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LONG-TERM ISSUES OF CORONARY ARTERY
SEQUELAE IN KAWASAKI DISEASE

artery stenosis occurs in 4% of patients, or in
20% with coronary aneurysms in the follow-
up period. In general, coronary artery steno-
sis does not develop in patients after aneu-
rysms regress .

By Teiji Akagi, MD, PhD

Kawasaki Disease is not really “congenital
heart disease,” but this acquired disease is
of considerable interest to congenital cardi-
ologists. The importance of Kawasaki Dis-
ease is not only the coronary artery aneu-
rysm in the acute phase but also long-term
cardiovascular sequelae, which may include
risk of early atherosclerotic changes in ado-
lescents or young adults.

Does Kawasaki Disease increase the risk
of atherosclerosis?

One unanswered question is whether the
regressed coronary lesion becomes normal
vessel or not. The major mechanism of re-
gression of coronary aneurysms is intimal
proliferation derived from the smooth muscle
cells of media and regenerated endothelium.
Thrombus formation in the aneurysm and
calcification of arterial wall may combine in
some instances. These findings are similar
to atherosclerotic lesions.

Clinically, Kawasaki Disease is an acute,
self-limited vasculitis of unknown etiology
that occurs predominantly in infants and
young children. This vasculitis frequently
affects small to mid-size arteries especially
coronary arteries. In Japan, 17 nationwide
surveys have been conducted (every 2 years
since 1970) and more than
180,000 patients have been reg-
istered. Although no nationwide
outbreak has been observed
since the outbreak in 1986, the
incidence rate has gradually
increased over the past 16
years. The disease also has
been reported in more than 60
countries around the world. In
the United States, an estimated
4248 hospitalizations associated
with Kawasaki disease occurred
in 2000, with a median patient
age of 2 years. Currently, the
incidence of coronary artery ab-
normalities is about 3 to 5%.
This means that nearly 200 chil-
dren develop coronary artery
abnormalities due to Kawasaki
Disease in each year in the
United States.

Thus, recent long-term studies have focused

The most striking feature of
coronary artery abnormalities in
Kawasaki Disease is the change

of size or shape of aneurysm.
About 50% of coronary aneu- Figure 1. Fifteen-year old boy complained of mild chest pain. Coronary

rysms regress within 2 years. angiography revealed the significant stenosis on his left anterior
On the other hand, coronary descendingartery.
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on functional abnormalities of coronary
arteries, especially endothelium func-
tion. Dhillon and colleagues evaluated
endothelial function after Kawasaki
Disease using flow mediated dilatation
of brachial artery. In response to reac-
tive hyperemia, a measure of endothe-
lium-dependent vasodilation, Kawasaki
Disease patients had significant lower
vasodilation compared to controls. In
response to sublingual glyceryl trini-
trate, a measure of endothelium-
independent vasodilation, the mean
amount of dilatation was similar in the
controls. This study suggested that
endothelial dysfunction is present, pos-
sibly throughout the systemic arterial
bed, in patients who have had Kawa-
saki disease. However, using a similar
technique, a group from Toronto re-
ported that there were no significant
differences in either flow mediated or
nitroglycerine mediated vasodilatation
in brachial arteries of Kawasaki Dis-
ease patients.

We conducted a study of endothelial
function evaluating intracoronary infu-
sion of acetylcholine. The control or
normal sites of coronary artery in Ka-
wasaki Disease patients demonstrated
significant vasodilatation, whereas the
regressed aneurysms or persistent
aneurysms revealed vasoconstriction
or no changes. These findings suggest
impaired endothelial function. Interest-
ingly, patients having more than 4 mm
aneurysms in the acute stage of Kawa-
saki Disease have significantly de-
creased coronary endothelial function,
even if their coronary arteries appear to
be completely normal by angiography
or echocardiography. Evaluation of
Kawasaki Disease patients without
coronary artery lesions in the acute
stage of illness using intravascular ul-
trasound imaging revealed normal find-
ings at 10 to 20 years after the onset of
disease. Patients whose original aneu-
rismal size was less than 4 mm also
had normal intravascular ultrasound
findings. However, patients whose
original aneurismal size was larger
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“Clinically, Kawasaki
Disease is an acute,
self-limited vasculitis of
unknown etiology that
occurs predominantly
in infants and young
children.”

than 4 mm, revealed thickened intima
and media. From our studies of pathol-
ogy with intravascular ultrasound and
by pharmacological studies of vascular
function, it appears that coronary artery
lesions may be long-term coronary risk
factors, even in regressed aneurysms.
Other coronary risk factors such as
hyperlipidemia, smoking or hyperten-
sion may accelerate these conditions.
Furthermore, a recent study reported
that CRP levels were significantly ele-
vated in Kawasaki Disease patients
with coronary artery abnormalities
compared with those without coronary
abnormalities. If the inflammatory re-
sponse as well as endothelial dysfunc-
tion are present late after Kawasaki
Disease, anti-inflammatory medication
such as aspirin, beta-blocker or statin
treatment may be considered in the
future.

New therapeutic strategy in
Kawasaki disease

During the past decade, the clinical
experience with interventional treat-
ment in Kawasaki Disease has been
gradually increasing. This includes bal-
loon angioplasty, stent implantation,
rotational ablation, and transluminal
coronary revascularization. However,
the experiences in Kawasaki Disease
are still extremely limited compared to
coronary intervention in adults. Coro-
nary artery stenosis in Kawasaki Dis-
ease commonly involves severe calcifi-

Learn more at:
www.medical.philips.com/flive3D
or call 800-229-6417

The SONOS 7500 system with Live 3D Echo ...
for better visualization of congenital heart defects
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Figure 2. PTCRA using 2.15 mm burr.

cation, in contrast to adult coronary
artery lesions, which consist primarily
of atherosclerosis. Therefore, the indi-
cations for catheter intervention for
adult patients cannot be directly ap-
plied in Kawasaki Disease patients, a
largely pediatric population. Currently,
the fundamental therapeutic regimen
for ischemic heart disease after Kawa-
saki Disease is coronary bypass sur-
gery. However, the long-term coronary
graft patency is not satisfactory, even
with the use of intrathoracic arterial
bypass graft, and especially if the op-
erative age is under 12 years old.

