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Abstract

and on behalf of the EPICARD study group

Background: Congenital heart defects (CHD) and preterm birth (PTB) are major causes of infant mortality. However,
limited data exist on risk of mortality associated with PTB for newborns with CHD. Our objective was to assess
impact of PTB on risk of infant mortality for newborns with CHD, while taking into account the role of associated

anomalies and other potentially confounding factors.

Methods: We used data on 2172 live births from a prospective population-based cohort study of CHD (the
EPICARD Study) and compared neonatal, post-neonatal and overall infant mortality for infants born at <32, 32-34

and 35-36 weeks vs. those born at term (37-41 weeks).

Results: Preterm newborns had a 3.8-fold higher risk of infant death (17.9%) than term newborns (4.7%), RR 3.8,
95%Cl 2.7-5.2; the risk associated with PTB was more than four-fold higher for neonatal (RR 4.3, 95% Cl 2.9-6.6) and
three-fold higher for post-neonatal deaths (RR 3.0, 95% ClI 1.7-5.2). Survival analysis showed that newborns

<35 weeks had a higher risk of mortality, which decreased but persisted after exclusion of associated anomalies and

adjustment for potential confounders.

Conclusions: Preterm birth is associated with an approximately four-fold higher risk of infant mortality for
newborns with CHD. This excess risk appears to be mostly limited to newborns <35 weeks of gestation and is

disproportionately due to early deaths.

Keywords: Preterm birth, Congenital heart defects, Mortality

Background
Preterm birth (PTB) and congenital heart defects (CHD)
are two major causes of mortality, morbidity and disabil-
ity of perinatal origin [1-4]. Moreover, newborns with
CHD are at a higher risk of PTB [5, 6] and both PTB
and low birth weight have been shown to be risk factors
for hospital mortality for newborns with CHD [7-10].
Reported infant mortality rates for newborns with
CHD and preterm birth range from 20% [5] to 65% [11]
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with most of the deaths occurring during the first 28 days
of life. There is some evidence suggesting that progress
in medical and surgical management of newborns with
CHD, and/or specifically those with PTB, has resulted in
more favorable outcomes for infants undergoing cardiac
surgery [12, 13]. However, by far most of the available
literature looking at the impact of PTB on the outcomes
of CHD are based on hospital series [7, 14—17] and con-
cern essentially cases of cardiac surgery in specialized
centers.

In the only previous population-based study reporting
on the impact of PTB on the risk of infant mortality for
newborns with CHD [5], the main focus was on the rela-
tion between risk of PTB and presence of CHD. The
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authors also reported descriptive data on the risk of
infant mortality for CHD associated with PTB. They
found that the overall infant mortality rate for newborns
with CHD was 13%, whereas for the subgroup of pre-
term infants with CHD, risk of mortality was 20%. This
study did not examine the role of associated anomalies,
the degree of severity of CHD and the effects of poten-
tially confounding factors, notably multiple pregnancies
and intrauterine growth restriction (IUGR) on the risk
of mortality associated with preterm birth for newborns
with CHD.

Using data from a population-based cohort study of in-
fants with CHD (the EPICARD study), we examined the
association between PTB and the risk of infant mortality
for newborns with CHD for: i) all CHD combined, ii) “iso-
lated” CHD (excluding CHD associated with chromo-
somal or other anomalies) and iii) “isolated major CHD”
(isolated CHD excluding ventricular septal defects).

Methods

Data source

EPICARD (Etude EPIdémiologique sur le devenir des
enfants porteurs de CARDiopathies congénitales) is an
ongoing prospective cohort follow-up study of all chil-
dren with a CHD born to women in the Greater Paris
area (Paris and its surrounding suburbs) between 2005
and 2008 [18].

All cases (live births, pregnancy terminations, fetal
deaths) diagnosed in the prenatal period or up to one
year of age in the birth cohorts between May 1st 2005
and April 31st 2008 were eligible for inclusion. Multiple
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sources of data including all maternity units, pediatric
cardiology and cardiac surgery centers, fetal and
neonatal pathology departments, neonatal and pediatric
intensive units, infant units and outpatient clinics in the
catchment area as well as a neighboring tertiary care
center were regularly consulted to attain completeness
of care registrations.

