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Introduction 

Acute or chronic heart failure appears in ap-
proximately 2% of the population, meaning 
1.6 million people of the world’s population 
with a yearly increase of around 160.000 
subjects. The 5 year survival rate of these 
patients is approximately only about 50%, 
and patients in NYHA functional class IV 
have a 50% mortality rate within the first 
year of presentation [1]. These dramatic sta-
tistics point to an absolute need for a thera-
peutic alternative at the 
end stage of congestive 
heart failure. In the adult 
age group, clear therapy 
strategies have become 
more and more estab-
lished, and include me-
chanical circulatory life 
support at the end of the 
cascade of possible treat-
ment modalities, until 
recovery of the myocar-
dium, or as a bridge to 
transplantation. In the 
pediatric age group, how-
ever, acute heart failure is unusual, although 
it justifies aggressive therapy. Pharmacologi-
cal treatment still remains the mainstay for 
congestive heart failure of pediatric patients 
[2,3]. Considering the overall outcome of 
lymphocytic myocarditis, with nearly 90% 
complete myocardial recovery in survivors 
[4], the need for temporary life support sys-
tems seems evident, if medical treatment 
fails in acute life threatening situations and a 
lethal outcome can be anticipated. The lack 
of available appropriately miniaturized sys-
tems, limited clinical experience, and the 

reluctance of the industry to invest in and 
further develop the devices, have delayed 
the progress of this technology for children 
compared to that in adults. The most fre-
quent indications for mechanical circulatory 
support in the pediatric age group are myo-
cardial dysfunction following cardiac surgery, 
acute decompensation of chronic cardio-
myopathy, or fulminant viral myocarditis, or 
myocardial failure in patients with end-stage 
congenital heart defect [5]. Even though me-
chanical circulatory life assist most often 
aims at recovery of the failing myocardium, it 
can also offer a bridge to heart transplanta-
tion, although in this setting a longer period 

of support is required, as 
a result of the prolonged 
waiting for an appropriate 
donor. The shortage of 
donor organs, the esti-
mated 20% mortality while 
waiting for an organ, and 
the significant increase of 
morbidity and mortality 
after 35 days of being 
listed for a transplantation 
further underline the need 
for more appropriate cir-
culatory life systems [6,7]. 
A bridge to transplanta-

tion seems to be more and more important, 
as the 10 year survival rate still exceeds 
50% [8]. This article gives a short summary 
about the current therapeutic concepts, lists 
the indications for mechanical circulatory life 
support, and the different types of assist sys-
tems currently in use. 

Acute Heart Failure and Current         
Treatment Strategies 

Although acute heart failure seldom occurs 
in the pediatric age group, we have to distin-
guish two different patient populations. On 
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one hand there are patients with struc-
turally normal but acutely failing hearts 
after acute or fulminant myocarditis or 
cardiomyopathy, and on the other hand 
are patients suffering from congenital 
heart disease in the early postoperative 
phase of corrective or palliative sur-
gery. For both groups so far, pharma-
cological treatment strives to aggres-
sively manipulate systolic function, in 
the direction of maximal unloading of 
the heart [2]. During the last decade, 
treatment modalities have substantially 
changed with the introduction of new 
agents and modification of drug combi-
nations to modulate systolic and dia-
stolic myocardial function, with regards 
to the optimization of oxygen demand 
and supply, preload and afterload 
[9,10]. Because heart failure results 
from the interplay of hemodynamic, 
neurohumoral, cellular and develop-
mental factors [3], modern heart failure 
treatment is a complex and sophisti-
cated modification of the hemodynam-
ics, more than just normalizing cardiac 
output or improving symptoms. With 
respect to neuroendocrine stimulation, 
myocyte remodeling, cellular energet-
ics and myocyte / connective tissue 
interactions, treatment aims to reduce 
myocardial stress and workload, thus 
economizing heart function and allow-
ing the heart to rest. One of the major 
differences between the adult and the 
infantile or neonatal myocardium 
seems the higher potential of the latter 
two for myocardial recovery [4]. In this 
sense, pharmacological support of the 
pediatric heart is also a bridge to re-
covery, based on the use of diuretics, 
vasodilators, inotropes combined with 
neurohumoral modulators like angio-
tensin converting enzyme inhibitor, b - 
blockers and aldosterone antagonists, 
and digoxin as a neurohumoral modu-
lator and less so as an inotropic agent 
[2,11]. Newer therapies include modu-

lation of the cytokinine response, endo-
thelin receptor antagonists, T - calcium 
channel blockers, angiotensin convert-
ing enzyme inhibitors in combination 
with angiotensin receptor blockers, 
renin antagonists, central neurohu-
moral modulators, immunotherapy and 
gene therapy, and possibly in the fu-
ture stem cell implantation, and gene 
therapy [9,11-13]. Most of those are 
under clinical investigation in large 
multi-centric trials in adults, or under 
evaluation in animal models, and may 
become a new horizon as new agents 
for the pediatric patient in the future. 
However, if all drug support combined 

with specific ventilation modalities and 
induced hypothermia fail, mechanical 
circulatory life support has to be con-
sidered, before irreversible end organ 
damage appears.  

