon the screen for the
benefit of the audi ence so you can understand as
you listen to the speakers talk later.

The first question basically revol ves
around extrapolation. |Is it possible? |If so,
when? The second question is a series of questions
that we would |i ke addressed per drug cl ass
category, asking whether there is needed study for
the drug class and, if so, what patient
popul ati ons, what di sease states, etc.

[Slide]

The third and | ast question is the
rel evance of new drug devel opnents in the field of
adult cardiac i magi ng and whet her they are
applicable to the pediatric popul ation

[Slide]

So, we would really like today's focus to
be on the imaging drugs. | knowit is hard to
separate the inmaging procedure and the device but |

ask that people try. W also know that there are
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90
many ethical issues in pediatric research. Again,
we woul d lI'ike today's discussion to focus on the
science and trial design issues. Do we need
additional drug labeling, and for what cl asses, and
what do we need to know? How are these products
bei ng used and for what purpose and what
popul ati on? And, how do they alter your nanagenent
deci sions, the information that you gather? The
bottomline, do you feel that extrapolation is
potentially possible?

[Slide]

I want to thank you very nuch for
attending today. As Susan had alluded to, we
counted on many people on this panel and ot hers who
are not present to help organize this neeting and
your hel p has been very invaluable and | thank you
very much.

DR CHESNEY: Thank you, Dr. Loewke. W
will have tinme for questions and answers of the
speakers after the next two presentations. The
next presentation is by Dr. John Ring, representing
the Anerican Acadeny of Pediatrics, to give their
perspective on the issues Dr. Loewke just outlined.

Ameri can Acadeny of Pediatrics Perspective

DR. RING One of the advantages of
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91
becom ng mddl e aged is that you get a bit
farsighted over tinme so | amthinking that this
wi || probably work.

[Slide]

Apropos Joan's request to identify
onesel f, | have found, now that | amclearly
unequi vocal ly middle aged, that it is inportant for
me to start each day by orienting nmyself to a
person, place and tine--

[ Laught er]

--so, thisis who | am This is where we
are and this is who you are, in case any of you
require this type of orientation as well.

The five physicians sitting to my right
along this part of the table will offer detail ed
information this afternoon regarding the
application of intravascular contrast agents and
radi opharmaceuticals to various pediatric cardiac
diagnostic nodalities. M assignhnent is nore
general. It is to present the position of the
Ameri can Acadeny of Pediatrics as to whether these
agents should be studied at all. | believe | have
been selected for this role because | have
practiced pediatric cardiology for over 20 years

wi th extensive experience in the cardiac
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catheterization |lab and because | am al so a nenber
of the national AAP Conmittee on Drugs. M/ two
sons, Jack and Patrick who are sitting in the

audi ence feel that | was selected for this
presentation today so that they could m ss three
days of school

[ Laught er]

[ Slide]

The four points which | am about to
sunmari ze represent what we know for sure about the
use of intravenous contrast agents and
radi opharmaceuticals in pediatric cardiol ogy.

These points are that congenital and acquired heart
di sease is common in children and of considerable
clinical inportance; that accurate diagnosis is
central in order to effect a good clinical outcone;
that the diagnostic use of intravascul ar contrast
agents and probably radi opharmaceuticals is likely
to increase in the target patient population; and,
finally, that our current use of these agents is
gui ded really by good intentions rather than by

dat a.

Taken together, these points identify a
clinical problemthat is of mgjor clinica

significance in children. They indicate that there

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (92 of 328) [2/19/2004 10:22:32 AM]

92



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

93
is atrend toward increased utilization of these
di agnostic units and they highlight what the
Acadeny feels is a glaring deficiency in our
know edge base regardi ng their use.

[Slide]

As a good academician | did a literature
search. | did a literature search in large part
because the American Acadeny of Pediatrics has not
gi ven these agents focused consideration and, thus,
there are no official AAP policies, technica
reports or practice guidelines that speak to their
use. Regardless, the AAP recognizes that in
general children's health care needs are unique,
that these needs commonly vary with the patient's
age, and that optinmal pediatric therapy, regardless
of type, is predicated on the performance of

appropriate scientific studies performed in

children.

[Slide]

Put very simply, know edge is good and
children are not little adults. | spoke a mnute

ago in regards to a literature search in order to
see what gui dance we had there. Wth the help of
three research librarians at two institutions, the

University of Tennessee and St. Jude Children's
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Research Hospital, we searched key words such as
i ntravascul ar contrast agents and
radi opharmaceuticals. W focused the search on
children rather than adults. W specified that we
were nost interested in cardiac di sease and we had
a particular interest in identifying conplications.

[Slide]

The dat abases searched are those that are
listed and the time frane for the search is a
particularly I ong one. Unfortunately, but not to
much to my surprise, what we found is that there is
virtually no information extant in the literature
whi ch speaks to the contenporaneous usage of
contrast agents in pediatric cardiology or, by
ext ensi on, radi opharnmaceuti cal s.

Sonet hi ng has happened to my script.
Well, let's go back to the four things that we
actual ly know for sure.

[Slide]

What in particular is the scope of the
probl en? The reported frequency of congenita
heart di sease in the population is 2.03 to 8.56 per
1,000 live births, with a nedian figure of 5.93.
The figure that is generally quoted for the quiz is

t he higher of these. Even when one requires nore
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firmdiagnostic criteria, for exanple cardiac
catheterization, intraoperative inspection or
postnortem exam nation, the figure is stil
substantial, up to 4.3 per 1,000 live births.

We have a popul ation of children with
congenital heart disease which is aging. An
article from The Anerican Journal of Cardiology, in
1982, so a relatively dated reference, indicated
that there were at that tinme approximtely 8,500
children with operated congenital heart disease
reachi ng adul t hood each year. Thanks to advances
i n diagnosis and therapy that nunber is actually
increasing. |In addition, those patients constitute
an agi ng popul ation, the natural history for which
is entirely unclear. So, we are obviously on a
voyage of discovery.

As far as inflammatory cardi ac disease is
concerned, the first two points indicate that the
i nci dence and preval ence of Kawasaki syndrone and
acute rheumatic fever are substantial in the
pedi atric population. As far as nyocarditis is
concerned, nore frequent myocardial biopsy in
children coupled with better diagnostic nodalities,
for exanple PCR analysis, are beginning to extend

the scope and define the specificity of this
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di agnosi s which to date has been |argely
descriptive.

[Slide]

One of the ways in which pediatrics
differs fromadult nedicine is with its focus on
the future. The mission statement of the Anerican
Acadeny of Pediatrics is very clear on this point:
The AAP is committed to the attainment of optima
physical, nental and social health and well being
for all infants, children, adol escents and young
adults. Balance this against the fact that
congenital anonalies are the fifth ranked cause of
premature nortality in the United States. That is
taken froma reference in Morbidity and Mortality
weekly reports in 1998. O interest for this
group's deliberations, structural congenital heart
di seases account for 6 of the 15 nost |etha
congenital malformations in this group

[Slide]

Optimal interventions in pediatric
cardiology really do depend, in large part, on good
i mging. A good picture is worth a thousand words.
Pedi atric cardi ol ogi sts and cardi ovascul ar surgeons
are visually oriented practitioners. W cannot

treat effectively what we cannot see well. This
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applies both to surgical and catheterization
| aboratory interventions.

Qur patient population today is undergoing
hi gher risk interventions both in the cath |ab and
in the operating room These interventions reduce
what we consider to be the acceptable margin of
di agnostic error. Qur patients are usually
younger, sonetimes nuch ol der--for exanple, adults
with grown up congenital heart disease--and usually
sicker. They have a limted tol erance for |ong,
stressful procedures. Accurate imaging then
provides the road map to reach our therapeutic
destination in a tinely fashion. Just as the
children's oncol ogi st can now choose the safest,
nost effective treatnent for his or her patients
with | eukem a through use of genetic subtyping, so
the pediatric cardi ol ogi st can choose, at least to
a degree, the safest, npbst effective dilation
bal | oon or closure device provided that he or she
has a detail ed and accurate inmage with which to
wor k.

Finally, different imging nodalities are
compl enentary rather than competitive. The
echocardi ogram for exanple, will certainly

satisfactorily define the basic anatony of
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tetral ogy of flow.  Angi ography, however, is
necessary to dilate and stent the focal pul nonary
artery stenoses that often conplicate this |esion
and affect its clinical outcone.

[ Slide]

The use of these agents is likely to
i ncrease. The volune, for exanple, of
i nterventional cardiac procedures performed in
children is increasing rapidly and in nbst centers
i nterventional procedures take place in a third to
two-thirds of cardiac catheterizations. These
i nterventional procedures oftentines require nore
angi ogranms, though of a different type or prograns,
and smaller but nore frequent injections.

The nunber of adult patients with
congenital heart disease is increasing as well.
Thus, the assessnent of nyocardial function and
bl ood fl ow becones clinically of greater
significance. This may be particularly true in
those structural cardiac |esions which involve
abnornalities of coronary arteries, for exanple
transposition of the great arteries or anonal ous
origin of the left coronary artery fromthe
pul nronary artery. This may apply particularly to

children who survive acute Kawasaki di sease but nmay
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go on to be at cardiac risk for nyocardi a
i schem a.

Qur col |l eagues in interventional radiology
apply procedures to non-cardiac areas in pediatric
practice as well. For example enbolization of
venous nal formations in the central nervous system
and catheter-directed thronbol ysis have
inmplications for the use of these agents as well.

[ Slide]

Young peopl e search extensive databases on
the web. d der people, like nyself, pick up the
t el ephone and call respected col |l eagues at big
programs. So, what | did to prepare for this
meeting was to query the cardiac cath |ab directors
at five prograns throughout the United States.

Four of these five prograns are university
affiliated. One is a respected adult in a
pediatric nmulti-specialty clinic that does a | arge
vol ume of pediatric cardiac disease. These five
centers do a total of approximately 3,000 pediatric
cardiac catheterizations in a year's tinme. The
nunber of children they catheterize who are under
one year of age is 30-50 percent and in somne
prograns sonmewhat greater. The nunber of

i nterventional procedures performed during these
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cardiac catheterizations at present are upwards of
50 percent of these cases. FEach of the prograns
did a handful, in one case approaching 5 percent of
their cath |ab volune, of inmedi ate postoperative
catheterizations. Al of the centers had an
i ncreasing population of adults with congenita
heart di sease, 10-15 percent and in sone cases
| ar ger.

What do these inquiring pediatric
cardi ol ogi sts want to know? the first thing they
want to know is are nonionic contrast agents really
that safe or have they just been |lucky or good in
their practice? The type of conplications that we
are tal king about do not really reference nausea
and vomting; they reflect the sort of
conplications which are nmeaningful to this
gun-slingi ng subgroup of pediatricians. That would
be death, shock, anaphylaxis, |ife-threatening
respiratory distress, gross hematuria, acute rena
failure and so on.

Their experience is that with the
devel opnment of nonionic contrast agents those
complications, all of which were seen previously in
frighteningly high nunbers, have now di sappear ed

al nrost conpletely. But there still is a question

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (100 of 328) [2/19/2004 10:22:32 AM]



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

in the mind of the practitioners as to what is
safe. That is inportant particularly when we

consi der whether there is a maxi mum vol une of
contrast that | can inject safely. Most pediatric
centers will limt contrast injection to a total of
sonmewhere between 5-7 cc/ kg of body wei ght during
the course of a single cardiac catheterization
Sone centers have hinted that as they approach that

contrast wall they will forego indicated diagnostic

procedures till another day for safety-rel ated
reasons. 1|s that a good practice? Nobody really
knows.

So, cardiologists would Iike to know how
safe these contrast agents are and does that safety
factor vary with age, vary with lesion, vary with
co-norbidities, or vary with the program of
injection? Are a couple of great, big angi ograns
like we used to do better or worse for the patient
than a whol e bunch of small angi ograms that m ght
gui de an intervention during a dilation and
stenting? The data is sinply not there.

Finally, is there an agent that will give
adequat e opacification at |ower volumes of contrast
adm nistered in large patients? This is

particularly apropos to that increasing patient
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popul ation, the adult with congenital heart
di sease

The final question is one that many
pedi atric cardi ol ogi sts ask thensel ves at the end
of the day, especially if their day is ending in
the mddle of the night, how can | earn as nmuch as
my colleagues in internal nedicine do? | know that
is beyond the scope of this committee to answer.

[Slide]

Wy woul dn't you study these agents? That
is the question that | cane to ask nyself as
tried to prepare these comments. There may be
phi | osophi cal considerations at work here. Sone
feel that data-driven decision-making is of no
particular value. Ohers may feel that children
are unable for sonme reason to receive the benefits
that accrue to the adult patient through scientific
study. Evidence-based nedici ne has refuted, |
think quite effectively, both of these contentions
and Congress has nandated that the benefits of
study should be available to children as well as to
adults. There may be sone who believe that
clinical resources do not exist to study this
problem effectively in children

Each of the institutions | have surveyed
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i ndi cated that they would be pleased to participate
in studies to answer sone of the questions that
were raised. That doesn't represent witten in
stone comitnent but it certainly does indicate
interest and, coupled both with the incidence and
preval ence factors that | spoke of initially,
indicates that | think there is a patient

popul ation there readily avail able for study.

Finally, there may be some hard-core
skeptics who are either unfaniliar with or frankly
doubtful that imnportant practice inprovenents have
been made as the result of the fruits of FDAMA

[Slide]

Dr. Cummins pointed you toward the FDA web
site which, much to nmy surprise, | was actually
able to access in a user-friendly fashion. That is
a comment on me; that is not a coment on you
What | found is that the FDA has so far issued
approximately 300 witten requests and that, as a
result of the studies requested, there have been
over 90 changes in labeling. | can say as a
pediatrician that fully 15 of those 90 changes are
changes that inpact nmy practice, five of which very
directly and | ama niche practitioner--studies on

m dazol am studies on fentanyl, studies on all of
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the statins, studies on all of the prils have been
important to me as a practicing pediatric
cardiologist. As the Carpenters woul d say, we have
only just begun to gather this information.

[ Slide]

If you |l ook at the exclusivity statistics
you wi Il see that sone divisions have been very
active in requesting studies in pediatric patients,
and one particul ar division has not, the D vision
of --what do you call yourselves?--Medical |nmaging
and Radi opharmaceutical Drug Products. W single
this out because it is the subject of today's
di scussion. W feel clearly, as pediatricians,
that this area deserves study as well.

[ Slide]

So, what are the recommendati ons of the
Ameri can Acadeny of Pediatrics? W feel that the
FDA shoul d exercise its authority to require that
appropriate studi es be perfornmed regarding the use
of intravascul ar contrast agents and
radi opharmaceuticals in children cardi ac di sease

W feel that those contrast studies should
focus on dosing considerations, bal ancing safety
concerns with imaging effectiveness. As an asi de,

there is a question in the mnd at | east of all the
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practitioners as to whether the new nonionic
contrasts achi eve a conparable | evel of
opacification and, therefore, diagnostic
informati on. |nadequate data or erroneous data can
be as damaging as no data at all. So, clearly,
that has to be bal anced agai nst the safety
consi derati on.

Finally, we wonder, and this is just a
question, whether a different regulatory posture
may be needed on the part of the FDA in order to
study these agents as effectively as others have
been studied. It is our understanding that
currently intravascul ar contrast agents and
radi opharmaceuticals are regul ated or studi ed under
the auspices of a device rather than a drug, and we
are not certain, if that is the case, whether this
is the nost effective way to pursue that.

Regardl ess of whether it is a drug or whether it is
a device, whether it is done through this division
or that division, we feel there is a substantia
problemto address a |l arge pediatric popul ation

whi ch can potentially benefit froman informed
consi deration of these agents. Thank you.

DR CHESNEY: Thank you, Dr. Ring.

Because of how these neetings are run, since Dr.
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Ring is not at the table this is our only
opportunity to ask himquestions that the commttee
may have. Once our next speaker begins we can no
| onger ask himquestions. Are there any questions
for Dr. Ring?

[ No response]

Thank you very nuch.

DR. LOEWKE: Excuse ne, | just wanted to
clarify that the contrast agents and
radi opharmaceuticals are approved at the Center for
Dr ugs.

DR CHESNEY: Qur next speaker is Dr.
Geva, fromthe Children's Hospital Boston. Please,
do give us a few seconds of your background.

Car di ol ogi st Perspective

[Slide]

DR. GEVA: M name is Tel Geva and | am
fromthe Children's Hospital in Boston. Just give
me a second here to set this up. | spend the
majority of ny time--1 divide ny tinme between
taking care of children with congenital heart
di sease and imaging. Wth regard to inaging,
divide my time between the cardi ovascul ar M
programin Children's Hospital in Boston, which

direct, and the echocardi ography | aboratory.
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[Slide]

My task this norning is to give you an
overview of progress in the field of pediatric
cardiology. This is, of course, a mamoth task but
what | will focus on are the followi ng areas, first
the scope of congenital heart disease; trends in
congenital heart disease outcones; trends in
managenent; trends in imagi ng of pediatric and
adult congenital heart disease; and, finally, |
will try to identify some of the gaps in know edge
as they pertain to imaging.

[Slide]

As the previous speaker has alluded to,
the incidence of congenital heart disease as widely
quoted is approxinmately 8 per 1,000 live births.
This comes fromthe American Heart Association
Wth approxi mately 40,000 patients born every year
with sone formof congenital heart disease there
are presently approximately a nillion Americans
currently living with congenital heart disease.

An extensive review by Hoffnman and Kapl an,
publi shed in The Journal of the American Coll ege of
Cardi ol ogy in 2002, analyzed 62 studies on the
i nci dence of congenital heart disease published

since 1955. They found an incidence ranging from
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4-50 per 1,000 live births. It turned out that the
vari ati ons between those studies had nostly to do
with the inclusion of small ventricul ar septal
defects and it has to do with what kind of inmaging
or diagnostic nodality was used to identify those
ventricul ar septal defects.

However, noderate and severe congenita
heart di sease--the incidence of those is
approxi mately 6 per 1,000. Those are patients that
require sone active nanagenent of their heart
di sease, and the incidence of 6 per 1,000 relates
to the popul ation of patients w thout excluding
bi cuspid aortic valve. |f you include bicuspid
aortic valve, then the incidence increases to
approxi mately 19 per 1,000 |ive births.

[Slide]

Here is a rundown of the types of
congenital heart disease, and that is taken from
t hat paper published in JACC and the nunbers here
are the medi an incidence per one mllion live
bi rt hs excl udi ng non-stenotic bicuspid aortic
val ves and silent PDAs. Also excluded are tiny
ventricul ar septal defects. Still, VSD or
ventricul ar septal defect is the nbst conmon form

of congenital heart disease, followed by severa
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acyanotic congenital heart diseases. Tetralogy of
flowis the nost conmon form of cyanotic congenita
heart di sease, followed by transposition of the
great arteries. |If you |look down here, at the
bottom all cyanotic congenital heart diseases
account for approximately 1,270 per mllion of live
births; all congenital heart di sease, approximately
7,600, which is close to the 8 per 1,000; and then
bi cuspid aortic valve being the commpnest form of
congenital heart disease. However it nanifests
clinically oftentinmes later in life.

[Slide]

Movi ng on to outconmes of congenital heart
di sease first looking at nortality, nmortality has
consistently decreased over the years. This is a
paper that originated here fromthe CDC, published
in Circulation in 2001, show ng the deaths per
100, 000, age adjusted, and showing a trend of
declining overall nortality fromcongenital heart
di sease from 1979 t hrough 1993.

[Slide]

When you | ook at age at death, then it
turns out that 51 percent of the deaths occur in
infants; additional 7 percent between 1-4 years of

age. So, the npjority of deaths occur early in
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life and then it plateaus for several decades unti
it starts to pick up again in the elderly. There
are sone racial differences with approxinmately 19
percent higher nortality in Blacks conpared with
VWhites, as found in that paper, and slight gender
vari ations, as you can see fromthis graph

[Slide]

This is data fromChildren's Hospital in
Boston | ooking at the cardiac intensive care unit
adm ssions--the blue bars here, from 1992 through
2003. Here, inred, is the overall nortality from
all causes in cardiac patients. This does not
capture all deaths from congenital heart disease,
nevert hel ess, the majority do occur in the cardiac
intensive care unit and that is a relatively
accurate representation of nortality in a large
tertiary care acute care referral facility. I1f you
| ook at the nunbers, about 14 years ago overal
mortality was approximately 6 percent and that has
decreased quite consistently in the |last severa
years to sonewhere between 2.5 and 2.8 percent for
overall nortality.

[ Slide]

Still, despite the overall decrease in

mortality there are sonme pockets of resistance and
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there are certain types of lesions that are stil

at a high level of nortality. | amjust bringing
as an exanpl e pul nobnary vein stenosis which is
nearly universally a fatal condition. There are
fortunately not too many simlar conditions,
neverthel ess, there are sonme challenges in the
field of pediatric cardi ol ogy even when it cones to
mortality.

[ Slide]

However, the najority of patients with
congenital heart disease survive and the mgjority
of the therapeutic interventions--surgeries,

i nterventional catheterization, nedical therapy--do
not lead to cure. Residual anatom cal and
functional abnornalities are very compn in our
patients. Neurodevel opnental issues are of
substantial interest, as well as social and
insurability issues.

[Slide]

As survival of patients with congenita
heart di sease inproved attention shifted from
getting these patients alive out of the hospital to
i mproving their functional, psychol ogi cal and
soci al outcones. These are just a few slides

showi ng sone of the work that has been done in that
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field. This is fromthe circulatory arrest versus
| ow fl ow cardi opul monary bypass trial where
patients with transposition of the great arteries
were random zed into circulatory arrest versus | ow
fl ow cardi opul ronary bypass, and this is the 8-year
full-scale I1Qresults showing that in patients
transposition in ventricular septum-their
full-scale 1Qis nearly normal as a group, whereas
patients with transposition in ventricular septa
defect who were randomi zed to the circulatory
arrest armactually as a group, had | ower overal
IQ

[Slide]

There is simlar data on patients after
the Fontan operation, again showing full-scale IQ
verbal and performance tests, and show ng that
overall these patients are doing nearly as well as
the nornmal popul ation.

[Slide]

Here is a group that doesn't do as well,
al beit a small group of patients with interrupted
aortic arch. Their performance is sub-normal in
all levels of tests.

[ Slide]

It is interesting to conpare patients with
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congenital heart disease to other pediatric
patients with different problens. This is what
this work did, published in Crculation in 2001,
conparing physical health summary and psychosoci al
summary in patients with transposition, asthma
juvenile rheumatoid arthritis and attention deficit
di sorder and you can see the conparison in this
slide. Patients with congenital heart disease
don't do particularly worse than sone other conmon
forms of pediatric illnesses.

[ Slide]

I nmentioned earlier that patients with
congenital heart disease, despite the excellent
survival, overall have residual anatom cal and
functional abnormalities. This is an exanple of a
22-year ol d worman who had coarctation repair in
i nfancy so even when we think that our treatnent
| eads to cure, these are sone of the conplications
or residuals that could devel op--a huge aneurism
You can see part of the dissection right here in a
pati ent about 20 years after repair of congenita
heart di sease

[ Slide]

This is an exanple of a comopn problemin

a fairly large and rapidly grow ng popul ation of
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patients, survivors of TOF repair. Mdst of them
survive and they reach adul thood. However, mnpst of
them have significant pul nonary regurgitation. It
is essentially part of the operation to repair the
tetral ogy and they have free pul nobnary
regurgitation which you can see here on this inmage.
Here is a 4-chanber view showi ng the markedly
dilated right ventricle and right ventricul ar
dysfunction. So, these types of functiona
abnormalities are quite conmon in our patient
popul ati ons.

[ Slide]

Let me switch gears to trends in
managenment of congenital heart di sease. Mny
vari abl es account for the dramatic progress in
treatments of congenital heart disease: Better
under st andi ng of the anatormy, enbryol ogy, nol ecul ar
genetics, pathophysiology and natural history and
i nproved diagnosis and | will come back to that as
this is the focus of this neeting. Support
technol ogy has inproved dramatically, including
cardiorespiratory support and nonitoring technol ogy
in the intensive care unit, operating roomand the
i ke, devel opment of extracorporeal nenbrane

oxygenators, mechani cal assist devices. Those are
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sonme exanpl es of inproved support technol ogy;
phar macot herapy such as pressors, ACE inhibitors,
bet a- bl ockers and the like. Surgical techniques
have i nproved and transcatheter therapy is playing
a mgjor role in managenent of congenital heart
di sease

[Slide]

Let me briefly touch on the overal
progress in our surgery for congenital heart
di sease. There has been a revolution in surgica
managenment of congenital heart disease with early
enphasis on a staged palliative approach, with
enphasi s on treatnent of synptons. Exanples
i nclude aortic pul monary shunts to treat cyanosis
in patients with reduced pul nonary bl ood flow, or
pl acenment of a pul nobnary artery band to contro
pul monary over-circul ation. That was then

Nowadays there is a growi ng enphasis on
early anatom cal repair, with enphasis on
restorati on of normal physiology with conplete
repair of conplex anonmalies done soon after birth
in patients that are as small as 1.8 kg, with or
wi t hout the use of cardiopul nonary bypass.

QO her areas of inprovenent include

protection of vital organs. Areas of research
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include circul atory versus | ow flow bypass that |
have nentioned earlier; inproved nyocardi a
protection; inproved oxygen delivery; and then
devel opment of minimally invasive surgeries such as
vi deo- assi sted thoracoscopi ¢ surgery and robotic
surgery as an exanpl e.

[Slide]

This is the Da Vinci robotic surgery. For
the purpose of this presentation, this is in fact a
pig with a coarctation nodel and the surgeon, in
fact, sits right here and this is the robot. The
surgeon controls the robotic arns, which you can
see here, froma distance. |In this case he sits
next to the operating table. |In fact, it is
possible to do that fromthousands of mles away.
Here is an exanple of coarctation surgery. This is
practice coarctation surgery using robotic surgery.
This particular experinent was done by Dr. Pedro De
Lido fromour hospital. You can see that the
robotic arns are essentially doing pretty much
everything that the hunan armcan do. What Pedro
is telling me is that the degree of accuracy and
control is far superior with this type of approach.
In the interest of tinme, | will stop here but

essentially all of these surgeries can be
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acconpl i shed robotically.

[ Slide]

Movi ng on to anot her area where there has
been tremendous progress, this is transcatheter
therapy of congenital heart disease. The
interventionalists are able to treat a grow ng
number of conditions without the need for a
thoracotomy or full cardiopul nonary bypass, valve
and vessel stenosis using balloon stents, radio
frequency energy, occlusion procedures for atrial
and ventricular septal defects, collateral vessels,
fistulae and the like. There is a variety of
occl udi ng devices and coils available. Arrhythnia
therapy and fetal interventions are only some of
the excellent work that is done in the
catheterization | aboratory.

[ Slide]

There has been a trend in the
catheterization laboratory. This is the annua
case volune in the cath | aboratories in Boston from
1990 through 2003. | would just like to turn your
attention to two things. Number one, the overal
case | oad has gone up and down a little bit but
hasn't changed dramatically. What has changed is

the proportion of cases, in pink, of purely
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di agnostic procedures. Not only did they go down
in absolute terns, but even nore so in relative
terns. So, the percentage of non-interventiona
procedures, in fact, has gone down to | ess than 25
percent. That is, nore than 75 percent of cases
are, in fact, interventional

[Slide]

Moving on to a different area, that is,
i mproved diagnosis which is the focus of this
di scussi on, there has been obviously an evol ution
in introduction, devel opnment and use of various
i magi ng nodalities in the field of pediatric
cardiology. Cardiac catheterization with the use
of X-ray angi ography has been the first, dating
back to the late 1930s. | amnot exactly sure when
nucl ear radioactive tracers were first introduced
but I amtold that goes many, nany years back.
However, the nobdern use of radi onucl ear cardi ol ogy,
if youwill, is not as old.

Echocar di ography came into the clinica
arena sonetinme in the late 1970s. Use of
ul trasound in nmedicine goes back several years
earlier than that but echo has truly revol utionized
the way that pediatric cardiologists practice. |

will not spend tine on that. Needless to say, that
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technol ogy has evol ved dramatically and is the
primary imging tool used in the field of pediatric
car di ol ogy.

CT cane to the clinical arena sometime in
the m d-1970s and is continuously inproving in
terns of resolutions and its role in inmaging
patients with congenital heart disease certainly
has a pl ace.

MRl is the newest kid on the block and is
of particular interest to nme. The success of MR
in congenital heart disease has to do with the
transition frombeing primarily an anatonica
i magi ng nodality to being a nmuch nore diverse too
that allows for a conprehensive evaluation of the
cardi ovascul ar system i ncl udi ng anatony, functi on,
flow anal ysis, effusion viability and so on and so
forth. Dr. Fogel, | amsure, will get into that
into nore detail.

