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In the new Congenital Heart Disease and Pediatric Cardi-
ology subsection, 186 abstracts were submitted to the
Program Committee of the 55th Annual Scientific Session,
with 60 accepted and presented during 8 abstract sessions.
In addition, there were 17 structured sessions at ACC.06.
Altogether, 50 institutions from 11 nations participated,
underscoring the diversity in “celebrating the cardiology
community.”

These highlights will focus on four topic areas: 1) large
database analyses of populations at risk; 2) pathophysiologic
studies related to clinical aspects of care; 3) the two ends of
the pediatric and congenital heart disease spectrum, namely
fetal and adult populations; and 4) innovative therapies,
including percutaneous pulmonary valve techniques as well
as technology related to patent foramen ovales (PFOs).

POPULATIONS AT RISK

In a study of databases maintained in two of the largest
congenital heart disease population centers—Philadelphia
and Boston—investigators compared data from their re-
gional institutions to those accrued by the Centers for
Disease Control and Prevention (CDC) national database
regarding obesity. This is a pediatric epidemic with numer-
ous health implications and a condition that may pose
additional cardiovascular risk to children with acquired and
congenital heart disease. Because many children with con-
genital heart diseases are restricted from physical activity,
there remain no data to fully define the scope of the
potential threat of obesity within this already at-risk popu-
lation. Pinto et al. (1) showed that the prevalence of obesity
in congenital heart disease patients cared for in either
Philadelphia or Boston is similar to that in nonaffected
adolescents as captured by the national CDC database. This
lack of difference is held across the spectrum of congenital
heart diseases with one exception: there were fewer obese or
at-risk for obesity single-ventricle patients compared to the
national population (p � 0.003).

Thus, the outpatient pediatric congenital cardiac popu-
lation appears at no less risk for obesity than the national
population, giving them additional risk factors for long-
term cardiovascular disability. The authors stated that care-
ful consideration should be given to limiting physical
activities in congenital heart disease patients, weighing the

potential risks of exercise against those of a sedentary
lifestyle.

Although it seems almost incomprehensible, at the other
end of the age spectrum, until recently there have been only
general estimates of the number of adults with congenital
heart diseases in the U.S. or throughout the world. These
estimates were not based on much supportive data. Mackie
et al. (2) analyzed a provincial database regarding physicians’
claims from the province of Quebec and delineated everyone
over 18 years of age who had at least one diagnostic code of
a congenital heart disease lesion; patients were classified as
“severe” if they had a univentricular heart, tetralogy of
Fallot, an atrioventricular canal defect, truncus arterious, or
transposition of the great arteries.

The investigators analyzed the database and determined,
based on all health-related claims, congenital heart disease
prevalence as 5.78 per 1,000, yielding a total of 22,096
adults in that region identified as having congenital heart
disease. If these numbers are extrapolated to the U.S.
population, for the first time, there is substantiation that
there are perhaps some 800,000 adults in this country with
congenital heart disease. For the first time, as well, it
becomes clearly recognized that the number of adults with
congenital heart disease may truly equal the pediatric
population with congenital heart disease.

Additionally, some 8% of adults with congenital heart
disease were classified as having severe lesions. This small
percentage of patients comprised a highly morbid popula-
tion utilizing a high amount of resources (Table 1). These
data suggest that the medical community will need to plan
for appropriate resource allocations to serve this growing
population.

PATHOPHYSIOLOGY

In a small pathophysiology study from Japan, Hata (3)
noted that simple lesions, such as atrial septal defects
(ASDs) and ventricular septal defects (VSDs), that arise
from volume and/or pressure overload in the right heart can
result in sympathovagal imbalance that may be reflected in
heart rate variance. This author measured the correlation
between heart rate variance and respiratory frequency char-
acteristics as well as left-to-right shunt ratio (Qp/Qs), both
indices of sympathetic nerve activity, using Doppler echo-
cardiography. They found a positive correlation between
Qp/Qs and the ratio of low- to high-frequency power in
ASD but not VSD patients. Conversely, Qp/Qs correlated
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negatively with the ratio of total to respiratory frequency
power in ASD patients but positively in VSD patients.