Indications for Mechanical           
Circulatory Assist 

If increasing inotropic medical support 
is followed by inadequate cardiac out-
put or significant malignant arrhyth-
mias, and a realistic chance for recov-
ery exists, a fast and aggressive setup 
of a mechanical circulatory life support 
(MCLS) system offers the only way to 
overcome impending exitus, and allow 
recovery. There is a wide range of po-
tential indications enclosing the various 
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dependent on institutional experience, 
country-specific availability, the under-
lying cause, and on the presence of 
intracardiac shunts or pulmonary func-
tion [18-21]. This chapter gives a short 
overview on the different assist sys-
tems currently used. 

Intraaortic Balloon Pump (IABP) 

Since the beginning of the 1980s, the 
pediatric use of counterpulsation with a 
balloon catheter in the descending 
aorta was introduced, to augment coro-
nary blood flow and to reduce ventricu-
lar afterload [22-24]. Although the 
available miniaturized balloon cathe-
ters have been successfully used in 
pediatric patients, this method is lim-
ited by the normally rapid heart rates of 

etiologies of acute heart failure with 
presumed reversibility within an ac-
ceptable period of time. Table 1 shows 
a summary of the most often reported 
indications for considering MCLS in the 
pediatric age group. 

In all situations where MCLS has been 
necessary, the goal is either recovery 
of deteriorated myocardial function or 
bridge to transplantation. The type of 
life support system used differed ac-
cording to the underlying cause and to 
the regional availability of any given 
circulatory assist system. Due to spe-
cial structural abnormalities in congeni-
tal heart disease, the setup and design 
of the several life assist systems differ 
substantially from the models used in 
the adult population. Except for extra-
corporeal membrane oxygenation 
(ECMO), there are no current valid 
guidelines for initiation of other circula-
tory support systems in the pediatric 
age group [14]. These would need to 
be more firmly established, and early 
enough, before the onset of any irre-
versible end organ damage, in order to 
allow recovery or remodeling of myo-
cardial function, or for a successful 
bridge to transplantation [15]. 

Current Mechanical Circulatory   
Assist Systems in Use 

Besides the limited experience with 
intraaortic balloon counterpulsation in 
the pediatric population, the most wide-
spread method of support with the larg-
est database is ECMO [16,17]. Al-
though both methods appear success-
ful, neither of these techniques is ap-
propriate when mechanical support for 
a longer period of time is required. In-
creasing experience with the use of 
pediatric ventricular assist devices has 
led to an established alternative, when 
buying more time is deemed neces-
sary. The choice of system is strongly 

                     
                 
   

small children, and, therefore, by diffi-
cult synchronization for augmentation 
[25,26]. Furthermore, the efficacy of 
the method is doubtful because of the 
high elasticity of the aortic wall and 
increased aortic compliance in children 
[24]. The utilization of IABP in children 
plays a minor role, strongly owing to 
the fact that isolated left heart failure in 
the pediatric age group is relatively 
rare [10]. 

Extracorporeal Membrane                   
Oxygenation 

ECMO remains the most common tech-
nique of circulatory assist in pediatric 
patients, with an extended experience 
of over two decades [14,20,27-29]. In 
most cardiac centers and in a few large 

Table 1.  Reported indications for pediatric MCLS in the literature. Abbreviations: MCLS,    
mechanical circulatory life assist; ARDS, acquired respiratory distress syndrome; ALCAPA, 
Anomalous left coronary artery connected to a pulmonary artery; ARCAPA, Anomalous right 
coronary artery connected to a pulmonary artery; HLHS, hypoplastic left heart syndrome; 
TAPVD, total anomalous pulmonary venous drainage; PHT, pulmonary hypertension; CPB, 
cardiopulmonary pass. 