[Slide]

Just to give you a perspective with regard
to the use of these imaging tools in congenita
heart di sease, here is the breakdown of use of
i mgi ng techniques. | didn't include CT sinply
because we don't really have an identifying code

for cardiac CT as opposed to chest CT for various
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| ung di seases. So, we don't really know how many
CTs we perform Neverthel ess, you can see here
that echo by far has exceeded every other inaging
nmodal i ty.

[Slide]

So, the excellent overall survival of
patients with congenital heart disease and the
associ ated high rate of residual anatonic and
functional cardiovascul ar inpairnents in these
patients result in a rapidly grow ng popul ation of
individuals with a life-long need for surveillance
that includes cardiac imging. In other words, the
patient population that we will be asked to inmage
is rapidly grow ng.

[Slide]

Here is sone of the evidence for that.
Here is the annual case | oad in echocardi ography at
our hospital. | can tell you that this is not
because of inproved narketing or because we have
changed dramatically our capture of the |oca
market. This is based on analysis of the data and
nmostly has to do with sinmply the grow ng
popul ation. This is a reflection of inproved
survival and the fact that these patients cone back

agai n and again and agai n because they are not
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cured and they need to have continued i magi ng.

[ Slide]

Simlarly, in the cardiovascul ar M
program albeit there are nmuch small er nunbers,
this not only reflects evolution of the technol ogy
but also the fact that the sanme patients cone back
again and again, and it gives you a flavor as to
how t hese i magi ng nodalities are used in clinica
practi ce.

[Slide]

The last issue | would like to touch on
are safety issues in pediatric cardiac inaging.
There are many safety issues that are worthy of
in-depth discussion. Not all of themdirectly
relate to this conmittee or the other committee or
this body of the Food and Drug Admnistration. |
amlisting as many as | could think about.

The issue that is unique to pediatrics or
nearly unique has to do with sedation. Young
children cannot cooperate with many imaging tests
and the nore involved the inmaging procedure is, the
greater the need for sedation for the patient to
stay still, calm to alleviate anxiety, etc.

There are inherent risks of invasive

di agnostic procedures that | will not go into but
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they have to be taken into account. So, when you
have a choice of making a diagnosis or getting
i nformati on by a non-invasive techni que or an
i nvasi ve techni que, the inherent risks of invasive
techni ques nust be taken into consideration

loni zing radi ati on exposure--1 wll cone
back to that briefly. Contrast agents is the focus
of this discussion so | will not discuss those.
Radi ophar maceuticals, the sane. Auditory trauma is
sonething that is relevant to nagnetic resonance
i magi ng. Pharmacol ogi cal testing--1 amnot sure if
Mark will touch on that but we are doing a grow ng
nunber of pharmacol ogical testing in the MRl suite
with children. Just to give you an exanpl e,
children with Kawasaki di sease who have | arge
coronary aneurysns are being sent to us for
assessnent of nyocardial ischenmia and viability.
So, we are doi ng adenosi ne stress, gadolinium
perfusion and viability exams in those children.

Lastly, inproper use of imaging
technol ogy, including an unfavorabl e risk/benefit
ratio--this is not an obvious safety issue but |
think it is. | think if a patient is set for a
test such as cardiac catheterization or CT with its

risk of ionizing radiation and there is an
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alternative at | east as good non-invasive test
wi t hout those risks, then that patient is exposed
to an unnecessary ri sk.

[Slide]

Let me finish off by touching on ionizing
radi ati on exposure. Briefly, this is a paper that
was published in 2001 in AJR. | am sure nmany of
you are famliar with it and, if not, the reference
is available. 1t looked at the estimated risk of
radi ati on-i nduced fatal cancer from pediatric CT.

[Slide]

This is a graph of pharnmacokinetics froma
subsequent article. This is the estimated lifetine
attributable risk of fatal cancer in pediatric CT
On the X axis is age and on the Y axis is the
percent risk. So, 0.1 neans 1/1,000 will die from
cancer related to radiation from CT exam nation
Notice the relation between age and risk. Here is
a unique issue relevant to the pediatric
popul ation. As you get to the first decade of
life, especially during the first 4 years of life,
these patients are particularly susceptible to risk
of ionizing radiation.

[Slide]

Dr. Brenner estimated that above the dose
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of 50-100 nBv protracted exposure or 10-50 nBv
acute exposure there is direct epidem ol ogic
evi dence from hurman popul ati ons that denonstrate
t hat exposure to ionizing radiation increases the
ri sk of some cancer.

[Slide]

It takes years to realize the risk from
ionizing radiation, as it did for realizing the
rel ati onshi p between cigarette consunption and | ung
cancer. So, with regard to cardiac catheterization
in the pediatric age group, this is the first
direct evidence or the first paper that | was able
to find that actually denobnstrated that link. This
is a paper published in the International Journa
of Epidemology in 2002. The reference is up on
top. This group | ooked at 674 children who
underwent cardi ac catheterization between 1950 and
1970 in Israel, and 28.6 had nore than one
catheterization. The nean age at cath was just
about 9 years. Mean age at foll owup was 37.5
years. They conpared the data to a nationa
dat abase and the expected nunmber of malignancies
was 4.75 whereas the observed nunber of
mal i gnanci es was 11, yielding a standardized

incidence ratio of 2.3 and you can see the 95
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percent confidence intervals. O the 11
mal i gnanci es, 4 were |ynphomas and 3 were
mel anonas.

[Slide]

In sunmary, advances in di aghosis and
managenent of congenital heart disease have led to
a dramatic decline in overall nortality to |ess
than 3 percent. Wth the rapidly expanding
popul ation of patients with congenital heart
di sease, currently estimated between 1-2 mllion in
the United States and growi ng, patients are rarely
cured. Frequent anatom c and henodynani c
abnornalities require surveillance, that is,

i maging. And, there is an increasing use of
transcatheter and mnimally invasive surgica
interventions that also are based on inaging.

[ Slide]

Consequently, the nunber of cardi ovascul ar
i magi ng procedures in patients with congenita
heart di sease will continue to increase, and there
is an urgent need for research in pediatric cardiac
imging with regard to safety and efficacy of
radi opharmaceuticals; the cost and risk/benefit
ratio of various imaging strategies; and m nim zing

exposure to ionizing radiation. Thank you
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DR. CHESNEY: Thank you very much. Your
graphi cs were wonderful. W now can take questions
for Dr. Cunmins, Dr. Loewke and Dr. Geva. Dr.
Fost ?

QA for Speakers

DR FOST: | doubt that you have nunbers
on this but I aminterested in how comopnly you get
adventitious findings with the expanded use of
these various inmagi ng procedures. You nentioned
one study show ng 50/1, 000 congenital heart disease
pi cking up some clinically insignificant |esions
but I amwondering if there were w der use of
various imagi ng procedures how common do you t hink
it would be that clinically insignificant findings
woul d be picked up which could lead to both nedica
risks, that is, inpulsion to do further studies and
possi bly even unneeded t herapeutic studies but nore
i nvasi ve diagnostic studies, and psychosoci al
i ssues, stigmatization, confusion, parents thinking
their child had some severe cardi ac di sease? How
common is that and how do cardiol ogi sts handl e t hat
now?

DR GEVA: No, | don't have nunbers but,
in the spirit of an overview, | think that overal

the problemis not widespread. | don't think it is
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a mpjor problem Perhaps | have a skewed view
residing in a tertiary referral center. There are
sonme issues with identification and proper
di agnosi s of congenital heart disease that have to
do with some of these imaging tests perfornmed by
non-experts or by people who don't do that for a
living. There has been, for example, an excellent
paper published from UCSF where they | ooked at
accuracy of diagnoses, accuracy of identifying
congenital heart disease by echocardi ography
comparing pedi atric echocardi ography | aboratory to
adults and showi ng significant differences with
ei ther m sdi agnoses or wong di agnoses when echo
was done in non-expert hands. Certainly from
anecdot al experience, that is true for other
di agnostic testing in congenital heart disease.

DR. FOST: | was nore interested in the
i ssue of over-diagnosis rather than
under - di agnosi s, but | amalso interested in
adventitious findings of extracardi ac | esions.
That is, you do scans of various types and you pick
up lesions that you weren't even concerned about
which are in the body, in the kidney, brain and so
on, sone of which may be clinically significant and

vari abl e but many and probably nost which will be
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of very uncertain clinical significance. |Is that a
common phenonenon? Do you have any thoughts about
t he expanded di scovery of such adventitious things
with the standard use of imaging, particularly in

followi ng up children over the years, and so on?

DR CGEVA: It happens. | don't know how
common it is. | sinply don't have data that | can
provide you with. In the course of either an

echocar di ographi ¢ exam nati on or cardi ac MR

exam nation we have di scovered all sorts of

non- cardi ac abnormalities, anywhere fromthyroid
cancer in young patients who get an MRl for
congenital heart disease to bronchial cyst picked
up on echocardi ogram and so on. This is
anecdotal. | amnot aware of a systematic data set
that, in fact, looks at it, that | am aware of.

DR. CHESNEY: Yes, Dr. Santana?

DR. SANTANA: As a non-cardi ol ogi st, can
you hel p me understand how t hese nodalities are
used in different historical time points for the
patient? Do you always get an echo, a diagnostic
cath or MR diagnosis and then after that you say |
amgoing to use this nmodality fromnow on or I am
going to conplenment it with sonething else? That

is one question, if you could clarify it for ne.
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The second is you obviously cone froma
| arge center where you have done a | ot of cardiac
caths historically. Have you | ooked at your data
set in ternms of second nmalignancies in relation to
radi ati on exposure, and how do you quantify the
radi ati on experience for patients receiving all
thi s imaging?

DR. CGEVA: Let ne answer the second one
while it is still fresh in nmy mind. W have not
| ooked at the relationship between cardiac
catheterization, ionizing radiation exposure and
cancer in our center, and that would be an
important study to do. W certainly have the
patient popul ation, both in ternms of how | ong the
cath laboratory in Boston has been active as well
as sheer nunbers. But that study, to ny know edge,
i s not under way.

W do have the standard--whatever is
mandat ed by the regul atory bodi es--el enents in
pl ace to nonitor radiation but then | have to say
that as | started looking into radi ati on exposure
di scovered that this is not as sinple as neets the
eye. There are various standards and neasures and
what is often measured and recorded is not

necessarily what is biologically inmportant. M
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suspicion is that you would have to go in and
prospectively set up a systemto, in fact, evaluate
the anmpbunt of radiation that patients are exposed
to that is biologically relevant. Again, | don't
think that we or other places do that.

Wth regard to your first question, |
woul d say that echocardi ography is being used
wi dely al nost as an extension of the stethoscope.
When a question about congenital heart disease
conmes up based on clinical suspicion, it al nost
automatically triggers an echocardi ogram O her
tests or other diagnostic inaging testing that
conmes after that varies quite substantially across
the field, even within a center from cardi ol ogi st
to cardiol ogi st whether to catheterize, when to
catheterize. Use of cardiac MRl as a widely
available clinical tool is inits infancy. |
suspect that is the case for the high quality
cardiac CT technology and simlarly radi onucl ear

DR CHESNEY: Dr. Fink?

DR FINK: Just a quick question, you
presented the spectrum for CT for head and abdonen.
VWhere woul d cardiac CT fit in that in ternms of
radi ati on exposure?

DR GEVA: Coser to abdonen, nunber one,
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but what | did not nention is the fact that these
anal yses were performed from standard CT

exam nations. The nodern CT angi ography studies
using multidetector CTs, in fact, expose patients
to nmuch hi gher doses of radiation

DR CHESNEY: Dr. Siegel?

DR SIECEL: Two coments, one is
addressing the incidental findings in imging. |
can address that froma CT standpoint. Cardiac CT
inchildren is still a relatively young tool but in
our experience we have really not found incidenta
lesions | think in anyone in that population. In
adults it is different because there are nore risk
factors. So, in adults we are going to see those
pul ronary nodules and it is a problem-is it
inflammatory or is it tumor? |In children that has
not been the case so far in, again, relatively
early experience.

The other thing, which | will address in
some of nmy presentation, is the radiation risk with
CT. In adults, if you do coronary CT you are using
a linted area and you can get sone high radiation
In children, when we do cardiac CT we are really
examining the entire chest. | wll show you that

sonme of the doses are |ower now with the techniques
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that we are using.

DR CHESNEY: Yes, Dr. Ml donado?

DR. MALDONADO. This question is for Dr.
Cunmins. Before | ask the question | just want to
make the comment that | fully agree with her that
this carrot that the BPCA has created is really
significant, except that not all the drugs are
bl ock-buster drugs like fluticasone or Viagra, and
I am sure you know that Viagra has a witten
request for pediatrics in the FDA. It had better
be for a different indication.

[ Laught er]

By saying that, | amnot trying to
m nimze the inmportance even for all the other
drugs that are not bl ock-buster drugs. For ne,
working in the pharnmaceutical industry, it is a
very good tool and it is a good tool that hel ps us
to bal ance the fears and the disincentives that
have been in place for years, like the liability
i ssues that are very big in the mnds of the
| eaders in the pharmaceutical industry.

But there is another element that | should
mention, and that is that the fact that the
governnent has created two | aws for pediatric drug

devel opnment by itself nakes a strong statenent
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that, indeed, you nean business and it is better to
respond to that. Indeed, even when the economnic
incentive may not be significant, it is
significant--those two statenments that the
gover nnent has made

That leads ne to the foll ow ng question,
as chair of the pediatric working group in PhRVA
with all the other nenbers of that group we do an
ext ensi ve advocacy because we are not just trying
to use these tools but also advocacy. | went to
the FDA web site in pediatrics--and by the way, as
Dr. Ring said it is a very good, user-friendly web
site--trying to look for the list of the sponsors
who have not responded either because we have
refused or basically have not responded to a
witten request, and | know that the Iist of
non-r esponders was supposed to be made public and
maybe | am |l ooking in the wong place or nay have
m ssed altogether that |ist of drug conpani es that
have not responded. Wy | wanted that list is
because if | can identify those, | can do
advocacy--not ne personally but through all the
menbers of the pharmaceutical industry--to find out
why they are not respondi ng and naybe correct that

problem But maybe | am | ooking in the wong pl ace
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and | don't know where that list is.

DR CUMNS: | amgoing to defer to mny
seni or managenent on that one.

DR D. MJURPHY: Dr. Ml donado, | think
what you are referring to is the process where if
we issue a witten request and it is turned down by
i ndustry and we send it forward to NIH or to the
Foundation, then it becomes public. But if we
issue a witten request to a sponsor for an
on-patent product and they decline it and we do not
forward it for some reason, such as additiona
i nformati on has occurred and maybe sonebody el se's
study is done in sone other way and we are not
going to forward it, then we would not make that
information public. So, what you are asking for is
really the list of off-patent plus those that are
referred to the Foundation. 1|s that correct?

DR. MALDONADO. Not the off-patent, the
on-patent drugs that have mininal response from
industry to forward to the Foundation. Some people
actually questioned that in the |law, saying are you
trying just to enbarrass those conpani es by making
it public. That is fine, they can be enbarrassed
if you need to enbarrass them but, at the other

end, | would like to have that information to see
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i f, through the PhRVA pediatric working group we
can do sone advocacy for themto respond.

DR. D. MJRPHY: | guess one thing |I am
just not conmpletely sure is once we send it to NIH
or to the Foundation whether at that point it
becones conpl etely public know edge. | nean, after
we get the response fromthe industry that it is no
and we refer it to the Foundation, it is when that
process becones public that we need to foll ow up on
with you. GCkay? Because we do have a coupl e that
we are referring to the Foundation. W wll be
glad to get those to you as soon as we can.

DR. CHESNEY: Dr. Fink?

DR. FINK: This is a question for FDA.
From a regul atory standpoint, are there any
obstacles or hurdles you would face in doing
pedi atric studies for some of these indications
when the adult studies for simlar--well, different
i ndi cations but the sane adult studies of cardiac
use of these conpounds have not been perforned?

DR D. MJRPHY: You say this would be a
new i ndi cation for the drug altogether?

DR. FINK: No, nost of the FDA regul ations
seemto be based on the assunption that adult

studi es have al ready been perforned and pediatric

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (135 of 328) [2/19/2004 10:22:33 AM]

135



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

studies then follow on. 1In sone of these places we
woul d actually potentially be junping pediatrics
ahead of adults because there is not an approved
adult indication. |Is that a regulatory problem at
all?

DR D. MJRPHY: Susan?

DR LOEWKE: | don't believe so. No, if
there is a patient population for which there woul d
be benefit to study this product we woul d pursue
it. Oobviously, we like to rely on a database of
information fromadults. That nmakes us nuch nore
confortable when we nove into pediatrics

DR. CHESNEY: Dr. d ode?

DR. GLODE: | also have just a quick
question for Dr. Cummins. |If, by virtue of a
witten request or a proposed pediatric study
request, exclusivity is granted and the conpany
does three studies in children and all three show
no efficacy, is then automatically the [ abel of the
drug changed to say studi es have been done in the
pedi atric popul ati on which denponstrated no efficacy
or what happens?

DR. D. MJRPHY: If they do three studies
and they are all negative, and they cane in after

BPCA was enacted and after they had gotten the
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letter fromus saying they were now under BPCA, al
of those will go up on the web. Those studies wll
go up on the web. The controversy really nowis
the |l abel. The divisions have had different
approaches to this depending on the risk of putting
the information in and having that information
actually lead to inproper use versus putting that
information in and thinking that they are able to
qualify it or nodify it in a way so people
understand the context. So, the bottomline is
that sonetines they do put that in the |label, that
a negative study has been conducted, because they
think that, unlike neuropharm where you may get 10
or 12 studies, you know, usually you get positive
studies fairly rapidly if they are well designed
and they think it is inportant to say, and we have
had that happen where they put that information in
the | abel

One of the problens we have found is that
if you put information in the |abel, and
particularly if you describe the studies and the
dosing that occurred in the study, it is taken as a
de facto indication even when you say that that
study didn't show efficacy. So, there is a bal ance

intrying to provide information in the |abel that

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (137 of 328) [2/19/2004 10:22:33 AM]

137



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

descri bes the context of that information. In
other words, this is three studies out of three
really good studies, and they try to tell you how
many patients and whatever, and they were negative,
or these are three small studies and we don't think
that they were able to tell us that much. That is
t he quandary because the |abel, as you know, is
what allows marketing. So, that is why we have to
be careful what we put init, evenif it negative.
So, it is a balance of trying to put very few
sentences in that woul d describe those negative
studies and put themin context and that is why you
get sone of themnot put in the |abel

DR. CHESNEY: Yes, Dr. O Fallon?

DR. O FALLON: A followup on that then,
say pediatricians are needing sonething, this is an
indication that is real in the pediatric
popul ation, and they got three negative studies,
that is, negative for efficacy but they collected a
whol e ton of adverse events data, what happens?
Does the adverse event data information get into
t he | abel ?

DR. D. MJRPHY: The answer is sometines.
It woul d depend on is it already |abeled. |In other

wor ds, does the adult indication have the sane
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adverse event? And, there m ght be a statenent in
there and they may not say anything additi onal
However, if there are unique adverse events that
are considered i nmportant and significant to be put
in there, yes, they would put that in there. From
yesterday' s di scussion you can see where that cut
m ght vary but the answer is if they are unique
adverse events that are safety issues that the
division agrees are solid data, then it would go in
there. But | think propyphol is one of those
exanpl es where there was a great concern about what
it meant. You had one positive, one negative.
There was a |l ot of discussion as to one center
driving that data; lots of controversy. Yet, it
was felt that we could find a way to state in the
label inalimted way what the problemwas so that
safety data did go in.

DR O FALLON: Because yesterday we did
see exanples in which the statenment was nade that
the adverse events pattern was simlar to that of
the adults and, yet, it really wasn't. Wen you
| ooked at it the sane things were showing up but in
rather significantly different frequencies of
occurrence. So, you know, they say "ah, yeah, they

are seeing seizures." Well, they are seeing
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seizures in half of one percent in adults and five
percent of children. Now, is that simlar? That
type of thing.

DR. D. MJRPHY: That gets to be a
di scussion within the division

DR CHESNEY: Dr. Fink, you have another
question?

DR. FINK: This is | guess also for Diane.
It sounded like your inplication was that, let's
say, you took a dernmatol ogic topical that had not
shown efficacy in young children but the safety
data was okay, if you put that in the | abel the
conpany could potentially then advertise that the
product was safe to use for children down to age
two even though efficacy hadn't been shown between,
let's say, in age two and five.

DR. D. MJRPHY: No, they couldn't narket
it as being proven to be efficacious. | guess what
I would say is that if you got sonething in the
package insert which says it has been studi ed and
there were no adverse events, that nmght be
utilized in a way that wouldn't be optinal.

[ Laught er]

DR CHESNEY: Yes, another question?

DR FOGEL: Yes, this is a question about
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the exclusivity rule. It just wasn't clear from
the presentation how nmany times can industry
actually use it? |In other words, if they cone out
with one indication and they get the exclusivity
rule and then they come up with a second indication
does the exclusivity rule go into effect so they
have a year's worth of exclusivity? O, can it
only be used once?

DR ROBERTS: They can actually have two
exclusivities. The first exclusivity is the one
that Susan described in her tal k where that six
addi tional nonths of marketing attaches to the
entire noiety or the entire product where they have
exi sting exclusivity or patent to attach to. The
second period of exclusivity is nmuch nore linmted
and has not seened to be of big interest to
i ndustry. W have only had maybe three to five
times where they have actually attenpted to get the
second period of exclusivity. For the second
period it will attach only to the indication that
they receive. Therefore, unlike the first period
of exclusivity, they actually have to subnit a
suppl enent that gets approved and then they can get
the six nonths of additional exclusivity on the

three years of Hatch-Waxman exclusivity that they
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1 woul d get with the approved indication. That has
2 al ways been available to industry; that is not new,
3 except for the six nonths of additional pediatric
4 exclusivity. They have always had the ability to

5 get the three years of Hatch-Waxman. So, we don't

6 see that there has been nuch interest in that.

7 DR. CHESNEY: | think nmaybe we have

8 exhausted all the questions. W are scheduled to
9 begin again at 1:15. Unless | hear a significant

10 outcry for making it 15 minutes instead of half an

11 hour, 1 think maybe we will stick with the 1:15

12 Does the committee have any strong feelings about

13 cutting off 15 m nutes?

14 [ No response]
15 So, we will reconvene at 1:15. Thank you
16 [ Wher eupon, at 12:45 p.m, the proceedi ngs

17 were recessed for lunch, to resune at 1:15 p. m]
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AFTERNOON PROCEEDI NGS

DR. CHESNEY: W are still 1ooking at the
possibility of finishing up today. One suggestion
that has been brought to nmy attention is that we
could stay as late as 6:00 or 7:00 this evening if
that would significantly affect people's trave
plans. |f everybody is planning to stay over
toni ght regardl ess of when we finish, then maybe it
is not quite so urgent to finish. Does the
conmittee have any feelings about whether we push
on till later or shall we wait until after the
break to make that decision? The question is are
we having cocktails at 5:007?

[ Laught er]

Vell, we will wait until we see how the
af t ernoon progresses and at the break we will mnake
a final decision, and the FDA has offered to help
with getting people tickets out this evening if
that is our decision.

Qur first speaker for this afternoon is
Dr. Mark Fogel who will discuss contrast enhanced
cardi ac nmagnetic resonance i nmagi ng.

Contrast Enhanced Cardi ac Magnetic
Resonance | magi ng

DR FOGEL: While we are waiting, ny nane
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is Mark Fogel. | am Associate Professor of

Pedi atrics and Radiol ogy at Children's Hospital of
Phi | adel phia. | ama director of cardiac VRI. |
al so spend a good portion of nmy tinme in the echo
lab as well. | have been doing cardiac M since
1990 so | have seen a decade's worth, at |east a
decade's worth of devel opnent of the field. | did
take a three-year hiatus to run | arge-scale
clinical drug trials for a pharnmaceutical conpany
so | have the uni que experience of being able to
see drug devel oprment from both sides.

[Slide]

Today | amgoing to be talking with you
about contrast enhanced pediatric cardiac magnetic
resonance inmaging. Although MR is a nulti-faceted
techni que, what | amgoing to concentrate on is
just the contrast enhanced version of it. Wat |
amgoing to talk to you today about--and this is
the order in which the talk is arranged--is the

description and properties of the nost comonly

used contrast agents, in particular gadolinium how

it is used, for what purpose; the dosing and
adm nistration; and then just a brief slide about
the future.

[Slide]
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I first want to take 30 seconds and step
back a little bit for how MR generates an imge
That is inportant because you need to know where
sonme of the contrast agents act. MRl can
differentiate tissue by its magnetic properties.
You will see on the screen the four nmmjor ways of
how cardiac MRl does that: The hydrogen and proton
density of the tissue; the Tl recovery rates, and
Tl is also called the |ongitudinal vertical or
spin-lattice relaxation; the T2 recovery rate,
which is also called the
hori zontal /transverse/ spi n-spin recovery rates;
and, finally, the notion/flow properties of the
various tissues.

Gadol i nium the mmjor contrast agent in
MRI, works nmostly in T1, right over here at this
portion. Gadoliniumitself is, as | said, the nopst
common contract agent that is used by cardiol ogists
for contrast enhanced MRI. It has 7 unpaired
electrons in its outer shell. It is paramagentic,
meaning that it generates a |arge magnetic nonent
when placed in a magnetic field. It is toxic. It
is a heavy netal. So, the way we have gotten
around that is that it is bound to a chelator. The

nmost conmon one, and | will probably pronounce this
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wong, is diethylenetrian ne pentaacetic acid,
abbrevi ated DTPA. There are other ways in which
gadol i ni um can be bound to | arge nol ecules, |ike

al buni n whi ch doesn't diffuse through the capillary
menbr anes, making it a bl ood pool agent. However,
that has yet to be FDA approved.

[Slide]

It is an extracellular agent. It has
rapi d vascul ar equilibration and extravasation into
the extravascul ar tissue. The mechani sm of action,
the way it works is that it increases the
rel axation rate of the surrounding protons when it
is injected in a dose-dependent fashion. As I
menti oned before, it does affect Tl nostly and that
is the major effect of gadolinium |t decreases
the Tl constant and, therefore, increases the
signal intensity of the image. For your reference,
T1 of blood is 1,200 neasure and it decreases it
down to 100 neasure at 1.5 tesla. The formula you
see on the bottombasically is the way people
calculate the relaxivities of the various
gadol i ni um agents, R being the relaxivity constant
and the Gd with the brackets around it is the
concentration of gadolinium

It does also affect T2 but that is a very
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m nor conponent of it. It increases the rate of
decay of that and what tissues benefit the npst
fromgadoliniumtargeting. That is, if the target
tissue, the Tl value is simlar to the background
but, yet, the target tissue takes up the
gadol i nium such as blood, and the rest of the
background does not, that is the tissues that
benefit the nost from gadolini um enhancenment. As
such, because it affects Tl the nobst, sequences
that have short repetition tines, shown here as TR
moderately short echo times, or TE, as well as high
flip angle studies are the ones that we use
gadoliniumwi th the nost.

[ Slide]

Phar macoki netics is what makes this thing
work. You will see why in a second. Free
gadol i nium as you know, is a heavy nmetal and is
toxic, as | nentioned. |Its half-life is actually
several weeks. The way we get around it is
chel ation, but chelation is a tradeoff. Chelation
decreases the efficiency of increasing the T1
rel axation rate and, therefore, increasing the
signal intensity. At the same tine, chelation
allows the toxicity to be nuch, nmuch less. It

decreases the toxicity because it allows for the
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excretion of the gadoliniumvery quickly. Wen it
is chelated there is a 500 tinme increase in the
rate of renal excretion relative to pre-chelation.
Wien it is chelated its half-life is about an hour
and a hal f.

There are two ways in theory that
gadol i ni um can becone nore toxic. One is that
i ncreased association fromthe chel ated agent will
increase the toxicity. You nay see it in the
literature called transnetal |l ation. Wat happens
is there are conpeting noieties, for exanple copper
and zinc, that displace gadoliniumfromits
chel ator and, therefore, allows you to have free
gadoliniumin the body and, therefore, makes it a
little bit nore toxic. O course, increasing the
time of gadoliniumin the body also increases its
toxicity.

[ Slide]

The nedi an | et hal dose for gadol i ni um DTPA
is 10 mo/kg. To put that in a reference frame for
you, it is 60-300 tines the diagnostic dose. The
LD50 for two of the nore common types of gadolini um
preparations i s highest Omiscan and | owest
Magnevi st .

Its safety profile is better than
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conventional iodinated contrast agents. There are
a nunber of studies. | just picked these three
exanpl es that you see here. There are few reported
fatalities that were tenporally related to

gadol i ni um adm ni stration, and all those reports
seemto question the association of the gadolinium
adm nistration with the fatality. As far as |
could tell, there are no known contraindications.