Plain old balloon angioplasty (POBA) is
a useful treatment of stenotic lesions
with or without mild calcification within
6 years of the onset. Satisfactory acute
results were obtained in patients with
up to 6 years interval from the onset of
the disease and the POBA. However,
the incidence of restenosis after POBA

NORTH AMERICAN EDITION
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Figure 3. Additional POBA using low pressure (4 mm, 8 atmosphere).

was high. Approximately, one quarter
of the patients developed restenosis or
occlusion. Coronary arteries with thick
intimal hyperplasia probably recoil sig-
nificantly, even if the stenosis has been
dilated sufficiently. Stent implantation
may prevent the occurrence of resteno-
sis in this situation.

The development of new coronary
aneurysms after POBA is a signifi-
cant clinical concern. The mechanism
responsible for this phenomenon is
unclear, however intimal and/or me-
dial dissection due to high-pressure
balloon inflation could play a role. In
this regard, the maximum balloon
pressure is recommended to be less
than 8-10 atmospheres at the time of
POBA in the pediatric population. In
resistant coronary artery lesions,
(which require greater than 10 atmos-
pheres), rotational ablation or bypass
surgery is advisable as alternative

Sponsored By

procedures. Additionally, when POBA
is performed in young children,
shorter balloon lengths should be
selected.

Experience with use of stent implanta-
tion for Kawasaki Disease is still lim-
ited. However, acute results with stent
implantation have been excellent. Be-
cause this procedure relies on balloon
dilation, the limitations are similar to
those for POBA. The advantages of
this procedure include high vascular
patency rates in patients with segmen-
tal or relatively long stenosis, and the
prevention of new aneurysm formation
after POBA. Anticoagulation therapy
with aspirin and clopidogrel is recom-
mended after the procedure.

Excellent acute results for percutane-
ous rotational ablation (PTCRA) were
observed in previous studies. Although
use of this procedure is still limited,

BRAUN

For information, please call 1-800-BBRAUN2 (227-2862) or visit www.bbraunusa.com
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Figure 4. Stenosis was completely resolved.

PTCRA may be the most appropriate
catheter intervention for Kawasaki Dis-
ease. The advantage of PTCRA is the
high success rate, even in patients with
calcified coronary artery stenosis. The
limitation is the need for larger arterial
access for the metal burr. For this rea-
son, PTCRA can only be performed in
older patients. Using this procedure,
the stenotic area can be dilated up to
2.5 mm. Anti-coagulation and anti-
platelet medication should be contin-
ued at least 2 months after the proce-
dure.

Based on our results, we make the
following recommendations: POBA is
effective in many situations, particularly
in patients without severe calcification
or in patients with a relatively short
interval (within 6 years) between the
onset of the disease and the interven-
tion. POBA may be used even in small
children. Therefore, POBA should be
the first line procedure in younger chil-
dren with significant coronary artery
stenosis. Stent implantation is prefer-
able to POBA, because it may prevent
new aneurysm formation and resteno-
sis. In adolescents and older patients,
stent implantation should be consid-
ered instead of POBA alone. If patients
have severely calcified coronary steno-
sis, PTCRA may be the only effective

NORTH AMERICAN EDITION

treatment. Intravascular ultrasound
imaging provides valuable informa-
tion for the selection of the appropri-
ate interventional procedure and
early detection of vascular complica-
tions.

Kawasaki Disease is the leading
cause of acquired heart disease
in children

Compulsive follow-up is required in
patients with coronary aneurysms,
especially if the original aneurismal
size is larger than 4 mm. Early de-
tection of stenotic lesions is essen-
tial. Kawasaki disease is now a
worldwide problem, which may cause
life-threatening events in children. In
Japan and in North America,
Kawasaki Disease is the leading
cause of acquired heart disease in
children. Furthermore, it may de-
velop into coronary artery disease in
adults. To elucidate the etiology is
essential. Long-term follow-up stud-
ies are also important.

Email comments on this article to:
JUNETA@CCT.bz

~CCT~

Teiji Akagi, MD, PhD, FACC, FSCAI
Associate Professor

Cardiac Care Unit

Okayama University Graduate
School of Medicine and Dentistry
2-5-1, Shikata-cho

Okayama, Japan 700-8558

Tel: 81-86-235-7682

Fax: 81-86-235-7683

t-akagi@cc.okayama-u.ac.jp

CONGENITAL CARDIOLOGY TODAY

MEDICAL CONFERENCES

Update on Cardiac Care in Neonates,
Children, and Young Adults

June 8-11, 2005; Shanghai, China
www.congenitalcardiology.com/
2005-ICU-Shanghai.pdf

PEDIRHYTHM-2
June 15-18, 2005; Antalya, Turkey
www.pedirhythm.org

ASE 16th Annual Scientific Sessions
June 15-18, 2005; Boston, MA, USA
www.asecho.org

8th International Workshop Catheter
Interventions in Congenital Heart Disease
June 16-18, 2005; Frankfurt, Germany
www.chd-workshop.org

5th International Pediatric Cardiovascular
Symposium: Management of Complex
Congenital Heart Disease from Infancy

to Adulthood

June 23-26, 2005; Amelia Island, FL, USA
www.choa.org

12th World Congress on Heart Disease
July 16-19, 2005; Vancouver, Canada
www.cardiologyonline.com

SIS (Summer in Seattle) 2005
July 19-23, 2005; Seattle, WA, USA
www.summerinseattle.com

New Concepts in Exercise and
Pulmonary Hypertension in the Young:
Their Interaction at Sea Level and
Altitude

August 5-7, 2005; Aspen, CO, USA
Taylor. Amy@tchden.org or
www.congenitalcardiology.com/
Cardiac-Aspen2005.pdf

PICS-IX and ENTICHS-III (9th Pediatric
Interventional Cardiac Symposium &
Third Emerging New Technologies in
Congenital Heart Surgery

Sep. 15-18, 2005; Buenos Aires, Argentina
WWW.picsymposium.com

The 4th World Congress of Pediatric
Cardiology and Cardiac Surgery

Sep. 18-22, 2005; Buenos Aires, Argentina
www.pccs.com.ar/

faving Little Hearts

Saving Little Hearts, Inc.
5629 Barineau Lane ¢ Knoxville, TN 37920
Dedicated to helping children with congenital heart defects and their families by
providing financial and emotional assistance and educational information.

www.savinglittlehearts.com
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THE PEDIATRIC HEART NETWORK

By Gail D. Pearson, MD, ScD

When the National Heart, Lung, and
Blood Institute (NHLBI) established the
Pediatric Heart Network (PHN) in Sep-
tember 2001, it was the beginning of a
new era in pediatric cardiovascular
research. Relatively few multi-center
trials had been undertaken previously,
compared to the number in adult car-
diovascular disease, and few pediatric
academic centers had the infrastruc-
ture to conduct multiple trials simulta-
neously. This discouraging research
landscape changed significantly with
the advent of the PHN.