Non surgical reasons Postoperatively 

Myocarditis / Cardiomyopathy Deteriorated myocardial function with good 
prognosis 

Myocardial infarction ALCAPA; ARCAPA, HLHS; TAPVD 

Eisenmenger                                                                         
(as a bridge to heart-lung-transplantation) 

Unbalanced ventricular sizes 

Chest or heart trauma Refractory PHT – crisis 

Kawasaki disease Prolonged CPB 

Refractory malignant arrhythmias Resolved intraoperative complications 

Temporary respiratory failure (ARDS) Incorrectable intracardiac status 

Neoplasm Acute rejection after heart transplantation 
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limited to patients in whom restoration 
of myocardial function is anticipated in 
a short period of time (3-8 days), or in 
whom a severe respiratory disorder 
coexists. It is important to weigh the 
consequences of changing ECMO to a 
ventricular assist device if recovery of 
myocardial function does not occur 
within a maximal period of time of 10 
days, before considering ceasing ther-
apy. 

Ventricular Assist Devices 

Ventricular assist devices (VAD) have 
been designed to maximally unload the 
target ventricle and establish a suffi-
cient cardiac output in order to achieve 
either recovery of myocardial function, 
or to serve as a bridge to transplanta-
tion. Until the late 1990`s, the lack of 
appropriate miniaturized devices lim-
ited the use in younger children, but 
specially designed equipment for 
smaller patients has become available, 
allowing the extended utilization of ven-
tricular assist device systems even in 
neonates and small infants [35,36]. 
The VAD as a mechanical circulatory 
life assist setting has important advan-
tages compared to an ECMO circuit 
[21,37]. It requires less anticoagulation 
and significantly fewer blood and plate-
let transfusion, which are major bene-
fits, besides the possibility of mobiliza-
tion of the patient in the long-term set-
ting [21]. Despite the relatively small 
number of pediatric patients who are 
candidates for an assist device, the 
population is growing, and the market 
is surely justified to further develop 
these systems. There are essentially 
different assist devices which can be 
subdivided into several subgroups, into 
pulsatile or non-pulsatile devices, ex-
tracorporeal and intracorporeal, and 
intraventricular axial flow devices. Ta-
ble 2 lists the different VAD systems 
currently in use in pediatric patients. 

of the poorly contracting heart can be 
established with ECMO, potential 
negative side effects also exist. These 
are increasing wall stress of the left 
ventricular wall due to increased after-
load with increasing flows, concomitant 
increased myocardial oxygen con-
sumption, and the significant decrease 
of coronary blood flow during ECMO 
[32,33]. The use of ECMO should not 
be considered if: organ failure is antici-
pated not to be reversible, the underly-
ing cause is of uncorrectable nature, 
there is uncontrollable hemorrhage, or 
mid- or long-term support is required. 
Success rates of nearly 80% in pa-
tients with acute fulminant myocarditis 
who require mechanical circulatory 
support have been achieved, repre-
senting the best indication for ECMO 
[34]. The use of ECMO as an extracor-
poreal life support (ECLS) setting is 

intensive care units, an ECMO circuit is 
available and rapidly deployable. The 
capability of ECMO to provide cardiac 
circulatory and/or respiratory support 
offers a relatively easy way to maintain 
circulation in children, especially in 
those with congenital heart defects. 
The extended possibility of use in pa-
tients with intracardiac defects and 
concomitant respiratory disorders 
makes it to a flexible emergency res-
cue system, and the additional use of a 
left-sided vent or balloon atrial sep-
tostomy allows complete cardiac de-
compression with maximal unloading of 
the heart. Despite survival rates of 40 
to 60% [14,15,20,27,29,30], ECMO 
only offers short-term cardiac life sup-
port, with an increasing onset of com-
plications and lethal outcome beyond 
the tenth day of use [29-31]. Although 
sufficient cardiac output with unloading 

Table 2.  Different ventricular assist devices for pediatric patients for current and future use.  

Non – pulsatile VAD  Pulsatile VAD  

Biomedicus Pump                                       
Biomedicus, Minneapolis, MN, USA  

Berlin Heart                                                  
Mediport Kardiotechnik, Berlin, Germany  

Hemopump                                                   
DLP Corp., Grand Rapids, MI, USA  

Medos-HIA System                                     
Medos Medizintechnik AG, Stolberg, Germany  

Jarvik 2000                                                    
Jarvik Heart, Inc., New York, NY, USA  

Abiomed BVS 5000                                    
Abiomed, Inc., Danvers, MA, USA  

Micromed DeBakey VAD                             
Micromed Tech., Inc., The Woodlands, TX, 

USA  

Heartmate VAD                                          
Thermo Cardiosystems (Thoratec Corp.,    

Pleasanton, CA, USA) 

Heartmate II                                                 
Thermo Cardiosystems (Thoratec Corp.,    

Pleasanton, CA, USA)  