[ Slide]

If you | ook through the literature,
adverse events are very low. Idiosyncratic
reactions are rare. There is a good review article
by Runge in The Journal of Magnetic Resonance
I mgi ng, in 2000, which | believe is in your
packet, that reviews that. In nost of the studies
the AEs that are related to gadoliniumare
approximately less than 5 percent, with the vast
majority being mnor, and there is a whole host of
transi ent headache, nausea, voniting, |oca
bur ni ng, cool sensation, hives, temporal increase
in bilirubin and a tenporary increase in iron

Anaphyl actoid reaction is estimted
bet ween 1/200, 000 and 1/400, 000 doses. And, it is
safe in renal patients even at doses of 0.3 mmo/ kg,

the nornmal dose being 0.1 mv/kg. It has been
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studied in nunmerous papers with patients with rena
failure, dialysis, renal A stenosis and rena
tunmors. There are nunerous reports, although I
have to say that the reports that | could pick up
were very small nunbers, and here are exanpl es of
sone of the reports.

[Slide]

There are multiple safety studies for use
in children without danger. This is not for
cardiac but it is for other indications so not in
patients with congenital heart disease. There are
five papers which | have listed here. The top one
for exanple by Marti Bonnati, in investigative
radi ol ogy, |ooked for exanple at |ab val ues or
vital sign abnornmalities. There were 51 percent in
the contrast group with an N of 39 and 80 percent
in the non-contrast group with an N of 20.

If you take all these five studies
together and you | unp them together, they enconpass
doses of 0.1-0.2 nmo/kg, 1,368 children ranging in
age from 15 days to 21 years of age. The AEs vary
between 2 to 5 percent, none of which were serious.

[Slide]

This is the latest | could find in terns

of the approved MRl contrast agents. The top seven
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are gadolinium based. The one right bel ow the
purple box is a manganese ion. The last two are
super paranagnetic iron agents. These two we don't
use, we haven't used at all in cardiac. If you
| ook at sonme of the gadolinium agents you can see
that there are some differences between them and
will go into that in a second but since | have the
table up here, the highest ones in ternms of
osnmol ality are Magnevi st and Milti Hance and the
| owest one is Gadovist. The osnolality is
i mportant because in case of extravasation of the
gadol i ni um agent you can get pain at the site as
wel | as sloughing so that is an inportant
consi der ati on.

[SIide]

There are sinilarities between the
gadol i ni um agents, in particular reporting of
adverse events in terms of their frequency being
|l ess than 5 percent and the types are all simlar
bet ween the nmarketed products. The dose in genera
for all the marketed products is around 1.1 muo/kg.
The packaging is all the same. A 0.1 nmo/ kg dose
ina 0.5 mo solution gives you a dose of 0.2
cc/ kg.

The relaxivity, which is the anpbunt of T1
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and T2 relaxation with a given field strength and
concentration, meaning how nuch it increases the
signal intensity in the image, is the sane
throughout. Therefore, you really can't tell the
di fference between the gadolinium agents when you
are exam ning the i mages. The nephrotoxicity for
all the marketed products is none.

[Slide]

There are differences, as | nentioned.
Magnevi st has been on the nmarket four years |onger,
at least four years |onger than some of the others.
Magnevi st was approved in 1988, ProHance and
Omi scan in 1992 and 1993 respectively. Sone of
the products are ionic. Magnevist has a charge of
m nus 2, and sone of themare nonionic |ike
ProHance, Omiscan and Opti Mark. Their osnolality,
as | mentioned, is different between the different
mar ket ed products. The upper dosage of Omi scan
and ProHance has been approved for up to 0.3
mro/ kg. Magnevi st, for exanple, is only 0.1
mo/ kg.

[Slide]

Now t hat we have tal ked about the
different types and how gadol i ni um wor ks, when we

admi ni ster the gadolinium how do we nonitor
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patients during the study? The personnel that are
avai l abl e are cardi ol ogi sts and radiol ogists, a
sedation nurse and MRl technician. The nonitoring
equi prent that we use is direct visualization via
video link, direct audio feed fromthe scanner,
ECG pul se oxinetry and when a patient is sedated
we use end tidal CO2 as well as bl ood pressure
nmoni t ori ng.

[ Slide]

In terms of the frequency of use, it
really depends on the institution. At Children's
Hospi tal Phil adel phia we use gadoliniumin a vast
maj ority of cardi ovascular cases and | woul d say
that woul d be approxi mately 70-90 percent of the
clinical cases that we do. Qut of approximtely
400 cases in the 2003-2004 acadenic year we will do
approxi mately 330 cases with gadolinium The
not abl e exceptions are, of course, patients who we
do an MRl on and they are nornal; patients in whom
we are just |ooking at RV dysplasia, although there
is one paper | believe in the literature that has
actual ly | ooked at gadol i nium and RV dyspl asi a.
And, when we are strictly |looking at ventricul ar
dysfunction w thout perfusion we won't use

gadol i ni um
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The uses of gadolinium break down into
three basic categories, anatony, blood flow and
ti ssue characterization, and we will go into those
in detail in a second.

[Slide]

There have been nmultiple studies in
congenital heart disease for anatony, for efficacy.
I just picked two exanpl es here, one published in
2001 which took 73 patients |ooking at pul nonary
artery size anatony with and without breath hol d.
Then, one that was published in 2000 that took 38
patients with various types of congenital heart
di sease

Studi es investigating blood flow and
perfusion and tissue characterization are stil
underway in the pediatric age group. The inmaging
itself you can divide up into two categories, first
pass, neaning that the gadoliniumis injected and
we take the imges during the first pass of the
gadol i ni um t hrough the circul atory system or
del ayed enhancenent, which neans we will let the
gadoliniumcirculate for 5-10 ninutes and then do
the study itself. The first pass technique, in and
of itself, can be divided up into two different

kinds. One is the tinme resol ved where we are
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actual |y watching the gadoliniumenter the body and
watching it circul ate throughout the circul atory
system One is freeze frane where we will actually
try and get all the pictures in one inage and we
are not following it through the body but we are
going to get a static inmmge that has all the
gadoliniumin it in the area of interest.

[ Slide]

This is meant as an overview. These next
three slides are going to be overview slides of the
various uses for gadoliniumin congenital heart
disease. We will go over themin detail in a
second.

This is specifically for anatony. This is
a gadol i ni um enhanced MRl |ooking at a patient with
a coarctation which you can see right here. W are
basi cal ly marching through the body fromright to
left in very thin cuts. There are maxi mum
intensity projections which give you a nuch nore
t hr ee- di nensi onal picture of the cardiovascul ar
system This is actually a patient with a right
aortic arch with a coarctation. There is a shaded
surface display where we take the gadolinium vol ume
data set and nmake a shaded surface display. This

is a patient with an isolated subclavian artery
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whi ch you can see right here. Those two were
freeze framed

[Slide]

This is a dynamic injection, a tine
resolved injection, if you will, where you can al so
see the anatony. This is during an angi ography in
the cath lab. This is a patient who had a stenting
procedure and you can see the upper and | ower |inbs
of the pathway right here.

[Slide]

In terms of blood flow, which is the
second of the three uses, again you can see bl ood
flowto the lungs and you can actually
qualitatively see the perfusion in this tinme
resol ved injection.

[Slide]

Then, of course, there is nyocardia
perfusi on where you can actually | ook at how well
the myocardiumis perfused. The cavities first
light up and then the nyocardial tissue itself
lights up afterwards.

[Slide]

Finally, there is tissue characterization
which is the third use. One can identify scarred

myocardi um al so cal |l ed del ayed enhancenent. You
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can see the arrows here. This is actually a
patient after tetralogy flow repair and you can see
the bright tissue here of the ventricul otony. You
can actually identify scarred or infarcted
myocardium as well as that different tunors of the
heart take up gadoliniumin different ways and you
can actually characterize a tunor with whether or
not it takes up gadolini um

[ Slide]

Now t hat you know the uses, let's see how
they help us when we want see a patient with
congenital heart disease. This is that patient
whom we saw earlier who has a right aortic arch
with a coarctation. It is actually a circunflex
aortic arch where the aortic arch passes over the
right, conmes across and goes down the |eft side of
the spine. So, these are the two-dinmensiona
i mges that we would norrmally get. These are axia
i mges so this is anterior, posterior, and that is
right and left. You can see the aortic arch right
over here. If we nove alittle bit |ower down you
can see the ascending aorta, part of the aortic
arch here and then another circle here which is
actually the descending aorta. If we go down a

little bit further you can see the aorta crossing
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over to that descending aorta on the left and then,
finally, if you nove down further you can see the
descendi ng aorta right here.

Al t hough you are cutting at the picture,
you would like to maybe see it a little bit better
than to have to go through cuts. Basically what
gadol i ni um does for anatony is that it gives a
t hree-di nensi onal nature to the picture.

[Slide]

So, you can | ook at those straight cuts or

you can |l ook at a maxi mumintensity projection and
see the squiggly cardiovascul ar structure that is
the aorta, right here, rmuch better than you can
visualize it as you are just going through a
t wo- di mensi onal cut.

[Slide]

So, not only can we nake it a
three-di nensional inage and twirl it around any
whi ch way we want, we can actually make very, very
thin cuts and we can nmake them parallel to each
other or we can make themrotate. For exanpl e,
this is arotation as if you were sitting on the
top of the descending aorta and turning yourself
over fromposterior to anterior. |If you followit

here you will see it again as it starts in the
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m ddl e. One branch cones out to the descending
aorta and the other branch comes to the ascending
aorta. So, it gives you a lot of flexibility in
ternms of visualization and getting a
t hree-di nensi onal picture in your m nd.

[ Slide]

Not only can we do straight cuts, we can
al so do curved cuts. This is a patient actually
after an arterial switch procedure for
transposition of the great arteries and with left
pul mronary artery stenosis which you can visualize
right here in this axial view. Wt we asked the
conmputer to do is to take this axial view and to
cut it in this curved cut and show us what it would
|l ook Iike if we cut it in this particular plane.
This is the resulting image. The conputer
basically displays it and you can see the stenosis
of the pulnonary artery here very nicely. This is
the left pulnonary artery, the right pul nonary
artery and the main pul nonary artery right here.

[ Slide]

O course, if you don't like |Iooking at
any one of those, you can also go to a shaded
surface display, again, made fromthe

t hr ee- di mensi onal gadol i niuminmages. This is
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anot her patient with transposition after arteria
switch and you can see how the pul nonary arteries
drape over the aorta as the surgeon typically does
a LeConte nmaneuver for that kind of repair.

[ Slide]

Finally, time resolved gadolinium
injection can also help. This injection was done
to rule out a clot in the superior vena cava. You
can see here is the gadoliniumgoing in, first
lighting up the right side and then lighting up the
left side. You can see here is the superior vena
cava and you can see that there is no clot or
filling defect in this blood vessel

[ Slide]

What are the kind of patients we use
gadol i nium for anatomy? Well, we use it for
patients with coarctation to get a
t hree-di nensi onal picture of the coarct; patients
with supraval vul ar aortic stenosis to get a
t hree-di nensi onal picture of that for example in
WIlliams syndrone; a dilated aorta for patients
for exanple with Marfan's. This three-dinensiona
i mmge down here, maximal intensity projection, has
both the dilated aorta right here, as well as two

areas of coarctation right up here, in the
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transverse arch and over here as we start going
into the abdom nal aortic arch; aortic aneurysns
and di ssection as well as vascular rings. This is
a shaded surface display of a double aortic arch
You can see why it is called a double aortic arch
Ri ght here are the two |inbs of the aortic arch
We can turn it over the |ateral dimension,
basically fly over it, and you can see the circle
there which creates the vascular ring. That is why
it is called the double aortic arch

[ Slide]

So, you can see that there is a whol e host
of aortic anonmlies, anonalies of the aortic
branches like the isolated | eft subclavian which
repeat ed again down here that you can see so well;
the relationship of the aorta to the pul nobnary
arteries which we saw earlier, like in
transposition after arterial switch; collaterals
fromthe aorta, for exanple in patients with
tetralogy flow with pul nonary atresia; aortic
conduits for conplex congenital heart disease; or
reconstructed aortas such as aortic-pul nonary
anast onosi s.

This is a three-D shaded surface of the

aortic-pul nronary anastonpsis. You can see here is
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the native aorta and here is the native pul nonary
artery connecting to each other, right up here.

[ Slide]

Not only do we use it for the aorta, we
also use it for the pulnonary arteries as well
Patients with pul nmonary stenosis, like in tetral ogy
of flow or pulnonary artery dilation like with
tetral ogy absent pul nonary val ves which you can see
right here how dilated the pulnonary arteries are;
pul ronary origins, for exanple in patients with
truncus or hem truncus, or pul monary artery
conduits for patients with heterotaxia. This is
actually a maximumintensity projection of a
patient with a left ventricle to pul nobnary artery
conduit. The conduit starts here at the apex and
goes out to the pulnonary arteries. O, patients
with reconstructed pul monary arteries like in
Fontan pati ents.

[ Slide]

We al so use it for pul monary venous
anonal i es, anonal ous pul nobnary venous connecti ons.
In the lower |eft-hand corner here you can see that
we are going to be marching through the body from
anterior, posterior and back again. This is a

patient with an anomal ous right pul nonary vein that
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is entering the right atrium You can see it right
over here as it comes down, entering into the right
atriumright near the IVC close to a scimtar vein.
Pul monary vein stenosis or repaired pul nobnary

vei ns, or system c venous anonualies |ike anomal ous
system ¢ venous connecti ons.

This is that normal that you saw earlier
as a conparison. You can see the right side
lighting up first and then the left side. Nowif
you |l ook at this one, this is actually a patient
where all the systemic veins go straight into the
left atrium the right and | eft superior vena cava
and hepatic veins, and you see as soon as the
gadoliniumhits everything lights up. You are not
seeing the right side nicely and then the left
side; everything lights up so you can basically
confirmthat, indeed, that is what the patient has,
as well you can identify the left and right
superior vena cava.

[SlIide]

How does it help us? As | nentioned, it
gi ves you a three-di mensional nature to the study.
It hel ps surgeons and cardi ol ogi sts visualize what
the anatony is. It also |abels the blood so you

can visualize the third to fifth generation
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branchi ng of bl ood vessels. You can identify small
collaterals that can be used for coiling or for
uni focal i zati on procedure where we take the
collaterals off the aorta and connect them back to
the pul nonary arteries.

[Slide]

Movi ng on after anatony to blood fl ow,
renmenber, there are two kinds. One is nyocardi al
perfusion and the other would be |ung perfusion
For the nyocardi al perfusion what happens is that
the gadoliniumis injected and it is foll owed by
time resolved i magi ng, watching the gadolini um
enter the circulation. W inmage the nmyocardiumin
the region of interest that we want. So, what
happens is that first the chanber lights up and
then the myocardiumlights up afterwards. Nornally
you shoul d see uniformsignal intensity around the
entire myocardium O course, abnormal is that you
have | ocalized areas of decreased signal intensity
when it should be uniformacross the entire
myocar di um

We can anal yze this in a nunber of
different ways: qualitatively, just basically
eyeballing it; senmi-quantitatively, looking at it

with tinme intensity curves, |ooking at the
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intensity as a function of time in a region of
interest; finally, quantitatively, which wuld be
mat hemat i cal nodel i ng of the perfusion of the
myocardiumitself. The way inmaging works is that
the i mages at each slice position are taken at
different parts of the cardiac cycle.

[Slide]

This is actually a patient after
transposition of the great artery surgery after
arterial switch procedure. You can see here that
first the right ventricle cavity lights up and then
the left ventricle and then the nyocardium and you
can see uniform opacification of the nyocardi um
However, if you now | ook here towards the apex and
| ook right down here, you can see how decreased
signal intensity just remains even throughout the
entire injection, nmeaning that there is some kind
of decreased flow to that particular part of the
myocar di um near the apex. That doesn't necessarily
translate into functional problens. Here you can
see that even though there is sone decreased signha
intensity in this region, you can see that that
region of the nmyocardiumis actually contracting
pretty well.

[Slide]
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Movi ng from nmyocardi al perfusion to |ung
perfusion, you get a qualitative sense during this
time resolved injection about the perfusion to both
lungs, right and left. Here you can see how
symretrical they are. Wereas here, in this
patient with left pulnonary artery stenosis you can
see, one, how dilated this pul nbnary artery is and,
secondly, | ook at the perfusion to the |ungs
through the generation branch, and how little you
can see over here with the |eft pulnonary artery
stenosis which is right over there.

[ Slide]

The types of patients one uses this for,
of course, the myocardial perfusion would be usefu
in patients with coronary artery di seases, |ike
anomal ous | eft coronary arteries fromthe pul nonary
artery; patients with other coronary artery
anomalies like the right coronary conming fromthe
| eft cusp; hypertrophic coronary nyopathy; or
pati ents who are postoperative who have had
coronary artery mani pul ation, |ike patients after
arterial switch procedure or patients with a Ross
procedure. O course, for the lung perfusion one
can use it for pulnonary artery or vein stenosis

for exanple like in tetral ogy.

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (166 of 328) [2/19/2004 10:22:33 AM]



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

How does that help us clinically? W can
identify nmyocardiumat risk and also for the |ung
perfusion it contributes to physiol ogi ca
informati on for the branch pul nonary artery
stenosi s and decrease in lung perfusion, basically
confirmng other types of inmaging that we would do
within MR such as velocity nmapping.

[ Slide]

Finally, the third use of MRl is in tissue
characterization, also called del ayed enhancenent.
How does that work? W inject contrast right over
here and the tine clock starts. At approximately
one nmnute or up until one mnute is what we cal
the first pass technique. Then, greater than five
m nutes is the del ayed enhancenent techni que. What
happens is these curves represent the signha
intensity or the contrast concentration within
various types of myocardium The nornal, in white,
rises during the first pass and then gets washed
out by blood that didn't have gadoliniumin it.

I schem ¢ nmyocardium in yellow, the same thing--it
rises, not as high as the normal nyocardi um and
then gets washed out. But infarcted nyocardi um
could do one of two things, in both of which after

five mnutes the infarcted nyocardi umor scarred
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myocar di um has nuch nore contrast agent in it than
does the ischem c nyocardi um because there is not
that normal blood flowto wash it out. So, that is
how t hat wor ks

The first pass, as | said, just comes by
inthe first mnute and that is what we see. After
five mnutes is the del ayed enhancenent where we
can actually identify scarred nyocardial tissue
that takes up the gadolinium this infarcted region
right over here.

[ Slide]

How do we do this with MRI? This is the
ECG right up here. At the Rwave we put in a
trigger delay and then we do a non-sel ective 180
degree pul se, which means we flip all the protons
negative so that nothing has any signal intensity
at all. Then, as we watch themrel ax, what happens
is the normal nyocardiumstarts recovering and the
i nfarcted nyocardi um starts recovering too but they
recover at different rates. Wiat we do is we try
to aimfor hitting it right here where the nornal
myocardiumis just about to cross the zero |ine
where it starts to give off signal, and that
maxi m zes the difference between the contrast of

normal nyocardi um and the contrast of the infarcted
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myocar di um

[ Slide]

This is an exanple of a patient after an
endocardi al cushion defect. You can see here that
this brightness represents scar tissue, fibrous
tissue that has accumul ated over the ventricul ar
septal defect patch. In short axis you can see it
right here as well.

[ Slide]

Not only can we | ook at scarred
myocardi um nyocardi al tunors al so take up
gadol i nium different kinds of myocardial tunors
take up gadoliniumdifferently. This, for exanple,
is a patient who had a right ventricular nmass right
over here, in the apex. This is a four-chanber
view. W injected gadoliniumand you can see in
the four-chanmber view how the outside gets nore
perfused than the inside. The short axis,
unfortunately, didn't help us too much. But then
when you | ook at the del ayed enhancenment inages you
can see that this is the gadolinium accunul ating an
i ncredi bl e anbunt conpared to the rest of the
myocardiumin the tunor itself in the apex of the
right ventricle. That is in short axis and this is

in the apical four-chanmber view and you can see it
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right here.

[ Slide]

What ki nd of cardiac nasses enhance or
don't enhance? Hyperenhancenment, tunors such as
myomas, hemangi omas, angi osarcomas. Thronbus does
not enhance. Then there are a couple that are
non-specific as well as sone that we haven't seen
in published literature yet.

[ Slide]

The types of patients we use tissue

characterization for are, of course, those patients

who have nyocardi al scarring; patients who have
potential for that, patients with coronary artery
di sease or patients who are postop and, of course,
as | nentioned, patients with nyocardial tunors or
masses.

So, how does it help? It identifies
scarred myocardi um and al so can contribute to the
prognosis in patients with tunors.

[ Slide]

How do we dose gadoliniun? The freeze
frane people do it anywhere between a single or
doubl e dose. This reference that is right
underneath is actually a reference from Journal of

Magneti ¢ Resonance Imaging in 1999 that actually
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recomends doubl e dose for all great artery
injections of gadolinium For the tinme resolved
ones we can use anywhere between a quarter to half
a dose as a mini mum

When it comes to blood flow, that is
either the nyocardial perfusion or the |ung
perfusion, we use about half a dose of gadoli nium
Finally, with the tissue characterization we wll
just use a single dose of gadolinium People do
anyt hing from power injectors to hand
adm ni stration of the gadoliniumitself.

[ Slide]

What does the future hold for gadolinium
enhanced cardiac MRI? Newer first pass agents that
have a high relaxivity. A lot of them are higher
concentrations instead of 0.5 nmm. It is 1.0 nmo
solutions. Also, they can have a higher relaxivity
for either one of two reasons, either increased
protein interaction or an inherent increase in
rel axivity dependi ng on the chel ator that one uses.

The bl ood pool agents, as | nentioned,
remain in intravascul ar space and have nore robust
i magi ng of bl ood vessels and that could be usefu
in coronary inmaging.

The super paranagnetic iron oxi de agents,
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which are not really used in cardiac but there are
some studies that are being done, they do have an
advantage of having a long intravascular half-life
whi ch woul d be useful for coronary imaging.

A now burgeoning field is nolecul ar
i magi ng where the gadoliniumis tagged to
anti bodi es or other agents that are directed
agai nst receptors and antigens. Now the 3T
systens, the ones with the higher magnetic fields
are now comng on line. They have inproved signa
to noi se and better resolution types of sequences.

[Slide]

Whenever | talk about the future, | always
tenper that by quoting Yogi Berra who said "it's
hard to nmake predictions, especially about the
future." Wth that, the talk is over so thank you
very much.

DR. CHESNEY: Thank you very nuch. W
wi Il have questions and answers for all the
speakers at the end of this session. Qur next
speaker is Dr. Marilyn Siegel who is going to talk
about contrast enhanced cardi ac conputed
t omogr aphy.

Contrast Enhanced Cardi ac Conput ed Tonogr aphy

DR SIEGEL: Wiile we are bringing this
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up, I will just say who | am | amfrom

Mal I i nckrodt Institute of Radiol ogy, which is the
i magi ng departnment for Washi ngton University Schoo
of Medicine. | ama pediatric radiologist. MW
areas of interest are cross-sectional inmaging and
particularly CT, MRl and ultrasound. | also do a
little bit of work in adult imaging, particularly
in chest and cardiac abnormalities.

[Slide]

This is the Iist of questions that we were
sent by e-mail and | am going to address these
i ndividually but, before we do that, let's get a
little background information on CT and cardi ac
i magi ng, the basic facts.

If you are doing this you really need a
nmul ti detector CT scanner. What does that mean?
That means with each rotation of the tube we get
multiple images. Wen we first started CT we were
getting a single inmage, now we can get nultiple
i mmges. That nmeans that we have nore data and we
get better resolution and inmage quality. W get
faster imaging tinmes with nultidetector CT. | can
do a cardiac study in 20 seconds or less so we are
nmovi ng patients through.

Faster inmaging tinme nmeans fewer artifacts
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in children who can't hold their breath. W get
better spatial resolution from0.5 to 1.25 nm W
can get superb 3D inmages and we are getting better
contrast enhancenent and that is what we need to
address, and the use of CT is increasing.

[ Slide]

Contrast using cardiac CT--it is across
the board 100 percent. If we can't get contrast we
are not doing this study. There are problens in
children which demand the use of contrast--snall
patient size. They have little fat which means we
can't see structures as well and contrast hel ps us
see those structures better. Then, intrinsically
there is just poor differentiation of soft tissues
on non-contrast enhanced CT. You can't see the
various chanbers and it is hard to see sone of the
vessels. So, we have to use contrast.

[ Slide]

Let's start with the first question, the
indications for cardiac CT in the pediatric
popul ation. Two-fold basically, first of all to
make a diagnosis. |s there di sease or pathol ogy or
is there not? Secondly, to aid in clinica
deci sion-naking. |s there a need for another

di agnostic test? Should angi ography be done?

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (174 of 328) [2/19/2004 10:22:33 AM]

174



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Should MRI be done? O, should there be sone type
of intervention? W do not use CT for defining
nornmal anatony. W don't use it for assessing
function just yet. It can assess ventricul ar
function and size and output but there is a probl em
currently with radiation dose. It increases when
we | ook at the heart in different phases such as
systole and diastole. It is not a screening tool
W have an issue of radiation, which has been
brought up and which I will address |ater

[ Slide]

What can we use it for? W can divide
this into a couple of categories, extracardiac
great vessel anomalies, intracardiac shunt |esions
and t hen sone postoperative anatomy. In children
CT is performed nost often for congenital diseases;
in adults it is usually for acquired di sease,
al though we are seeing nore of this use in adults
for congenital diseases or living |onger. W now
have an adult cardiac clinic which has about 1,200
adults currently with congenital heart disease who
have survived infancy. So, | think we will see
more of that.

[ Slide]

The extracardi ac | esi ons--you have seen
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them di spl ayed quite well on MR W see the sane
things--aortic arch anomalies, coarctations or
narrow ng, conplete interruption of the arch, other
anomal i es such as a patent ductus arteriosus and
pul monary artery sling, these are the nore comon
ones. There are other ones that aren't as comon
that | amnot going to review now.

[ Slide]

I just want to show you sone exanples. W
are using nore CT. The reason is that we can nmake
many di agnoses and obvi at e angi ography which is
| onger, needs nore sedation and has a hi gher
radi ation dose. This is equal to MR but the
advantage of CT is, again, the fast tinme. | can do
this in 20 seconds or |less. That means | don't
have to use sedation. Sedation is required for MR
O course, CT has the radiation risks so, as we
have heard this norning, it really is a
ri sk/benefit analysis. Some patients who are
critically ill can't have MR and we need to do CT.

[ Slide]

Just to give you a couple of exanples, on
the left-hand side we have a neonate with right
arch. There was sone wi dening on the chest X-ray.

This clearly shows the right arch. W don't need
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177
to go further.

This is an adol escent. W have a doubl e
arch. Here is the right arch, here is our left
arch. This was an incidental finding. This
pati ent doesn't need additional study.

[ Slide]

Pul monary sling is an anomaly where the
| eft pulmonary artery arises fromthe right
pul nronary artery. This is a neonate, not sedated.
Here is the pulnonary artery. Here is the right
pul mronary artery and here is the | eft pul nonary
artery arising fromthe right, crossing behind the
trachea to go to the left hilum

[ Slide]

I mentioned aortic coarctation. This is
one of the lesions that we see--sorry, we will go
to patent ductus arteriosus next. Patent ductus
arteriosus is a conmmunication between aorta and the
pul ronary artery, short tubular structure
connecting them This is a 3DCT. Here is the
aorta, pulnmonary artery and this patent ductus in a
very young patient. W can see simlar findings on
MR. So, we really are equival ent and can provide a
di agnosi s qui ckly.

[Slide]
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The other indications for pediatric
cardiac CT, diagnosis of shunts at the atrial |eve
or the ventricular level, and then we are using it
to eval uate sonme postoperative anatony, usually in
very conpl ex cyanotic heart disease.

[ Slide]

This case is a one-year old, no sedation,
about 10 nulti-center of contrast. There is a
conmuni cati on between the right atriumand |eft
atrium atrial septal defect and, sinmilarly, a
ventricul ar septal defect. This patient had
tricuspid atresia and has a graft in place, and
they wanted to eval uate residual anatonic
abnormalities.

[ Slide]

This is another patient who had a rurnur.
They thought it was an atrial septal defect. W
did a CT as a first exam nation--we were begi nning
to use CT nore. W have contrast goi ng between two
atrial chanmbers. Here is the right ventricle, left
ventricle. You can see nornmal tissue between the
two. This is following repair, right atrium Ieft
atriumand there is no contrast flow, there is no
resi dual septal defect. By the say, you can see

val vul ar anatony quite well. There is the aortic
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val ve and you can see the three |leaflets here.

[Slide]

O her postoperative evaluations, this is a
patient who had tetral ogy of flow, had bilatera
Bl al ock shunts from subclavian artery to pul nonary
artery. Here is one; here is the other. W can
see that they are present and eval uate patency.

This is a patient with tricuspid atresia
who had a graft fromthe right atriumto the
pul ronary artery. That was the purpose of this
study, to evaluate the graft

I have only shown you sel ected cases, just
to show you that we are able to do this study, do
it quickly and do it w thout sedation in our
younger popul ati on.

