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Objective To assess whether children with symptomatic congenital heart defects (CHDs) at birth (cyanosis and/or
heart failure) are at greater risk of adverse neurodevelopmental outcomes at 8 years of age.

Study design From a prospective population-based cohort study of newborns with CHDs (EPICARD), we
included 473 children with available neurodevelopmental assessments at 8 years of age. We grouped the CHD
based on symptoms at birth and need for early neonatal intervention. Ventricular septal defects that closed spon-
taneously within the first year of life were considered the control group. Neurodevelopmental outcomes were as-
sessed using the Kauffman Assessment Battery Test for Children, Second Edition, for IQ (mean 100 + 15), and
the Developmental NEuroPSYchological Assessment Battery, Second Edition, for detailed assessment of specific
neurocognitive domains (mean 10 + 3). Multivariable regression analysis was used to compare the outcomes
across the CHD groups after considering potentially confounding variables.

Results Compared with the control group, children with cyanotic CHD without heart failure had lower scores for
1Q, —7.2 (95% CI -13.4 to —1.2). Children with noncyanotic CHD with heart failure had lower scores in the specific
domains of language —1.5 (95% CIl -2.2 to —0.7), and memory and learning —1.3 (95% CI -2.4; —0.3). Those with
both cyanotic CHD and heart failure had lower scores for 1Q, —7.6 (95% CIl -13.5 to —1.8), as well as the specific
domains of language and memory and learning, —2.0 (95% Cl-2.9to —1.0) and —1.1 (95% CI-2.3 to —0.1), respec-
tively.

Conclusions Children with symptomatic CHD at birth are at greater risk of adverse neurodevelopmental out-
comes at 8 years of age, with the greatest risk for those who were born with both cyanosis and heart failure. (J Pe-
diatr 2021;:1-6).

rogress in clinical and surgical care of newborns with congenital heart defects (CHDs) has resulted in a significant

reduction in the risk of mortality for newborns with CHD."” Currently, nearly 90% of children born with CHD will

reach adulthood.' Consequently, the long-term health and neurodevelopmental outcomes of children with CHD
have become an increasingly important issue.

Several studies have investigated the neurodevelopmental outcomes of children with CHD. These studies have found that
some groups of children with complex CHD have lower IQ scores than their peers. They also have lower scores in specific do-
mains (eg, executive function, attention, language, or visual-spatial skills) that can affect academic achievement.”® However,
most of the existing literature includes hospital-based studies, with potentially
limited power and issues of internal and external validity. The only
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The impact of CHD on cognitive outcomes is at least in
part due to their effects on the developing brain as mediated
by the perinatal pathophysiology and neonatal expression of
the CHD.”® These factors also determine symptoms of CHD
at birth and the need for early surgical intervention during
the neonatal period. The extent to which these factors may
be associated with long-term neurodevelopmental outcomes
of children with CHD is not well known.

Using data from a population-based prospective cohort
study of newborns with CHD [the EPIdémiologie des CAR-
Diopaties congénitales (EPICARD) study], our objectives
were to evaluate the neurodevelopmental outcomes of chil-
dren with CHD at 8 years of age using standardized instru-
ments (Kauffman Assessment Battery Test for Children,
Second Edition [KABC-II]/Developmental NEuroPSYcho-
logical Assessment Battery, Second Edition [NEPSY-II])
that allow a detailed, domain-specific assessment of neurode-
velopmental outcomes, and test the hypothesis that children
with symptomatic CHD at birth (cyanosis and/or heart fail-
ure) are at greater risk of adverse neurodevelopmental out-
comes at 8 years old.

EPICARD is a population-based, prospective cohort study of
children with CHD born in Paris and its surrounding areas.”’
All cases (live births, terminations of pregnancy for fetal
anomaly, fetal deaths) diagnosed in the prenatal period, or
up to 1 year of age in the birth cohorts between May 1,
2005, and April 30, 2008, were eligible for inclusion. Diagno-
ses of CHD and associated comorbidities (ie, genetic or ex-
tracardiac anomalies) were confirmed in specialized
pediatric cardiology departments.

Follow-up of children at 8 years of age included a neuro-
developmental assessment and parental questionnaires about
the child’s life habits (eg, diet, sleep, family, and school ar-
rangements), as well as the child’s quality of life. All children
were evaluated by a pediatrician, a pediatric cardiologist, and
a pediatric neuropsychologist. Informed consent was ob-
tained from all study participants, and the study was
approved by the ethics committee of the French National
Committee of Information and Liberty: CPP Ile de France
III (2013-A00234-14).