Thoratec VAD                                             
Thoratec Corp., Pleasanton, CA, USA  

 Novacor                                                             
Baxter Healthcare, Oakland, CA, USA  

 Pierce-Donachy Pediatric System                  
USA  

 Toyobo-Zeon pump                                          
Japan  

PAGE 4     SEPTEMBER 2005        INTERNATIONAL EDITION          CONGENITAL CARDIOLOGY TODAY 

http://www.CongenitalCardiologyToday.com
http://www.PedCath.com


www.CongenitalCardiologyToday.com                       © Copyright 2005, Congenital Cardiology Today. All rights reserved                 

Pleasanton, CA, USA) and  Abiomed 
BVS 5000 (Abiomed Inc., Danvers, MA, 
USA), were originally designed only for 
adults, but have also been used for 
adolescents and older children with 
encouraging results [41-47]. The major 
disadvantage of these devices is the 
limitation of their use in patients above 
1.2 m2 and flows more than 2 l/min 
[42-44]. The only VAD systems spe-
cially designed for children of every 
age, including neonates and small in-
fants, are the Berlin Heart VAD (Berlin 
Heart AG, Berlin, Germany) and the 
Medos HIA VAD (Helmholtz Institute, 
Aachen, Germany) [48,49]. Both VAD 
systems consist of pneumatically 
driven pump chambers, and have dem-
onstrated their efficiency and reliability 
even in small infants, which so far had 
only been treatable with ECMO. The 
advantages of long-term mechanical 
circulatory assist, less anticoagulation, 
and mobilization of the patient with low 
complication rates, should make these 
VAD systems the treatment of choice, 
if locally available. Table 3 gives an 
overview of the experience with dif-

Non-pulsatile devices consist of cen-
trifugal blood pumps based on the vor-
tex technology, or implantable axial 
flow pumps with turbine spins of up to 
10000 – 20000 rpm. These VAD sys-
tems can relatively easily create flows 
of up to 5-6 l/min and 3-4 l/min, respec-
tively, and have been mostly used for 
temporary assist of a stunned left ven-
tricular myocardium. The Biomedicus 
pump has especially been used for 
pediatric patients as an assist system 
in deteriorated congestive heart failure, 
and for the acute postoperative course 
of patients with anomalous origin of the 
left pulmonary artery [18,36,38-40]. 
These VAD systems are designed as a 
isolated left or right heart support, and, 
therefore, have a significant limitation 
in use, because in  postcardiotomy 
patients after complex cardiac surgery, 
biventricular support is more often re-
quired. 

The pulsatile VAD systems like the 
Heartmate VAD (Thermo Cardiosystems, 
Inc. [Thoratec Corp., Pleasanton, CA, 
USA]), Thoratec (Thoratec Corp.,  

ferent VAD systems in pediatric pa-
tients. 

Amongst all the devices which have so 
far been employed in the recent years, 
the Berlin Heart pulsatile VAD has 
demonstrated a high reliability and its 
superiority. After more than a decade, 
clearly, it has proven its flexible possi-
bility to sustain either a single or biven-
tricular circulation over a long period of 
time, with a reasonable low complica-
tion and an encouraging success rate 
[35,50,51]. Besides patients with car-
diomyopathy and fulminant myocardi-
tis, postcardiotomy patients after surgi-
cal correction of complex congenital 
heart disease have been treated with 
the Berlin Heart VAD [48,52]. Because 
of the similarity between the Berlin 
Heart and the Medos HIA, the same 
success rate and safety may also be 
anticipated for the Medos HIA in future 
routine use [53-55]. Due to the lack of 
global availability of these systems, 
especially in the USA, many centers 
continue using ECMO or centrifugal 
pumps, like the Biomedicus pump, in 

Table 3.  VAD experiences in pediatric patients. Abbreviations: VAD, ventricular assist device. 

No. of                  
patients  

Age range            
[yrs]  

Duration            
[days]    

% weaned or     
transplanted  

VAD System  Reference  

58 7-17 1-86 70 Thoratec VAD  Reinhartz et al. 2001 [41]  

34 0.1-16 17.3 ± 24.2  56 Berlin Heart VAD  Hetzer et al. 1999 [48]  

28 0.01-15 2-98 72 Berlin Heart VAD  Stiller et al. 2002 [35,65]  

3 Neonates 14-98 66 Medos HIA VAD  Weyand et al. 1998 [53]  

6 0.1-8 0.4-17 76 Medos HIA VAD  Konertz et al. 1997 [36]  

9 0.1-15 1-11 88 Abiomed BVS 5000 / 
Biomedicus Pump  

Ashton et al. 1995 [43]  

12 11-20 0-397 77 Heartmate LVAD  Helman et al. 2000 [46]  
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3 - 8 days [20,29]. The pulsatile VAD 
systems have also demonstrated 
lesser residual neurological defects, 
and better quality of life in surviving 
patients, and thus represent a circula-
tory support modality of choice [37]. 