[Slide]

Next, the inpact of CT then on
di agnosi s--we can nake a diagnosis with CT. W can
predi ct whether patients should undergo further
i nvasi ve diagnostic testing, such as angi ography,
with CT. W can clarify equivocal angiographic
finding, and we are using it to predict whether a
pati ent m ght need additional surgery.

[Slide]

Just to give you a couple nore exanples,
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180
this is a patient who had Mustard procedure for
repair of transposition of the great vessels. This
patient is about 19, cones in with sone increasing
cyanosis. Contrast is going in the superior vena
cava, coming into the right atrium and goi ng across
the baffle Mustard into the left atriumand there
is a leak here in the conduit which is abnormal and
probably accounting for the cyanosis.

This patient had a coarctation repair. A
stent was placed and you can see that a
pseudoaneurysm has devel oped and has broken through
the stent. So, we are using this again to nmake a
deci si on whet her we should go on to angi ography or
whet her there should be a need for additiona
surgery or intervention

[Slide]

Let's get to the contrast specific
questions and | ook at how we do CT, sone of the
doses, sone of the limtations and how we nonitor
safety.

[Slide]

Contrast dosing, the contrast volune is
simply deternined enpirically based on patient
weight. So, we are giving 2 nlL/kg, maxi nrum of 4

mL/ kg or 125 nL. W are using nonionic contrast
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medium This is just standard now | think across
the country in pediatric divisions, radiol ogy
divisions. W are using 280-320 ng of iodine
concentrati on.

[Slide]

There are two ways of giving this
contrast. One is by power injector, the other is
simply pushing by hand. Power injector is really
desired if it can be done, and it requires a
catheter in the antecubital region. The flowrate
depends on the size of the catheter in place. |If
it is a 22 gauge we are going to use a slower flow
rate, about 1.5-2.0 nl/sec. If it is a 20 gauge we
can use 2-3 nL/sec. | have even used higher rates
of 4 nL/sec and in adults they will go up to 5
m./sec. A 24 gauge central |ine can be injected.
It is determined to be safe but you need to use a
lower flowrate. |If you have a catheter in the
dorsum of the hand or the foot, you have to inject
the contrast by hand or nanually.

[Slide]

The limtations of contrast enhanced
CT--the contrast-related ones are extravasation at
the injection site and adverse contrast reactions.

Then, there are sone that are device rel ated, and
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the big one is radiation exposure.

[ Slide]

Extravasation, a study by Kaste, in 1995,
| ooked at extravasation with poorer injectors and
manual injection, very small, 0.3 to 0.4 percent.
Wth nonionic contrast, |lower osnolar, this is not
a problem W have put a |ot of contrast
occasionally into a site where it shouldn't be
because the catheter is not well positioned or it
| eaks and sonetinmes after 100 niL they may feel sone
full ness but there has been no really adverse
sequel ae. The contrast gets resorbed. There is no
sl oughing of the skin as there used to be with
i oni c agents.

[ Slide]

Adverse contrast reactions--this is a new
one that | added to the slide set. This was sort
of a neta-analysis of |ow osnolar and nonionic
contrast nedia. Looking at a nunber of
institutions, overall the incidence of al
reactions was 1-3 percent mnor reactions, neaning
no treatnment necessary, nmaybe mnimal rash or
itching, or mnimal vomting--the incidence was
near 1 percent. Major or severe, meaning intensive

treatnment necessary and naybe sone |ife-threatening
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i ssues such as hypotension or cardiac arrhythm a,
is about 0.4 percent or 1/10,000. Mst of these
reactions occurred inmedi ately at the tine of
injection. Five percent occurred late, after the
time of injection and up to 24 hours. DMortality
rate in series |ooked at since about 1980 with | ow
osnol ar contrast medium 1/100,000. That is
overall all-coners.

[ Slide]

Now, if we look at children, and this is
froma study in Finland and is one of the few I
could find that has a | arger nunber of patients and
this was a questionnaire study so we have sone
limtation there. There was a 73 percent return
rate. They used Omi paque. Acute reactions, 1.9
percent, so in line with the |arger meta-analysis
showed you, and all of themwere mnor or mld.
They usually involved | arger patients, ol der
pati ents who wei ghed nore than 24 kg.

Late reactions after the injection or up
to 24 hours were about 6.2 percent of the
popul ation, again consistent with the |arger series
met a- anal ysis | showed you. These were mld. Sone
were intermediate. Internedi ate neans sone

treatnment necessary but they are not
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life-threatening. So nore severe voniting and
| arge anpbunt of urticaria is defined as
intermedi ate. This affected the younger
popul ati on.

[Slide]

There is one nore series. This was one of
the |l arger ones that had children and adults. They
| ooked at the overall preval ence of adverse
reactions. They found it was about 3 percent.
Severe, 0.04 percent; deaths, 0.004 percent.
Seventy percent of the reactions were within 5
m nutes, the remainder later. They didn't quite
define "later"” but | guess 24 hours or maybe even
| ater than 24 hours. But if we |ook by age again,
for less than 10 years the overall preval ence was
0.4 percent; 10-19 years, 2.52 percent. Once you
get to adults you get a higher preval ence and then
over 50 years it decreases. So, that is just to
gi ve you a handl e on how frequently adverse

reactions to contrast occur.

[SIide]
This is the other issue. It is device
related; it is technique related. It is radiation

exposure. This is one of the headlines in 2001 and

we are still dealing with this. There are a |ot of
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articles that have cone out. There was another one
that came out |ast week. This is an issue that we
need to face when we do these studies.

[Slide]

So, CT accounts for about 10 percent of
all our X-ray procedures but 65 percent of all the
dose we give fromdiagnostic nedical X-rays. Chest
X-ray gives us about 0.1 nBv. A pediatric chest CT
ranges between 1-10 nSv. Wth the current
technol ogy available we are able to do a scan and
i medi at el y know how rmuch dose you are giving.

This requires a 16-row detector. The first
generation nultidetector CTs were 4 rows. W were
getting 4 images. Now, with 16 rows this is
automatically on the scanner so you know what you
are getting at that tine. | have done neonates and
I have gotten down as lowas 1 nBv. | can get very
| ow doses, as | will show you in a nonent, by
adjusting certain paraneters. Adult chest CT, 7-15
nmbv. Cardiac cath--this is sonething given to me
by one of the cardiologists and there may be

di fferent nunbers available but 20-30 nSv. So, if
we can do multidetector CT well we can reduce this
radi ati on dose if we can obviate cardiac

cat heterization.
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[Slide]

The relative risks to the individual--this
is sonmething given to ne by JimBrink from Yal e who
| ooked at a nunber of articles out there and the
lifetime risk of cancer is 20-25 percent or 1
person in 4 or 5. Added risk of CT, 0.05 percent,
1/ 2,000, not statistically significant. 1In the
popul ation as a whole, there will be about 600, 000
pediatric CIs in the U S. per year, and probably
increasing. Wthout CT, 135,000 will die; with CT
135,300 will die, again, not significant to the
popul ation but for each individual it is because
you fear one of the children will get that cancer
and that becomes a probl em

[Slide]

How do we nonitor the safety? How can we
have an inpact on these risks? Well, obviously we
don't want to overdose. W don't want to have too
much contrast. That leads to a problemw th rena
failure, perhaps arrhythnias.

[Slide]

So, contrast is usually drawn up perhaps
by a technol ogi st at our place, but we always
verify the dose prior to injection and contrast is

admi ni stered by a radiol ogi st or trai ned personnel
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Procedurally, we watch the catheter site. W
actually feel the catheter site where the contrast
is going in.

[Slide]

We try to identify patients at risk. Have
they had prior noderate or severe contrast
reaction? W are going to try to get another
exam nation. Medically treated asthma is a risk
We heard about deaths this norning and if | am
correct one of themdid have asthma. Then, in
pati ents who have had contrast reactions we may
prenedi cate themwi th corticosteroids.

[Slide]

Again, the problemis the radiation dose.
That is a harder one to deal with. The dose is
directly proportional to several factors: Tube
current, the anount of energy that is going into
the patient; the voltage of the equipnent; the scan
time; the slice thickness; and the total nunber of
slices. If we want to reduce dose we have to pay
attention to each of these factors.

[Slide]

So, how do we do t? We reduce dose by
optim zing those factors. W use a | ower tube

current. For quite a while, if you | ook at the
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studies, 200 mllianperage was used in chest and
abdoni nal CTs and in some places it still is. In
pedi atric radi ology now, if we have an infant we
decrease it to 25-30 millianmperage. In an

adol escent we m ght use 80 m|lianmperage. So, by
reduci ng that we can reduce the dose by half. W
reduce the voltage. It is called kilo voltage. W
used 120 for a long tinme now | am using 80

m | lianmperage or current. Reducing the kilo
voltage will decrease the radiation dose by 30
percent.

Li mi ted nunber of scans--in adult cardiac
work and liver or pancreas we are using multiple
phases, non-contrast, earlier arterial, later
arterial, venous delayed. |If you scan 4 or 5 tines
you are getting a lot of radiation. Qur goal is to
do it once and, hopefully, get it right and,
therefore, mninze some of the radiation

The newer equi pnment al so has automatic
dose reduction technology and they will tell you
how | ow you can go. O course, if there is another
study that can be used and the patient is a
candi date and can tolerate that study, then that
ought to be used.

[Slide]
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How successfully are we using CT? Well,
as you heard this norning there are not a | ot of
studies out there that address that point. In
adults we do have data related to CT angi ography of
the coronary arteries and we have dissection
i nformati on avail able and aneurysns. In children
there is overall paucity of data. There are sone
data available on aortic imaging. CT in children
and in cardiac work really has just devel oped
within the past two to three years so there are few
studies out there. It also is difficult to get a
prospective study because we are dealing with
radi ation issues. So, designing a study |ike that
is going to be alittle bit nore difficult to do so
a lot of what we are going to see is probably going
to be retrospective analysis | ooking at series,
met a- anal ysis. There are several review articles
but, again, there is not any type of bench science
| ooking at results.

[ Slide]

In adults, to show you this one slide on
coronary artery disease, it can be done quite well
I have conpiled two studies, 95 percent
sensitivity, 86 percent specificity detecting

cyanosis greater than 50 percent. The key point
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190
here is these are small vessels. W are seeing
vessel s and stenoses 2-4 mmin dianeter. G ven
that, we ought to be able to do this in children
and, from my experience, we can.

[ Slide]

This is a series that we recently
reported. It came out in The Anerican Journal of
Radi ol ogy. It was retrospective. W |ooked at 22
pediatric patients with some type of aortic
anomal y, whether it was right arch, double arch,
coarctation, patent ductus arteriosus. Al of them
did have sone type of confirmatory study to confirm
our findings. W were 96 percent correct and we
coul d see stenotic vessels, areas of coarct, down
to2m So, again, | think we can do it. It is
going to be a little difficult to prove though at
times.

[ Slide]

Direction for CT as far as drug
devel opnment or utilization of contrast agents,
well, the goal of CT is to get the highest contrast
enhancement with the | east anmount of contrast
agent. So, when we do contrast enhanced CT we want
a high | evel of contrast enhancenent and a snaller

anount of contrast agent. Wat affects contrast
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enhancement? The flow rate and iodine
concentration. Let me show you that.

[ Slide]

If we ook at different injection rates
keepi ng everything el se stable and we use a 5 nL
flowrate, 3 nL and 1 nm., with faster flow rates we
get hi gher enhancenent, higher density, higher
attenuation. Increasing the injection rate
i ncreases contrast enhancenment. Theoretically, if
we increase the contrast enhancenent by increasing
the injection rate we should be able to use a
smal l er volume of contrast. |[If it goes in quicker
we get a higher contrast enhancenent with small er
vol ume.

[ Slide]

There is a problemin children. Because
we have smaller catheters, sonetimes we can't use
that fast flowrate. |In our adol escent popul ation
we can but not necessarily in our neonates.

[ Slide]

The next thing we can | ook at is what
about the concentration? In this nodel where they
| ooked at different concentrations but keeping the
i odine nass and flow rate constant, you can see

that as the iodine concentration increased, 400 ngy
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1 of iodine, 350 ng and 300 ng, you got better
2 contrast enhancenent. So, perhaps we can get nobre
3 i odi ne concentration in there and get better

4 enhancenent .

5 [Slide]
6 If we did that, we should be able to
7 decrease the volune. Well, Becker | ooked at

8 concentration and actually | ooked at flow rates and
9 | ooked at left ventricular density in adults, and
10 he used 300 ng iodine/nL and a flowrate of 2.5

11 m./sec and he al so used a higher concentration of
12 400 ng at 2.5 nL/sec. He found that if he used the
13 | ow concentration and high flow rate he got the

14 same result as a high concentration and a | ower

15 flowrate. So, higher concentrations work.

16 [Slide]

17 Implication in children--if we can use

18 hi gher concentrations, as | nentioned, we nay get
19 smal l er contrast volunmes. This is the problem the
20 vi scosity. Once you get out to 400 or nore you

21 can't push it through a smaller catheter. So, the
22  chal l enge perhaps for nmanufacturers is can we get
23 that high contrast or concentration out there and
24 can we inject it?

25 [Slide]
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What about future clinical utilization? |
think we are going to see sonme ventricular function
studi es based on inmages in systole and diastole.

As soon as we learn how to keep the radiation dose
down that is a potential. But |I think we will see
nore perfusion studies, pul nmonary perfusion
studies. Basically, what we are |ooking at here is
measuring density or attenuation val ue, peak
attenuation and tine to peak attenuation.

[Slide]

Just one nore example here. In this case
we segnent out part of the lung. By conputer we
are able to subtract the lung, renove the soft
ti ssues and renove the heart because now we want to
| ook at the perfusion going to the lungs. W can
|l ook at one lung. The right is in blue, the left
in green. O, we can |look at both lungs and we can
| ook at the densities of the whole lung, which | am
showing you in this case. | can segnment out and
| ook at one lung. | can look at a part of a |ung.

I can do measurenents or attenuation value on this.
I can also apply color to this and | ook at
perfusion to the |ung.

This work has not been done in children

yet. W are probably going to start this with sone
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of our lung transplants to | ook at perfusion to the
lung. This has been done in adults. They have

| ooked at perfusion in patients with pul nonary
emboli but | think this has the potential to | ook
at perfusion abnormalities associated with heart

di sease as well, how rmuch bl ood supply is there
really going to the |ungs.

[Slide]

In summary, we are going to be seeing nore
CT. It is out there. It is being used nore and it
certainly can provide a diagnosis inpact here. The
chal l enge as far as the contrast nmedium goes is can
we optinize contrast enhancenent? W have
di scussed that. The other challenge for us is can
we |ower the radiation dose? At that point, | wll
stop and thank you.

DR. CHESNEY: Thank you. Qur next speaker
is Dr. Phillip More who is going to speak about
contrast enhanced invasive cardi ac inmaging.

Contrast Enhanced | nvasive Cardiac | maging

DR MOORE: Whiile the conmputer is being
switched over, | will introduce nyself. | aman
Associ ate Professor of Pediatrics at University of
California San Francisco and | run the congenita

cardi ac catheterization |aboratory there.
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I was asked to give an overvi ew of
i nterventional catheterization and its current
relationship to i magi ng nodalities and sone of the
i magi ng agents. So, i will try to do that for you
inthe next little bit. Tom | ameither going to
need your password or need your help, one or the
other. | will take either. He chose the |ess
interesting option, at |east for us!

[ Slide]

The role of interventional catheterization
has changed over the years since the early '80s
when it initially devel oped from basically bl ow ng
a balloon up into a clogged artery to a variety of
things. Wth respect to congenital cardiology, if
you | ook at the history surgery really devel oped in
the 1940s with initiation of PDA |igation and BT
shunt, with a huge explosion in the 1950s with the
devel opment of cardi opul nonary bypass, all ow ng
application to conpl ex di sease. Then, in the '60s,
"70s and into the '80s really the application of
newer techniques and to younger and younger
patients with congenital heart disease.

Surgery now has settled down a little bit
internms of its devel opnent, other than sone of the

newer issues that Tal nentioned. |nterventiona
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catheterization, on the other hand, is tracking
this to some degree but starting not until the late
"B0s, early '60s with initially balloon septostony;
then an attenpt at PDA and ASD closure in the '70s
that really got rolling in the '80s and the '90s.
Now, in the 2000 decade we are starting to see
application of sone of these nore sinple procedures
to nore conpl ex di sease, such as hypoplastic left
heart and the initiation of pulnonary valve and
aortic val ve inplants.

[Slide]

The cath | ab nowadays however stil
consists primarily of angi ography and radi ography
and the contrast agents that go with it, although
that is changing and I will take you through that a
little bit. |If you |look at the inpact of
interventional catheterization on congenital heart
di sease, it is starting to becone relatively
significant. This is a slide that was shown
earlier in the day, just |ooking at the incidence
of different types of congenital heart disease
| esions. You can see the commpn ones, VSD, PDA
ASD, pul nonary stenosis, coarctation. | have
hi ghlighted in yell ow those that are now primarily

treated in the interventional cath |ab. Those in
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1 red are lesions that are really shifting nowadays
2 and we will have to see what happens over the next
3 ten years, but fromsurgery to the cath lab. Even
4 those nore conplex lesions, in green, often utilize
5 interventional techniques in association with

6 surgical treatnent.

7 [Slide]

8 So, it is really becomng quite

9 significant. This is the data from UCSF which is
10 not unlike the data from Boston. W have had a

11 steady increase in the nunber of patients we see a
12 year in the cath lab, and sonme of that is

13 significantly related to adult congenital heart

14 di sease. But you can see--in yellow is diagnostic
15 and inred is interventional--that there really is
16 a dramatic shift over the last ten years to

17 treatnment nodalities in the cath | ab rather than

18 just diagnostic.
19 [ Slide]
20 The inpact, if you look at it globally, is

21 quite significant. You have seen sonme of these
22 nunbers al ready and 32,000 to 40,000 infants a year
23 are born in the U S. with congenital heart disease.
24 In fact, about 60 percent of those will require

25 treatnment at some point during their lifetine.
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Ri ght now about a third of those patients can be
treated in the cath lab and with advanci ng
nodalities, both in interventional technique and
i mgi ng, as well as imaging drugs, the potential
for up to two-thirds of these patients for
treatnment in the cath | ab may be possi bl e.

[Slide]

There are a variety of approved procedures
already that are listed up here. They are not al
that inmportant to this discussion but they
enconpass a variety of different techni ques and
devices for a variety of different lesions that are
currently perforned.

[ Slide]

There are sonme very interesting and
exciting investigational procedures that are being
devel oped, including valve stent inplantation for
bot h pul nonary insufficiency and aortic
insufficiency, the latter of which mght have quite
a substantial inmpact on adult acquired di sease;
covered stent inplantation in nore conplex |esions
such as Fontan conpl etion and shunt palliation in
infants; internal vessel banding for hypoplastic
|l eft heart palliation; and intravascul ar suturing

which is just really in its infancy but may have
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sonme wi de-reaching inplications. Al of these are
going to require very, very specific inprovements

in imging to take these to the next level in the

interventional cath |ab.

[Slide]

One of the difficulties, which you have
al ready sort of touched on today, is that the range
of patients is very huge, frompremature infants
down as |low as 600 ng for val vul ar pul nonary
stenosis in sone institutions to adol escents, young
adults and even nowadays sone niddl e-aged adults
with congenital heart disease. That obviously
makes the application to imaging nodalities and
i magi ng drugs quite problematic.

[Slide]

Currently, in the cath Iab by far and away
radi ography or fluoroscopy is the prinme inmaging
nmodal ity that is used and nonionic contrast is the
drug of choice that is used. In fact, this really
has been studied quite a bit both in adults and
pediatrics with regard to cardi ac i magi ng and
probably doesn't warrant a huge anbunt nore issues.

We al so use echocardi ography, both
surface, transesophageal and intracardiac inaging

inthe cath lab in interventional procedures
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primarily. For contrast, it is agitated saline
al t hough sone Optison type contrasts are currently
bei ng used.

[Slide]

This is just to give you an examnpl e of
angi ography. This is a lateral X-ray or angi ogram
of a patient who has had a tetral ogy repair and has
some conpression of the repair site in between the
right ventricle and the pul nmonary arteries. W use
that to define the anatony, but you can see that
you are quite limted here in terms of
i ntravascul ar structures. You obviously don't see
the myocardium you don't see soft tissue
structures around it.

Then, we al so use this, including nonionic
contrast, in some of the tools we use. This is a
stent inplantation to open that up. Then,
aft erwar ds agai n noni oni ¢ contrast angi ography to
| ook at the area where we have inplanted the stent
for inprovenent in the stenosis.

[ Slide]

This is just an exanmple of an ASD cl osure,
usi ng fluoroscopy here to define the delivery of
the device. This little tube right here is

actually intracardiac ultrasound. W are getting
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ul trasound pictures while we are inplanting. Then,
usi ng some nonionic contrast at the end of the
procedure to confirmposition of the device. But,
again, you can see we are quite limted in terns of
sort tissue definition here.

[ Slide]

We pick up sone of that in the cath lab
with the use of echocardiography. This is an
exanpl e of an intracardi ac echocardiogram So, the
right atrial space is up here; the left atrial
space is up here. W are evaluating the defect.
This is a balloon that is passed through the wall
here that has a hole in it. Now we are getting
ready to deploy a device. This is a Cardi oSea
type device that has been opened in the left atrium
and now we are bringing it back against the atrial
septum As | nentioned, we do occasionally use
sonme contrast with regards to echo in the cath |ab
to assess position of devices. Again, this is the
atrial septum hole; the device being positioned,
the other side of the device has been depl oyed.
Now t he devi ce has ben rel eased and you can see we
get nmuch better soft tissue definition here. W
wi Il sonetines use, obviously, colored Doppler but

you will see sone injection of sone agitated salien
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202
contrast up here to |l ook for any residual |eak.
But there are limtations to that technique in
terms of sonme of the npdalities we use

[Slide]

How si gnificant are conplications or
problenms with currently used nonionic contrasts?
They are really fairly limted. |[If you |ook at
just all complications associated with
catheterization in children, particularly
i nterventional caths, you find that mgjor
complications are quite rare, less than 2 percent;
m nor conplications |ess than 10 percent. |In fact,
the risk factors for conplications are really
related to age, less than a couple of years, and
interventional procedures. |If you |look at the
| arger series the use of contrast and types of
contrast do not really fall out in terns of mgjor
i ssues for risk factors.

There are, however, well-known and wel |
described risk factors associated with contrast
that is currently used. Transient renal failure
occurs, is dose dependent, and there are allergic
reactions that | think have been di scussed. That
bei ng said, we are beconming nore and nore specific

with the use of some of these additional inmaging
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nmodalities in terns of our judicious use of
contrast in the cath lab, and these conplications
or side effects are being reduced.

[Slide]

What adjunct imaging nodalities are
currently used and associated with interventiona
treatnent? The one that is npst comon at our
institution would be MRl or nagnetic resonance
angi ography, particularly as it pertains to arch
abnornelities, coarctation, pre and post anatomny
eval uation, as well as flow determn nation and
pati ents who have right ventricul ar dysfunction,
pul nronary insufficiency, particularly tetralogy or
flow patients. | should add that at other
institutions CT might, in fact, be the inmaging
nmodal ity of choice in this setting but in our
institution it tends to be M.

[ Slide]

You have seen sone beautiful exanples of
that so | won't belabor this. This is an exanple
of an MRl image of coarctation. The way we use
that in interventional is we obviously can get very
detailed anatom c definition of how big the vesse
is, howlong the stenosis is, and what tools we are

going to need during the procedure to then address
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t hat .

[ Slide]

This is just an angi ogram of a coarctation
that we would then bring to the cath | ab, evaluate
prior with angi ography with a nonionic contrast and
then repair with a stent inplantation--I apol ogi ze,
| gave you two pre's and one post. It |ooked
great, trust ne!

[ Laught er]

[Slide]

There are linmtations currently with the
use of sonme of these additional nmodalities and the
tools we currently have in intervention. This is
an exanple of an MRl after we inplanted a stent.

Ri ght now, currently available stents are al
stai nl ess steel based.

[ Slide]

This is the image artifact you get on
i nplantation of a stainless steel inage in an M
So, we have this beautiful arch. This is where the
stent is and we see nothing in and around the area
because of artifact. So, there still is a
di sconnect. Al our tools are really based in
fl uoroscopy angi ography at this point wo we do need

sone work in that area certainly.
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1 [Slide]

2 Nucl ear nedi ci ne perfusion scan,

3 particularly as it relates to lung perfusion, is an
4 adjunct nodality we use quite a bit with respect to
5 interventional treatnent, particularly as it

6 eval uates branch pul nonary artery stenosis in a

7 | arge nunber of patients who have had surgica

8 repair.

9 [SIide]
10 This is just an example. This is an
11 infant with a conpl ex congenital heart |esion

12 call ed pul nonary atresia, VSD, and these patients
13 are born with no central or true pul nonary

14 arteries. Their arteries conme off abnormal bl ood
15 vessel s arising fromthe aorta, which you can see
16 here. The surgeon can do a remrarkabl e job of

17 recreating lung arteries by sewi ng them together

18 and bringing them back together but, in fact, these
19 children are left, as | think Tal Geva mentioned in
20 his presentation, with significant abnormalities to
21 their blood vessels afterwards. They do quite well
22 and yet have very abnormal bl ood vessels. So, we
23 need sone nethod of assessing how abnormal those

24 different areas of the lung are and nucl ear

25 medicine is quite effectiveness at |ooking at those
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206
areas where there is too nuch flow and areas where
there is too little flow so when we take that
patient to the cath |ab we can address our
attention to those vessels that nost need it.

[ Slide]

This is just an exanple of a patient who
has had this type of repair. You can see in this
right |lower pulnonary artery that there is quite a
bit of narrowing, as well as the right mddle
pul nonary artery. That patient had linmted flowto
those areas. So, we can bring themto the cath | ab
and can use balloons to work on those arteries and
afterwards assess with angi ography to show t hat we
have had quite an effect on those areas. Then we
followup with additional pul nonary flow scans,
nucl ear medicine scans, to look at the effect and
to foll ow those patients | ong-term

[ Slide]

As | have hinted at, there are significant
limtations to angi ography and radi ography, the
nost significant of which is anatomc soft tissue
detail. In addition, as has been nentioned for CT
there is radiation exposure which is quite dramatic
in these patients. Then, this is a very expensive

techni que and non-portable so that nmakes quite a
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bit of linmtations, particularly with application
worl dwi de in small centers

[Slide]

To just give you a glinpse of what the
future of interventional may hold, it is going to
be directly related to what you are tal king about
today and that is the use of additional inmaging
nmodal i ti es and the devel opment of better imaging
drugs. Certainly, MRI/MRA is the area that has the
nmost activity and interest in terns of use for
interventional cath. CT is a definite possibility.
Not much work has been done yet. Then, 3D echo, if
that nodality continues to devel op, nmay have sone
appl i cati on.

[Slide]

Let ne just talk for a minute about what
has been done in the MRl area. That is the one
that | amthe nost famliar with and which has had
the nost activity. Obviously, MR is an excellent
di agnostic and i magi ng tool and over the | ast
nunber of years the nagnets have gotten snall
enough that we can now get to the patients when the
patients are in the nmagnets. |In addition, the
speed at which the i mages can be obtai ned has

i mproved enough so that we can actually get
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real -tine imaging of the heart as it beats. So,
that has opened the door for us to now consider
using the cath inmaging nodality as a direction for
i nterventional techniques.

[Slide]

In fact, there are a nunmber of conbined
MRl fluoroscopy interventional |abs that have been
put in place, a fewin the United States and a
nunber around the world, that really consist of an
angi ography suite and an MRl suite that are
connected by an interconnecting table that can
slide a patient fromone to the other, with a set
of doors that slide in between that allow isolation
of the magnet fromall the netal in the fluoroscopy
ar ea.

[Slide]

This is just a picture of the suite we
have at UCSF. This is a 1.5 tesla short-bore
magnet and a Phillips Carmrotating angi ography
suite. It is separated by these isolating doors.
This table slides between the two so you can work
in one roomor the other and nove the patient back
and forth.

[Slide]

This is just an exanple of noving the

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (208 of 328) [2/19/2004 10:22:33 AM]



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

patient fromthe MR scanner back across to the
angi ography suite.

[ Slide]

This is just showing that with these
short-bore magnets you can actually get to the
patient, either their head for neck vessel access
or to the other side to their groin for |eg access
so that we can do some of these interventiona
procedures right in the scanner. |In fact, you have
an inmage nonitor there that you can look at in live
i mage and that can be swung all around the roomin
front of the operator so they can watch what they
are doing while they are noving.