The total number of births (live births + stillbirths) in
the study population base was 317,538, which included
314,022 live births. The total number of cases (live
births, terminations of pregnancy for fetal anomaly and
fetal deaths at >20 weeks of gestation) included in the
EPICARD cohort was 2867 (Fig. 1). After excluding ter-
minations of pregnancy for fetal anomaly (N = 466) and
fetal deaths (N = 53), our initial study population
comprised 2348 live births. Five (0.2%) cases had missing
information on gestational age and were excluded from
the analyses. We also excluded isolated atrial septal
defects (N = 153, 6.5%) (ASD) in order to minimize any
ascertainment bias. Preterm infant are more likely to
undergo echocardiography resulting in detection of
minor isolated ASD that may otherwise go undiagnosed.
In addition, isolated minor ASD may be difficult to dis-
tinguish from patent foramen ovale. Finally, we excluded
post term delivery (i.e. delivery after 42 weeks). After
these exclusions, there were 2172 newborns in our final
study population.

Cardiac anomalies associated with a known chromo-
somal anomaly accounted for 6.2% (N = 134), and those
with anomalies of other systems, including genetic
syndromes, 15.5% (N = 337) of newborns with CHD.

(N=2867)

EPICARD Study population at inclusion

Termination of pregnancy for fetal anomaly (N=466)
Fetal deaths at > 20 weeks of gestation (N=53)

Live births (n=2348)

Exclusion criteria :

Isolated atrial septal defects (N=153)
Missing information on gestational age (N=5)
Post term delivery, after 42 weeks (N=18)

Study Population, N=2172

Fig. 1 Flow chart — Study Population
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Statistical analysis

We compared the risk of infant mortality for newborns
with preterm (gestational age < 37 weeks) vs. term (37—
41 weeks) births for (i) all cases of CHD, (ii) “isolated”
CHD (all cases excluding those associated with chromo-
somal anomalies or anomalies of other systems, includ-
ing genetic syndromes; (iii) “isolated major” CHD
(“isolated” CHD excluding VSD, as the latter are most
frequently benign CHD that do not require any
intervention).

We conducted separate analyses for timing of infant
mortality for the following periods: early neonatal (<
1 week), late neonatal (7-27 days), early post-neonatal
(28 days to three months) and late post-neonatal (three
month to one year of age).

We calculated proportions with 95% binomial exact
confidence intervals. We used poisson regression to
compare the risk of death for preterm vs. term births.

In addition, for “isolated” and “isolated major” CHD,
we used Kaplan-Meier survival curves to represent the
risk the death over time for newborns in the following
gestational age groups: 28—31 weeks, 32-34 weeks, 35—
36 weeks and 37-41 weeks. Newborns with gestational
age < 28 weeks were excluded as the sample size
(N = 10) was not sufficient to examine this group separ-
ately. We used the log-rank test to determine the statis-
tical significance of differences in the survival curves.

We used the Cox proportional hazard model to com-
pare the risk (hazard) of death for the four gestational
age groups noted above after taking into account the ef-
fects of the following potentially confounding variables:
maternal age, occupation, geographic origin, diabetes
mellitus, intra-uterine growth restriction (IUGR, <10th
percentile) and multiple births. We tested the assump-
tion of proportional hazards in the Cox model and
found no statistically significant evidence of violation of
this assumption in the Cox model. The R 2.13.2 software
(R Development Core Team (2009), http://cran.r-projec-
t.org/) was used for data analysis.

Results

Study population

Table 1 shows the characteristics of the study population
for preterm (< 37 weeks) and term (37—-41 weeks) new-
borns with CHD. Overall, 13.6% (95% CI 12.2-15.1) of
newborns were preterm. Median gestational age at birth
was 39 weeks for term infants, and 35 weeks for preterm
infants.

Mothers of preterm newborns were on average older
(31.1 vs. 32.3 years p < 0.001), and more likely to be un-
employed or from African origin. Preterm newborns
were more likely to have associated chromosomal (13.2%
vs. 5.1% for full term newborns) or other anomalies
(24.3% vs. 14.1%) and IUGR (22.6% vs. 11.9%). Multiple
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pregnancies accounted for 17.9% of preterm vs. 2.4% of
term newborns (all p-values <0.05). The proportion of
maternal diabetes was higher (7.1% vs. 4.4%) and that of
prenatal diagnosis lower (20.0% vs. 24.7%) for preterm
vs. term newborns; however, these differences did not
reach statistical significance (p-values 0.08 and 0.07,
respectively).