Summary 

Despite substantial improvements and 
changes in medical therapy, deteriora-
tion of cardiac function sometimes can 
not be controlled or improved. There-
fore, mechanical circulatory support 
has become an important tool for the 
treatment of children with congestive 
heart failure, regardless of its cause. 
Survival rates of 40 to 80% can be 
achieved, depending on the chosen 
method and on the underlying cause. 
The encouraging data on the satisfying 
quality of life for long-term survivors of 
patients after mechanical circulatory 
support justify aggressive therapy in 
life-threatening situations, in which 
death or irreversible organ damage 
from insufficient circulation is expected 
[37]. The choice of the mechanical cir-
culatory assist system is mainly de-
pendent on the availability of the de-
vices in a given center. The use of 
ECMO should be restricted to patients 
with significant residual intracardiac 
lesions or cyanotic congenital heart 
defects, patients with combined respi-
ratory failure, and for patients in whom 
recovery of myocardial function can be 
expected within a reasonable period of 
time, namely 3 - 8 days [16,29-31]. 
Due to the shortage of donor organs, 
and, therefore, long waiting on a pre-
transplantation list, ECMO should not 
be considered as a bridging tool to 
transplant [64]. The encouraging re-
sults of pediatric heart transplantation 
demonstrate the absolute necessity of 
a mechanical circulatory support sys-
tem that enables stabilization and im-
provement of the patient until recovery 

of myocardial function, or transplanta-
tion when a corresponding heart can 
be found [8,17,21]. This goal can be 
reached utilizing ventricular assist de-
vices [17]. Because non-pulsatile VAD 
systems also show limitations and de-
creased success rates during longer 
circulatory assist, pulsatile VAD sys-
tems should be used wherever avail-
able. Of these pulsatile VAD systems, 
the Berlin Heart VAD and the Medos 
HIA VAD are the only ones with spe-
cially designed pump chambers for 
small infants and children with encour-
aging results [35,36,48,50,51,53]. 
These ventricular assist devices now 
offer the possibility for long-term assist 
of pediatric patients, and listing for 
transplantation can now be delayed to 
wait for potential myocardial recovery. 
It is hoped that new concepts in medi-
cal treatment, and / or the combination 
with the early use of mechanical circu-
latory life support, will further improve 
outcome. New technical developments 
are about to come to clinical use in the 
pediatric age group, and short-term 
update of treatment strategies are ur-
gently required to keep abreast with 
the evolving technology. Mechanical 
circulatory life support of pediatric pa-
tients currently plays an important role 
in the treatment of the failing heart, and 
it is difficult to imagine management of 
these patients without these milestone 
advances. 
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A yearly highlight, the “Mannheimer Lec-
ture” was held by fetal cardiology pioneer 
Prof. Lindsey Allan, of London, talking on 
“The Mystery of Nuchal Translucency.” 
Afterwards the assembly went to a wel-
come reception at the Copenhagen City 
Hall, where plenty of delicious food and 
good Danish beer was served!  In addition 
to the welcome reception, the social events 
included a junior’s gathering, a “Tivoli din-
ner” and an after-congress excursion via 
the new tunnel-and-bridge connection to 
Sweden, where attendees visited the me-
dieval castle,  Glimmingehus, and had din-
ner with dishes made from medieval recipes. 

The formal programme included a series of 
Working Group Symposia with invited 
speakers on “Imaging the Coronaries”, 
“Paediatric Pacing: What Sites and How 
Many?”, “Genetics in Congenital Heart Dis-
ease”, “The Bicuspid Aortic Valve”, 
“Isolated Fetal Complete Heart Block” and 
a session called “Complications in the Cath 
Lab.” The later is a yearly, and very popular 
event, which demonstrates a number of 
unwanted,  and at times scary experiences 
from the lab.  Other topics included 
“Communication Matters in Paediatric Car-
diology”, “Imaging in the Cath Lab.”, and 
“Current Management of Hypoplastic Left 
Heart Syndrome.”  There were two state-of-
the-art lectures.  The first was given by 
Fiona Walker of London on “Thrills, Pills 
and Implanons – Contraception for the 
GUCH Patient” relevant also to paediatric 
cardiologists, considering the low age of 
sexual debut in western countries. The 
other was presented by Tom Karl from  San 
Francisco, California, entitled “The Coro-
nary Arteries in Congenital Heart Surgery.” 