[ Slide]

This is just an exanple of a
catheterization in the MRl scanner. This is
somet hi ng that we have been working on. This is a
prototype catheter that allows you to detect the
tip of the catheter very obviously. You can see
the soft tissue images nicely as the catheter noves
up and around the aortic arch towards the |left
ventricle. So, this is opening up the potenti al
for use of this nodality for catheterization and,
in fact, last year there was nice work done by a

group in Germany, devel oping a device specific for
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the atrial septumthat can be used in the MR
scanner.

[Slide]

We have done sonme work at our institution
that shows that even with currently approved
devices they can be used. This is an ani mal nodel
closing an ASD, which is seen right here. This is
an Anpl at zer devi ce being depl oyed, the left atrial
side of it being deployed in the left atrium This
is live MRfluoro. Here is the right atrial side
of the device being depl oyed and then the device
bei ng rel eased. CObviously, the potential advantage
here is that instead of just seeing the
i ntravascul ar space we can see soft tissue around
as well and hel p guide our interventions.

[Slide]

This is just showi ng what you can do in
terns of a soft tissue look at a variety of
different types of stents that are currently
available. This is sone work we did in the
pul nronary arteries. You can see that the inage
quality can, in fact, get quite good if you can
mat ch some of the tools with the imaging nodality.
You can see the chain-link fence of the stent

sitting in the right ventricular outflow track
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pul ronary artery in this nodel

[Slide]

This is just an exanple of a stent being
deployed in the right ventricular outflow track in
an ani mal nodel that really shows us that we can
use these inmages to guide sone of these techniques

[Slide]

Just to sort of summarize for you, | would

say that the current radi ography or angi ography
techni ques that we use and the agents that we use
really are quite safe and useful for pediatric
interventional catheterization, and it is not clear
to ne that there needs to be a whole ot of study
in that area.

But advances in interventional cardi ol ogy
are really going to cone from advances in 3D
imging in these other nodalities, MR, CT or
3-di mensi onal echo. |In fact, safe and effective
contrast agents will be key to allow ng these
i nterventional advances because our inmage quality
will need to increase substantially.

[Slide]

The chal l enges for this include faster
acquisition tine, which we are getting towards and

whi ch no doubt will come in the next few years
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But the other issue is inmage resolution. W really
need to be able to define imges down to 1-2 mMmmin
size for pediatric work in sonme of these
procedures. Right now, that is going to depend
primarily on inproved contrast agents.

[Slide]

I would just say ny view of the future is
the conbination of real-time 3D imging with sone
i mproved contrast agents for the use of
interventional cath to really bring interventiona
repair to a new |l evel, both inproved accuracy but,
nore inmportantly, the ability to repair conpl ex
congenital heart disease in the cath |ab. Thank
you very nuch.

DR. CHESNEY: Thank you very nuch. It has
been suggested by our coll eagues at the FDA that
maybe we need to take a break at this point. |
don't know who has shown that they are not totally
al ert but sonmebody picked up on it.

[ Laught er]

So, maybe we could take a ten-m nute break
now and cone back at 2:55 for our next speaker
Thank you.

[Brief recess]

DR. CHESNEY: Thank you, all. Just a
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busi ness issue, we, as in the proverbial "we," have
made a decision not to try to finish tonight. |
think for many of us for whomthis information is
very new, very interesting but, as a result of al
the time and work that has gone into preparing for
this nmeeting, | think that we probably will need
time to do a little nore thinking and absorbing all
the material that you all have given us. |
understand that all of our consultants are going to
be back here in the norning so we will try to
finish on time tonight and reassenble in the
nmorning. That neans that we need to have
transportation back to the hotel. So, | wonder if
everybody who would like a ride in a van from here
to the hotel at the end of this session would

pl ease raise their hands. Dr. Santana is going to
stay here for the night!

Thank you for bearing with us. Qur next
speaker is Dr. Craig Sable who is going to speak to
us on contrast enhanced cardi ac ul trasound.

Contrast Enhanced Cardiac U trasound

DR SABLE: Thank you. | would like to
thank the FDA for inviting ne to speak. | amthe

Director of Echocardi ography at Children's Nationa

Medi cal Center.

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (213 of 328) [2/19/2004 10:22:33 AM]

213



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

[Slide]

The topic | have, contrast use in
echocardi ography, is a little bit of a dichotony in
that by far and away of all the inmaging nodalities
we are discussing today echocardiography is the
nmost common. About 18 nmillion per year are
performed in the United States. Wth that nunber
ever increasing, especially as the nachi nes becone
nore and nore portable, probably a conservative

estimate, although there are no data, is that about

one nmillion of these are performed in children
It is done inreal time. It is |ow cost.
it is portable. It is very widely avail able.

There is alnost no disconfort. There is no
radiation. It is primarily used for cardiac
structure and cardiac function, both systolic and
diastolic. It gives us considerable informtion
about henodynamics. It helps us with regional wall
motion, both at rest and during exercise where the
imaging is nore difficult.

The dichotony is that even though echo is
the nost widely used, if you | ook at the data that
Dr. Ceva presented earlier, probably ten-fold nore
than all the other nodalities conbined but there is

the | east ampbunt of information on contrast in
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echo, especially in children

[ Slide]

There are sone limtations to
echocardi ography that contrast has the potential to
overcone. Many patients have poor acoustic w ndows
which may make it difficult to | ook at structure,
t he endocardi al border, regional wall notion and
Doppl er signals. Patients at particular risk for
this include those with pul nonary di sease, obesity,
chest wall deformity, postoperative patients and
after exercise. The consequences of these
subopti mal images include m sdiagnosis, |ow
di agnostic confidence, need for additional tests
and hi gher inter-observer variability.

Finally, echo w thout contrast does not
hel p us very nuch with coronary perfusion
Probably a conservative estimate is that up to 5
percent of all the pediatric patients, probably
tens of thousands per year, could benefit from
contrast echo.

[ Slide]

Wl |, what can contrast echo do for us?
Wy use it? These agents are intravenously
i njected and may enhance the echogenicity of bl ood.

The goal would be to delineate the echocardi ogram
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by opaci fying the cavity, enhancing Doppl er signals
and allowi ng us to i mage perfusion of the
myocardium This would increase the sensitivity of
the test, heighten the diagnostic confidence,

i mprove the accuracy and reproducibility and
enhance clinical utility.

[Slide]

This is not an unconmon exanpl e of an
ol der patient, trying to see the endocardia
border. This is after contrast echo and the
endocardi al border can be shown right here. It is
much better seen with contrast echo. | will show
you sone nore exanples as we go through

[Slide]

The desired contrast agent properties are
that they are non-toxic. They can be intravenously
injectable either as a bolus or continuous
infusion. They are stable both during passage
through the heart and the lungs. They remain in
the bl ood pool or have a well specified tissue
distribution. The duration of the effect will be
conparable to the study itself, and they will be
very small size

[Slide]

To give you sone historical perspective,
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the original contrast agent was agitated saline.
Agitated nmeans that we literally put it in a
syringe and we shake it up, mx it up with alittle
bit of air. It is very helpful to identify shunts,
particularly atrial septal defect shunts. But the
limtations are the bubbles are too big so if you
inject it in the right side of the heart and it
goes through the lungs you won't see it very well
on the left side of the heart, and the bubbles

di ssol ve very qui ckly.

You can inject directly into the heart
with agitated saline or into the coronary arteries
but, again, that definitely has some linitations.
The size itself can cause conmplications and it is
i nvasi ve and i npractical .

[Slide]

There have been newer generations of
contrast agents that have come out in recent years
that have tried to overcone sonme of these problens
with agitated saline. Albunex was the first agent
that canme out. It is highly echogenic on the left
side; It is only 2-4 micrometers, which is about a
third of the size of the red blood cell, but it is
only effective for about 2 m nutes.

So, second generation agents use gas
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instead of air, and the two that are nost conmonly
used and are FDA approved are Optison and Definity.
These either have perfl uoropropane or carbon or

ot her gases. These act for a longer tinme. There
are even third generation agents with newer gases
and different shells that have even nore exciting
properties that | will touch on as we go through

[Slide]

Air is highly soluble but it has |ow
persi stence and stability and diffuses rapidly
versus some of the gases that are in the agents
like Definity and Optison that have higher
mol ecul ar weight, low solubility and are very
persi stent and stable.

[Slide]

This is just a cartoon on the left of
Levovi st, showing the contrast agent as it kind of
adheres to the blood cells, and then an el ectron
m crograph reproduction of Optison in the bl ood
streamnext to the red bl ood cells.

[Slide]

This is a list fromthe article that | put

in your handout from 2000. There are newer lists
but this is just an exanple. This is in the |atest

statement by the Anerican Society of Echo on
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219
contrast echocardi ography listing some of the
agents out there.

[ Slide]

Just to kind of sunmmarize, Al bunex is FDA
approved but not very commonly used. Optison and
Definity--1 believe there is one agent out there
that is also approved that isn't used very
frequently but Optison and Definity are the two FDA
approved contrast agents that are nobst commonly
used. Then, Levovist and Echovi st are approved in
Europe. There are several other contrast agents
that are likely to be approved in the near future.

[Slide]

For us to understand how contrast agents
are useful in ultrasound we need to know a little
bit about how the ultrasound and contrast interact
because that will beconme very inportant in
under st andi ng how t hese agents are used and how t he
machine is used with the agents. The bubbles
thenselves, in addition to reflecting the
ul trasound, are actually resonating with the
frequency of the ultrasound beam

Just to review, with ultrasound we are
sendi ng ul trasound waves at a frequency nmuch hi gher

than human sound, anywhere from 1-7 MHz, even up to
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12 MHz. The ultrasound bubbl es actually resonate
at the sane frequency as the ultrasound beam The
key, as soneone nentioned earlier, that we need to
have our echo machines do is differentiate the echo
fromthe contrast fromthe ordinary tissue.

[ Slide]

But it is not quite that sinple, and to
understand this a little bit further there is the
principle called the nmechanical index, which is
essentially a neasure of the energy at which we
expose the tissue and ul trasound bubbl es when we
are doing an echo and it is displayed on the
ul trasound rmachine. Al the ranges | amgoing to
di splay are proven to be very safe. At |ess than
0.1 nechani cal index the bubbles oscillate, just as
| told you. At higher power they actually
oscillate at several different frequencies, and
hi gher still they actually break

[Slide]

This is just a cartoon kind of show ng
that at | ow power they resonate in a |inear
pattern. At higher power they resonate in a
har moni ¢ manner, which I will talk about in a
second. This is the way that nobst echo nmachi nes

function. Then at a higher power still the bubbles
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will disrupt, which is very inportant for perfusion
i magi ng.

[ Slide]

Just to briefly review the principle of
har moni ¢ i magi ng, normally bubbles resonate at the
frequency of ultrasound but at higher M bubbl es
will have multiple different frequencies, the
| oudest being twice the normal frequency, or the
second harnonic. The resolution of ultrasound is
hi gher at higher frequencies. So, the fact that
these bubbl es can resonate at tw ce the nornal
frequency nmeans we can significantly inprove the
resolution and that is a huge advantage of contrast
echo.

However, there is a caveat. Tissue also
has second harnoni c i nagi ng and the good news is
that, just in a happenstance way, contrast echo
allows us to have this new way to inmage tissue with
much better image quality. The bad news is that
turning on the second harnonics of the echo machi ne
doesn't necessarily conpletely distinguish the
tissue fromthe ultrasound bubbles. But just keep
in mnd that for purposes of this talk we are
general ly using second harnonic i naging to i mage

contrast.
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[Slide]

This just shows the first harnonic and
second harnoni ¢ peak.

[Slide]

This is just an exanple. The tine at
whi ch you can inmage is much greater using second
harmoni ¢ imaging. This is an inage w thout
anything. This is harnonic imagi ng w thout
contrast, and the best image of all is harnonic
i mging with contrast.

[Slide]

There are even sone nore hi gher grade
technologies that | won't get into in detail, but
they allow the bubbles to actually break and help
us with perfusion. So, harnmonic inmaging is best
for tissue opacification and breaking the bubbles
is best for |ooking at perfusion

[Slide]

Wth left ventricular opacification, as
said before, it helps with poor w ndows; |eft
ventricul ar systolic function; stroke vol une
cal cul ations; space occupying nasses such as clots
and tunors; and regional wall notion both at rest
and stress, both with exercise and drugs.

[Slide]
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This is just an exanmple of a four-chanmber
and two-chanber view with and wi t hout enhancenent.
Wth using contrast agents, a multi-center study,
published in The American Journal of Cardiol ogy,
showed that 91 percent of patients got adequate
enhancenment using contrast.

[Slide]

This is just another exanple of an
unenhanced i mage, and then with Definity the
endocardi al border is nuch better defined. You can
see a little bit of hypertrophy here. |If this were
a clot or something like that, again, that would be
much better defined with contrast.

[Slide]

Anot her study done in AJC using Definity
| ooking at patients that had terrible inages or
non- di agnosti c exans, the percent of patients with
di agnostic exans was increased fromzero percent to
70 percent with Definity.

[Slide]

This is opacification, |ooking at
different segnents during a stress echo where it is
very critical to evaluate wall notion. This is
wi thout contrast and this is with contrast. Again,

the segnental wall is much better seen in four
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views with contrast than without. Both at rest and
exerci se contrast echo inproves regional wall
nmotion detection and left ventricul ar

opaci fication.

[ Slide]

It can also hel p | ooking at Doppl er
signals. W use Doppler signals for a wide variety
of things in echo. One of the things we use it for
is pul monary vein Doppler to help with diastolic
function. This is just an exanple of a pre- and
post-injection of Levovist with contrast echo.
Again, the signals are much nore clear with the
contrast.

[ Slide]

Perfusion, as we have alluded to with MR
and other nodalities, is really what we are novi ng
towards in the field of imaging. W |ook for
structure. W look for function. But if we could
really get a handle on coronary perfusion the field
woul d be moved trenmendously forward. Wat we want
totry to do is identify ischemc tissue and viable
peri cardium and find areas that are at risk. So,
we want to try to get ways to i mge the
m crovascul ature in a non-invasive way.

[Slide]
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This is just an exanple of a normal
perfusion scan. W are actually breaking the
bubbles. This is just the myocardi um here using
power inmaging. This dark area here is an area of
api cal infarction. This is a simlar patient with
api cal infarction both on contrast echo and on
SPECT nucl ear scan, and SPECT scans are still the
gol d standard but there are several adult studies
conparing perfusion using contrast echo versus
SPECT with very good results.

[Slide]

This is an i mage using pul se inversion.
First you will see the endocardial border |ight up
and then after a little bit of time you can
actually see the nyocardiumlight up, very simlar
to one of the inmages that was shown in the MR talk
| ooki ng at the perfusion of the myocardi um
itself--incredible potential

[Slide]

There are additional applications. One
that we are using in adults is treatnment of
hypertrophi c cardi omyopathy by injecting al coho
direct into the coronary artery of the hypertrophic
myocardi um  When you are doing that procedure, you

definitely want to make sure that you are injecting
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in the right part of the heart and contrast echo is
used to identify that.

The really exciting thing is that these
contrast bubbl es--and, hopefully in the next five
to ten years we will be back here tal ki ng about
themfor that particular use--can be the nmagic
bullet for treating things like clots, injecting
genes in certain parts of the heart or other parts
of the body, doing sonme interventional things |ike
openi ng up ASDs or dilating val ves and even
treating cancer. As the field of pediatric
cardi ol ogy has noved from di agnostic caths to
interventional caths with | ess diagnostic caths and
nmor e di agnostic echo, hopefully, in the future we
are actually going to nove towards therapeutic
echo, and using sone of these contrast agents of
the future could definitely get us there.

[Slide]

This is just an exanple of using contrast
to identify the area of a ventricul ar septumthat
has hypertrophi ed and injecting ethanol to ablate

that area and treat hypertrophi c cardi omyopat hy.

[Slide]
Well, we are really here to tal k about
safety. Hopefully, | have given you an idea of
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what contrast echo can do in adults. The safety
has been established and there are two ways to
think of contrast. It is a drug and, as a drug, it
has been very well established, using very
stringent criteria, that there are very m ni mal
side effects. | will show you a few exanples
There is only one study in pediatrics.

But then there is the ultrasound-contrast
interaction where there are sone biological effects
of the sound waves and the bubbl es worki ng
together. In terms of a drug, there have been very
few side effects

[Slide]

There is only one study | could find that
had any substantial anmount of side effects. This
had Opti son being used at 100 tines the current
recomrended dose and only 70 percent of patients
had side effects, only one of whom needed to be
treated. Those included headache, nausea,
vom ting, flushing and dizziness. Again, thisis
at 100 tinmes the dose. There were no side effects
in an interoperative study when it was given in 57
patients.

[Slide]

In terns of the ultrasound-contrast
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interaction, at exposure |evels well above clinica
use and clinical power of ultrasound, there could
be bioeffects in the tissue itself. You could
actually heat up the blood to the point where there
could be potential problens, but using ultrasound
| evel s identical to nornmal exans that is unlikely
to happen and has been shown in repeated ani nal
studies to have no bioeffects even though
ultrasound is disrupting the bubbles and this could
theoretically lead to cavitation at very high
tenperatures. But it is sonething that has not
been shown to happen in animals, but as we go
forward it nay be the basis for sone studies.

[ Slide]

As | said, there is no evidence of
bi coeffects at conventional imaging w th nornal
hematocrits, a nmechanical index at 1.9 which is
hi gher than we ever use, and agent concentration
| ess than 0.2 percent which, again, is nuch higher
than we ever use. At very high concentrations,
hi gh ul trasound energy and very | ow hematocrits
there have been reports in aninmal nodels of
henol ysis, platelet |ysis and pul nonary henorrhage.

[ Slide]

There are alternatives to contrast echo,
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i ncludi ng transesophageal echo, MR, nuclear
studi es and angi ography, but contrast echo has the
advantage that it is not invasive; it can be widely
avai |l abl e; and it can be done at the bedside.

[ Slide]

So, based on all of this data, the
Anerican Society of Echo reconmended in their 2000
statenment that physician and sonographer conpetence
is critical, but any echo, either standard or
stress, that has suboptiml views, neaning that you
can't see 2/6 apical segnents, and/or there is
i nadequat e Doppl er, contrast echo could be
considered to be indicated. However, your |ab has
to have the ability to have the highest quality
standard equi pnent before you nove to contrast echo
for left ventricular opacification. For nyocardia
perfusion it is still considered investigational

[ Slide]

To summari ze the adult data before | get
into the pediatric data, in the past we have used
it toidentify intracardiac structures and shunts.
Presently, we can do intracoronary myocardia
contrast. W can enhance endocardi al borders and
do Doppler. In the near future--nyocardia

perfusion, stress perfusion and viability, and in
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the far future drug gene delivery and clot lysis.

[ Slide]

Pediatrics is a little bit different. W
| ook at structure nore than function. W have |ess
experience with wall notion assessnment. W do have
better wi ndows because the heart is closer to the
chest, and we have hi gher frequency transducers.
There aren't very many large nmulti-center trials,
and we do use drugs in an off-label manner quite a
bit.

[ Slide]

But there are nmany potential uses for
contrast. W use it for shunts. W have about
three-quarter of a mllion adults with congenita
heart disease in this country. That nunber is
going way up. Many of them have conpl ex di sease,
or are in the postop setting or have single
ventricles. There is a |arge nunber of pediatric
patients with coronary di sease, maybe not typica
at heroscl erosis but we have a huge popul ati on of
children and adults wth Kawasaki di sease. W have
a large transplant popul ation. And, sone of the
di seases, such as transposition of the great
arteries, are at risk for coronary artery disease

And, there is a growing field of stress echo in

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (230 of 328) [2/19/2004 10:22:33 AM]

230



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

ki ds.

Sone limtations--putting an IVin a
little baby is kind of a big deal but in an ol der
child it really isn'"t. There is very little data
and it is alittle harder for us to get the vol une
needed to have conpetence. Coronary artery di sease
i s somewhat uncommon and in nmany of our patients
imge quality is satisfactory so getting an
appropriate volunme to have conpetence is sonewhat
of alimtation. And, contrast agents are
relatively expensive.

[Slide]

There is one study in pediatrics. Wen
first thought about this talk I thought | would
just show you this study and let you all think
about it. But, clearly, this is an issue because
we have a long way to go. Dr. Kinmball, in
C ncinnati, published this study in 2003 | ooki ng at
patients referred for stress echo, Kawasak
di sease, transpl ant postoperative patients and
atypi cal chest pain.

[Slide]

Here is the stress echo protocol using
dobutam ne or bicycle. They used 0.1 nL to 0.2 nL

kind of enpirically for the contrast protocol of
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Optison, using 25 ng as a cutoff. The adult dose
is 0.5 nlL.

[Slide]

They foll owed by a saline flush and
moni tored saturation heart rate and bl ood pressure
for 45 mnutes after the injection. They got
standard parasternal and apical views using
harmoni ¢ i maging with a nmechani cal index of O0.4.

[Slide]

They tried to | ook at 16 myocardi a
segnments. Six are seen in two views. There was a
total of 22 segnents that were graded on a scale
fromO0-3 by one blinded pediatric cardiol ogi st,
both with and without contrast.

[Slide]

They | ooked at 22 children over a 14-nonth
period. Their diagnoses are shown here, 19 were
dobut am ne studies and 3 were exercise. The
smal | est patient was 8 nonths ol d.

[Slide]

They had no henodynam ¢ changes or
complaints. |Inage quality was inproved in 21/22
studies, especially in the apical segnents. When
talking to Dr. Kinball recently, he said that they

have since done about 20 nore patients, again, wth
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zero side effects reported.

[ Slide]

In summary, contrast echo has been proved
to be safe in adult patients. It has been endorsed
by the American Society of Echo for left
ventricul ar opacification studies at rest and
exercise. There are inportant additional uses for
contrast that are likely to be devel oped and
approved in the near future, including nmyocardia
perfusion and tissue specific delivery.

[ Slide]

In pediatrics we are a little bit behind
the adults, but echo is the nost comonly used
di agnostic nodality in children with cardi ovascul ar
di sease and there are inportant potential uses for
contrast echo, as | said earlier, probably tens of
thousands of patients per year. Based on Dr.
Kinball's study we can begin to conclude, fromhis
study at |east, that contrast echo can safely be
performed in children and it inproves the quality
of stress echo. But there are obviously limted
data. W are only looking at 22 patients published
eval uating the use of contrast echo in children

[ Slide]

My recomendati ons woul d be that we need,
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as a pediatric cardiology community with the
support of the FDA, to devel op dosing for
pedi atrics, assess safety and establish specific
i ndi cations. Hopefully, we can get together with
the American Society of Echocardi ography and
devel op specific guidelines that will serve as a
resource for additional pediatric cardiologists to
use contrast echo.

Finally, I would like to acknow edge Dr.
Wei ssman, Dr. Rychik, Dr. Kinball and the Anmerican
Soci ety of Echo for contributing to sone of the
content of this talk. Thank you

DR. CHESNEY: Thank you very nuch. CQur
| ast speaker for the afternoon session is Dr.
Dilsizian who is going to speak to us on

radi opharmaceuticals in nuclear cardiac inmaging.

Radi ophar maceutical s in Nucl ear Cardi ac | magi ng

DR DILSIZIAN. Thank you very nuch.
appreciate the invitation to be part of this panel
My background is that | am an adult cardi ol ogi st
who i s al so doubl e-boarded in nucl ear medicine.
have spent the last 13 years at the N H doi ng work
i n hypertrophi c cardionyopathy involving also the
pedi atric population. Currently, | amthe Director

of the Cardi ovascul ar Nucl ear Medicine at the
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University of Maryland. | have been there now for
a coupl e of years.

[Slide]

We have heard about a | ot of technol ogies
and if | were sitting in the audience | would say
it seens |like everybody is showi ng function,
perfusion and all this nice stuff and you say why
woul d | even want to use nuclear? Just the name
itself is scary and why would we even bother with
t hi s?

So, what | would like to do is | would
like to say to ny coll eagues that as far as anatony
is concerned, echo, CT, MRI--it is great. Any tine
you think about nuclear you have to think about the
physi ol ogy and netabolism Ckay? So for anatony,
nucl ear has no business. Wenever we think about
t he physiol ogy or netabolismwe shoul d be thinking
about nucl ear nedi cine.

Whay? It is because unlike sone of the
flow tracers that they have nmentioned so far, the
beauty of nucl ear cardi ol ogy--which, although the
field was back in the 1940s the real perfusion
i magi ng began in m d-1970s--because of the fact
that it has been used for the |last three decades in

the adult population to detect coronary artery
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di sease, it has passed the test of tinme and we
respect that field.

Now, there is something about perfusion
i magi ng in nuclear that has to be inportant and
unique. What is it about it? It is because when
we inject a tracer like thallium 201, technetium
maybe tetrofosmin, rubidium82 with PET and N 13
ammnia with PET we are not only | ooking at flow,
we are |looking at retention of that radiotracer in
the cell. It is a very, very unique characteristic
of nucl ear nedicine. The isotope that you inject
and that is attached to a radio ligand is being
actually intercepted and retained in the cell. No
ot her technology can do that. Wth tetrofosmn
they will enter the mitochondria and, therefore,
they tell you about the intactness of the
m tochondria where ATP is formed and no ot her
technol ogy can do that.

SPECT i magi ng stands for single photon
em ssi on conputer tonography, while PET is positron
em ssi on tonography. The only difference between
these two terms is the P and the SP, which neans
that what differentiates these two technologies is
the radiotracer. Radiotracers used with PET are

positron enission radiotracers. The tracers used
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with SPECT are single photon eni ssion radiotracers.
I don't want to get into that detail. Al that you
need to know is why do we need to nove into the PET
technol ogy which has al so been around for a couple
of decades. It is because as we nove from
thallium 201 to technetium perfusion to PET what we
are trying to do is we are trying to get the sane
bi ol ogi cal / physi ol ogi cal behavi or, yet reduce
radi ati on exposure.

So, this is a very inportant concept.
Thal ium 201 is an el egant bi ol ogical tracer, a
pot assium anal og injected as a salt. Wat is the
probl en? Physical properties, |ow energy, high
physical half-time of 72 hours, |ong physica
hal f-time. Therefore, we are limted by the
dosinetry, 5 nC is all we can get. That linits
our quality of images and diagnostic capabilities,
especially in large patients. It may not apply to
kids but in kids we are not tal king about |arge
size, we are tal king about the |ong physica
hal f-1ife and, therefore, we want to linmt the body
distribution, limt exposure to the kids.

Movi ng to technetiuml abel ed perfusion
tracers, its physical properties are 6-hour

half-1ife, 140 K energy. Again, why do | need to
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know that? It is because the energy is nmuch nore
appropriate for the current ganma cameras that are
avai l able. Tonorrow, if we change the sodi um
i odi de crystal we may choose anot her radiol abel but
the ligand remains the same. So, short half-life
and, therefore, we can give 25-30 nCi. Suddenly,
we have been able to get simlar information, if
you will, but getting a higher count and that
all ows us to not only get myocardial perfusion but
al so function with the sane setting--very inportant
concept . Where does PET cone in?
Well, let's push the envel ope further. Now we are
going to use radiotracers that, because of the
energy characteristics, you are going to have nuch
better, higher count rates. |In addition to that,
you can have attenuation correction. It may not be
important for kids again. But nore inportantly,
what is inportant is that rubidium82 has a very
short half-life, 32 seconds. Ammonia N 13,
ten-minute half-lie. So, now we are tal king about
not only physical properties that are shorter and
shorter but biological properties. Rubidiumgoes
in and goes out 32 seconds later. Therefore, the
radi ati on exposure to the kids will be Iimted and

now we can concentrate on the physiology. That is
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what is exciting about nucl ear nedicine.

In the era of genom cs and proteom cs you
understand that we are really in the field that is
becom ng the nol ecul ar inmagers. So, now let nme go
into clinical applications based on this
backgr ound.

[Slide]

The main applications will be congenita
heart di sease, diagnosing coronary circulation
anormalies. W have heard all of that and | don't
want to show you any images; Kawasaki di sease,
hypertrophi c cardi omyopathy or nonitoring
chenot herapy whi ch can be done with
echocardi ography or MR, but in some patients you
actually want to know reproducibility with very
accurate nunbers

[Slide]

I want to pick specifically hypertrophic
cardi onyopathy. That hasn't been discussed nmuch
and | want to tell you why. One is because | have
done a lot of research on this but the other thing
is that it exenplifies where perfusion imaging with
nucl ear has an advant age over other technol ogi es.

We have learned in the |ast several years

that with hypertrophic cardi onyopathy, which is
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really thickening of the heart and it can be
asymetric septal hypertrophy or concentric
hypertrophy, there are sonme genetic diverse
features. VWhen | was in medical school | was
taught that the preval ence of hypertrophic

cardi onyopathy in the general population was 3
percent. That was ny education and that is based
on what? That wasn't based on genetic studies.
Those were just learned recently. That was based
on echocardi ographi ¢ or abnormal EKG findings. The
preval ence, therefore, actually may be higher.

And, | amgoing to show you that now that we are
getting into genetic identification we can identify
that there is a higher preval ence perhaps in the
general popul ation than 3 percent.

