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Abstract
The purpose of this article is to provide a summary of the initial, published results of a large, prospective,
population-based cohort study of children with structural congenital heart defects in France. We also discuss the
current and future work to be done in this study.
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Introduction
With a total prevalence of 1%, Congenital Heart Defects (CHD) is
the most common group of malformations [1-5]. CHD comprise
approximately half of all deaths due to congenital anomalies [6,7]; the
latter have become one of the principal causes of infant mortality in
high-resource countries. In addition, despite important advances in
diagnosis and clinical care of CHD [8-10], substantial risks for cardiac
and general morbidity as well as long-term adverse neurodevelopmental outcomes are associated with CHD [11-18]. Most of the
literature on the medical and surgical care, as well as outcomes of are
based on data from referral centers [12,15,16,19-22]. However,
population-based studies including all cases in a geographicallydefined population are needed to assess outcomes of CHD while
avoiding the recruitment bias of hospital series. Population-based
studies also allow unbiased estimates of the effects of prognostic factors
such as prenatal diagnosis of CHD. Such epidemiologic studies data
have been relatively rare and the existing data have important
limitations, such as inadequate characterization of different groups of
CHD [5,10,19,23].

EPICARD (Epidemiology of Children or Fetuses with
Congenital Heart Defects) Study
EPICARD was a population-based, prospective cohort study of
short and long-term outcomes of newborns with a structural CHD.
The population base for the study included all births to women in the
Greater Paris area (Paris and its surrounding suburbs) area between
May 1, 2005 and April 30, 2008. All CHD in live births, Terminations
Of Pregnancy for Fetal Anomaly (TOPFA) and fetal deaths ≥ 20 weeks
diagnosed in the prenatal period or up to 1 year of age were included
in the study. Exclusion criteria included patent ductus arteriosus and
patent foramen ovalae, as well as, cardiac tumors, cardiomyopathy
(without structural CHD) and arrhythmias.
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Data were collected from maternity units, pediatric cardiology,
centers for cardiac surgery, fetal and neonatal pathology departments,
neonatal and pediatric intensive care units, pediatric services and
outpatient clinics in Greater Paris and neighboring tertiary care
centers.
Informed consent was obtained from study participants, and the
study was approved by the CNIL (French National Committee of
information and Liberty). Follow-up of children in the EPICARD
included assessments at one, 31/2 and eight years of age.

Coding and Classification of CHD
Two paediatric cardiologists in the EPICARD study group coded
each case with one, or in less than 20% of cases, two or more six-digit
codes of the International Paediatric and Congenital Cardiac Code
(IPCCC) [24,25]. Each case was then classified into one of the ten main
categories of the Anatomic and Clinical Classification of CHD, ACCCHD [24]; the latter is based on a multi-dimensional approach
including criteria based on anatomy, echocardiography, clinical and
surgical management of CHD. ACC-CHD includes ten main
categories, ordered in accordance with the direction of blood flow and
23 subcategories. It is designed to use the codes of IPCCC but can
accommodate ICD10.

Outcomes and Predictor Variables
The major outcomes of interest include prevalence, mortality,
morbidity (cardiac and more general morbidity), and long-term
cardiac, respiratory and neurodevelopmental outcomes. The predictive
variables examined include risk factors for CHD, notably assisted
reproductive technologies, timing of diagnosis (prenatal vs. post-natal,
including “late” postnatal diagnosis), type of CHD and clinical
characteristics, including medical management, preoperative status,
type of surgery and postoperative status. Supplementary clinical
characteristics (gestational age, birth weight and Apgar score) are
evaluated both as early outcome variables and as potential
confounding variables (for example in studies looking at postoperative
and more generally infant mortality). In addition, we look at the
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predictive ability of existing surgical risk or complexity, RACHS-1 [26]
and Aristotle [27], respectively. We also aim to develop alternative
scores that may have greater predictive ability, including for children
who do not undergo surgery. Finally, we assess the role of
socioeconomic factors and place of residence in outcomes of CHD.

Study Population
The total number of live+stillbirths in the study population base
were 317,538, including 314,022 live births. The total number of CHD
cases was 2867, including 2348 live births (82%), 466 TOPFA (16.2%)
and 53 fetal deaths (1.8%).

Results
In this section, we will briefly summarize some of the published
results of the EPICARD study over the past five years.

Prevalence, timing of diagnosis and mortality of newborns
with CHD
In this study, we examined the prevalence, pre- and post-natal
diagnosis, and infant mortality of CHD. The total prevalence of CHD
was 90 and that of live births 78 per 10,000 births. After exclusion of
Ventricular Septal Defects (VSD), 40% of CHD not associated with
chromosomal or other anomalies was diagnosed prenatally and
approximately 30% within the first week of life. Nevertheless, 20% of
“isolated” CHD with VSD excluded was diagnosed after the fourth
week of life. Infant mortality of “isolated” CHD, excluding VSD was
8.5% and 40% of deaths occurred after the fourth week of life. Pre- vs.
post-natal diagnosis, proportions of TOPFA and risk of infant
mortality varied substantially across the categories of ACC-CHD,
suggesting that it may be a useful measure of severity and hence
predictor of outcomes of CHD [28].