The 13 abstract sessions included 81 ab-
stracts and 160 posters, 30 of which were 
also presented orally as “short abstracts.” 

By Joes Ramsøe Jacobsen, MD 

 

The AEPC (Association for European Pae-
diatric Cardiology) meeting in Copenhagen 
this year assembled close to 500 partici-
pants from countries all over the world for a 
rich and varied programme. It was a privi-
lege and pleasure to host this great annual 
event in paediatric cardiology. Dr. Gudrun 
Björkhem, Lund, Sweden was co-chairman. 

The first AEPC meeting was in Lyon, 
France in 1963. Two annual meetings were 
not held because there were World Con-
gresses in the spring of 1980 in  London 
and the spring of 1993 in Paris. 

In recent years the conference itself has 
been preceded by a “teaching course” pri-
marily meant for trainees, but attended by 
many more fully-trained paediatric cardiolo-
gists. This year’s course “Genetics and 
Molecular Biology in Childhood Heart Dis-
ease” was organized by the Working Group 
for Basic Science and Genetics. Basic ge-
netics, techniques, as well as clinical as-
pects, were covered and a special section 
was devoted to the 22q11   Microdeletion 
Syndrome. Previous courses have focused 
on fetal cardiology and on interventional 
paediatric cardiology. 

On 18 May, the opening session of the 
Annual Meeting was attended by our patron-
ess Princess Alexandra. The early description 
of tetralogy in       Copenhagen in 1673 by the 
Danish anatomist Niels Stensen (also known 
as Nicolaus Steno) was commemorated. 
There was entertainment by a “Hans   Chris-
tian   Andersen Parade” – a troupe of actors 
and children from Odense, the birth place of 
the renowned author. The troupe performed 
excerpts from Hans Christian Andersen’s 
famous tales. 
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They covered a wide variety of topics. In 
addition, there were industry-sponsored 
sessions on pulmonary hypertension, echo-
cardiography and other imaging tech-
niques, pacing, interventional closure and 
opening the ductus arteriosus and meta-
bolic heart disease  – a topic rarely treated 
in paediatric cardiology meetings. The pro-
gramme and the abstract book were pub-
lished in Cardiology in the Young, volume 
15; supplement 2. 

Nowadays there are many meetings dedi-
cated to specific, sub-specialized areas 
within paediatric cardiology, e.g. interven-
tions and dysrhythmias, but there are few 
besides the four-yearly World Congresses, 
which offer an opportunity to broadly up-
grade one’s knowledge. Most of us need to 
be well informed about the whole field of 
paediatric cardiology. The annual meetings 
of AEPC rotate among many of the beauti-
ful and historical cities of Europe.  These 
meetings offer continuing medical educa-
tion (accredited for CME by the European 
Board for Accreditation in Cardiology 
[EBAC] www.ebac-cme.org), as well as the 
opportunity to meet with friends and col-
leagues from all over the world.  

The XLI Annual Meeting of AEPC will take 
place next year in Basel,  Switzerland, 24–
27 May. For more information see the 
AEPC website - www.aepc.org.  

~CCT~ 
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technology provides significantly better 
acoustic properties for a radical leap for-
ward in 2D image quality. 

Dedicated to your pediatric cardiology 
clinical and workflow requirements, our 
commitment goes beyond the system and 
its technologies.  Global educational pro-
grams, outstanding service and worldwide 
centers of excellence help you to get the 
most out of your system every day. 

Pediatric echo from Philips…                     
it just makes  sense. 

 

 

ment. Everything about the system is de-
signed to meet the specific needs of pedi-
atric cardiology.  Unique ergonomic fea-
tures make it possible to successfully im-
age the tiniest premie or the largest teen-
ager in many different environments.  Pe-
diatric analysis follows your workflow.  And 
advanced technologies provide best-in-
class 2D imaging and Live 3D Echo and 
give clinicians and surgeons structural 
information to make decision making more 
efficient and outcomes more effective. 

A full complement of cardiac transducers, 
including pediatric and adult TEEs, en-

ables you to image a complete range of 
patient types – regardless of age, disease 
state or body composition. 

In addition, a unique analysis package 
truly follows the patient the way you do – 
so you don’t have to fit your requirements 
into an analysis package designed for 
adult echocardiography. 