What is inportant here in kids is that
sudden death, unfortunately, occurs comonly in
young patients. Wat do | nean by that? |[|f you
di agnose hypertrophic cardi omyopathy in a child
bet ween ages 1 and 14, 50 percent of those kids
after diagnosis will die in 9 years. That is
scary. Okay? Therefore, everything that | am
goi ng to say now about radi ati on exposure you have
to put in perspective of what we are tal king about

and what we are identifying because | think at the
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end of this we have to say what is the added
potential fatal cancer in these kids versus their
survival. Again, this is one subset of patients
that exenplifies how we have to think about nuclear
i magi ng.

[Slide]

I nentioned to you that there was recently
an el egant publication in The New Engl and Journa
that told you the preval ence of where sone of the
genetic abnornmalities can be in patient
popul ati ons. Now you can screen them especially
if there are increased sudden deaths in those
patients.

This is one pathologic slide froma young
patient who di ed suddenly with cardiac arrest.

This is the septum and you can see all of this red
stuff is scarring. You see these snmall vessels
here. They are thickened. This is a young patient
that has an unusual interstitial structure and
coronary arteries that causes these kids to die.
You have heard about these athletes playing
basketball and dying suddenly. This is the sane
patient popul ati on.

How do | identify these? 1In the

traditional way we say, well, you know, | will do
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1 CT angi ography. Guess what, the coronaries are

2 normal . So, CT angiography is not going to give

3 you the information. Now, what is it that | am

4 going to do? What | would |like to do is identify
5 ischema. R ght? Ischema is a supply-demand

6 m smat ch.  Even though the vessels may be nornmal,

7 the denmand conponent nay be abnornal because it is
8 a thickened heart.

9 Now, one of the strengths of nucl ear

10 medicine is that we are going to put patients on
11 the treadm 1. Al of the other fun stuff we have
12 heard i s pharnacologic stress. It is not what

13 patients actually do. W are |looking if soneone is
14 runni ng on the basketball court--running--is he

15 going to have arrhythmas, is he going to die?

16 That is what | want to know and, therefore, | am
17 going to reproduce that on the treadm || and inject
18 a nice radiotracer which will tell ne if that

19 patient is ischenic or not.

20 [Slide]

21 We did this study at the NIH and here is a
22 very nice exanple. This is a young kid, 8 years
23 old. QObviously, the dark area woul d be | ack of

24 bl ood flow. This patient has no coronary di sease.

25 We are tal king about ischem a based on a
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suppl y-denand m snmatch that is conpletely
reversible. So you say, well, why is this
important? Wy do | need to know that? 1Is there
any rel ationship between ischeni a and sudden
cardi ac death?

[ Slide]

Again, what | want to show you is that
even though that is done with thallium you can get
the same information with Sestam bi or tetrofosmnn.
Again, it is flowtracers. |If the body
distribution is such that the kids are getting |ess
radi ati on exposure, obviously you will be nmoving in
this direction and perhaps PET in sone direction.

I just want you to have that in mnd, that we are
not just stuck in the 1970s. W could actually be
in the 21st century as the technol ogy noves with
the radiotracers as long as we are getting the
signal that we need for a patient.

[Slide]

Again, this is patient before and after
treatment with verapami|l. You can see that the
extent of ischema is actually better, just medical
therapy. Therefore, now | can follow the patient
and say that by treatnment with a beta-bl ocker and

verapani|l am| really inpacting ischenia and am |
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goi ng to inpact sudden cardi ac death?

[Slide]

Agai n sone pat hol ogi cal --these are
t hi ckened arterial walls.

[Slide]

This is the data that | want to share with
you which | published in 1993. So, 23 patients
presenting to NIH -these are kids. They presented
either with synptons of cardiac arrest or syncope
and t hey obviously survived a syncope epi sode, or
had a very strong famly history of cardiac arrest.
So, now these patients were being evaluated with EP
studi es | ooking at arrhythnogenicity and you can
see that by doing EP studies, inducible VT was only
27 percent of these cardiac arrest or syncope kids,
and none in those who had fam |y history of cardiac
di sease

On the other hand, the thallium SPECT
study showed all of these guys who had syncope or
cardiac arrest actually had ischema, and 3/8 with
the famly history also had ischema. Now you
woul d say, well, how do I know this is not--you
know, is it too sensitive; it may not be specific?
On the other hand, you are seeing nore kids than

you woul d. They didn't have any synptomns; they
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didn't arrest. And, the followup is very
interesting. All of these kids obviously had Al CD
pl aced and were treated with verapam | and beta
bl ockers. You treat them nedically and you al so
have a backup. You know, these are kids. They may
not take their nedication. Four out of the 15
patients with cardiac arrest had further episodes
on anti-ischemc therapy. Three of the 4 events
were tenporally related to discontinuation of the
medi cation. The kids didn't take it.

How do we know the patient was going to
have an arrest? AICD fired which could capture it.
You know these three patients here, this is
one-year followup. One of the kids was playing
basket bal | and had sudden cardiac arrest. So, not
only were we right, we actually predicted it.

[Slide]

So, | want us to think about radiotracers
and what decision we are going to nake regarding
research or clinical indication vis-a-vis
risk/benefit of radiation. Coming to the bread and
butter of our neeting here, how do | | ook at
radi otracers and how do | decide? How do |
translate an adult dose to a pediatric dose?

What did we do? What we did was sinple.
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In the 1980s we just dosed the thallium based on
the kid's weight. That is all we did. So, that is
one way to do it. The other way is to do it on
body surface area. Right?

Well, one interesting approach woul d be
why don't we just look at the relative dose based
on radi ation exposure? That is, can we take a
mllicurie administered to a child and deci de that
dose based on the sane absorbed radiation of 1 nCi
administered in adults, that is, the radiation
exposure translated into millicuries rather than
sone body wei ght or body surface area?

[Slide]

Let me enphasize two points. One is what
I would Iike to do is whatever patient popul ation
am studying. As you know, no kid is going to
undergo nucl ear study unless there is a rea
di agnostic dilemm or question. Right? So, the
last thing | want to do is inject the radiotracer
in a kid and get non-di agnostic, poor quality
i mges because | didn't give enough dose. So,
have wasted a dose. | don't have any infornation
or, worse yet, | don't have the right information
because the i mages were of poor quality. Okay?

That is critical
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The next question is everything is
ri sk/benefit, not just imaging. Forget about
nucl ear, everything we tal ked about, everything is
ri sk/benefit ratio. That is part of nedica
deci si on-naki ng. So, hopefully, today and tonorrow
we are going to have to decide what is it that we
are tal king about. | nean, obviously we shoul d not
be studying kids unless they are going to be
benefiting fromthat technol ogy. Therefore, we
have to put into perspective how rmuch risk are we
willing to take based on that techni que versus the
benefit.

[Slide]

What is different about
radi opharmaceuticals versus X-rays or CT? The
difference is that when you inject a
radi opharmaceutical it is not a total body
exposure; it is a non-honbgeneous exposure because
these are targeted agents. Hopefully, we are
targeting the liver; we are targeting the heart.
That is the goal. If we just went equally
everywhere, then we woul d not be doing the right
thing. So, we are creating radiotracers to target
specific organs to do the right thing. |If that is

what we are doing, therefore, you understand that
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it is not one nunber. It is an uneven distribution
and each tracer has its own distribution

[Slide]

How do we go about deciding what is
exposure? A couple of ways have been done. As you
know, one is to |look at the total-body or
whol e- body dose. That is the total energy
deposited in the body divided by the mass of the
body. This approach assunes a uniform whol e- body
exposure to radiation. W just discussed that that
is not the case in nuclear medicine.

What is the other approach? WelIl, the
ot her approach is a very clever approach | think
which is the effective dose or the effective dose
equivalent. That is, you say, you know, here are
mul tiple organs, the top nine or ten nost conmonly
involved in the radiotracer you are using and you
use wei ghting factors and sunm ng the individual
contributions of the single dose organ to conme up
with a nunber. When you inject thalliumor
rubidiumor tetrofosmin or FDG this is the body
exposure and these are the wei ghying factors. What
are wei ghting factors?

The tissue weighting factors we are going

to use for different organs--very nice in that each
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of these account for fatal cancers or risk of
di sease above the normal incidence per unit of
ionizing radiation for each organ system Ckay?
In essence, we are taking each organ system and we
are saying what is the potential risk and wei ghing
each and coming up with a nunber. | think it seens
to be the nost logical thing to do, at |east at the
present tine.

[Slide]

Now you take that and you sumit up for
patients and it is going to give you some
tabul ation. These are the weighting factors or the
risk that | just mentioned for each of these organ
systens. The remaining organs you can estimate to
be about 0. 5.

[Slide]

Let's take a patient example. | just
pi cked an adult, 10 nC FDG which is a
fluorodeoxygl ucose. It is a PET agent that is
commonly used. Now you use the weighted factors
and the 10 nCi dose. This is the body distribution
and you conme up with an effective dose for the
total body, which is unity. Right? If you add up
all these weighted, it should be 1 and it is 0.68.

Now you take that number and you say if 0.68 is ny
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effective dose | need to know what is the incidence
of fatal cancer per remfor that age group. W
have different age groups and we have the risks for
each age group.

[Slide]

These are the nominal probability
coefficients for stochastic effects. This is

detrinent tinmes 10

-4 per remin ICLP. Just quickly,

I think it is an inportant thing to look at. Here

are the children. Fatal cancer is 8 tinmes 10

rem non-fatal cancer, 1.6; severe hereditary
effects, 1.6; the total is 11.2.

Adults, you can see fatal cancer is 4;
total, 5.6. Ceriatric--1 didn't think over 50 is
geriatric but | am approaching geriatric age, | am
afraid--total cancer is 1 and fatal cancer is nuch
| oner even compared to the rest of the popul ation

So, what is the point here? For children,
you can see that the risk is two to three tines
greater than for adults--cancer or total. GCkay?
For individuals over 50 years of age the risk is
one-fifth or one-tenth. So, you know, when we are
maki ng deci si ons about radi oi sot opes you can say,
wel |, based on these we should, again, optinize the

dose and for this patient popul ation, the so-called
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geriatrics, who cares? Because we are really not
havi ng much effect here.
[Slide]
Here is the calculation. W take that 10
nmCi FDG for adult patients and we cone up with a
nunber of 0.68 effective dose. We multiply that by

the fatal cancer rate, which is 4 times 10

come up with the probability. The probability is
what? It is 0.27 percent. As was brought up
before, we know that the natural incidence for
fatal cancer is 25 percent over soneone's lifetine.
Right? So, now we say what is the added
incremental fatal risk of doing this procedure with
FDG? You say, well, it is 0.3.

Now, in kids | amgoing to nmake it very
sinple. It is double. Right? It is 0.06. So,
all we are saying is that this is going to be
25. 0-sonething, 24.06, 24.09 but that is the risk
for that procedure. Now we have to make a
decision, is this worth the procedure versus the
benefit? That is really what we are discussing
her e.

[Slide]

So, NIH--and | am proud to have been there

and | consider the Radiation Safety Conmittee a
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pretty bright group of individuals--have recently
changed their requirements for research. Perhaps
we shoul d take guidance fromthis. As you know,
previ ous guidelines said organ dose--organ, not
total -body effective dose--should be 3 rem
quarterly or per injection or 5 remannually. That
i s what we have been doing all this time. They
have decided that, you know what, that is too
conservative and, therefore, for research subjects
at the NNH the total effective dose nowis 5 rem
and that is a significant drop. The guidelines,
again, for pediatrics were to do one-tenth of the
dose. Now they are saying one-tenth of the dose of
the total effective which is nuch, nuch better.

So, just food for thought, | nean, we
don't have to reinvent the wheel. W can al ways
ki nd of | ook at how NITH came to this concl usion.
Perhaps we can take it fromthere and nove forward.
Thank you very nuch.

DR. CHESNEY: Thank you. |If you ever
wonder ed what your classnmates in nedical school who
maj ored i n physics as undergraduates did when they
got out of nedical school, | think we now know

[ Laught er]

It is pretty overwhelning to sone of the
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rest of us! | wanted first of all to say that the
handout you received during this talk, reducing
radi ation risk from conputer tonograph for
pediatric and snall adult patients, cane from Dr.
Andrew Kang who is with the Center for Devices and
Radi ol ogi cal Health. Questions for the speakers?
Dr. Fink?
QA for the Speakers
DR FINK: Just to try and put things in

perspective, | read a long tinme ago that air flight

at 35,000 ft gave you an exposure of about 0.01 rem

per hour. |Is that still an accurate figure for air
flight?

DR. DILSIZIAN: | amnot exactly sure
about the nunmber but it is equivalent to about a
chest X-ray or so, yes, just going, say, from
Boston to California.

DR CHESNEY: Dr. Nelson?

DR. NELSON: | guess | would suggest we
reserve radiation risk as its own particul ar
di scussion. The question | would like to ask is
t hroughout the presentations at tines | didn't get
a very clear sense about where in the devel opnent
of sone of these agents you would need to use

children, as opposed to where you would be able to
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get the answers fromusing adults. For exanple, if
the question is the accuracy of imaging at 1-2
mm-likely adult vessels that are 1-2 nmor in the
br eakdown, for exanple, of a chelation conpound
what is different about the milieu of the pediatric
patients' blood stream as opposed to adult bl ood
stream and cl earance. | mean, what is it that we
need to use children for, not in terns of what we
can use it for diagnostically because, obviously,
that is very inpressive, but what do we need to use
themfor in ternms of devel opment of new products as
far as testing to get themto a point where they
can be used safely and effectively?

I didn't hear that specific question cone
out. Because in research the principle is you use
the adult first if you don't need to use the child
to get the information. Once you have it, then you
can use it clinically. So, | amjust curious both
in terms of imaging capabilities but also
met abol i sm and excretion for conpounds such as the
chel at ed gadol i ni um conpounds. What do you really
need to use kids for, for research?

DR CHESNEY: Dr. Geva?

DR GEVA: | amnot sure about the

radi opharmaceuticals but as far as, certainly, M
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and echocar di ography and perhaps CT, as well as in
the catheterization |aboratory, | would say that as
a rule extrapolation of data fromadults to
pediatrics is fraught with potential danger

Just to give you an exanple, if you are
| ooki ng at gadol i ni um dosage and use of contrast
agents in MR, there are considerations that cone
into play that the adult imaging fol ks do not have
to contend with, such as small body size, signal to
noi se ratio, fast heart rates and things of that
nature that all inpact on what we do and the kind
of data that we get and the type of contrast agents

that we have to use

DR. SABLE: | think I can just add from
the echo perspective. | do agree that the
indications are clearly a different issue. | think

there is sone needed information for safety, not
because the adult data isn't very clear but because
some of the data needs to be obtained to nmake kind
of a segue into the pediatric commnity. | think
not having any pediatric studies definitely hurts
the perception that these drugs can be used at al
in pediatrics.

I think the main role | would think of in

studies for contrast echo would be to establish
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m ni mal dosing guidelines that nmay be efficaci ous.
One study just randomy picked a dose between 20-40
percent the adult dose but it would be very
important to establish specific dosing that woul d
be acceptable. | think that is probably the main
role that | see.

DR CHESNEY: Dr. Fogel ?

DR. FOGEL: Yes, | think that with trying
to extrapolate adult data down to kids, | have to
agree with Tal that it is fraught with danger in
terns of being able to know exactly what you are
dealing with, especially with the small size. Wen
you inject, for exanple, gadoliniumin a baby it
reaches the heart in, like, 2, 3, 4 seconds,
whereas in an adol escent or an adult it nake take
10, 15 seconds before it gets there. There are all
these differences in kids versus adults and, as you
al luded to, metabolism | think in kids we really
have to get a handle that we potentially don't have
if we try to extrapolate it fromadults. So, |
woul d strongly recommend that children be studied.

DR CHESNEY: Dr. Fost?

DR. FOST: It is on a different subject.
Are we still on this one? | wanted to change the

subj ect. So.
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DR. CHESNEY: Dr. More?

DR. MOORE: | would just take a little
di fferent approach |I guess, and that would be that
obviously there are limted resources and that we
do get an awful lot of information fromthe adult
studies that is applicable. But the specific areas
that probably vary quite dramatically, as | think
both the previous speakers hinted at, are the
smal ler children and infants. |n particular,
think that extrapolation is a bit nmuch. So, if one
had to focus one's resources in the pediatric
popul ation for these agents, | would say that the
dramatic differences are down in the younger age
groups because of the difference in metabolism the
faster heart rates in particular, and the smaller
body and i nage size that you need to detail that
makes dramatic differences.

DR CHESNEY: Dr. Nelson?

DR. NELSON:. Just as a clarifying question
so | understand, a lot of the need out here is in
terns of the ability to capture effective inmages
and to acconplish what you, indeed, want to get but
does that also translate into what | would consider
sort of basic netabolismissues? Do they break

down the gadoliniun? Do they chelate and do they
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di sassociate any differently? |f you know the GFR
of a neonate, do you really need to know what your
clearance of the drug is, etc.? That is very
different frominmaging nodalities related to heart
rate and, you know, when do you start turning on
the scanner, etc. | just want to get clear about
where the differences are. |Is it in the inmaging

areas or is it in the actual basic nmetabolism and

dosi ng?

DR CHESNEY: Dr. Fogel ?

DR FOGEL: Well, | don't think we know
that. | mean, | don't think we have the data in

terns of metabolismand safety in kids to be able
to extrapolate that fromadults. W have seen a
nunber of presentations today al ready that showed
that the cancer risk and other things are dependent
on the age at which you are actually doing the
study. | nean, we don't know. |If we are injecting
gadoliniumin kids how do we know t hat when they
are age 40 that those people who had that |ong-term
effect many, many years ago are all of a sudden
going to start turning up with cancer of sone organ
systen? The fact that we don't know this, and that
we don't know what the long-termeffects are, and

we don't have as nuch of a handle on the netabolism
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and how the body handl es gadol i ni um or ot her
contrast agents make it inportant that we, one,
start doing the testing now, two, we start naking a
|l og of the people we are testing; and, three,
hopefully in the future we will be able to get
foll owup studies 10, 15, 20 years down the road to
be able to say, yes, we did this kid a service or
maybe we did the kid a disservice by doing it. |
don't know.

DR CHESNEY: Let's see, Dr. Sable, Dr.
Moore, Dr. Geva and Dr. Siegel.

DR SABLE: | think it is tenpting to
start to separate out the device fromthe agent
but, especially with ultrasound, you really can't
because the agent reacts to the ultrasound and in
children, especially small infants, the
transm ssion is closer to the chest and you are
using different frequency transducers so it is
al nost i npossi bl e to separate out the device
because the device determ nes the actual properties
of the agents and they could be different with
different types of devices and different heart
rates. So, it is all kind of intertw ned together.

DR CHESNEY: Dr. Siegel?

DR SIEGEL: Wth ionated or contrast
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agents there is a |l ot of experience out there so,
to address your first question, is there a need for
doing this in children per se, if we |look at the
reactions to contrast agents for CT, the reaction
types are different. 1In adults they are nore
severe type of reactions; in children they are
usually milder or internediate. That is inportant
if you are going to talk to a parent and say we are
giving a contrast agent but in children we wll
expect this, and you can tell themthat the
reactions will be mnimal rather than that there is
a great risk that you are going to have sone type
of severe reaction. So, | think based on that,
there is a need to | ook at children.

As far as your second one goes on
met abolism | believe even with the contrast agents
for CT we are still not sure at this point why it
happens. W think there are obviously two types of
reactions, either direct drug toxicity or something
due to their idiosyncratic reaction. | amnot sure
we will ever be able to work that out but | think
it is inportant to know what the risk is in
children per se and, based on that previous
evidence, it does differ

DR. CHESNEY: Dr. Mbore?
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DR MOORE: | would just nmake the argunent
that | think there are precedents set in other
phar macot her apeuti ¢ areas where the netabolism and
response in small children is different, and
woul d be quite concerned, particularly with some of
the new MRl agents and the bl ood pool agents that
are going to spend a lot of tine in the circulation
and are cleared by a variety of nechanisns
i ncludi ng hepatic mechani sns, that their response
may be different to the younger age group, and
those probably should be | ooked at a priori as
opposed to after the fact.

DR CHESNEY: Thank you. Dr. Geva?

DR. GEVA: | would just make a distinction
bet ween the metabolismand the behavi or of
gadol i nium agents. There is actually a fair body
of know edge, including pediatrics and including
infants. That literature goes back to the |ate
'80s and early '90s. But what is unique and hasn't
been discussed in great detail is the clinica
indications. |If there is any discussion about
| abeling for use of these contrast agents for
speci fic diagnostic indications, then there are
gaps in knowl edge. Oherw se, gadoliniumis being

used or has been used on a large scale for nany
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years for known cardi ac indications and infornation
can be used fromthat experience.

DR CHESNEY: Dr. Fost, Dr. Gorman and
then Dr. D Agosti no.

DR. FOST: This is directed to anybody in
the room the experts, the FDA or anyone el se who
can answer. How close are we to nanotechnol ogy
becom ng part of this whole question--devices,
codi ng of devices, drug delivery devices? MW
understanding is that the EPA for exanple is stil
stuck in thinking of a chemcal as a chemical. It
i s benzine and we have rul es about that, and the
notion that it nmght be in a nuch smaller particle
size and different format has not yet penetrated.
The devel opnental effects of these devices or
particles night be, obviously, much nore worrisone
for children than for elderly adults. What does
anybody know about that? |s anybody yet
manufacturing things? Is it in the pipeline? 1Is
it a year away or ten years away? And, how will we
react to that? That skips the question of whether
you woul d want different studies. | think you
woul d have to have very different studies for
devel opnmental studies for children than adults in

the early phases of that. Does anybody know
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anyt hi ng about that?

DR. CHESNEY: Nanotechnol ogy for our
experts? Dr. Fogel ?

DR FOGEL: | have read a little bit about
it interms of reviews and ny understandi ng, both
froma nedical standpoint as well as an
el ectronic/technol ogy standpoint, is that that is
like 10, 15 years down the road at a m ni num
al though they are nmaking | arge advances every
single day and | will probably have to eat ny words
in5 years. But | think at |east the estimates
fromthe people who are really into it are that it
is at least 10, 15 years down the road before we
see anyt hi ng.

DR CHESNEY: Any other consultant want to
speak to that issue? Dr. CGorman?

DR. LOEWKE: Dr. Chesney, | amsorry,
wanted to follow up on the last topic. Before we
get too far amay fromit | just wanted to ask a
question. Mst of the comments about extrapol ation
appear to be froma safety standpoint and | was
wonderi ng how you feel about efficacy fromthe
adult popul ation and extrapolating that to the
pedi atric popul ati on

DR CGEVA: | think there is an easy
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answer. | think it is a big no-no. | think you
simply cannot do that. It is just a different
ani mal .

DR CHESNEY: Dr. Fogel ?

DR. FOGEL: Yes, | mean | think we are,
one, dealing with different di sease processes; two,
we are dealing, as we all nentioned before, with
kids who are very small, with very tiny bl ood
vessel s and that can nake a real big difference,
and | don't think you can extrapol ate one fromthe
ot her.

DR CHESNEY: Dr. Sable and Dr. Siegel

DR SABLE: | would agree with those
comrents. There may be sone di seases that have a
few exceptions--adol escents with heart transplants
versus adults. But | think the vast majority of
the di seases we do see in pediatric cardiology are
different though there are sone that have enough of
an overlap that would be a starting point to use
adul t studi es.

DR CHESNEY: Dr. Siegel?

DR SIEGEL: | amgoing to agree with the
rest of the panel. Children are different. Their
heart rates are faster. They are not going to

cooperate. They can't hold their breath,
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particularly if we are tal king under five or six.
They have less fat. So, you can't really
extrapol ate the efficacy fromthe adult studies.
thi nk when you get to the adol escent popul ation you
probably can but in the younger population it is
going to be very difficult.

DR CHESNEY: On the sane issue? Dr.
Danf or d?

DR. DANFORD: W are going to be asked to
di scuss what specific kinds of heart |esions mght
be special categories that warrant speci al
investigation. | amgoing to throw that out for
the panel of experts but | amgoing to ask you
about a specific one, and that is shunt |esions and
do you find that you need to dose your contrast
material differently for any of these nodalities in
the setting of a shunt where your contrast mght go
pl aces that you don't necessarily want it right
away ?

DR. CHESNEY: Dr. Siegel?

DR SIEGEL: Well, for CT the dosing wll
not change with the lesion. W have a set
techni que and that is what we use. What mi ght
change is the timng of the study, whether | do it

during an earlier arterial phase or perhaps |ater
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in a venous phase, or trying to do just one phase
if it is possible. But we use a very standard
dose.

DR CHESNEY: Dr. Fogel ?

DR. FOGEL: When we inject gadolini um what
we do is we actually watch the gadoliniumfl ow
t hrough the body before we put our foot on the
pedal, if you will, to start the imaging for freeze
frame or, if it is tinme resolved gadoliniumwe
al ways have basically our inaging so we can tel
where the opacification is going to happen and then
start the imaging. So, in terns of not seeing
thi ngs when we want to because of the shunt itself,
we can time exactly when we start the imaging to
see when we want to actually grab that freeze frane
to doit.

| have to say that in all the gadolinium
studi es that we have done, even those with shunt
| esions, we have never really had a problemin
terns of opacification. Now, if we had studies
that were done that woul d decrease the dose and
keep ratcheting down the dose to its mininmm
ef fective dose to decrease whatever safety issues
there mght be, then, yes, | think that we m ght

have to take into account shunt |esions versus
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non-shunt |esions. But at the doses that we are
giving, at least with MRl gadolinium we don't
really see any difference in terns of
opaci fication.

DR. CHESNEY: Dr. Sable?

DR SABLE: Wth echo contrast there is
absolutely no data. Theoretically, if you are
trying to light up the left ventricle, if you had a
right to left shunt, you may actually have to use
| ess but it obviously depends on where the shunt is
and the size of the shunt. It would be an
interesting thing to study but since all the
studi es are done on opacification of patients
wi t hout shunts there really is no precedent for
even trying to answer the question accurately.

DR. CHESNEY: Sane subject or a different
one?

DR NELSON: The same one.

DR CHESNEY: Go ahead, Dr. Nel son

DR. NELSON: | amtrying to figure out why
I am confused, and it nmay be because | ama sinple
critical care nedicine doctor

[ Laught er]

I nean, if a conpany hands nme a catheter |

decide if | amgoing to be able to stick it in a
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vessel or not as long as they tell ne the catheter
is safe. And, | amtrying to figure out what is it
that we are going to ask--since ultimately | am
assuning that this kind of conversation would find
its way into witten requests, etc.--what is it
that we are going to ask the sponsor to do versus
what it is we are going to then do wth whatever
tool they give us.

So, it is unclear to nme if what we woul d
want themto have to do in order to fulfill the
requirenent of the witten request is to
denonstrate that it is better to image this |esion
doing it this way versus that way, using all the
different nodalities, and the |like, that have been
beautifully denonstrated. It is clear that you
can't be a cardiol ogi st unless you have very good
computer skills in imaging, and the like. So, it
is unclear to ne that you would expect themto do
that as opposed to give you tools that are safe,
that have been demponstrated that you can put into
soneone at a certain dose. Then, fromthere, it is
up to the field to then do those kinds of studies.

So, that is where | amgetting a little
bit confused about a discussion of safety versus

efficacy. It is not that it doesn't have to be
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1 done but inny mindit is a question of who does

2 what. What do you expect to be done in the

3 devel opment of the product before the trials are

4 done to show whether it is better to do it by

5 contrast echo versus MR or conbination nodalities,
6 etc.? It is not clear to ne that that woul d be

7 part of the actual agent devel opnent program

8 DR. CHESNEY: Dr. Hudak?

9 DR HUDAK: | amglad you said that

10 because | amjust a sinple neonatol ogist and | am
11 havi ng the sane confusion. | mean, you are the

12 experts. You have brought all these techni ques

13 forward. You showed narvel ous pictures. You have
14 shown us lots of different ways that these nethods
15 sort of anplify the diagnostic abilities and

16 anpl i fy your physiol ogi cal understandi ng of

17 different situations. So, in ternms of efficacy I
18 have the same confusion. | nean, you are the

19 experts; you know if this works or not; you know if
20 you are seeing what you want to see; and you are
21 the ones really to tell us. | don't know that

22 there is a role for requesting studies that

23 demonstrate efficacy.

24 Wth respect to the echo, | have one

25 particul ar question and that is what sort of a tine
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wi ndow do you have after giving the injection to be
abl e to conduct your study?

DR SABLE: | wll answer your second
specific question and then coment on your first
conment. There have been several adult studies
| ooking at this. |If you do a bolus injection you
probably have 5-7 mnutes. So, if you are doing a
stress study you woul d probably give 2 boluses. |
didn't showthis in nmy slides but | have severa
slides on this topic. |If you do a continuous
infusion with a very | ow dose you can probably do
it for 20 or 30 minutes. A typical echo without
exercise, just |ooking at functional wall notion,
probably can be done in 10 minutes. So, a single
bol us--the goal of it is to last the length of the
st udy.