The mission of the PHN is to achieve
public health advances for children,
through the conduct and dissemination
of collaborative research leading to
evidence-based treatment options and
improved outcome for pediatric pa-
tients with congenital and acquired
heart disease.

The principal governing body of the
Network is the Steering Committee,
comprised of the 7 clinical center prin-
cipal investigators, the data coordinat-
ing center principal investigator, and
the Network Chair. The role of the Net-
work Chair is to provide, with NHLBI,
overall management and direction of
Network activities.

The PHN had its origins in recommen-
dations made to the NHLBI by pediatric
cardiovascular researchers, and in the
NHLBI Report of the Task Force on
Research in Pediatric Cardiovascular
Disease. To establish the PHN, the
NHLBI released a Request for Applica-
tions — known as an RFA - to which

AMPLATZER

there was a robust response. Applica-
tions to establish clinical centers and a
data coordinating center were reviewed
for technical merit by an independent
group of experts convened specifically
for this purpose. Clinical center appli-
cants were judged on the scientific
merit of the two clinical protocols pro-
posed as well as on their ability to par-
ticipate in a multi-center trials environ-
ment. Data coordinating center appli-
cants were evaluated on the basis of
their ability to coordinate complex clini-
cal research, manage large databases,
and provide analytical expertise in the
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execution of clinical protocols and
analysis of resulting data. The deci-
sion as to which applications to fund,
was made on the basis of technical
merit, the National Heart, Lung and
Blood Advisory Council’'s recommenda-
tions and funds available at the time.

As in other NHLBI Clinical Research
Networks, standard oversight commit-
tees were established to assist the
PHN. The Protocol Review Committee
(PRC) is an independent group respon-
sible for peer review of Network proto-
cols. It is appointed by and reports to

The Pediatric Heart Network (PHN)
(with Principal Investigators)

Network Chair:

University of Texas Southwestern Medical Center, Dr. Lynn Mahony

Clinical Centers:

Boston Children’s Hospital; PI, Dr. Jane Newburger

Children’s Hospital of New York; PI, Dr. Welton Gersony

Children’s Hospital of Philadelphia; PI, Dr. Victoria Vetter

Duke University Medical Center; PI, Dr. Page Anderson

Medical University of South Carolina; PI, Dr. Phillip Saul

Toronto Hospital for Sick Children; PI, Dr. Brian McCrindle

Utah Primary Children’s Hospital; PI, Dr. LUAnn Minich

Data Coordinating Center:

New England Research Institutes; PI, Dr. Lynn Sleeper

Table 1. The Pediatric Heart Network (PHN).

Vascular Plug
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the NHLBI.  Although the protocols
proposed by the clinical center appli-
cants are peer reviewed during the
application process, protocols chosen
for further development within the PHN
may be considerably modified, and
completely different protocols also may
be developed. Therefore, an additional
level of peer review provided by the
PRC is an integral part of NHLBI Net-
works.

NORTH AMERICAN EDITION

“The mission of the PHN
is to achieve public health
advances for children,
through the conduct
and dissemination of
collaborative research
leading to evidence-based
treatment options and
improved outcome for
pediatric patients with
congenital and acquired
heart disease.”

The other standing oversight commit-
tee is the Data and Safety Monitoring
Board (DSMB). The DSMB is also an
NHLBI-appointed independent group
and is responsible for ensuring human
subjects protections and data integrity
as protocols are developed and during
the conduct of clinical studies. Once
studies are under way, a major role of
the DSMB is to review adverse events,
recruitment, interim findings, and proto-
col violations. The recent addition of a
Medical Monitor to the Network will
augment the review of adverse events
and any study endpoints that require
adjudication.

With this infrastructure in place, the
PHN Steering Committee began the

arduous task of deciding what research
to conduct in September 2001. The
Steering Committee began by hearing
presentations of the 14 protocols that
its members proposed in their grant
applications, and soon established a
system of protocol evaluation including
criteria such as benefit to pediatric pa-
tients, scientific merit, and feasibility.
After careful deliberation, the Steering
Committee settled on two initial proto-
cols: The Relationship Between Func-
tional Health Status and Laboratory
Parameters of Ventricular Performance
After the Fontan Procedure, and the
Trial of Pulse Steroid Therapy in Kawa-
saki Disease.

The Fontan study was designed as a
cross-sectional study to determine the
interrelationships between health
status and measures of cardiac per-
formance in children 6-18 years old
who have undergone a Fontan proce-
dure. The Steering Committee origi-
nally set out to design a treatment trial
in the Fontan population, but soon dis-
covered that there were not enough
published data to select clinically rele-
vant endpoints. The goal of the Fontan
study, therefore, was to acquire such
data. When enrollment ended in 2004,
546 patients were enrolled. These
patients underwent multiple evalua-
tions, including exercise testing, MRI
measures of ventricular function and

Figure 1. PHN Logo
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“NHLBI will provide funds
to support the Pediatric
Heart Network for another
five years, beginning in
September 2006.”

mass, echocardiographic assessment
of ventricular mechanics, cardiac pep-
tides, and health status using standard
questionnaires for children, adoles-
cents, and their families. Central inter-
pretation of echocardiographic, MRI,
and serology data was conducted.
Several abstracts from this study have
already been presented at national
meetings, and the main results and
additional papers are in preparation.

The Kawasaki trial was undertaken to
determine whether a single high dose
of methylprednisolone vs. placebo, on
the background of standard therapy,
affects coronary artery diameter at 6
weeks post-randomization, normalized
for body surface area. Secondary end-
points include duration of fever and
hospital stay, C-reactive protein levels,
and adverse events. This trial also
included central interpretation of echo-
cardiographic and serology data. In 2
years, nearly 200 patients were ran-
domized, with recruitment completed in
December 2004. Data cleaning and
analysis are underway, with the pri-
mary results expected soon.