The overall infant mortality rate was 6.5%. Preterm
newborns had a 3.8-fold higher risk of infant death
(17.9%) than term newborns (4.7%), RR 3.8, 95%CI 2.7—
5.2 (Table 2). The higher risk of mortality for preterm
newborns appeared to be greater in the neonatal (RR
4.3, 95% CI 2.9-6.6) than in the post-neonatal (RR 3.0,
95% CI 1.7-5.2) period. However, the confidence inter-
vals were relatively wide and overlapping.

After excluding chromosomal and other anomalies,
risk of infant mortality for preterm newborns with “iso-
lated” CHD was 2.6-fold higher than term newborns (RR
2.6, 95% CI, 1.5-4.5). For “isolated major” CHD (i.e.,
CHD excluding cases associated with chromosomal or
other anomalies and VSD), risk of infant mortality asso-
ciated with PTB was 1.6-fold higher than for term new-
borns (RR 1.6; 95%CI 1.0-2.8) (Table 2).

Survival analysis

Figure 2 shows the survival curves for four gestational
age groups: 28-31 weeks, 32-34 weeks, 35-36 weeks
and 37-41 weeks for newborns with isolated CHD.
Newborns with gestational age less than 35 weeks had
significantly lower survival rates than those born at term
whereas the survival curves for newborns 35-36 weeks
were very similar to those born at term. Most of the dif-
ferences across the survival curves were due to early
deaths in the neonatal and early post-neonatal period.
Differences in survival curves (Fig. 3) for isolated major
CHD (isolated CHD, excluding VSD) paralleled those
noted above; however the “baseline” risk of mortality
was higher for all gestational age groups after exclusion
of VSD.

Table 3 shows the results of the Cox proportional haz-
ards models for estimating the hazard ratios of mortality
across the four gestational age groups after taking into
account the effects of potentially confounding factors in-
cluding maternal age, occupation, geographic origin, dia-
betes mellitus, intra-uterine growth restriction (IUGR,
<10th percentile) and multiple births. The adjusted haz-
ard of mortality for children with isolated CHD was 4.0
(HR 4.0, 95%CI 1.5-10.5) and 5.4 (HR 5.4, 95%CI 2.1
13.9) higher for newborns at 28-31 weeks and 32-
34 weeks of gestational age, respectively, as compared
with term newborns. The hazard ratio for newborns at
35-36 weeks was not statistically significant (HR 0.9
95%CI 0.3-2.7). The adjusted hazard ratios associated
with low gestational age groups for newborns with
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Table 1 Maternal and fetal characteristics of the study populationn
Term (N = 1876) Preterm (N = 296) p
n % n %
Characteristics
Fetal Gestational age: median(range) 39 (37-41) 35 (24-36)
Birthweight: median(range) 3240 (1380-5550) 2080 (500-4770) <0.001
IUGR (< 10th percentile) 223 119 67 226 <0.001
Multiple pregnancy 45 24 142 480 09
Male 894 47.7
Associated anomalies
chromosomal 95 5.1 39 132 <0.001
other systems 259 138 74 25 <0.001
Maternal Age in years: mean 31.1 323 0.002
<30 710 38.1 89 30.3 <0.001
30-34 652 350 103 350
35-39 376 20.2 63 214
240 124 6.7 39 133
Nulliparous 898 483 137 464 0.5
Geographic origin
France 930 499 116 39.2 <0.001
North african 362 194 65 220
African 228 12.2 57 19.2
Other 346 185 58 196
Maternal occupation
professional 444 252 49 176 0.01
intermediate 354 20 46 16.6
administrative/public service 203 11.5 39 14.0
other 285 16.2 50 18.0
none 479 27 94 338
Diabete mellitus 82 44 21 7.1 0.04
Prenatal diagnosis of CHD 375 200 73 247 0.06

isolated major CHD were 2.1 (95% CI 0.8-5.4) and 3.1
(95% CI 1.2-8.1) for newborns at 28-31 and 32—
34 weeks, respectively. There was no evidence of a dif-
ference in the hazard of death between newborns at 35—
36 weeks vs. term newborns (HR 0.6, 95% CI, 0.2-1.9)
for newborns with “isolated major” CHD.