In terms of your first question and
comrent, | think echo is much nore imuature in
terns of how contrast echo has been used in
children than the other nodalities here. So, from
my own field | would make a plea that we definitely
do need help in trying to get sone pediatric
studies off the ground | ooking at efficacy.

DR HUDAK: | guess with regard to that |

am not sure what the role of the FDA or this
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conmmittee is with respect to that issue. | nean, |
think that the way these technol ogi es have
progressed--1 nmean, they are out of the box and
going forward before agencies like this even get a
chance to get a handle on what is going on

Wth regard to the other issue, the safety
issue, | couldn't agree nore with the safety
concerns. | think, again, the critical issue, as
Dr. Fost suggested, are the things that we are not
going to necessarily know for years to half a
lifetime. | think that certainly with any of these
new agents or new technol ogi es or sonicating funny
bubbles in the blood and in the organs, one needs
to carefully consider what registries or long-term
foll owup one needs to establish on these patients
to have some sort of nechanismto see exactly what
happens to these patients. It is certainly not
going to be a random zed, controlled study but I
think that, you know, 20 years from now we
certainly want to know if there are any nmjor
conplications fromsone of these techniques.

DR CHESNEY: Can | just ask--and | don't
know how good an analogy this is but we have been
using antibiotics for years and not know ng dosi ng;

not knowi ng really precise efficacy. W knew they
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worked in adults. W extrapolated to children. W
didn't know about the netabolism And, | think
that is what | am hearing fromour colleagues here,
which is that nmaybe they woul d get better pictures
if they had a different concentration of the drug
or understood its netabolismbetter. Dr. Fogel?

DR FOGEL: | amjust a sinple
cardiol ogist; let me say that.

[ Laught er]

For ne, | think that when one | ooks at a
drug one not only has to consider--1 keep getting
the sense that a |l ot of people are trying to
separate the efficacy and the safety. W have
al ways been taught, you know, that it is a
risk/benefit. For exanple, we may be using 0.1
mM kg in kids and seeing that things are fine but
how do | know that with 0.5 mMkg | couldn't see
sonet hing just as fine. You know, in general,
although it is not a general rule, one thinks that
the | ower the dose you give the better the safety
profile of the drug would be, and that is not
necessarily the case in every single drug but in a
substantial portion of the drugs that are out there
you woul d think that common sense would tell you

that that would be better.
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So, for nme, | would want to see, one,
clinical trials, controlled clinical trials not
open-1| abel Phase IV reporting, rigorous controlled
clinical trials |looking at various doses and dose
response, and then safety and then having a | og of
patients who are getting it and, hopefully they
woul d consent to it to be able to followthemup in
10 years.

DR CHESNEY: Dr. Loewke?

DR LOEWKE: | agree. W definitely |ook
at things froma risk/benefit perspective and we
| ook at the safety of the product and the efficacy
of the product in the patient population. Mich of
what we are tal king about here, and the drugs that
are being used, and for the purposes for which they
are being used are not approved in kids. So, we
don't have know edge that these products, when used
in kids, would give us the right information to go
forward with. W don't have that information and
that is why we are al so tal king about efficacy
here.

If you tal k about extrapol ation and
extrapol ating efficacy data fromadults to kids, we
stated that then you could use the adult data as

your basis for efficacy to support efficacy in kids
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and then you woul d do additional studies,
phar macoki neti c studies and safety studies in
pediatrics. But here | amhearing, if | am
correct, that you feel we need to pursue efficacy
as well as safety in the pediatric popul ation.

DR CHESNEY: Can | just make a comment?
Is it safe to say that efficacy in your world is a
better image? 1s that a fair statenent or not?
What is efficacy as you see it? Dr. Siegel?

DR SIEGEL: Well, | don't think efficacy
is a better image. W would |love to have that.
But is it an inmmge that provides useful clinica
information? Does it get it right? Is it
accurate? Can you nake a diagnosis with it? That
is efficacy. | nean, is it an accurate inaging
test, whatever we use it for--for diagnosis or
i mprovi ng patient management? W |like pretty
pictures. O course, we would Iike themto | ook
better but when we are talking about efficacy I
think that is it. Safety is obviously its own
i ssue.

I am not sure where dose is falling into,
if it is safety or if it is for efficacy to get
prettier pictures. But | think we all work under

the assunption that less is better. |If we can give
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| ess contrast, that would be better for the
patient, although we don't know that and we really
don't know what dose works out there and what the
risk factors are. Wen we report the adverse
reacti ons we never say really what the dose was
that was given. W presune it was just a standard
dose. So, dosing would be inportant, if we could
have a study that would say at different doses we
get different outcones or reactions--safety; and
al so different diagnostic quality.

DR. CHESNEY: Thank you. | think that is
simlar for alnobst every drug we use, the |lower the
dose, the better. In ny world of antibiotics if
you give less, wouldn't that be better in the |ong
run? Dr. D Agostino and then Dr. Sable.

DR D AGOSTING It would help ne greatly,
and | also am sinple-mnded--it would help ne
greatly if | could have sone discussion fromthe
experts on what is, in fact, the indication. W
have been told by the FDA there are four
indications that they are interested in--structure
del i neation, disease detection,
functional / physi ol ogi cal assessnment and di agnosti c.
Like, in the MRl it seened |like you could do

everything. In the CT it seened like it was only
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diagnostic. It would help ne very nuch when we
come to these questions if | sort of knew what
these were aimng at, and what is it that this
popul ati on should | ook |ike, what the sanple should
|l ook Iike. |Is that reasonable to ask of the
speakers, if they could just sort of rattle off
what they think their nodalities are ainmng at?

DR. CHESNEY: Dr. Loewke?

DR LCEWKE: | think that is one of the
maj or questions to the panel for the discussion
that we have pl anned.

DR D AGOCSTING Well, the speakers didn't
necessarily present their material in that way. |If
we could start having the speakers tell us what
they think is going on, then | think we could agree
or disagree with them | nean, they use quite
di fferent vocabul ary.

DR CHESNEY: Did you want to propose a
vocabul ary that we should ask themto use?

DR. D AGOSTING Well, we have been given
the vocabul ary by the FDA and the speakers didn't
necessarily use that vocabulary. So, if you could
just rattle off, each of the speakers saying is it
a diagnostic tool that they have; is it a

structural delineation tool that they have?
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1 DR LOEWKE: It may vary dependi ng on the
2 popul ati on you are studying, what your endpoints

3 woul d be and what type of indication a manufacturer
4 would seek. So, | think if we have our discussion
5 about what popul ations you feel need additiona

6 study for the drug classes sone of that is going to
7 come out as we go through the questions tonorrow.

8 DR. D AGOSTINGO Wiy do you not want to

9 have the speakers tell us what they think--is there
10 any reason?

11 DR. LOEWKE: Ti me-w se--

12 DR D AGCSTING | amtal king about

13 sonething that would take two minutes at nost on

14 the part of the speakers. | nean, the one for CT
15 said it is for diagnostics. Does that exclude

16 others? It would help us | think in terns of

17 answering the questions.

18 DR CHESNEY: As long as it only takes two
19 m nutes for each speaker and each speaker

20 under st ands what you are asking for because |I am
21 not quite sure | do. But if you all are clear,

22 then let's go ahead.

23 DR. D AGOSTINGO The FDA said there are
24  four indications. | amnot asking sonething

25 prof ound. The FDA said there are four indications,
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structural delineation, disease assessnent,
functional assessment, diagnostic. Wen Dr. Foge
made his presentation he chose to use the
words--let ne see if | can fish it out--anatony,
bl ood flow, tissue characteristics. Are they al
structural? Are they different? | nean, it is a
di fferent vocabul ary.

DR. CHESNEY: Dr. Geva, Tom has singl ed
you out.

DR CGEVA: | think it is actually quite
compl i cated and perhaps one can differentiate
bet ween an outcone variable for a trial as opposed
to what is clinical reality. 1In clinical reality |
think that in nost cases what we are being asked to
do is to evaluate a set of clinical questions and
it depends on the imaging nodality that you are
using, but it is rare to really draw these concrete
boundari es between structure, anatony--this is
sonewhat artificial

DR. D AGOSTING But we are asked to
design or help themdesign clinical trials so you
are going to have to do that.

DR. CGEVA: Exactly, | agree. As | said,
it is useful perhaps to distinguish between

defining endpoints for clinical trials and to try
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and formul ate the indications for the use of
specific contrast agents sort of in an
all-inclusive fashion. | do think that we need to
make that effort and one of ny hopes for all of
these discussions is to be able to cone to a
concl usi on about indications for use of, let's say,
contrast agents in pediatric cardiac inmaging.

DR. CHESNEY: | think maybe Dr. Loewke was
referring to this, that maybe this is sonmething we
shoul d address in the norning with respect to
specific endpoints, specific studies, specific
conditions and so on, whereas now | think we are
nmore aski ng questions of the presentations that
were given, although Dr. D Agostino's is a broader
question. Dr. Loewke, did you want to conment?
have a whole |ist of questions still here that
peopl e are asking.

DR LOEWKE: | agree. | think, as we talk
nmore about the popul ations that need additiona
study and what endpoints you woul d recommend, we
will be able to figure out fromthat what types of
i ndi cations could be sought based on the popul ation
studies and the clinical value of the information
you are going to obtain.

DR D AGCSTINO Wy wouldn't you ask the

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (279 of 328) [2/19/2004 10:22:33 AM]



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

question the other way around? |f you want
structural delineation, then what type of
popul ati on and what type of study would you run, as
opposed to a diffuse question--well, here is a
popul ati on, what kind of indication do | want? Wy
aren't you addressing it the other way around?

DR LOEWKE: W are trying to assess how
these products are being used out there, and that
is the information--

DR. D AGOSTING That is what | am asking,
how are they being used, and then that will tell us
how to, hopefully, put studies together

DR. CHESNEY: Can we tackle this long list
here? | have Sable, Ebert, Fogel, Nelson, Fink,
Moore. So, Dr. Sable, you are first on the list.

DR. SABLE: In terns to referring to his
comrent or just previous questions?

[ Laught er]

DR CHESNEY: \What ever

DR. SABLE: | just wanted to add one thing
to the efficacy/safety issue. |In many cases we
move fromone nodality to the other as we get
better at them |If echo is the |east invasive and
safest thing to do, if we find new reasons to do

echo it may |l ead to safer managenent of our
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patients overall. So, | think, again, it is al nost
i mpossible to separate safety and efficacy because
we are really trying to do both with everything we
do. If | conme up with new ways of keeping kids out
of the cath lab, if Dr. Mbore cones up with ways
for keeping patients out of the operating room
then we have achieved both and | don't see any way
to separate them

DR CHESNEY: Thank you. Dr. Ebert?

DR EBERT: | don't want to bel abor the
poi nt on dosing but | would |ike perhaps sone of
the experts to address the issue of dose ranging
and how well that has really been established in
adults. W are tal king about dose ranging of these
agents in pediatrics but ny inpression fromsone of
the presentations is that we nay not even have the
dose rangi ng established for these agents in the
adult population. There was sone nention of
different infusion rates for exanple, but there nmay
be some benefits of trying to do this in adults so
it is not an extrapolation per se but if we can
show that this is a relatively flat dose-response
rel ati onship or a steeper curve, does that give us
sonme information in the pediatric popul ati on?

DR. CHESNEY: Dr. Dilsizian?
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DR DILSIZIAN. | can answer that fromthe
nucl ear perspective. For example, if you take a
traditional thalliumstress study and go back to
the literature, the usual dose of injectionis 2
nmCi for adults, but the range is up to 5 nCi. Wth
time it has gone up to 3 nCi, 3.5 nCi. Now we
doubl e the dose and the reason for that is,
obviously, the quality of the images or naybe the
obesity popul ati on. Maybe the wei ght change al so
dictates the dose. But we have a range and the
range is pretty large. Al so, even with technetium
perfusion tracers, although the package insert wll
say 8 nCi at rest and 22 nCi with stress, if the
patient is large we can give up to 30, 35, 40 nCi.
So, we do have a range

How do we decide that? Well, it has been
nore anecdotal. It hasn't been a series of
patients, for exanple, with 20, to 30, to 40 to
say, you know, well, if you are above 100 kg, which
is what | do in ny lab now-1 say above 100 kg
want to do two | arge dose technetium studies
because in ny experience that is what is shown.
But no one has shown that 100 kg is the cutting
edge. Maybe you would like to have that type of

study, maybe sonme dose escal ation with sone
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met hodol ogy to say, well, what is the optinmm dose
and what is the range.

DR CHESNEY: Dr. Fogel, Dr. Nelson, Dr.
Fi nk and Dr. Moore.

DR FOGEL: At least with the
gadolinium-and | have to say | amnot as famliar
with the adult dose ranging trials and | don't even
know i f there were any--1 know in children, for
exanpl e, when not as much gadoliniumgot in as was
i ntended we have had | ess opacification and | ess
di agnostic imaging than we would like. | would
personal ly like to know what the m ni mum dosage
woul d be in the various age ranges that | could use
to get a diagnostic study but | have to say, from
an anecdot al standpoint, there nust be sone dose
response and it is probably steep in the small dose

ranges and that is where | want to be.

DR CHESNEY: | think this is fascinating.

I am gl ad you brought this to us because | think
most of us just assuned that this had all been

wor ked out; you know exactly what you are giving
and why; and when we send a patient down for an
X-ray it is guarantied safe and effective, and now
we are discovering that it has never been done.

This is very interesting--at least in children
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Dr. Nel son?

DR. NELSON: | would Iike to change the
topic to one that | notice isn't on our questions
for tonorrow but it might beconme a part of the
di scussi on of CT scans and the nucl ear area, and
that is the radiation risk that was nentioned by a
coupl e of speakers.

I guess ny question is to what extent,
other than the one study that was quoted which I
have not | ooked at, to what extent are a |lot of the
figures about radiation risk extrapol ated based on
a linear theory of risk? | will say that at |east
in ny institution we have deviated fromthat and
have, in one case, approved up to 2 remon a SPECT
scan for a non-therapeutic, non-direct benefit
procedure on the argunment that there is, in fact,
no docunented risk of any radiation and that nost
of this is all just linear extrapolation. Except
for that one study, which | would have to | ook at
and see where that would fit in with all the data,
sone of the other studies that have | ooked at
epi dem ol ol y have shown no evi dence of radiation
risk at low levels. So, we concluded in | ooking at
it that one couldn't say there was any risk bel ow 5

remand then felt that under those circunstances it
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m ght be appropriate to go forward.

So, | just put that on the table because 5
remstrikes ne as an exceedingly |ow nunber if, in
fact, you are going to be doing studies that are
outside of the potential for benefit. Now, if you
are doi ng studies under that rubric you are not as
limted to the risk, thinking of the IRB
categories, but | just wanted to get that on the
table to have some conversation about that, whether
that will be a backdrop for discussions of those
two devel opnent plans tonorrow or not.

DR DILSIZIAN. |1 amglad you brought this
up. Obviously, that was my conclusion in that that
is very low |If you | ook at even PET radiotracers
with short half-lives, if you | ook at the body
distribution even in research in kids to nake sone
new di agnostic netabolic finding in cardi omyopat hy,
we are not allowed to if we followthe 0.5 rem
rule. So, we need to, in essence, conme up with a
better endpoint. | agree.

DR CHESNEY: Dr. Fink, Dr. Mwore and Dr.
Si egel

DR FINK: Yes, as the discussion
progresses | guess one of the questions that occurs

to ne is have we done our homework? W don't have
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a |l ot of background data and if we are going to
study these agents in kids, don't we really need
sone of the background data? Particularly in the
imaging field it would seemthat this is an arena
that is particularly well suited to going back to
ani mal nodel s; that animal nodels could answer many
of the technical questions in terns of dye dosage.
You have a range of different sizes you can | ook
at; different heart rates. You can even answer
sonme of the questions of pulmonary capillary
toxicity to particulates. You can put in
catheters. You can neasure mnimal changes in
oxygenation. And, should we be di scussing human
studi es and using children as guinea pigs when we
have gui nea pi gs?

DR CHESNEY: | amgoing to think that was
rhetorical

[ Laught er]

Point well taken. Drs. Moore, Siegel and
Gor man.

DR. MOORE: Just a followup to the
radi ati on comment, that is the one thing | think
you do have to keep in perspective with these
patients is that these procedures are repetitive

di agnostic foll owup procedures on these patients.
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1 So, the exposures you are tal king about acutely

2 certainly are relevant but nmany of these patients

3 start in infancy and continue throughout their life
4 and throughout their adult life to go ahead and

5 accunul ate these radi ati on exposures. So, | think

6 that just needs to be considered in that particul ar
7 issue with this patient category. It is very

8 different than sone ot her areas.

9 DR CHESNEY: Dr. Siegel?
10 DR SIEGEL: To respond to a few of the
11 points, first of all, dose. The dose that | stated

12 was 2 nL/kg. W use that; we knowthat it is safe.
13 I mean, the contrast agents are sort of maturing
14 and | think it is an issue of the safety there; we
15 have been there. But when it comes to dose, that
16 is an area that can be investigated. CT has nuch
17 better resolution. That is why we like it. W get
18 thinner sections; we are able to see nore anatony.
19 We should be able to do less in the way of dose and
20 volume. | do but | amone person and it works if |
21 get down to 1 nL/kg. | know it does. | can't

22 necessarily get in the full volume but | can't

23 prove that to anybody unl ess we do the research

24  with that.

25 Let me just get to the ani nal nodel s and
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will go back to radiation. W are using aninmal
model s actually. W are doing research now on
ani mal models that are closer to adults | think,
| ooki ng at the amount of contrast we need to get a
di agnosti c exam nation--the amount of the
concentration that | tal ked about, all the
parameters. | have | ooked at the issue of doing
this also on aninals that would be sinilar to
infants. It is difficult. O course, doing aninal
research is even beconing nore difficult than doing
human research so nothing sounds that easy in this
world. But | think if we can get the support out
there, that is what we need to be able to do, to
get back to the basics and show it there.

Radi ati on dose--nbst of the radiation dose
that we are tal king about with CT, this being, you
know, a new use for CT now, a lot of it is going
back to the atomi ¢ bonb and, you know, doing this
extrapol ation. W have no data on CT and we are
tal ki ng about different types of, you know
radi ation and different exposure tinmes and
different intensities in any one noment in tine.

So, there is a lot of work to be done out there to
| ook at this dose factor, this radiation dose

factor and then the diagnostic or efficacy ability.
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DR CHESNEY: Dr. Fogel and then Dr.
Gor man.

DR FOGEL: In terns of the
radi opharmaceuticals and the radi ati on exposure,
guess | am not 100 percent clear that | amtotally
sanguine with the notion of the effective dose and
tissue weighting factor. | guess if you read the
definition correctly it takes into account fata
cancers and the risk of hereditary disease. So,
that neans that non-fatal cancers, ones that we
have 90 percent cure rates for, are not taken into
account when we | ook at the total effective dose.
So, | guess | am wondering doesn't that mnimze
what the risk is? Wat if it induces cancers that
have a 90 percent cure rate and that doesn't count
inthe total effective dose? What if the radiation
i nduces cardi omyopathy in children? That doesn't
get factored into this total effective dose. So,
guess | am not 100 percent happy with using tota
ef fecti ve dose as a nunber by which one can then
hang their hat on, saying this is a safe dose or
this is not a safe dose. | amwondering if there
is any coment.

DR CHESNEY: Not this late in the

day--hol d back until tomorrow norning! Dr. Gorman,
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and we do have two speakers for our open public
hearing today--three? | amsorry.

DR GORMAN: One of the issues that is
becom ng increasingly clear to me as | have
listened to you talk is that we have at |east three
different technol ogies and at |east three different
maturities of the contrast agents we are tal king
about. | think when we tal k about ionizing
radi ati on, whether the cath lab or CT, we have a
|l ot of information. Wen we go to the MRI we have
| ess and when we go to echocardi ography we have
even less. | would Iike our experts to postul ate,
| ooking into the future, is there going to be
enhancenment of the technol ogy of the device or
enhancenment of the contrast agents that are going
to lead to increasing diagnostic ability of your
t echnol ogy?

DR CHESNEY: Dr. Sable?

DR SABLE: | think with regard to
ultrasound it is probably going to be both but
probably nore with the agents thensel ves as we
begin to think about therapeutic ultrasound. As |
said in nmy talk, | think the biggest gap is between
vol ume and use of contrast. Pretty much every

cat heterization uses contrast and nost MRIs and al
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CTs usw contrast, and echo. W are using it in
zero percent of our studies; we probably should be
using it in sonme nunber far greater than that.

But, clearly, the agents have to get a little bit
better. The machines are pretty nuch there for us
to use it in their current state but the potentia
to go much further is certainly there.

DR. CHESNEY: Dr. Fogel ?

DR FOGEL: | think with gadolinium
agents, just like echo, it is probably both, again,
more wei ghted towards the agent itself. | am
thinking nore along the |ines of the bl ood poo
agents and nolecular inaging. | would also have to
say that with 3 tesla nachines com ng on |ine and
with the software al ways beconming better and faster
scans we will be able to do nore and nore with the
agents we al ready have and, hopefully, nore and
nmore with the agents that are conming.

DR. GORMAN: When you tal k about
i ncreasing the nagnetic strength of the coil, what
does that do for you? Does that give you increased
resol ution or increased speed or both?

DR. FOGEL: Bot h.

DR CHESNEY: Dr. Siegel?

DR SIECGEL: As you stated, the CT is nore
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mature so | think the advances we will see there
will be nore in the device, basically how fast we
can give it and the tine to start scan. The only
thing in the contrast agents, as | nentioned, night
be the concentration. 1t is already out there, the
400 ng of iodine. The question is can we change
the viscosity. Mst of the advancenents at this
point will be in the new technology that is com ng
out in the device.

DR. CHESNEY: Yes?

DR. LOEWKE: Dr. Chesney, can | ask a
question? As you nentioned, many of these
nmodal iti es can be used wi thout the contrast agent.
As Dr. Siegel pointed out, she is not doing cardiac
CT unless she is using a contrast agent. | would
like to know, in your routine clinical practices
for the patients you see, do you do non-contrast
i mmges? They are not effective and then you nove
on to contrast? Do you automatically start with
contrast enhanced i mages? Then, and | don't know
if you can do this, what is the first-line
di agnostic? |Is it ultrasound and if ultrasound
doesn't give you the answer do you go to MR? Is
there a hierarchy or a path you follow? And, are

there certain patient popul ations where, if this is
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non-di agnostic, you nmove to this test, if that is
not diagnostic--if you could give sonme input.

DR CHESNEY: Dr. Sable?

DR. SABLE: In our practice and | think
nmost pediatric cardiol ogy practices ultrasound is
definitely the first-line of inmaging nodalities.
Then you ki nd of take your pick as to what cones
next .

DR LCEWKE: That is non-contrast?

DR. SABLE: In our practice we don't use
contrast yet. As | said, there is one group out
there--a few places are using it a little bit but
there is only one group that has done enough to
publish. So, unlike all ny other colleagues, we
woul d al nost never--we are thinking about starting
a contrast program but we haven't done so yet.
There is a small percentage of our patients that we
think clearly woul d benefit fromcontrast echo.
Those patients are now getting sent to MR, CT or
angi ogr aphy. So.

DR CHESNEY: Dr. Siegel and Dr. Fogel

DR SIECGEL: As far as non-contrast goes,
we don't use it. |If you are doing cardiac it
really is contrast. There will be an occasi ona

exception. If you are |ooking for calcification
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you might do it but the contrast resolution is so
poor that all you are doing is wasting radiation.
In that instance we will go for the contrast
enhanced because of that issue.

As far as first-line of imaging, | totally
agree that if it is cardiac or intracardiac rel ated
we will be using echo. But our approach if it is
extracardi ac where we are wondering about
medi astinal great vessels is, if there is a
vascul ar ring or abnormal arch, then we are going
to CT. So, we sort of will do stratification based
on the lesion that we are interested in.

DR CHESNEY: Dr. Fogel and then Dr. Geva

DR. FOGEL: In terns of MRl and contrast
versus non-contrast, we actually view contrast as
an adjunct to the non-contrast imges. We wll
al ways get the non-contrast images first unless we
are doing viability and perfusion, in which case we
do contrast very early on in the study. For the
most part we will do the non-contrast ones first.
That is because if you do the contrast ones first
you can't get good dark blood inmages if that is
what you are trying to do. Plus, we feel that in
terns of it being an imaging nodality, in and of

itself it is nmore of an adjunct with sone rare
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exceptions, like viability and perfusion. It adds
to the diagnostic information but we always get the
non-contrast ones as well.

In terms of the order in which one gets
i magi ng studies or the protocol by which one gets
imging with relation to a specific disease or
specific clinical syndrone, | think we do echo
before we do sonething like MRl or cath. | have to
say that there is some good justification for it.
There are tinmes when that is done because the
peopl e who are nanagi ng the patient's course aren't
necessarily educated enough in terns of all the
di agnostic imaging nodalities to tell which one is
the optinmal one to do first, and because echo, as
Tal said, is being used alnost |ike a stethoscope
it alnmost cones like a knee-jerk reaction, "let's
get an echo first and then whatever we can't do we
will get by another non-invasive inmaging nodality."
But there are certain things that have been shown
to be nearly gold standards |ike vascular ring
anatony by MR, ventricular function parameters by
MRl that are clearly better than echo but, yet, we
will generally see an echo al ways bei ng performed
first. | think that is because of the education of

our coll eagues rather than the fact that it is a
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better imaging nodality for those specific types of
di sease entities.

DR, CHESNEY: Dr. Ceva?

DR GEVA: | agree with what Mark has just
said. Just to add, | think that what you are
hearing here is a little bit a reflection of
variations in access to technol ogy and expertise
around the country in various centers. That all
cones after the echocardiogram As far as use of
contrast agents in pediatric ultrasound, | agree
with Craig, at this point intime it is esoteric;
it israre. It is being used in very, very snall
nunbers.

DR. CHESNEY: Dr. Sable?

DR SABLE: The other thing | think to
keep in mind when you listen to us speak, we are
somewhat of a biased group when you have MRl and CT
and cath experts fromaround the country. If you
go out into the community in snall pediatric
cardiol ogy practices | think it is even nore
wei ghted toward echo because of the availability
and the portability, not that it is a better
technique. It is just so easily obtainable.

Qpen Public Hearing

DR. CHESNEY: | think nmaybe we shoul d nove
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on to the open public hearing. W do have
somet hing that | have to read but ny understandi ng
is that Dr. Gelfand and Dr. Duffy, on Dr.
Gardiner's behalf, will be naking presentations,
and the other two speakers are just going to
provide us with handouts. Am/| correct about that?

MR PEREZ: No, there is one additiona
handout and two statenents. The handout is in your
packets.

DR CHESNEY: So, we have three
al t oget her, people who are going to speak--four
peopl e who are going to speak

This has to be read before the open public
hearing. Both the Food and Drug Admi nistration and
the public believe in a transparent process for
i nformati on gathering and deci sion-naking. To
ensure such transparency at the open public hearing
session of the advisory commttee neeting, FDA
believes that it is inmportant to understand the
context of an individual's presentation. For this
reason, FDA encourages you, the open public hearing
speaker, at the beginning of your witten or ora
statenment to advise the cormittee of any financia
relationship that you may have with any conpany or

any group that is likely to be inpacted by the

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (297 of 328) [2/19/2004 10:22:34 AM]

297



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

topic of this neeting. For exanple, the financial
i nformati on may include a conpany's or a group's
paynent of your travel, |odging or other expenses
in connection with your attendance at the neeting.
Li kewi se, FDA encourages you at the begi nning of
your statement to advise the comittee if you do
not have any such financial relationships. If you
choose not to address this issue of financial
rel ati onshi ps at the begi nning of your statenent it
wi Il not preclude you from speaki ng.

Qur first open public hearing speaker is
Dr. M chael Gelfand.

DR GELFAND: | am Dr. M chael Celfand.

[Slide]

I amthe i mmedi ate past president of the
Soci ety of Nuclear Medicine. M trip was funded by
the Society of Nuclear Medicine, which is the |arge
prof essi onal organi zation in nuclear nedicine, a
scientific organization. | have no current
rel ati onships with any of the manufacturers in the
drug field. | have never been a consultant for any
of them nor have | ever received any honoraria
fromthem | am Professor of Radiol ogy and
Pediatrics at the University of Cincinnati and the

head of Nucl ear Medicine at Children's Hospital.
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[Slide]

| basically want to point out the context
of pediatric nuclear nmedicine with sone reference
to cardiac imaging. There is going to be sone
deviation fromthat but, basically, the pediatric
nucl ear nedicine is alive and well and grow ng.