Once these trials were launched, the
PHN turned its attention to developing
additional protocols. The ability to con-
duct multiple studies simultaneously is
a strength of the Network infrastruc-
ture, but it also requires constant men-
tal gear-changing and considerable
hard work. To date, the Steering Com-
mittee has developed four more proto-

The Fourth World Congress of

Pediatric Cardiology and Cardiac Surgery
Buenos Aires, Argentina @ September 18-22, 2005

www.pccs.com.ar
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cols. Two are currently recruiting pa-
tients, and the remaining two are set to
begin recruitment within the next
month. These studies are:

e Trial of ACE Inhibition in Infants
with Single Ventricle. The purpose
of this trial is to determine the ef-
fect of ACE inhibition (enalapril) on
somatic growth in infants with sin-
gle ventricle physiology who have
undergone the first staged surgical
procedure.

e Trial of ACE Inhibition in Children
with Mitral Regurgitation after Re-
pair of an AVSD. This study is
evaluating the safety and efficacy
of enalapril therapy after repair of
an atrioventricular septal defect in
children who have at least moder-
ate mitral valve regurgitation.

e Single Ventricle Reconstruction
Trial. In this trial, the standard
Norwood approach for neonates
with hypoplastic left heart syn-
drome and variants will be com-
pared to the right ventricle-to-
pulmonary artery conduit surgical
strategy.

e Ventricular Volume Variability
Trial. This is a study of variability
in echo measures of ventricular
performance, assessed within pa-
tients, across time, and between
echocardiographers. The purpose
is to estimate, in a pediatric car-
diac population, the variance of
change in ventricular function
measures to use for future clinical
trial sample size calculations.

In addition to the benefits of the spe-
cific research performed, the Network
has a number of other advantages.
Participation in Network activities and
meetings is providing experience in

-

www.CongenitalCardiologyToday.com
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clinical research for many young
nurse and physician investigators.
PHN protocols offer fertile ground for
ancillary studies, which can be pro-
posed by investigators both within
and outside the Network. The suc-
cess of the Network is also fostering
increased interest in multi-center
clinical trials in pediatric cardiovascu-
lar disease.

NHLBI will provide funds to support
the Pediatric Heart Network for an-
other five years, beginning in Sep-
tember 2006. The RFA for the next
funding cycle was published in early
March, and can be found at: http://
grants.nih.gov/grants/guide/rfa-files/
RFA-HL-05-010.html.  Applications
are due September 23, 2005.

Email comments on this article to:
JUNEGDP@CCT.bz

~CCT~

Gail D. Pearson, MD, ScD, FAAP,
FACC, FAHA

Leader, Heart Development,
Function and Failure

Scientific Research Group
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Institute
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RFA-HL-05-010
“Pediatric Heart Network”

This RFA solicits applications in an
open competition for clinical centers
and a data coordinating center for
the next funding cycle of the Net-
work. Current centers and new cen-
ters are both invited to apply.

Key Dates:

e |etter of Intent Due:
8/26,/2005

e Applications Due: 9/23/2005

e Peer Review: February-March,
2006

e NHLBI Council Review:
6/5/2006

e Expected Start Date: 9/1/2006

Direct questions about scientific/
research issues to:

Gail Pearson, M.D., Sc.D.
Division of Heart and Vascular
Diseases

NHLBI

301-435-0510
pearsong@mail.nih.gov

Direct questions about financial
or grants management matters
to:

Ms. Marsha Mathis
Grants Operations Branch
NHLBI

301-435-0170
mathism@nhlbi.nih.gov

For complete details see http://
grants.nih.gov/grants/guide/notice-
files/INOT-HL-05-116.html
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PERCUTANEOUS CLOSURE OF A RESIDUAL PERIMEMBRANOUS
VENTRICULAR SEPTAL DEFECT AFTER SURGICAL REPAIR

By Carlos AC Pedra, MD; Sérgio C.
Pontes, Jr., MD; Simone R.F. Pedra,
MD; Juliana Neves, MD; M.
Aparecida P. Silva, MD; M. Virginia
T. Santana, MD; Valmir F. Fontes,
MD

Introduction

Isolated perimembranous (PM) ventricu-
lar septal defect (VSD) is one of the most
common congenital cardiac malforma-
tions.® Surgery has been performed
safely and effectively and has been re-
garded as the gold standard method of
treatment for this disease.> Although
residual leaks are observed in up to 5-
10% of cases, most of them are restric-
tive and well tolerated.™* Occasionally,
they can result in significant left-to-right
shunting with persistent left ventricular
volume overload, which requires reinter-
vention.? Recent publications have re-
ported the feasibility, safety and efficacy
of percutaneous closure of native PM
VSDs with the use of the Amplatzer
membranous VSD occluder (AGA Medi-
cal Corporation, Golden Valley, Minne-
sota).*® Controlled release coils made
of a reinforced Nitinol wire (PFM, Co-
logne, Germany) has also been em-
ployed for transcatheter closure of such
defects with encouraging results.** In
this paper, we describe a case in which a
significant residual leak after surgical
repair of a PM VSD was closed using
transcatheter techniques.

Case report
This patient was a non dysmorphic 4
year-old boy (weighing 15 kgs) with a

large PM VSD who was referred from the
countryside to our institution for surgical

repair. He was symptomatic and receiv-
ing digoxin, furosemide and captopril.
Classical findings of significant PM VSD
with pulmonary arterial hypertension
were encountered on physical examina-
tion, chest radiograph and ECG.
Transthoracic  echocardiography re-
vealed a large PM VSD with inlet exten-
sion, measuring 14 mm at its maximal

dimension (Figure 1A). There was signifi-
cant left atrial and ventricular volume
overload. Pulmonary arterial pressure
was estimated at systemic levels. The
child was taken to the catheterization
laboratory for further hemodynamic as-
sessment. A routine left and right cathe-
terization was carried out under general
anesthesia. Hemodynamics showed the