The researchers concluded that untreated ASD and VSD
physiologies demonstrated different effects of respiratory
vagal activity on heart rate variability. This recapitulated the
emerging paradigm that in congenital heart disease patients
with even simple lesions, sympathetic nerve activity may be
activated and suggests that potential markers may eventually
be used to help predict when patients with these simple
lesions should undergo surgery.

Coagulation factor abnormalities, which are thought to
predispose patients to increased embolic risk after Fontan
procedure, may actually precede surgical palliation.
Cheung and Cheung (4) compared these factors in
patients with single-ventricle congenital heart disease
before the Fontan procedure with age-matched post-
Fontan patients and control subjects, measuring liver
function, coagulation factor levels, and pulse oximetry
readings. Liver function was normal in patients before
and after surgery except for mildly elevated bilirubin in
the post-Fontan patients (p � 0.027). Compared with
controls, pre-Fontan patients had lower levels of protein
C, protein S, antithrombin III, and factors II, V, VII, and
X, as well as having higher prothrombin times (all p �
0.05). Similarly, when compared to post-Fontan patients,
pre-Fontan patients had lower levels of protein S (p �
0.001), protein C (p � 0.06), and antithrombin III (p �
0.001). Systemic oxygen saturation correlated positively
with the levels of anticoagulants and procoagulants (all p
� 0.05). Because these abnormalities coincided with the
depth of systemic hypoxemia and tended to normalize

after the procedure, they sway toward consideration of
early intervention in such patients.

EVOLUTION OF EISENMENGER SYNDROME

The central defects of Eisenmenger syndrome lead to an
increase in left-to-right shunting and a change in pulmo-
nary artery pressure and resistance that produce inflamma-
tory changes and ultimately a reversal of shunting and
cyanosis. Clinicians now recognize that over the past six
decades we have had no impact on the survival of this
population.

Two different groups examined the markers of survival in
this population, in whom risk factors such as right ventric-
ular hypertrophy (RVH) and presence of complex anatomy
are high-risk features. A Toronto group considered the
impact of left ventricular dysfunction on survival among
Eisenmenger patients, using medical records and echocar-
diograms of adult patients. In 122 patients, 75 had simple
defects including ASD and VSD; median survival was 53.8
years and there were 47 deaths among the cohort of patients
whose records were in the Toronto Adult Congenital
Cardiac Center (5). On univariate analysis, researchers
found that predictors of death included clinical signs of
congestive heart failure (CHF), RVH, and left ventricular
ejection fraction (LVEF) �50%. Clinical CHF (hazard
ratio [HR] 2.26) and LV dysfunction (HR 3.73) remained
strong predictors of mortality; patients with an LVEF
�50% had a truncated survival curve compared to those
with higher ejection fractions (Fig. 1).

Similarly, investigators in the United Kingdom sought to
determine predictors of death in adult patients with Eisen-
menger syndrome via a case-control study of 182 Eisen-
menger patients from their center (6). During the study

Abbreviations and Acronyms
2D � two-dimensional
ASD � atrial septal defect
CDC � Centers for Disease Control and Prevention
CHF � congestive heart failure
HR � hazard ratio
LVEF � left ventricular ejection fraction
LVV � left ventricular volume
PFO � patent foramen ovale
PVRi � pulmonary vascular resistance, indexed
RT3DE � real-time three-dimensional echocardiography
RVH � right ventricular hypertrophy
SpO2 � oxygen saturation
VSD � ventricular septal defect

Table 1. Health Care Resource Utilization by Severe Adult
Congenital Heart Disease Patients

Relative
Risk

95% Confidence
Interval

Outpatient specialty care 1.25 1.19–1.32
Emergency department

utilization
1.10 1.03–1.17

Hospitalization 1.31 1.20–1.44
Days in intensive care 2.06 1.74–2.44

Figure 1. Impact of left ventricular dysfunction on survival in Eisenmenger
syndrome. In a study of 122 patients, left ventricular dysfunction was a
strong predictor of mortality. Patients with a left ventricular ejection
fraction (LVEF) �50% demonstrated a sharply shortened survival curve
compared to Eisenmenger patients with LVEF � 50%. Reprinted with
permission (5).
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