[Slide]

The nunber of nucl ear nedicine procedures
done in children's hospitals--1 was able to get the
figures from Boston and Phil adel phia. This is the
annual volune in 2003. These are hospitals that do
about 150,000 total imaging procedures per year in
each case. So, it runs to 3, 4, 5 percent of the
total imaging.

[Slide]

The distribution of studies is quite
different fromadult nuclear medicine and varies a
|l ot fromhospital to hospital. Wat studies are
bei ng perforned?

[Slide]

It turns out that the |argest percentage
of what we do is GU studies. W do tunor imaging,
G imaging, bone imaging which is a fair conmponent
of it, and others.

[Slide]
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To break that down further, GJ cases
i nclude cystography in our institution. Just to
give you an idea of the radi opharmaceutical s that
we are using, sone of these are heritage
radi opharmaceutical s that go back many, many years;
some of them are nore recent.

[Slide]

We do tunor imaging. | mght point out
that half of our tunmor volume is with agents that
are either in a gray area or are fully approved by
the FDA. This is an IND agent. FDG PET is sort of
in agray area. There is a special NDA type of
situation for FDG right now which will change
according to congressional nandate at sone point.
Actually, a lot of cardiac imaging is lung inmaging,
as was pointed out at the University of California
at San Franci sco, probably two-thirds of this, and
this is done with technetium MAA.

I might point out here is an exanpl e where
safety is not in the package insert. If my
technol ogist were to mx 1 nCi of technetiumor 5
mCi with the kit and nmake it up and then | was to
give this dose in an appropriate anmount to an
infant, we would have a problem W would have a

clinical adverse effect because, in fact, this
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i nfant nay be getting 30, 50 tinmes as nany
particles as an adult woul d get, perhaps even nore.
This kind of information is often not in package

i nserts.

We do brain perfusion, endocrine and
nmostly thyroid, and we do heart inmaging at our
hospital but in our particular case we do not do as
much as, say, Boston or Phil adel phia where they do
substantial anounts.

[Slide]

At Cincinnati Children's Hospital we have
experienced continued growh in nuclear nedicine
vol unes, but at a sonewhat slower rate than the
total nunber of imagi ng exans.

[Slide]

We have been growi ng at 4.8 percent per
year in nuclear nedicine. | mght point out that
this is the year that | was president of the
Soci ety of Nucl ear Medicine and half of this year,
and when | canme back and paid attention to what |
did for a living we had the best half year we have
ever had. W have been having a 7.5 percent
increase a year in the radiol ogy departnent.

[Slide]

Bost on and Phi |l adel phia, according to the

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (301 of 328) [2/19/2004 10:22:34 AM]

301



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

information | was given by the departnment chiefs in
those areas, are also reporting increasing vol unes
fromyear to year. Pediatric nuclear nedicine case
vol umes are dependent on having an inagi ng
physician who is interested in pediatric nucl ear
medicine. |If the staff inmaging physicians in a
hospital are disinterested or believe that nuclear
medicine is likely to disappear or pediatric
nuclear nedicine is likely to disappear, this
becomes a self-fulfilling prophesy.

[Slide]

The nunbers of myocardial perfusion
i magi ng studi es, according to manufacturers' data,
were about 4,000 per year in the U S in 2002. It
may actually be slightly nore if you brought in
anot her brand. Boston does about 100 per year or
over 1 percent of their nucl ear nedicine vol une.
Phi | adel phia did 224 |ast year, which is about 3
percent of their nucl ear nedicine volune, and this
nunber is not that far bel ow the nunber of MR
contrast administrations for cardiac inaging
according to the informati on we were given earlier.

[Slide]

What can you do nyocardi al perfusion

imaging for? |In children one is Kawasaki's
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di sease, as was alluded to. In a study published
in The Journal of the Anerican Coll ege of
Cardi ol ogy, in 46 patients nyocardi al perfusion
defects were present by mbi; in 37 percent of 27
pati ents who had nornmal coronary arteries by

angi ography; in 63 percent of 11 who had resol ved
aneurysns; and in all the patients who still had
aneurysms. So, that is one indication that is
solid.

Anot her, we are getting infornmation about
hypertrophi c cardi omyopathy. Another possible
indication is after the arterial switch operation
where there are fixed perfusion defects in a
consi der abl e nunmber of children. |In this one study
al rost all the children had fixed perfusion defects
by mibi imging after the switch operation a nunber
of years later.

[Slide]

Myocardi al perfusion inmaging in pediatrics
with technetium| abel ed radi opharmaceuti cal s--one
of the technetium agents has a shorter half-tine
and a considerably | ower radiation dose;
thallium 201, better image quality, flexible timng
of inmage acquisition and you can do a gated wall

motion study as well as get information about wal
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nmoti on, which may give you sone feeling as to what
i s working and what is not worKking.

[Slide]

Radi ati on exposure from di agnostic
pedi atric nucl ear medi ci ne procedures is
acceptabl e. Conparisons between different
radi ographi ¢ procedures, and between radi ographic
procedures and nucl ear nedicine procedures is
acconpl i shed by use of effective dose cal cul ati ons.
This is really the industry standard. |t has taken
over from whol e-body dose. It has taken over from
exposed dose from i ndividual organ doses because of
the weighting. O course, any weighting schene is
going to be sonewhat inperfect but that is the best
we have and it is the industry standard.

[Slide]

Ef fecti ve dose has a weighting factor for
each tissue and a cal cul ated dose for each tissue
If you sumit up across a nunber of tissues, 10,

12, 15 tissues, you have an estimate of the risk to
the patient. Inplicit in that radiation dose it
shoul d have a lot to do with what the patient would
get if they just got a whol e-body exposure, you
know, standing 5 mles fromthe Hiroshim bonb for

exanpl e.
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1 [Slide]

2 To give you an idea of how sonme of these
3 things fit in, in tunor imaging, CT of the chest,

4 abdonen and pelvis, and this is using the | ow dose
5 Tc, as was alluded to by Dr. Siegel. This is

6 probably a third or fourth of what people used to

7 get in a lot of places--very conparable to what we
8 do with tunmor imaging in PET, and |less than gallium
9 which is a long hal f-life radi opharnmaceutical, 2.7
10 days. It turns out that our neurobl astoma i magi ng
11 with 1-123-MBG is about half of either of either
12  of those two.

13 One of the interesting things too is when
14 | was preparing the article with Mke Staven on

15 pedi atric dosinmetry, we tal ked about wei ght basis.
16 It turns out that smaller children, if you accept
17 the Hi roshi na Nagasaki data that are presumably

18 nmore at risk, actually get |lower effective doses as
19 they decrease in age for a given

20 radi opharmaceutical that is given on a weight

21 basis. So, generally the infants are getting about
22 hal f the effective dose of what teenagers and

23 adults are getting when it is given on a weight

24  basis.

25 [Slide]
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CT of the chest, abdomen and pelvis
imging for infection, white cells--very simlar
dose of gallium because of the longer half-Ilife.
One of the things again here is you have a target
organ. Spleen gets radiation doses for white cells
but when you factor in the exposure in the
ef fective dose calculation it is not a huge risk
You get to renal infection only and it turns out
that nucl ear nedicine studies are considerably
| ower than CT.

[Slide]

Heart and |ung, MAA studies for |ung
perfusion are low. Technetium agents are
considerably lower than thallium W can give
extrenely | ow dose when we start doing things |ike
cystograns. You know, we are talking about flying
fromhere to St. Louis, or sonething.

[SIide]

Bone and brain, again |l ow doses. Rena
agents, very |low doses. Sonetinmes we are a little
hi gher than the equival ent X-ray procedure; often
we are lower; often we are in the sanme range

[SlIide]

Wy we need inplenmentation of the Best

Pharmaceuticals for Children Act, we basically have

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (306 of 328) [2/19/2004 10:22:34 AM]



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

been doing this whole thing off-label for children
under 18 years, for 30 years w thin nucl ear

nmedi cine off-label. There is a nandate in the Best
Pharmaceuticals for Children Act to | ook at
pediatric data to work with drug manufacturers. To
do so, you know, there is some point to this. You
get safety data our of it. You may get
effectiveness data out of it as well.

[Slide]

As | pointed out, you can have problens if
you don't use radi opharmaceuticals intelligently in
very small children because there may be a
non-radi oacti ve conponent that will cause you a
probl em when you give 50 times as much on a per
kilo basis to the patient. So, there are reasons
to do this.

[Slide]

Anot her thing that Dr. Dilsizian alluded
to was the whol e concept of what happens when you
try to do research, and the mechanismin a | ot of
the basic research in radi opharmaceuticals is the
Radi oactive Drug Research Commrittee and it
basically states what he went over, that the
radi ation dose for an adult subject for a single

study conducted with one year--and they have linits
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here--and they say that basically froma single
dose the whol e body, the blood and the |l ens of the
eye shouldn't get nore than 3 rem and ot her organs
shoul dn't get nore than 5 rem

[Slide]

Then, they say under 18 years of age you
have to cut that to 10 percent. First of all, we
are tal ki ng about whol e-body dose which is an
obsol ete concept and, secondly, it doesn't address
the whole problemthat there isn't a
radi opharmaceuti cal around that has a target organ
that has only 60 percent nore than the whol e- body
dose. They are all 5, 10 times higher. But when
you factor back in the effective dose this is not a
significant factor.

[Slide]

For exanpl e, fluorodeoxyglucose for
myocardial viability and for tunor inmaging, for
standard adult dose you are | ooking at an effective
dose that is above that 0.3 Iimt. You are talking
about a bl adder dose that is way above that. As
you go down, as effective doses drop a bit as the
patients get smaller, if you give it on the sane
wei ght basis you still have bl adder wall doses and

ef fective doses that are way above those linits.
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[Slide]

For a whol e series of radi opharmaceutical s
that are particularly of interest in tunor inmaging
at the nmoment, again everything is higher.

Ef fecti ve doses are higher. Here you could
probably sneak in with carbon-11 nethioni ne but the
bl adder doses are higher and it is either the

ki dney or the bladder that is the target organ in
each case. But these doses are factored into the
ef fective dose and they stand out here but it
doesn't mean that there is a huge anpbunt of risk
associated with them What this neans is that the
whol e area of nol ecul ar i nmagi ng becones an area

that you can't approach in pediatrics.

[ Slide]

Well, could you use a faster canera?
Well, there are sone faster cameras but if you drop
the dose 50 percent you are still not there. Can

you reduce the administered activity anot her 50
percent and double the imaging tine? You are stil
not there for nost of these agents.

[Slide]

Basically, effective dose takes into
account all these risks. W have regulations for

experinental use of radi opharnmaceuticals that have
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an arbitrary standard that no target dose shoul d
exceed t he whol e-body dose by nore than 67 percent.
We don't use whol e-body absorbed radi ati on dose
anynore and target organ dose for nost

radi opharmaceuticals is way above that 67 percent.

[Slide]

Wth the current RDRC regul ations,
mol ecul ar i magi ng technology will not be readily
avail abl e for the study of pediatric
life-threatening di seases, including cancer, but
al so heart disease. Wth the current RDRC
regul ati ons you can't eval uate new nol ecul ar
i magi ng techni ques and we shoul d develop an up to
dat e standard based on effective dose that pernits
the study of children with |ife-threatening
di seases including cancer and heart di sease.

[Slide]

Finally, I would just like to point out
what ot hers have said, that children and adults may
differ in the pharmacokinetics of drugs. Pediatric
di sease processes are very different from adult
di sease processes, and | think you have been
getting that kind of information all through this.
Finally, pediatric data from adequate and

well-controlled clinical trials are better than
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311
extrapol ated adult data. Thank you

DR. CHESNEY: Dr. Cerqueira is our next
speaker.

DR. CERQUEI RA: Thank you very nuch. It
is a pleasure to be here. M nanme is Mnuel
Cerqueira. | ama cardiol ogist at Georgetown
Hospital here, in D.C., and | amrepresenting the
Ameri can Soci ety of Nuclear Cardiology. | drove
mysel f here so they are not paying ny expenses in
any way. | ama former president of the American
Soci ety of Nucl ear Cardiol ogy.

The Anerican Society of Nucl ear Cardi ol ogy
is pleased to comment on pediatric cardiol ogy and
the use of imaging agents. ASNC is a professiona
medi cal society of nore than 4,500 nenbers which
provides a variety of continuing nedical education
prograns related to nucl ear cardiol ogy. W devel op
standards and guidelines for training and practice
wi t hi n nucl ear cardiol ogy and we pronote | aboratory
accreditation and physician certification in this
sub-specialty to guarantee overall quality.

We are principally an advocate for the use
of nucl ear cardiology in both adult and pediatric
popul ations. The Society believes that the nmedica

necessity for the use of cardiac radionuclide

file:/l//[Tiffanie/C/storage/0203PEDI.TXT (311 of 328) [2/19/2004 10:22:34 AM]



file:////ITiffanie/C/storage/0203PEDI.TXT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

imaging in children can really be included in four
different areas. There is a handout which is
avai | abl e at the back of the room

These areas include congenital heart
di sease, including anonalies of the coronary
circulation and the presence of cardi ac shunts.
Anat omi ¢ met hods of inmaging, which have been
descri bed by some of the other presenters, do not
al ways identify the physiological consequences of
abnormal communi cati ons between the various
chambers of the heart. The radionuclide
techni ques, however, are able to adequately
descri be the passage of the radi onuclide throughout
the heart and all ow detection of these
physi ol ogi cal changes that are present.

Anot her area in which we believe there is
val ue for nuclear cardiology in the pediatric
popul ation is Kawasaki's di sease, which is a
systemic vasculitis syndrone occurring in early
chi | dhood which affects the coronary arteries and
may cause aneurysns as well as thronbotic
occlusions both at the time of the acute disease,
as well as later onin life. Long-term it may
af fect coronary artery blood flow and t he degree of

perfusion to the nyocardium Initial obstructive
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| esions may be difficult to evaluate and |l ong-term
there may be formation of aneurysns, and optinma
managenent of these patients should include
assessnent of cardiac function as well as bl ood
flow at a mni mum of one-year intervals. This was
published in the guidelines that were put out by
the Anerican Col |l ege of Cardiol ogy and the American
heart Association for the use of cardiac

radi onucl i de i magi ng.

Ri sks associated with Kawasaki's disease
i ncl ude subsequent stenosis and thronbosis |eading
to nyocardial infarction as well as sudden deat h.
The incidence of Kawasaki's di sease in the year
2000 requiring hospitalization was 4,248 patients.
The nedi an age of these patients at the tine of
admi ssion was 2 years old. Again, nmany of these
children will benefit from subsequent |ong-term
following with radi onuclide nethods.

Anot her area in which radionuclide
techni ques can be useful in children is the
identification of myocardial ischema in patients
wi th hypertrophic cardi onyopat hy.

The fourth area is radionuclide
ventri cul ography or MJGAs, as they are commonly

called, to nonitor children receiving Adrianycin as
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part of therapy for various tunors.
Echocar di ogr aphy and sone ot her techni ques can be
used but the reproducibility of neasurenments has
not been as well established and standardi zed as we
have for the use of radionuclide techniques. For
that reason, this will provide a very val uable
met hod.

Physi ci ans make nedi cal decisions daily in
the di agnosis and treatnment of children. Wthin
the practice of nedicine, nedical judgnment has
supported use of avail abl e radi opharmaceuticals in
the treatnment of children. The advantages of using
myocardi al perfusion imging in children include,
one, reducing a potential |ong period of sedation
which may be required in some children; two,
reduction of overall radiation exposure associ ated
wi th conventional angi ography; and, three,
providing a nore accurate diagnosis in nmany cases.

Having affirned a role for cardiac
radi onuclide imaging in the pediatric popul ation,
the Society wishes to point out that there is a
paucity of clinical studies in this area. dinica
guidelines relative to pediatric popul ations are
estimates based on the best available information.

General agreenent has been achieved to use as |low a
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dose of radiation as possible and to carry out the
procedures as quickly as possible. However, we do
not have criteria for identifying appropriate
pediatric referrals, nor do criteria exist to
determ ne optimal protocol or technical settings
for the imagi ng studies.

I n approachi ng the pediatric popul ation we
know that children are nore sensitive to radiation
than adults; the nunber of radionuclide-enhanced
phases nust be ninim zed; and automated dose
reduction technol ogy exists; and inappropriate
referrals can and should be elimnated in many
cases.

Several questions remain however. How
little radiation is needed to ensure accurate
results? How are dosages for various ages
determned or differentiated? How can the nedica
prof ession develop criteria for appropriate
pediatric referral s?

The American Soci ety of Nucl ear Cardi ol ogy
| ooks forward to working with the FDA and with
other interested parties and stakehol ders to
resol ve these questions. Thank you for the
opportunity to conment on this inportant matter

DR CHESNEY: Thank you very much. CQur
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1 next speaker is Dr. Peter Gardiner from

2 Bristol - Mers Squi bb.

3 DR GARDI NER. Dr. Chesney, thank you. |
4 wll actually be very brief and, in the interests

5 of disclosure, not only did the conpany pay for ny
6 travel but they pay ny salary as well.

7 [Slide]

8 We consider ourselves worldw de | eaders in
9 cardi ovascul ar i magi ng research. Qur current

10 product line includes Cardiolite, which is a

11 techneti um | abel ed radi opharmaceutical, as well as
12 Definity, the ultrasound contrast agent. You have
13 heard quite a |l ot already today about both of these
14 agents in their respective technologies and, in the
15 interest of time, I will really just skip to ny

16 summary slide in that basically the points that

17 woul d have nade have been covered al ready.

18 [Slide]

19 I would just like to point out that
20 nucl ear imaging is the only nodality approved by
21 FDA for the assessnent of both nyocardi al perfusion
22 and function in adults. There is clearly extensive
23 experience, and you have heard nmuch of that today,
24 in the adult population. Again, as you have heard,

25 there is limted and vari abl e experience in the
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pedi atric population. There are certainly sone
chal l enges in terns of how to conduct clinica
research in that population and that is certainly
sonmet hing that we I ook to continue to work with the
agency and others, whether it is |ooking for
creative ways to actually gather the information
that has been di scussed today.

Perhaps to Dr. Ml donado's point,
certainly as a conpany we very nuch support the
FDA's initiatives to evaluate nucl ear cardiac
i magi ng and, in fact, other cardiac imaging
nodalities in the pediatric population. So, thank
you.

DR. CHESNEY: Although we deeply
appreciate your brevity, | wonder if you woul d want
to comment just a little bit nore about how you
woul d support pediatric studies or support the
i ssue today, and in what ways or where do you see
the nost inportant need?

DR. GARDINER: | think it is really in
many of the topics that have been discussed in
terns of defining the appropriate dosing, the
appropriate efficacy and the safety of these
agents; the challenges, the size of the popul ation

and the variety of the pediatric population, and
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clearly sonme nodalities are nore appropriate than
others. But | think the areas that have been
touched on are certainly ones that we would see as
being inportant in terns of the questions to
address, the questions that are going to be the
subj ect of discussion tonorrow.

DR CHESNEY: Dr. Mal donado and then Dr.
Gor man.

DR. MALDONADO. Actually, | wasn't even
aware of the CFR regulation that Dr. Celfand
presented. | see these CFR regul ations that he
sai d are obsol ete and probably m ght be an
i mpedi ment for studies, and | can see your |awers
stoppi ng you from doi ng the studies although they
may be very good. But if there is another law in
the Code of Federal Regulations with limts, it my
be problematic. | don't knowif there is a
solution to this because that can be also an
i npediment. As obsolete as it is, it may be an
i npedi ment and | think that Dr. Nel son may have the
answer .

DR. GARDINER: It nay be the difference
bet ween investigational clinical research and
clinical practice that may have sone bearing on

that question.
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DR. CHESNEY: Dr. Nelson, do you want to
address this issue?

DR. NELSON: Yes, it mght depend on your
RDRC but often if it is an intervention that is
designed for the possibility of benefit they won't
apply those restrictions to it. If it is an
intervention that is of no benefit but for research
pur poses only, they would apply those restrictions.
So, it depends then on how you construct the trial
and how it is designed. It sets up a whole other
set of issues you need to address but it is
possi ble to go above that exposure if it offers the
possibility of diagnostic benefit. Then, how nuch
evi dence do you need to establish that would then
be the question.

DR GARDINER: Dr. Celfand | believe would
like to make a comment, if he is allowed to.

DR GELFAND: | don't believe that the
RDRC |imtations apply to an I ND by an
investigator, and an investigator by a conpany.
So, that would not be a problemin that situation
The second aspect is | have generally found that
many, many RDRCs are terrified of going over those
limts, regardl ess of what has just been said about

possi bl e benefit to the patient.
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DR. CHESNEY: Dr. Loewke, would you like
to coment on this issue?

DR LOEWKE: Basically | wanted to say
that 361.1 is non-1ND research. For these
products, if they are administered follow ng the
regul ation, the research can be conducted and they
do not have to submit an | ND.

DR. CHESNEY: Dr. Gorman, you had a
question?

DR GORMAN: If you are willing to share
this information, was Bristol-Mers Squi bb
responsible for the two PPSRs to this division?
And, if so, what are you intending to study?

DR. GARDINER: That is not sonmething I am
prepared to discuss at this point.

[ Laught er]

DR. CHESNEY: Thank you very nuch. CQur
| ast speaker in the open public hearing is Dr. Jack
Rychik fromthe American Society of
Echocar di ogr aphy.

DR, RYCH K: Thank you. | wll just read
a brief statement. Good afternoon. M nane is
Jack Rychik. | ama pediatric cardiologist with a
specialty interest in pediatric echocardiography.

First of all, | would like to congratulate ny
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friends and col |l eagues here in the field of

pedi atric cardi ol ogy who | think have done a superb
job today in really fram ng this question very
well, and | truly enjoyed your presentations today
so thank you.

| ama staff nmenber at the Children's
Hospital of Philadel phia. | have served as
director of echocardi ography at that institution
from1996 to 2003. Currently, | amthe director of
the fetal heart programat Children's Hospital of
Phi | adel phia. | come before this committee as a
representative of the Anerican Society of
Echocar di ography and as chair of the Pediatric
Council of the American Society of
Echocar di ogr aphy, and they have paid for nmy Antrak
to get down here from Phil adel phi a.

The American Society of Echocardi ography
is an organi zation of nearly 9,000 professionals
committed to excellence in cardiovascul ar
ultrasound and its application to patient care
t hrough educati on, advocacy, research, innovation
and service to our nmenbers and the public at |arge.
As a menber of this organization and a physici an
with a strong interest in the clinical application

of non-invasive imaging nodalities in children,
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am here to advocate for the pronotion of the safe
and effective use of ultrasonic contrast agents for
cardi ovascul ar imaging in children

U trasound i magi ng of the cardi ovascul ar
system or echocardi ography, is, as we have heard,
the nost conmmonly used nodality for inmaging of the
cardi ovascul ar systemin infants and children. The
appl i cation of echocardi ography in children has
over a 30-year track record of safety; is an
i magi ng nmodal ity which is highly reproducible with
excel l ent tenporal and spatial resolution; provides
for real-tinme data on both cardiac structure and
function; and is a nobile technol ogy which neans it
can be performed repeatedly and serially at the
pati ent beside. As such, echocardi ography has
become the first-line nodality for imaging in
children with cardi ovascul ar di sease and has grown
trenmendously in its use, again as we have heard
t oday.

Despite its first-line use, however, there
are still some linmtation, prinmarily related to
difficulties in ability to acquire a conpl ete and
satisfactory inage in every patient in every
specific subtype of lesion. Utrasound is

di ssipated within tissue as it travels through |ong
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di stances and is inpaired by bony structures and
air. These issues become of primary inportance in
ol der or larger patients, however oftentines
acoustic windows, even in small children, can be
poor which can | ead to poor image resolution. The
usual sharp distinction between the borders of

bl ood and tissue can be blurred, thereby making it
difficult to reliably neasure cavity vol umes and
wal | thicknesses, and consequentially inpairing our
ability to neasure ventricular ejection and wall
moti on abnornmalities.

Hence, for our adult cardi ol ogy
col | eagues, the advent of echo contrast agents has
been extrenely hel pful. Intravenous injection of
ul trasound contrast agents has been docunented to
i nprove endocardi al border delineation. Contrast
enhancenment of the bl ood-tissue boundary has
i mproved assessnent of ventricular wall notion,
wal | thickness, ejection fraction and delineation
of structural abnornmalities.

Recent experinental results indicate that
echo contrast has the potential to provide
qualitative and quantitative assessnent of
myocar di al perfusion and coronary blood flow. This

woul d add trenendously to the diagnostic
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capabilities of echocardi ography. As we have
heard, the safety profile of the echo contrast
agents in adults has been well defined and there
are currently several third generation products
approved for us, but its utility and its safety in
children has not been defi ned.

We believe that the time has cone for
children to reap the potential benefits of this
formor cardi ovascular inaging. There are sone
great potentials for its use and let ne give you
some exanpl es:

One can utilize echo contrast for
endocardi al border, volunme and ejection fraction as
we have tal ked about. It can be used for
eval uation of intracardiac shunts and in
particular, for exanple, in cases of patent foranen
oval e in patients who have had stroke

It can be used for visualization of
conpl ex baffles and channels. This is specific for
congenital heart disease in cases of Miustard or
Senni ng operation for transposition of the great
arteries or in the Fontan operation for single
ventricle.

Contrast agents could potentially be used

to inprove visualization of thrombus in venous
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pat hways of patients after Fontan operation for
single ventricle. Visualization of thronbus by
conventional surface echocardi ography is oftentines
a difficult task due to the scatter created by the
synthetic patch material that is used. Contrast
agents may be extrenely helpful in reliably
i dentifying thronmbus and avoi di ng the need for
further testing, such as transesophagea
echocardi ography or nore invasive nodalities such
as angi ogr aphy.

As well, as we have heard, it can be
useful in the assessnent of coronary artery flow
and nyocardi al perfusion. Al though coronary
atherosclerotic disease in infants and children is
rare, there is still a great need to reliably
assess coronary blood flow in conditions such as
congenital coronary anomalies before and after
surgery; Kawasaki disease; after arterial swtch
operation for transposition; after Ross operation
in which coronary re-inplantation is perfornmed; for
aortic valve disease and after palliation for
hypopl astic left heart syndrome in which aortic
reconstruction is undertaken and coronary fl ow
potentially inpaired.

From per sonal experience, | can tell you
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that | would conservatively estinmate that
approxi mately 5-10 percent of our patients com ng
to our echo labs at Children's Hospital of
Phi | adel phia could potentially be candi dates who
coul d benefit an in increnental manner fromthe
addition of a contrast evaluation. At our single
center, where close to 15,000 echocardi ograns are
performed each year, this nmeans that approxi mately
1,000 patients per year could potentially benefit
fromthis additional nodality.

The American Society of Echocardi ography
has in the past taken the lead in providing a
synt hesi s of avail abl e evidence justifying the
adoption of relevant new technologies in the field
of echocardi ography. 1In addition, the ASE has
pl ayed a key role in establishing guidelines for
training and experience in these various nodalities
and uses of echocardi ography. An exanple is one
that Dr. Sable nentioned early, the position paper
that was published in 2000 on the use of contrast
echocardi ography in adults. | can tell you that an
update is currently being planned for utility,
again, in adults. The ASE, therefore, plans to
take an active role in the process of pronoting the

safe use of contrast echo in children
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Wth growing interest in the subject, we
have forned an ad hoc conmittee of the Pediatric
Council of the Anerican Society of Echo to | ook
specifically at this issue of safety and utility of
contrast echo in children. This committee is
conprised of experts in pediatric echocardi ography
as well as adult echocardi ography, professionals
who can share their know edge and experience in the
use of contrast agents. It is the desire of this
ad hoc conmittee, the Pediatric Council of the ASE
and the ASE as a whole to pronpte and advocate the
expansi on of the safe and effective use of contrast
echocardi ography in children and to devel op
gui del i nes for use and training.

We | ook forward to working with the FDA
and acting as a professional resource to them as
they move forward in these endeavors. Thank you
all very nuch.

DR. CHESNEY: Thank you

DR. LOEWKE: Dr. Chesney, may | just make
one clarification, back again to the CFR 361.1 just
so people fully understand that that applies to
basic research. It is not IND drug devel opnent
clinical trials where you are actually looking to

develop and ultimtely manufacture a new drug.
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DR. CHESNEY: | think that brings our
aft ernoon session to a close. On behalf of the
committee and the FDA, | want to thank our speakers
enornously for the incredible expertise you
brought, and we | ook forward to working with you
tonmorrow to answer the nore specific questions.

Wth respect to administrative issues, the
van will | eave the hotel tonorrow norning at 7:15
to bring us here. | understand there is a van to
take us back to the hotel now, those of us who are
not going to the Ritz Carlton--

[ Laught er]

Did the FDA want to nake any ot her closing
comrents today? | guess not. Thank you all very
much.

[ Wher eupon, at 5:20 p.m the proceedi ngs
were recessed, to resune at 8:00 a.m, Wdnesday,

February 4, 2004.]
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