I

Figure 1. Echocardiographic pictures of the defect. (A) Four chamber view (pre-operative TTE):
Large PM VSD with inlet extension measuring 14 mm at its maximal diameter. (B) Modified four
chamber view (post-operative TTE): There is a residual VSD (red arrow) measuring 5-6 mm at the
superior portion of the patch (light blue arrow), near the crux of the heart and the AV valves. (C)
Long axis view (TEE during the percutaneous procedure): The left ventricular loops of the PFM
Nitinol coil are protruding into the LVOT. (D) Long axis view (TEE during the percutaneous
procedure): The Amplatzer membranous VSD occluder is well positioned after final release.
There is a small residual leak through the superior aspect of the device.
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following pressures (in mm Hg): RA: 5;
RV: 88/6; MPA: 88/31 (mean 58); Ao:
90/58 (mean 71); LV: 90/12. Pulmonary
vascular resistance (PVR), Qp/Qs and
PVR/SVR were estimated at 3.6 Wood
Units, 2.9 and 0.23, respectively. After
the administration of NO (40 PPM), PVR
was 1.6 U Wood X m-2 , Qp/Qs 4.9 and
RVP/RVS 0.11. Left ventriculogram in
long axial view showed a large PM VSD,
measuring 13 mm at its maximal diame-
ter (Figure 2A). Pulmonary arterial an-
giogram demonstrated progressive taper-
ing of the pulmonary arteries with satis-
factory opacification of the peripheral
vessels. The capillary phase was homo-
geneous and there was rapid return of
the contrast media to the LA. The child
was subsequently referred to surgery,
which was carried out under cardiopul-
monary bypass using standard tech-
niques.? A pericardial patch was sutured
at the edges of the defect with pledgets.
The tricuspid valve was not removed for
patch closure. Post-operatively, signs of
persistent left-to-right shunting were de-
tected invasively (SVC sat: 65%; PA sat:
82%) and confirmed by echocardiogra-
phy. A 5-6 mm residual VSD was ob-
served through the upper portion of the
patch near the AV valves (Figure 1B). On
the 8th post-op day the child was reoper-
ated, however, the surgeon was unable
to identify the site of the residual leak
intra-operatively. After a month, a deci-
sion was made to attempt closing the
residual leak using transcatheter tech- 7
niques. Informed consent was obtained Sl -

from parents. Under general anesthesia, Figure 2. Ventriculograms in long axial or hepatoclavicular views displaying the defect (A)
vascular access was obtained with place- Pre—quratit\r/]e f(;rylditng(]js,:vllbagge(BP)MPVStD with ti‘nIetf‘e>(<jt‘ensic()jn glnd tchonspicuct)us Ieft—to—righ'ijshunt,

. opaciyin e diate . ost-operative Tindings aurin € percutaneous proceaure:
ment of a 5 Fr sheath in the,leﬁ femqal Mpodefr);tegleft—to—right shunt through thepsuperior porti?)n of thgJ patcE, near the AvaaIves. The
artery and. a7 Fr. sheath in the right residual defect measured 5 mm on angiography. (C) The PFM Nitinol coil remained in a
femoral vein. Heparin sulfate (150 IU/KG)  syp-optimal position with the left loops protruding into the LVOT, distant from the patch. (D)
and Cefazolin (30 mg/kg) were given. Adequate position of the Amplatzer membranous occluder immediately after release. There
Hemodynamics showed the following is a small residual leak at its superior portion.
pressures (in mm Hg): RA: 8; RV: 50/10; triculogram confirmed the echocardio- transesophageal echocardiographic guid-
MPA: 50/18; Ao: 90/50; LV: 90/15. The  graphic findings (Figure 2B). Using previ- ance (TEE), the residual VSD was
Qp/Qs was estimated at 1.8:1. Left ven-  ously described techniques and under crossed retrogradely and an arterial-
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venous loop established using a 260 cm
Glide wire (Terumo Cardiovascular Sys-
tems Corporation, Ann Harbor, MI). A 7 Fr
long, braided sheath (Flexor; Cook Cardiol-
ogy, Bloomington, IN) was advanced to the
ascending aorta across the VSD from the
vein. The latest version of a pre-mounted
PFM coil (with reinforced Nitinol wire and
Dacron fibers) (12 X 6 mm) was advanced
through the long sheath until the tip of the
delivery catheter was about 1 cm out of the
long sheath. By pushing the core wire, the
loops of the coils were exteriorized in the
ascending aorta with the last 2 loops re-
maining inside the delivery catheter. The
whole system was carefully brought back
as a unit across the aortic valve until the
loops abutted the interventricular septum.
Keeping a gentle traction on the system
and the tip of the long sheath close to the
tip of the delivery catheter, the last 2 loops
were delivered in the RV by withdrawing
the delivery catheter and pushing the core
wire. Final position of the coil was as-
sessed by TEE (Figure 1C) and angiogra-
phy (Figure 2C). Because the left ventricu-
lar loops protruded into the LVOT and there
was significant residual leak, the device
was recaptured inside the long sheath and
removed out of the body. A decision was
then made to attempt closing the defect
using an 8 mm Amplatzer membranous
VSD occluder (AGA). The VSD was again
crossed in a retrograde fashion and an
arteriovenous loop established using a
Rope wire (AGA) as described in previous
published protocols (6-8). An 8 Fr long
sheath (TorqVue, AGA) was advanced to
the ascending aorta and subsequently po-
sitioned near the left ventricular apex as
described before.®® After removal of the
Rope wire and dilator, the device was
pushed through the long sheath and the left
ventricular disc deployed within the left
ventricular cavity with the radiopaque
marker pointing downwards. The whole
system was retracted as a unit until the left
disc touched the patch. By pulling the long
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sheath and advancing the delivery cable,
the right disc was deployed on the right
side. Good device position was con-
firmed by both TEE and angiography.
Aortic and AV valve function were pre-
served. After device release, a tiny resid-
ual leak was seen through the superior
portion of the device (Figure 1D and 2D).
The child was awaken in the catheteriza-
tion laboratory and had an uneventful
recovery. He was discharged home the
following day on aspirin (5 mg/kg/day). A
transthoracic echocardiogram revealed
complete closure of the defect after a
month. There was no Al or significant
TR. The child remained in sinus rhythm
with no signs of left or right bundle
branch block. Medications were gradually
discontinued.