The biggest breakthrough in transducer 
material in 40 years, PureWave crystal 

In the last 20 years, there has been a 
revolution in caring for children with con-
genital heart disease. Thanks to advances 
in diagnostics, surgery and treatment, 
many of these children are living into 
adulthood and enjoying active lives.  With 
dedicated pediatric cardiology capabilities, 
the iE33 echo system answers your need 
for high-performance, non-invasive diag-
nostic imaging for these patients. 

From fetal echo to mature adult, the iE33 
system supports the assessment of con-
genital heart disease through every stage 
of life and provides new diagnostic infor-
mation that is changing patient manage-

IN T RO D U C IN G T H E  IE33  PE D I AT R IC  EC H O  SYS T E M           
EC H O S O LU T IO N S FOR  E V E RY  S TAG E  O F  L IFE  

SPE CI AL S PO NSO R ED N EW PRO D UCT IN FO R MAT IO N 

FOR MORE INFORMATION 

Philips Medical Systems                 
22100 Bothell Everett Highway            
Bothell, WA 98021                                  
+1 (425) 487 7000                                            
1 (800) 285-5585     

 www.medical.philips.com/ultrasound 

Transducer Application/Patient 

S12-4 broadband sector array Neonates and small pediatric patients 

S8-3 broadband sector array School-aged children 

S7-3t broadband sector array Pediatric transesophageal echo 

C5-2 broadband curved array Fetal echo 

S5-1 with PureWave crystal technology Young adult and adult 

S7-2omni Adult transesophageal echo 

X3-1 matrix array Live 3D Echo imaging 

A transducer for every need. 

Live 3D Echo           . 

Philips iE33 Pediatric Echo System            . 

PureWave Crystal Technology            . 

“A new analysis package 
for congenital heart         
disease assessment        

includes: LT/RT inflow,   
LT/RT outflow, shunt 
evaluation, chamber 

evaluation, valve                      
investigation.” 
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PedCath™ already contains patient 
demographics, hemodynamic data, cal-
culations, diagnosis, procedure and bill-
ing codes.  The only supplementary data 
is whatever the investigators for a clinical 
study require.  The secondary goal was 
to design the system so that long-term 
follow-up data (such as Echo results, 
etc.) for patients in a study could also be 
added in PedCath™. 

To pilot this system, we developed the 
Mid-Atlantic Group of Interventional Car-
diology (MAGIC), a consortium of Johns 
Hopkins (Allen Everett and  Richard 
Ringel), University of Virginia (Scott Lim), 
Duke University (John Rhodes) and Van-
derbilt University (Tom Doyle) investiga-

It is important that methods are devised 
to minimize or remove these obstacles 
and facilitate the collection of cardiac 
catheterization data for the future of the 
field. 

To address these problems, we took 
advantage of an existing congenital heart 
disease cardiac catheterization database 
used by centers around the world, Ped-
Cath™ (www.PedCath.com).   Working 
with the developer, we modified Ped-
Cath™ to function as a catheterization 
data submission tool and developed a 
database to house the data at Johns 
Hopkins.  The primary goal in the design 
was that very little extra data entry would 
be required.  This is possible because 

By Allen D. Everett, MD 

 

Over the past 20 years, cardiac catheteri-
zation of patients with congenital heart 
disease (1 in 1000 live births/year, > 
1,000,000 adults with congenital heart 
disease, in the US) has moved from the 
realm of diagnosis to therapy.  Greater 
than 70% of cardiac catheterizations for 
congenital heart disease are now thera-
peutic.  However, there presently exists 
no means, at a broad international level, 
to analyze the number and outcomes of 
these therapeutic procedures in children 
and adults.  Existing large databases do 
not address patients with congenital 
heart disease.  As a result, our therapeu-
tic decision making in the care of children 
and adults with congenital heart disease 
is guided by relatively small numbers of 
patients from single institutions rather 
than by evidence based approaches. 

There are significant obstacles to the 
development of outcome studies for 
catheter based techniques. One is the 
physical requirement of data entry.  The 
mechanics of data submission - adding 
data to forms and then submitting the 
information in the context of a busy clini-
cal program - doom the collection proc-
ess to non-compliance and failure.  Also, 
most of the catheter based therapy in the 
US is delivered by medium sized clinical 
programs (200-500 cases/year).  To un-
derstand outcomes in the “real world,” 
results from these centers have to be 
included. Another problem is how to em-
power clinicians at such programs to 
design and conduct clinical research 
through collaboration with other centers. 