Discussion

Using population-based data on 2172 newborns with
CHD, we found that the risk of infant mortality was
about four-fold higher for preterm vs. term infants with
CHD. The relative risk associated with PTB was lower
(RR ~ 2.6) after cases with associated chromosomal or
other anomalies were excluded and lowest in case of
“isolated major” CHD (“isolated” CHD, VSD-excluded)
(RR ~ 1.6). Survival analysis estimates suggested that the
higher risk of mortality associated with PTB was limited

to newborns with gestational age < 35 weeks and was
disproportionately due to early deaths in the neonatal
and early post-neonatal period. The higher risk of mor-
tality associated with preterm births <35 weeks remained
statistically significant and clinically important after
exclusion of other anomalies and adjustment for poten-
tially confounding factors.

Our estimate for the overall risk of infant mortality for
preterm newborns with CHD (17.9%) are comparable to
those reported by Tanner et al. in a population-based
study in the British population [5]. However, in that study
the authors did not examine the risk of mortality for pre-
term newborns in detail. In particular, the timing of mor-
tality, the role of associated anomalies and the impact of
potentially confounding factors were not analyzed.

Our estimate of the relative risk of infant mortality as-
sociated with preterm birth for newborns with CHD
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Table 2 Risk on infant death in term ans preterm newborns: all cases, isolated CHD® and isolated majour CHD®
Term Preterm
% 95% Cl % 95% Cl RR 95% Cl
All cases N = 1876 N = 296
Neonatal mortality early <7 days 1.5 1.0-2.1 6.1 3.6-94 4.1 23-73
7.3late 7-28d 12 08-1.8 5.7 34-90 4.7 25-87
Total 2.7 20-36 1.8 84-16.1 43 29-66
Post neonatal mortality 28d-3 months 09 0.5-14 24 1.0-4.8 28 1.2-6.7
3m-ly 12 07-1.8 3.7 1.9-66 32 1.6-6.5
Total 2.1 14-238 6.1 36-94 30 1.7-52
Infant mortality <1 year 4.8 38-58 179 13.7-22.8 38 2.7-52
Isolated CHD? N = 1551 N = 200
Neonatal mortality early <7 days 1.0 0.5-16 30 1.1-64 3.1 1.2-79
79late 7-28d 0.8 0.5-14 2.5 0.8-5.7 3 1.1-83
Total 18 12-26 5.5 28-96 30 15-6.0
Post neonatal mortality 28d-3 months 05 02-1.0 1.5 03-43 29 0.8-10.8
3m-ly 0.8 04-14 1.0 0.1-36 13 0.3-5.7
Total 13 08-20 25 08-5.7 19 0.7-5.1
Infant mortality <1 year 3.1 22-40 8 46-128 26 1.5-4.5
Isolated major CHD® N =542 N=114
Neonatal mortality early <7 days 28 1.6-4.5 53 20-11.1 1.9 08-4.8
late 7-28d 24 1.3-4.1 44 14-99 1.8 0.7-5.0
Total 52 35-74 9.7 49-16.6 19 1.0-36
Post neonatal mortality 28d-3 months 1.5 06-29 26 06-7.5 18 0.5-6.6
3m-ly 2 1.0-36 18 02-6.2 09 02-38
Total 35 2.1-54 44 14-99 13 0.5-33
Infant mortality <1 year 8.7 64-114 14.1 8.2-218 1.6 1.0-28

“Isolated CHD: excluding cases with chromosomal or other anomalies
Plsolated major CHD: excluding cases with chromosomal or other anomalies and ventricular septal defects (VSD)

e — I

Logrank test : p<0.001

Survival probability
050

T
0 100 200 300

Time (days)

28-31 weeks

32-34 weeks

35-36 weeks 37-41 weeks

Fig. 2 Gestational-age specific Kaplan-Meier survival curves for infants with isolated CHD
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Survival probability
050

Logrank test : p<0.002

Time (days)

T
200 300

28-31 woeks

32:34 woeks

35.36 woeks 37-41 weeks

Fig. 3 Gestational-age specific Kaplan-Meier survival curves for infants with isolated major CHD