Discussion

A significant residual VSD after surgical
repair may occasionally require reopera-
tion, resulting in increased morbidity and
hospital stay. Although successful tran-
scatheter closure of PM VSDs has been
described recently,®*® there is limited
experience with this approach for such
residual defects. Since it has the poten-
tial to avoid a repeat cardiopulmonary
bypass run, it may well be a safer thera-
peutic option. However, the issue of what
type of residual defect that is amenable
to transcatheter closure, including loca-
tion, number and size, has yet to be clari-
fied. This will only come with ongoing
experience. In the case described herein,
the residual defect was single and located
at the superior edge of the patch, towards
the crux of the heart. Despite being close to
the AV valves, we felt there was enough
room surrounding the defect to accom-
modate a device without interfering with
AV valve function. Moreover, we decided
to attempt the transcatheter approach
because the child had undergone surgi-
cal repair twice unsuccessfully.
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In regards to the types of devices used in
this case, the PFM coil was employed ini-
tially under a study protocol to assess its
safety and efficacy. Even acknowledging
that clinical experience with it is still very
limited **° (about 20 implantation proce-
dures with the latest version; unpublished
data; Dr. Trong-Phi Le, personal communi-
cation), it has theoretical and potential ad-
vantageous features. It requires lower pro-
file sheaths (6 or 7 Fr) for implantation; due
to the flexible central portion of the device,
it can be exteriorized in the ascending aorta
and pulled back safely across the aortic
valve, with no need to place the long
sheath near the left ventricular apex; and it
is secured within the defect without exerting
radial forces. Although it seems to work
well for small to moderate defects, espe-
cially those associated with aneurysm for-
mations, it may be unsuitable for larger
defects. In the case described herein, the
PFM coil remained in an inadequate posi-
tion, protruding into the LVOT, probably
because it approached the septum (patch)
from above, coming from the aorta. If we
had delivered the LV loops close to the left
ventricular apex, it might have been possi-
ble to engage it within the patch, in a more
favorable course towards the defect itself.
Possible entanglement with the mitral valve
apparatus could be an issue employing this
approach. Coil recapturing and removal
was feasible and safe, keeping in mind that
the long sheath had to be kept close to the
delivery catheter tip to avoid entanglement
with the tricuspid valve apparatus. Subse-
quent use of the Amplatzer membranous
occluder was a natural choice. Initial clinical
experience with this device has been en-
couraging.*® The rate of complete closure
is high (>90%) and aortic and tricuspid
valve function are preserved, at least in the
short-to-mid term.*® However, complete
heart block seems to occur with an inci-
dence of 1-2%." Whether this is related to
the radial forces exerted by the central
waist of the device onto the defect edges or
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due to the endothelialization process is
speculative. Other factors such as younger
age, inlet extension of the VSD and cross-
ing the VSD from the RV side may play a
role in the development of this complica-
tion. In our experience, complete heart
block did occur between 3-6 months after
the procedure in a single case out of 33
implantation procedures (unpublished per-
sonal data). In the case presented herein,
the Amplatzer device worked nicely be-
cause it approached the patch at a proper
angle, coming from the LV apex. Besides,
the longer inferior portion of the LV disc
engaged well within the patch with the
waist remaining inside the residual defect
itself, which was probably responsible for
complete closure. Improvements on the
design of this device and delivery system
have been made by placing a female screw
in the center of the left ventricular disc and
a male screw at the tip of the rope wire.™
This enables to position the device more
precisely because of the through-and-
through cable-to-device-to-rope wire sys-
tem, creating traction from both the venous
and arterial sides. We anticipate that this
system can be useful in difficult cases,
such as some residual VSDs after surgical
repair.

In conclusion, percutaneous closure of a
residual PM VSD after surgical repair using
an Amplatzer membranous device was
feasible, safe and effective in the selected
patient presented herein. More experience
is warranted before the widespread use of
this technique is recommended.
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Endowed Chair,
Division of Pediatric Cardiology
St. Louis University School of
Medicine Cardinal Glennon
Children’s Hospital

St. Louis University, a Catholic, Jesuit
institution dedicated to student learning,
research, health care, and service is
seeking candidates for a faculty position
in the Department of Pediatrics at the
Associate Professor/Professor rank as
the Director of the Division of Cardiology
at Cardinal Glennon Children’s Hospital.
A new Endowed Chair of Pediatrics will
be established by Saint Louis University
for the successful candidate. The Divi-
sion Director will have opportunities to
recruit both clinical and research faculty,
to plan significant programmatic and
facilities enhancements, and to develop
a program of clinical and translational
research. The candidate should have a
proven record of academic excellence as
well as a commitment to excellence in
patient care and medical education.

Cardinal Glennon Children’s Hospital is
a 160-bed free standing hospital located
in midtown Saint Louis, adjacent to Saint
Louis University. Itis currently in the
midst of a 2-phase, $100 million expan-
sion and renewal program. The Hospital
serves a diverse population from the
inner city, the metropolitan area, and a
200-mile referral radius. The medical
staff includes over 90 full-time St. Louis
University School of Medicine faculty.
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to Robert E. Lynch, MD, PhD, Chair,
Cardiology Search Committee, Profes-
sor and Director, Pediatric Critical
Care, Department of Pediatrics, Saint
Louis University School of Medicine,
1465 South Grand Blvd, St. Louis, MO
63104. Tel: (314)577-5395; Fax: (314)
268-6459; email: lynchre@slu.edu

Saint Louis University is an Affirmative Action,

Equal Opportunity Employer, and encourages

nominations of and applications from women
and minorities.
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SEPTEMBER CONFERENCE FOCUS

PICS/ENTICHS- 2005
(Pediatric Interventional Cardiac Symposium
and Emerging New Technologies in Congenital Heart Surgery)
September 15-18, 2005; Hilton Buenos Aires
Buenos Aires, Argentina
WwWw.picsymposium.com

PICS/ENTICHS-2005 will focus on the latest interventional catheter strategies and emerging
technical advances in cardiac surgery for fetuses, children, and adults with congenital heart
disease:

e Daily live case demonstrations including the latest technologies in devices, implantable
valves, stents, balloons and more.

®  Special didactic sessions including closure of all types of septal defects, percutaneous
® Live surgical cases focusing on hybrid intervention.
®  Meet the Expert Sessions.

e "My Nightmare in the Cath Lab" case presentations.

The second annual meeting of The Congenital Cardiovascular Interventional Study Consor-
tium (CCISC) will take place at PICS/ENTICHS 2005

Course Directors: Drs. Ziyad Hijazi; Emile A. Bacha; William E. Hellenbrand; and John P.
Cheatham.

Course Co-directors: Drs. Horacio Faella; Mark Galantowicz; Miguel Granja; and Christian
Kreutzer.