DE V E LO P ME N T  O F  A N  IN T E R N AT I O N A L C O N G E N ITA L HE A R T 
DIS E A S E  CA R D IAC  CAT H E T E R IZ AT IO N  DATA BA S E TO  ME A S U R E 
LO N G -TE R M OU TC O M E S  
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Figure 1. an example of limited data to be collected on a frequent procedure-ASD Occlusion. 
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headed by Tom Forbes to study coarcta-
tion of the aorta, is that they allow com-
parison of present and future therapies.  
This information is important at many 
levels, from facilitating FDA approval of 
new devices to defining the best ap-
proach/device for therapy with the lowest 
complication rate. 

In summary we have developed a facili-
tated process for International collabora-
tive research on the outcomes of thera-
peutic cardiac catheterization interven-
tions.  Based on the estimates from the 
current participants in MAGIC, if 50 cen-
ters were members, we could study the 
outcomes of more than 6,000 therapeutic 
interventions a year.  That’s some really 
“BIG MAGIC.” 

~CCT~ 

tors.  We developed data panels in Ped-
Cath™ to collect limited supplemental 
data, such as in a registry, and more 
detailed supplemental data, as in a spe-
cific clinical study on interventions for 
coarctation, atrial septal defect closure 
and pulmonary and aortic valve stenosis.  
Data panels were also developed to col-
lect follow-up data for each of the stud-
ies.  Once data is entered into the panel 
with the click of a button (red heart in 
Figure 1), the data is stripped of HIPAA 
identifiers and immediately transferred by 
FTP (file transfer protocol) to the data 
warehouse at Johns Hopkins for storage 
and analysis by the investigators. The 
database at Johns Hopkins performs 
automated queries, with summary data 
analysis of each study emailed weekly to 
all investigators for review. 

MAGIC’s mission is to determine the 
long- term outcomes of therapeutic inter-
ventions in the cardiac catheterization 
laboratory.  To address this mission, 
MAGIC was designed as an open inter-
national consortium with study proposals 
initiated by individual investigators, with 
approval by an Oversight Committee 
composed of representatives of all the 
participating institutions. Our goal is to 
add as many additional US and interna-
tional centers as wish to participate and 
have participating centers submit new 
protocols for study. 

The significance of efforts such as 
MAGIC and the CCISC Project, spear-

Allen D. Everett, MD                     
Pediatric Cardiology                          
Johns Hopkins University                
Johns Hopkins Hospital                       
600 N. Wolfe St.                               
Brady Building, 5th Floor, Rm. 522      
Baltimore, MD 21287 USA 

Phone: 1-410-502-0699                         
Fax: +1-410-955-0897 

aeveret3@jhmi.edu 

MAGIC 

For more information on MAGIC and 
how to become a member go to: 

www.MAGICgroup.org or send an email 
to: Information@MAGICgroup.com  

“MAGIC’s mission is to 
determine the long-term 
outcomes of therapeutic 

interventions in the        
cardiac catheterization 

laboratory.” 

NEWS: AGA Medical Shareholder   
Litigation has been Settled 

On July 28, 2005, AGA Medical officially 
announced the long shareholder litigation 
had been settled. Franck Gougeon was 
named president and CEO, as well as a 
director and majority shareholder of the 
company.  Tommy Thompson, former 
Secretary of the US Health and Human 
Services, and former Governor of the 
state of Wisconsin, was named Chairman 
of the Board.  Dr. Kurt Amplatz was re-
turned to the company as a board mem-
ber and research consultant in prenatal 
and adult cardiology. And finally, Welsh, 
Carson, Anderson & Stowe, the largest 
private equity investor in the US health-
care industry assumed a significant own-
ership position in the company. 
  
Under the settlement agreement, Michael 
Afremov sold all his shares and will have   
no further association with AGA Medi-
cal.  In addition, the authority of the court-
ordered leadership that helped the com-
pany through the last few years has ex-
pired with the closing of the agreement, 
and the company has returned to normal 
operation.  “I would never underestimate 
the power of loyal physician friends 
around the world who continued to be-
lieve in our work at AGA medical and the 
quality to our products.   We will not dis-
appoint you as we move for-
ward.  Together with our new   strategic 
partner, we expect to further strengthen 
our leadership position in the cardiology 
device industry.  We will continue with 
our RESPECT (Randomized Evaluation 
of Recurrent Stroke comparing PFO Clo-
sure to Established Current Standard of 
Care Treatment) clinical trial in prevent-
ing recurrent stokes.  We will also begin 
to address the needs of migraine head-
aches.  Finally, we will work even harder 
to bring new products to market to ad-
dress current unmet physician and pa-
tient needs,” Franck Gougeon said. 
  
In 2006 AGA Medical plans to consolidate 
operation into a newly redesigned, high-
tech manufacturing facility on a large 
suburban Minneapolis campus. For more 
information see www.Amplatzer.com 
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