(RR ~ 3.8) was lower than the relative risk of mortality
associated with preterm birth in the general population
for several European countries and the United States;
where the relative risks of infant mortality associated
with preterm birth were found to be consistently greater
than ten [19, 20]. This lower RR of preterm birth in
newborns with CHD is of course not due to any, as it
were, protective effect of CHD on the risk of mortality
associated with preterm birth. Instead, this is most likely
due to the fact that in newborns with CHD, particularly
those with severe CHD, preterm birth may play a
smaller role as a prognostic factor since the CHD path-
ology, in cases of moderately severe and more so severe
CHD (e.g., functionally univentricular heart) can be a
more important prognostic factor than the gestational
age of the newborn. Indeed, we found that the relative
risk associated with PTB was lower when cases of VSD,
which for the most part represent benign lesions that do

not require intervention, were excluded. This suggests in
turn that as the severity of CHD increases, the effect of
PTB, relatively speaking, decreases.

In addition, the effect of PTB on the risk of mortality
of newborns with CHD may be in part due to differences
in the spectrum of CHD associated with preterm vs.
term births. A previous study [6] found that in general
categories of CHD that were associated with a higher
risk of PTB were also more likely to represent more
severe cases of CHD.

Our study has certain limits. Even though our study
population included more than 2000 cases of newborns
with CHD, we were not able to examine the risk of mor-
tality separately for extremely (< 28 weeks) PTB due to
our limited sample size for this gestational age group. In
addition, our study was not designed to assess the im-
pact of different management strategies (e.g., timing of
surgery [8, 12, 21-24]) for preterm vs. term newborns

Table 3 Cox proportional hazard models of the impact of preterm birth on the risk of infant death

HR 95% Cl pC HRa® 95%Cl p°
Isolated CHD?
Gestational age (weeks) 28-31 6.5 26-163 <0.001 40 1.5-104 <0.001
32-34 49 22-109 54 2.1-139
35-36 1.1 04-3.1 09 0.3-27
Isolated major CHDP
Gestational age (weeks) 28-31 33 13-84 0.003 2.1 08-54 0.045
32-34 3.1 14-6.8 3.1 1.2-80
35-36 038 03-21 06 02-19

“Isolated CHD: excluding cases with chromosomal or other anomalies

Plsolated major CHD: excluding cases with chromosomal or other anomalies and ventricular septal defects (VSD)

“Likelihood ratio test

dadjusted for maternal age, occupation, geographic origin, diabetes, intra-uterine growth restriction (IUGR) and multiple pregnancy
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with CHD. We also could not examine in any detail the
extent to which differences in mortality between preterm
vs. term newborns with CHD may be due to differences
in the spectrum of CHD or the extent to which the ef-
fect of PTB may be modified by different type of CHD.
It should be noted that while we took into account the
potentially confounding effects of certain socioeconomic
factors, the scope of our study was much more limited
than a comprehensive analysis of the many factors asso-
ciated with PTB and CHD, and in particular the poten-
tial role of socioeconomic factors such as education,
income and place of residence, would require. Future
studies should examine in particular the extent to which
any effects of socioeconomic factors on the risk of infant
mortality may be due to (mediated by) preterm birth,
which is known to vary across socioeconomic groups.

Conclusion

We found that overall preterm newborns with CHD,
particularly those who were born at <35 weeks of gesta-
tional age, had a substantially higher risk of mortality
than those born at term (37-41). This higher risk de-
creased but remained statistically significant after exclu-
sion of associated anomalies and adjustment for
potentially confounding factors, including maternal
sociodemographic factors, multiple pregnancies and
IUGR. The relative risk of mortality associated with PTB
was substantially lower for newborns with CHD than the
comparable estimates in the general population. In terms
of absolute risk differences, however, the situation was
different. This is so because a given relative risk of mor-
tality associated with preterm birth for infants with
CHD “translates” into a higher absolute risk difference
since the baseline risk of mortality for full-term infants
with CHD is higher than full-term infants in the general
population.

Future studies should examine the extent to which the
higher risk of mortality associated with PTB may vary
across the spectrum of CHD and assess the role of alter-
native clinical management strategies (e.g., age at sur-
gery) on survival and long-term neuro-developmental
outcomes of preterm newborns with CHD.