Guest Faculty Includes: Drs. Teiji Akagi; Luis Alday; B.G. Alekyan; Mazeni Alwi; Zahid
Amin; Luigi Ballerini; John Bass; Lee Benson; Felix Berger; David Bichell; Philipp Bonhoeffer;
Redmond Burke; Mario Carminati; Chin Chan; Qi-Ling Cao; Bharat Dalvi; Cesar Esteves; J.V.
De Giovanni; Makram Ebeid; Jeffrey Feinstein; Craig Fleishman; Valmir Fontes; Thomas
Forbes; Ronald Grifka, MD; Felipe Heusser; Frank Ing; Thomas Jones; Charles S. Kleinman;
Krishna Kumar; Michael Landzberg; Trong-Phi Le; Geoffrey K. Lane; Larry Latson; Jose
Suarez de Lezo; Achi Ludomirsky; Jozef Masura; Constantine Mavroudis; Joaquim Miro;
John W. Moore; Charles E. Mullins; David Nykanen; Eustaquio Onorato, MD; Carlos Pedra;
Jean-Francois Piechaud, MD; Alejandro Peirone; Shakeel A. Qureshi, MD; Wolfgang Rad-
tke; P.S. Rao, MD; Mark Reisman; Carlos E. Ruiz; Satinder Sandhu; Horst Sievert; Basil
(Vasilios) Thanopoulous; Hideshi Tomita; Alejandro Torres; Wayne Tworetzky, MD; Michael
Tynan; Ross Ungerleider; Kevin Walsh; Gilbert Wernovesky; James Wilkinson; Neil Wilson;
Carlos Zabal; and Evan Zahn.

For more details, abstract submission and registration, please visit the website.

Accreditation: The University of Chicago Pritzker school of medicine is accredited
by the Accreditation Council for Continuing Medical Education (ACCME) to sponsor
continuing medical education for physicians

PICS/ZENTICHS- 2005

Pediatric Interventional Cardiac Symposium

and Emerging New Technologies in Congenital Heart Surgery
SEPTEMBER 15-18, 2005 At the Hilton Buenos Aires Buenos Aires, Argentina
Immediately preceding the 4th World Congress of Pediatric Cardiology and Cardiac Surgery

WWW.picsymposium.com
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MEDICAL NEWS AND

Study Points to Link Between Risks of
Congenital Heart Defects and Alterations
in Maternal Plasma Biomarkers

Findings from a study lead by Dr. Charlotte Hobbs, di-
rector of the Arkansas Children’s Hospital Research In-
stitute’s Center for Birth Defects Research and Preven-
tion, point to the link between babies with congenital
heart defects and the presence of certain plasma bio-
markers.

The study measured biomarkers of the folate-dependent
methionine/homocysteine pathway among 314 women.
Two hundred and twenty four of the subjects had chil-
dren with congenital heart defects, and 90 had children
who were unaffected. All of the women who had children
with heart defects had higher average concentrations of
homocysteine and lower average concentrations of me-
thionine.

The findings were published in the January 2005 issue of
American Journal of Clinical Nutrition, (www.ajcn.org)
and while they will still need to be verified through sub-
sequent tests, this study is the first to show the associa-
tion between these biomarkers and congenital heart de-
fects.

“This is important, because it is the first step in identify-
ing a specific metabolic profile in women who have an
increased risk of producing children with congenital
heart defects,” Hobbs said. ‘If we can do that, we may be
able to identify women who are at higher risk of having
pregnancies affected by congenital heart defects before
they even conceive. We could then prescribe a targeted
clinical intervention that would increase their chances of
having a healthy pregnancy.”

Congenital heart defects are the most prevalent birth
defect in the United States where 11 in 1,000 children
are born with some form of the condition. While it is the
most common birth defect, it also is one of the least un-
derstood. Only about 15% of heart defects can be attrib-
uted to a known cause.

At this time, the best tool to manage these defects is for
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an expectant mother to have an ultrasound during her
second trimester.

“Even with this tool, we can only identify that the prob-
lem exists and make plans for the birth to occur in a cen-
ter where the defect can be treated immediately,” Hobbs
said. “These new findings could be used to prevent the
defect from occurring in some cases.”

The study is funded through a five-year, $4.5 million
grant from the National Institute of Child Health and Hu-
man Development. Dr. Hobbs is an associate professor
Pediatrics, University of Arkansas for Medical Sciences
College of Medicine.

For more information: www.archildrens.org or
www.ajcn.org

U.S. Patent & Trademark Office Issues Patent
No. 6,830,584 to CoreValve for Its 'Device for
Replacing a Cardiac Valve by Percutaneous
Route’

PARIS, FRANCE & IRVINE, CA, USA.--(BUSINESS
WIRE)

CoreValve S.A. has announced that the United States
Patent & Trademark Office has issued Patent No.
6,830,584 to CoreValve, thus protecting the Company's
'device for replacing a cardiac valve by percutaneous
route'--i.e., the CoreValve Percutaneous ReValving Sys-
tem.™

With ReValving,™ heart valve replacement can be per-
formed 'non-surgically' in a cardiac 'cath lab' just like
angioplasty and stenting, resulting in less trauma to the
patient and substantial cost-savings to the healthcare
system compared to open-heart surgery to replace dis-
eased heart valves.

"U.S. patent protection for ReValving is critically impor-
tant, of course--particularly in light of the fact that we
already have clinically established that ReValving is fea-
sible to non-surgically treat the widest possible range of
diseased heart-valve patients, including traditional surgi-

Sponsored By
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For information, please call 1-800-BBRAUN2 (227-2862) or visit www.bbraunusa.com
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Making a difference,
one patient at a time.

Are you looking for a well-vespecred rechnologically advanced bealth care syseem
wieh rhe added bewefir of a naionally vecognized veseavch faciliey? Thar s exacely
whar yeu I find ar Marshfield Clinic 5 40 cenvers in conmunivies ihronglous

seenic ceneval weseern and northern Wisconsin,

Marshfield Clinic is a 700+ physician-directed muld-spedalry group practice
with over 80 medical specialties. Cutrennly, we're seeking a third BC/BE
Pediatric Cardiologist to join its wrdary facility in Marshfield, Wisconsin, The
tight candidate will join a large pediatric department of general and subspecialty
trained pediatricians. Opportunities exist for teaching and research with our
pediatric residency and the Marshfield Clinic Research Foundation., A 504-bed
acute care facility with a Level I PICU and Level IIT NICU adjoins the clinic on

the medical campus.