Risk of preterm births for newborns with CHD
Preterm birth (PTB) and CHD are two major causes of mortality
and disability of perinatal origin. There are however limited data on
the association between risk of preterm births (PTB) for newborns
with CHD; this is particularly the case regarding population-based
studies of CHD and PTB. We conducted a population-based study to
look at the risk of PTB in newborns with CHD [29]. We also assessed
differential risks of CHD for different categories of CHD, using the
ACC-CHD ten main categories.
We found that 13.5% of the newborns with CHD were PTB. The
odds of PTB were twice as high as that in the general population (Odds
ratio 2.0, 95% CI, 1.6–2.5). This increased risk of PTB was essentially
limited to an increase in spontaneous PTB for newborns with CHD. In
contrast, we found no increased risk related to medical induced PTB.
The higher risk of PTB associated with CHD persisted after exclusion
of chromosomal or other anomalies. We also found substantial
variations in risk of PTB across the categories of CHD, which persisted
after adjustment for known risk factors of PTB and factors related to
medical management of pregnancy and delivery. We concluded that
our finding may be helpful for generating hypotheses about common
underlying developmental mechanisms for CHD and PTB [29].

Assisted reproductive technologies (ART) as a specific risk
factor of CHD
Using data from the Paris Registry of Congenital Malformations
and the EPICARD study, we assessed the risk of CHD for fetuses
conceived after ART [30-32]. We used a case-control design with
malformed controls. In the first study, we looked at the association
between ART and overall risk of CHD as well as for different categories
of CHD. Assisted reproductive technologies included inductors of
ovulation only, in vitro fertilization, and intracytoplasmic sperm
injection. Overall, a higher proportion of cases were exposed to ART as
compared with controls (4.7 vs. 3.6%, p=0.008) and was associated
with a 40% increase in the maternal age, socioeconomic factors, and
year of birth-adjusted odds of CHD without chromosomal
abnormalities [Adjusted odds ratio (OR) 1.4, 95% CI 1.1-1.7]. There
were specific associations between assisted reproductive technologies
and odds of malformations of the outflow tracts and ventriculoarterial
connections (adjusted OR 1.7, 95% CI 1.2-2.4) and of cardiac neural
crest defects and double outlet right ventricle (adjusted OR 1.7, 95% CI
1.1-2.7).
In a second study, we assessed whether there were higher odds of
four selected CHD (hypoplastic left heart syndrome, transposition of
great arteries, tetralogy of Fallot (TOF) and coarctation of the aorta) in
infants conceived by ART. We found that a higher proportion of cases
with TOPF were conceived following ART as compared with controls
(6.6 versus 3.5%, p=0.002); this was not however the case for the other
three CHDs. ART (all methods combined) was associated with a 2.4fold higher odds of TOF after adjustment for maternal characteristics,
paternal age and year of birth [Adjusted OR, 2.4, 95% CI, 1.5-3.7]; the
specific odds of TOF in relation to in vitro fertilization with
intracytoplasmic sperm injection (ICSI) was three-fold higher than
controls (Adjusted OR, 3.0, 95% CI, 1.0–8.9). In contrast, we did not
find any statistically significant associations between ART and
transposition of great arteries; hypoplastic left heart syndrome and
coarctation of aorta. We concluded that the developmental basis of the
specific association between the risk of TOF and ART, in particular the
possible implication of neural crest cells merits to be further
investigated.
Finally, in a third study, we assessed the extent to which the previous
association found between ART and risk of TOF may be mediated by
the multiple pregnancies, more frequent in pregnancies conceived after
ART. We used a path-analysis model using a counterfactual approach
to decompose the total effect of ART into an indirect (that mediated by
the association between ART and multiple pregnancies) and a direct
effect. We found that most (79%) of the effect associated with ART was
a direct effect (i.e., not mediated by multiple pregnancies), whereas
21% of the effect was indirect (i.e., due to multiple pregnancies).
Overall, ICSI was associated with a 3.5-fold higher odd of TOF
(Adjusted OR 3.5, 95% CI, 1.1-11.2); 11% of this effect was indirect
(mediated through multiple pregnancies). Hence, by far most of the
higher risk of TOF associated with ART was a direct effect and only a
small proportion of the effect, particularly in case of ICSI mediated by
multiple pregnancies.

Socioeconomic disparities in health care are not inevitable: A
population-based study of prenatal diagnosis of congenital
heart defects.
In this study, our main objective was to assess socioeconomic
differences in the probability of prenatal diagnosis of CHD; we also
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looked at disparities in Termination of Pregnancy for Foetal Anomaly
(TOPFA). We found that 29.1% (95% CI, 27.5-30.1) of all cases were
prenatally diagnosed. The proportion of CHD prenatally diagnosed
was comparable across categories of maternal occupation, geographic
origin and place of residence. In contrast, we found important
differences in the probability of TOPFA by maternal geographic origin;
for maternal occupation and place of residence however, differences
were smaller and not statistically significant. We concluded that our
result show that with an appropriate health system organization that
provides reimbursed specialized services, access to prenatal diagnosis
can be assured for all socioeconomic groups [33]. Differences we found
in TOPFA across maternal geographic origins may reflect women’s
preferences that should be respected. Nevertheless, these differences
imply that families with fewer resources may become
disproportionately responsible for care of children with severe CHD.

10.

Future Work

15.

We have recently completed the follow-up of the children in the
cohort at 8 years of age. Follow-up at age 8 included a complete
cardiac, neurological, and general pediatric examination as well as an
evaluation of the children's respiratory and neurodevelopmental
outcomes, using standardized instruments (K-ABC2 and NEPSY II).
In addition, parents were asked for information about their children's
behavior and school situation. We have thus obtained important data
about their outcomes at a key age. This follow-up at age 8 of the
children of the cohort is very useful as the literature on the follow-up
of children at high risk shows that longer follow-up periods are
essential for assessing their outcomes. Indeed, the initial or early
assessments do not always reflect the longer term outcomes of children
at high risk (for example, preterm infants) [34-36]. This is particularly
true for the children who undergo surgery several times in early
childhood. The data at age 8 complement those collected at age 3½ and
will help us better understand the changes in outcomes over time and
to identify the prognostic factors of short- and long-term outcomes of
CHD.
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