Abbreviations

ASD: Atrial septal defect; CHD: Congenital heart defect; Cl: Confidence
interval; EPICARD: Etude EPIdémiologique sur le devenir des enfants porteurs
de CARDiopathies congénitales; HR: Hazard ratio; IUGR: Intrauterine growth
restriction; OR: Odds ratio; PTB: Preterm birth; VSD: Ventricular Septal Defect

Funding

This work was supported by two grants from the French Ministry of Health
(PHRC 2004 and 2008). Additional funding was provided by the AREMCAR
(Association pour la Recherche et I'Etude des Maladies Cardiovasculaires)
association. The funding sources had no role in the study design, data
collection, data interpretation, or the writing of the manuscript.

Page 7 of 8

Availability of data and materials

Access to data is possible in the context of collaborations and with study
protocols to be approved by the scientific and program management
committee of the EPICARD study.

Authors’ contributions

EL participation in conceiving study with BK, conducted the statistical
analyses and wrote the first draft of the manuscript. NL participated in
statistical analysis and design of the study. PYA advised on the analyses in
relation to his expertise in preterm birth. DB and LH advised on the analyses
in relation to their expertise in CHD. TA participated in statistical analyses. FG
participated in study design and the strategy for data analysis. BK conceived
the study, supervised the statistical analyses and revised the first draft with
EL. All authors participated in critical review of the manuscript and approved
the final version submitted.

Competing interests
The authors have no competing interests to disclose.

Consent for publication
Not applicable (no individual patient data).

Ethics approval and consent to participate

The EPICARD study was approved by the French National Committee of
Information and Freedom (Commission nationale de linformatique et des
libertés). In accordance with French laws, at the time of recruitment for the
study (observational/non-interventional) parents received an information
letter in which it was noted that they could refuse to participate in the
study.

EPICARD study group

Principal Investigators: Francois Goffinet, Babak Khoshnood.

Steering Committee:

Damien Bonnet (Hopital Necker Enfants Malades, AP-HP, Centre de référence
M3C, Université Paris Descartes, Paris).

Drina Candilis (Université Paris-Diderot, Paris).

Anne-Lise Delezoide (Hopital Robert Debré, AP-HP, Service de biologie du
Développement, Université Paris-Diderot, Paris).

Francois Goffinet (Groupe Hospitalier Cochin-Hotel Dieu, AP-HP, Maternité
Port-Royal et INSERM U1153, Equipe EPOPé, Université Paris Descartes, Paris).
Lucile Houyel (Hopital Marie Lannelongue, Service de chirurgie des
cardiopathies congénitales, Le Plessis-Robinson).

Jean-Marie Jouannic (Hopital Trousseau, AP-HP, Centre pluridisciplinaire de
diagnosticprénatal, UPMC, Paris).

Babak Khoshnood (INSERM U1153, Equipe EPOPé, Paris).

Nathalie Lelong (INSERM U1153, Equipe EPOPé, Paris).

Suzel Magnier (Hopital Robert Debré, AP-HP, Service de cardiologie, Paris).
Jean-Francois Magny (Hopital Necker Enfants Malades, AP-HP, Service de
néonatologie, Paris).

Caroline Rambaud (Hopital Raymond Poincarré, AP-HP, Service d'anatomie et
cytologie pathologiques — Médecine égale, UVSQ, Garches).

Dominique Salomon (INSERM U1153, Equipe EPOPé, Paris).

Johanna Calderon (INSERM U1153, Equipe EPOPé, Paris).

Project Coordination and Data Analysis Committee:

Frangois Goffinet, Babak Khoshnood, Nathalie Lelong, Thibaut Andrieu, Anne-
Claire Thieulin, Véronique Vodovar.

Independent Data Monitoring Committee (URC Paris Centre et CIC Cochin
Necker Mere Enfant): Maggy Chausson, Anissa Brinis, Laure Faure, Maryline
Delattre, Jean-Marc Treluyer (Groupe Hospitalier Cochin-Hotel Dieu, AP-HP,
Université Paris Descartes, Paris).

External Scientific Committee:

Gérard Bréart, Dominique Cabrol, Alain Sérraf, Daniel Sidi, Marcel Voyer.
Participating Centers:

The Greater Paris Area (Paris and its surrounding suburbs) public (AP-HP) and
private maternity units, Departments of Pediatric Cardiology and Pediatric
Cardiac Surgery, pediatric cardiologists in private practice, Neonatal Intensive
Care Units, Pediatric Intensive Care Units, Emergency Transfer Services
(SMUR), Departments of Pathology, Sudden Death Centers, Departments of
Family and Infant Protection (DFPE).