Marshfield Clinic offers its physicians an excellent salary and benefits, along with
the opportunity for personal and professional growth. Interested candidates may
contact either of our pediatric cardiologists, Dr. Kathy Finta or Dr. Julie Dietz at
{800) 782-8581 to learn mote, or may submit their CV and questions to:

Mary Tieichel, Physician Recruiter, Marshfield Clinic, 1000 N. Oak Avenue,
Marshfield, W1 54449, or call (800) 782-8581 extension 19774, or fax to (715)
221-9779; E-mail: treichel . mary@marshfiel dclinic.org

Check out our web site to learn more about Marshfield Clinic ar:
www.marshiieldclinic.orgfrecruit

MARSHFIELD CLINIC,
Where the future of medicine fves

Wlarshfield Clinie is an Affirrative Action/Equal Oppartunity emplojer that values diversity,
inarities, fionales Individuals with disabilives ard vererns ar enoourged o apphy Somy. not 2 bealth pofissioral shonage aea,
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cal-candidates," said Jacques Seguin, MD, chairman and
CEO of CoreValve. "Indeed, CoreValve's ReValving ap-
proach has potential universal applicability to percutane-
ously treat the two most prevalent diseases of the aortic
valve--stenosis and regurgitation," added Professor
Seguin.

About CoreValve

Privately held CoreValve, S.A., headquartered in Paris,
France, has developed a proprietary delivery system for
percutaneous heart valve replacement, based on a novel
catheter-and-self-expanding-stent approach on a beating
heart, thus avoiding open-heart surgery. The CoreValve
procedure--with the proprietary CoreValve Percutaneous
ReValving System™ --can be performed in a cardiac
"cath lab" just like angioplasty and stenting, resulting in
less trauma to the patient and substantial cost-savings to
the healthcare system.

For more information: www.corevalve.com

Rare childhood genetic syndrome identified:
Multiple problems include cardiac arrhythmias
and atypical autism

Researchers at Children's Hospital Boston, Howard
Hughes Medical Institute and the University of Utah have
identified a rare, previously undiscovered genetic syn-
drome that is often fatal by the second year of life, but
which may be treatable with calcium channel-blocking
drugs. Findings were reported in the October 1, 2004
issue of the journal, Cell.

The disease, named Timothy Syndrome after one of the
paper's authors, is characterized by a variety of problems
including heart arrhythmias, congenital heart abnormali-
ties, webbed hands and feet, a weakened immune sys-
tem, cognitive abnormalities, and, surprisingly, autism.
The researchers have identified 17 children with the syn-
drome, seven of whom were living.

Despite the complexity and severity of Timothy Syndrome,
the researchers show that it arises from a single, spontane-
ous, very subtle gene mutation in the mother's egg or fa-
ther's sperm - substitution of a single base pair. The reason
so many body systems are affected is that mutation impairs
a very fundamental molecule, a type of calcium channel,
that is found in many tissues and organs.

Do You Want to Recruit a Pediatric Cardiologist?

Advertise in the only monthly publication totally dedicated
to pediatric and congenital cardiology. For more information:
Recruitment@CCT.bz
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Calcium channels control how much calcium can get in-
side a cell. Calcium is one of the body's most important
signaling molecules, and normally, cellular calcium levels
are tightly regulated. Dr. Mark Keating, senior author of
the study and a Howard Hughes Medical Institute investi-
gator at Children's Hospital Boston, likens the calcium
channel to a screen door.

"After you go through the screen door, it automatically
closes," he says. “This mutation dismantles the automatic
closing mechanism, so the door just stays open."

As a result, cells are overwhelmed by an influx of cal-
cium. Because calcium-channel blocking drugs can ame-
liorate calcium overload, these medications may be use-
ful for treating arrhythmia and cognitive deficits in indi-
viduals with Timothy Syndrome, Keating says.

Experiments also showed that the gene encoding the
calcium channel was active not only in heart muscle
cells, but in tissues of the gastrointestinal system, lungs,
immune system, smooth muscle, testes, and brain - in-
cluding brain regions that are known to show abnormali-
ties in autism. Keating notes, however, that autism is a
complex disorder with many different causative factors.

The study was led by Igor Splawski, PhD, in the Cardio-
vascular Research Division at Children's Hospital Boston
in collaboration with the University of Utah and the Bos-
ton University School of Medicine. The researchers will
continue to treat patients with Timothy Syndrome and
evaluate their response to calcium-blockers. They will
also continue to look for arrhythmia genes and other cal-
cium channels that might be involved in arrhythmia, and
try to determine whether this calcium channel is involved
in other forms of autism.

Children's Hospital Boston is the nation's leading pediat-
ric medical center, the largest provider of health care to
Massachusetts' children, and the primary pediatric teach-
ing hospital of Harvard Medical School.

For more information: www.childrenshospital.org
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A RITZONA PEDATRIC CARDIOLOGY CONSULTANTS

Positions
Available

PEDIATRIC

CARDIOLOGISTS
Phoenix, Arizona

We are seeking two BC/BE Pediatric Cardiologists to
join a 12-member group practice with offices in the
Phoenix and Tucson metropolitan areas. For the
Phoenix area practice, we are recruiting two generalists
with experience in fetal, transthoracic and transe-
sophageal echocardiography. In 2004, this premier
group performed over 400 catheterization cases, over
400 fetal echocardiograms and close to 12,000 echo-
cardiograms, (over 5,000 were done in the office). The
practice is engaged in clinical research and covers
teaching rotations for residents and medical students.

While living in Phoenix enjoy 325 days a year of sun-
shine, 200 picturesque golf courses, world-class dining,
exhilarating outdoor adventure, trendy shopping and
enriching culture.

Receive a competitive income plus outstanding benefits
including health, life and disability insurances, paid mal-
practice insurance and generous CME allowance.

For more information on these exciting
opportunities please contact
Lori Abolafia, Physician Relations Specialist
e-mail: lori_abolafia@pediatrix.com

Pediatrix Medical Group
1301 Concord Terrace
Sunrise, FL 33323

877.456.8686 toll free

877.780.4242 toll free fax
www.pediatrix.com

The SONOS 7500 system with Live 3D Echo ...
for better visualization of congenital heart defects

Learn more at:
www.medical.philips.com/flive3D
or call B00-229-6417

PHILIPS

www.CongenitalCardiologyToday.com
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