Laas et al. BMC Pediatrics (2017) 17:124

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Obstetrical, perinatal and pediatric epidemiology research team, Center for
biostatistics and epidemiology, INSERM U1153, Maternité de Port-Royal,
6eme étage, 53 av. de I'Observatoire, 75014 Paris, France. 2Service de
chirurgie des cardiopathies congénitales, Hopital Marie Lannelongue, 133,
avenue de la Résistance, 92350 Le Plessis Robinson, France. *Centre de
référence M3C-Necker, Université Paris Descartes, 140 rue de Sevres, 75015
Paris, France. “Service de pédiatrie et réanimation néonatales CHU Necker
Enfants Malades, Paris, France. *Maternité Port Royal, 53 avenue de
I'Observatoire, 75014 Paris, France.

Received: 20 July 2016 Accepted: 26 April 2017
Published online: 15 May 2017

References

1. Dolk H, Loane M, Garne E. Congenital heart defects in Europe: prevalence
and perinatal mortality, 2000 to 2005. Circulation. 2011;123(8):841-9. doi:10.
1161/CIRCULATIONAHA.110.958405.

2. INSERM. Déficiences ou handicaps d'origine périnatale Dépistage et prise en
charge. 2004. Available at: http://www.senatfr/rap/r03-363/r03-inserm.pdf.

3. Lee JE Jung K-L, Kim S-E, et al. Prenatal diagnosis of congenital heart
disease: trends in pregnancy termination rate, and perinatal and 1-year
infant mortalities in Korea between 1994 and 2005. J Obstet Gynaecol Res.
2010;36(3):474-8. doi:10.1111/}.1447-0756.2010.01222 .

4. Mathews TJ, MacDorman MF. Infant mortality statistics from the 2007
period linked birth/infant death data set. Natl Vital Stat Rep.
2011;59(6):1-30.

5. Tanner K, Sabrine N, Wren C. Cardiovascular malformations among preterm
infants. Pediatrics. 2005;116(6):e833-8. doi:10.1542/peds.2005-0397.

6. Laas E Lelong N, Thieulin A-C, et al. Preterm birth and congenital heart
defects: a population-based study. Pediatrics. 2012;130(4).829-37. doi:10.
1542/peds.2011-3279.

7. Dees E, Lin H, Cotton RB, Graham TP, Dodd DA. Outcome of preterm infants
with congenital heart disease. J Pediatr. 2000;137(5):653-9. doi:10.1067/mpd.
2000.108568.

8. Ades AM, Dominguez TE, Nicolson SC, et al. Morbidity and mortality after
surgery for congenital cardiac disease in the infant born with low weight.
Cardiol Young. 2010;20(1):8-17. doi:10.1017/51047951109991909.

9. Jenkins KJ, Correa A, Feinstein JA, et al. Noninherited risk factors and
congenital cardiovascular defects: current knowledge: a scientific statement
from the American Heart Association Council on cardiovascular disease in
the young: endorsed by the American Academy of Pediatrics. Circulation.
2007;115(23):2995-3014. doi:10.1161/CIRCULATIONAHA.106.183216.

10. Natarajan G, Anne SR, Aggarwal S. Outcomes of congenital heart disease in
late preterm infants: double jeopardy? Acta Paediatr. 2011;100(8):1104-7.
doi10.1111/].1651-2227.2011.02245 x.

11. Boldt T, Andersson S, Eronen M. Outcome of structural heart disease
diagnosed in utero. Scand Cardiovasc J. 2002;36(2):73-9. doi:10.1080/
140174302753675339.

12. Oppido G, Pace Napoleone C, Formigari R, et al. Outcome of cardiac
surgery in low birth weight and premature infants. Eur J Cardiothorac Surg.
2004;26(1):44-53. doi:10.1016/j.ejcts.2004.04.004.

13. Wernovsky G, Rubenstein SD, Spray TL. Cardiac surgery in the low-birth
weight neonate. New approaches. Clin Perinatol. 2001,28(1):249-64.

4. Andrews RE, Simpson JM, Sharland GK; Sullivan ID, Yates RWM. Outcome
after preterm delivery of infants antenatally diagnosed with congenital
heart disease. J Pediatr. 2006;148(2):213-6. doi:10.1016/jjpeds.2005.10.034.

15. Cheng HH, Aimodovar MC, Laussen PC, et al. Outcomes and risk factors for
mortality in premature neonates with critical congenital heart disease.
Pediatr Cardiol. 2011;32(8):1139-46. doi:10.1007/500246-011-0036-3.

16.  Costello JM, Polito A, Brown DW, et al. Birth before 39 weeks' gestation is
associated with worse outcomes in neonates with heart disease. Pediatrics.
2010;126(2):277-84. doi:10.1542/peds.2009-3640.

17. Polito A, Piga S, Cogo PE, et al. Increased morbidity and mortality in very
preterm/VLBW infants with congenital heart disease. Intensive Care Med.
2013;39(6):1104-12. doi:10.1007/500134-013-2887-y.

20.

22.

23.

24,

Page 8 of 8

Khoshnood B, Lelong N, Houyel L, et al. Prevalence, timing of diagnosis and
mortality of newborns with congenital heart defects: a population-based
study. Heart. 2012;,98(22):1667-73. doi:10.1136/heartjnl-2012-302543.
european-perinatal-health-report.pdf. Available at: http://www.europeristat.
com/images/doc/EPHR/european-perinatal-health-report.pdf. 20 Accessed
Jan 2013.

EuroPERISTAT. 2013. Available at: http://www.europeristat.com/. Euro-
Peristat project with SCPE and Eurocat. European Perinatal Health Report.
The health and care of pregnant women and babies in Europe in 2010.
Bové T, Francois K, De Groote K, et al. Outcome analysis of major cardiac
operations in low weight neonates. Ann Thorac Surg. 2004;78(1):181-7. doi:
10.1016/j.athoracsur.2003.12.066.

Chang AC, Hanley FL, Lock JE, Castaneda AR, Wessel DL. Management and
outcome of low birth weight neonates with congenital heart disease. J
Pediatr. 1994;124(3):461-6.

Rossi AF, Seiden HS, Sadeghi AM, et al. The outcome of cardiac operations
in infants weighing two kilograms or less. J Thorac Cardiovasc Surg. 1998;
116(1):28-35.

Hickey EJ, Nosikova Y, Zhang H, et al. Very low-birth-weight infants with
congenital cardiac lesions: is there merit in delaying intervention to permit
growth and maturation? J Thorac Cardiovasc Surg. 2012;143(1):126-136,
136.e1. doi:10.1016/},jtcvs.2011.09.008.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central



http://dx.doi.org/10.1161/CIRCULATIONAHA.110.958405
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.958405
http://www.senat.fr/rap/r03-363/r03-inserm.pdf
http://dx.doi.org/10.1111/j.1447-0756.2010.01222.x
http://dx.doi.org/10.1542/peds.2005-0397
http://dx.doi.org/10.1542/peds.2011-3279
http://dx.doi.org/10.1542/peds.2011-3279
http://dx.doi.org/10.1067/mpd.2000.108568
http://dx.doi.org/10.1067/mpd.2000.108568
http://dx.doi.org/10.1017/S1047951109991909
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.183216
http://dx.doi.org/10.1111/j.1651-2227.2011.02245.x
http://dx.doi.org/10.1080/140174302753675339
http://dx.doi.org/10.1080/140174302753675339
http://dx.doi.org/10.1016/j.ejcts.2004.04.004
http://dx.doi.org/10.1016/j.jpeds.2005.10.034
http://dx.doi.org/10.1007/s00246-011-0036-3
http://dx.doi.org/10.1542/peds.2009-3640
http://dx.doi.org/10.1007/s00134-013-2887-y
http://dx.doi.org/10.1136/heartjnl-2012-302543
http://www.europeristat.com/images/doc/EPHR/european-perinatal-health-report.pdf
http://www.europeristat.com/images/doc/EPHR/european-perinatal-health-report.pdf
http://www.europeristat.com
http://dx.doi.org/10.1016/j.athoracsur.2003.12.066
http://dx.doi.org/10.1016/j.jtcvs.2011.09.008

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source
	Statistical analysis

	Results
	Study population
	Survival analysis

	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	EPICARD study group
	Publisher’s Note
	Author details
	References