The standardized neurodevelopmental assessment at
8 years included a global cognitive assessment (IQ) as
measured by the KABC-II and specific neurocognitive do-
mains assessed by the NEPSY-II. The KABC-II for children
8 years old consists of 7 subtests evaluating specific cognitive
skills. A global cognitive score (mean = 100, SD = 15) is
calculated based on all subtest scores. The NEPSY-II assesses
the child’s neuropsychological outcomes in specific func-
tional domains, consisting of several subtests.

Language was evaluated using the subtests Comprehension
of Instructions and Repetition of Non-sense Words. The subtest
Comprehension of Instruction assesses the ability to process
and respond to verbal instructions of increasing syntactic
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complexity. The subtest Repetition of Non-sense Words
assesses phonological encoding and decoding. The domain
learning and memory corresponds to the ability to acquire,
retain, and recall new information. In this study, the subtest
selected was List Memory, which includes memory and word
lists with immediate and delayed recalls. This subtest evalu-
ates various aspects of verbal learning and verbal memory,
including immediate and delayed recall, speed of learning,
and the role of interference from previous and new learning.
The Attention and Executive function domain was evaluated
using the subtest Auditory Attention and Response set (ie, a
measure of auditory attention and sustained vigilance) and
the Inhibition subtest (ie, assessment of the ability to inhibit
automatic responses, self-regulate behavior and alternate
strategies as a measure of flexibility).

Finally, visual-spatial processing was evaluated with the
Geometric Puzzle subtests measuring mental rotation, visuo-
spatial analysis, and attention to detail. All NEPSY-II subtests
domain-specific assessments have a mean of 10 (SD = 3).

The main predictor variable was type of CHD. We aimed
to group CHD into a manageable number of groups based
on clinical relevance, the underlying perinatal pathophysi-
ology of the CHD, its neonatal expression, and the timing
for its optimal management (urgent intervention required
or not). We have termed our classification the Clinical and
Pathophysiological Classification of Congenital Heart De-
fects (CPC-CHD). However, we do not intend this classifica-
tion to serve as a precise proxy, nor do we claim it to
characterize in any detail the complex and incompletely un-
derstood underlying mechanisms of CHD and their effects
on long-term neurodevelopmental outcomes of newborns
with CHD.

Specifically, based on clinical and pathophysiologic
characteristics and the optimal timing of interventions
in clinical management of the CHD, we divided them
into 5 groups. These groups were chosen based on the
permutations of the following characteristics: (1) cyanotic
CHD, (2) CHD with heart failure, and (3) need for early
surgical intervention during the neonatal period as fol-
lows: group 1: cyanotic CHD with heart failure (overt
or potential), requiring early surgery (eg, hypoplastic
left heart syndrome or transposition of the great arteries);
group 2: noncyanotic CHD with heart failure (overt or
potential), requiring early surgery (eg, coarctation of the
aorta); group 3: cyanotic CHD with surgery after the
neonatal period (eg, tetralogy of Fallot); group 4: noncya-
notic CHD that can gradually lead to heart failure, which
requires surgical intervention after the neonatal period
(eg, atrioventricular septal defect or atrial septal defect);
group 5: minor noncyanotic CHD without significant
alteration of cardiac physiology and no need for interven-
tion (eg, mild pulmonary valvar stenosis); and the control
group: isolated ventricular septal defect (VSD) with spon-
taneous closure within the first year of life.

The initial assignment of the CHD into the 5 categories of
CPC-CHD was done by the first author. This was then dis-
cussed and evaluated by 2 senior pediatric cardiologists,
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EPICARD cohort children

born alive

N=2348

Exclusion
Genetic or syndromic abnormalities reported
at § years of age n=467
VSD/ASD not selected* for follow-up after
sampling at random n = 613
Death n=70
Diagnostic errorn =2

Eligible population’
N=1196

Refusal to participate n = 176 (14.7%)
Lost to follow up n = 422 (35.3 %)

Child with 8 years follow-up
N=598 (50 %)

Postal mail follow-up n =117 (9.8 %)
Uninterpretable tests* or incomplete n = 8 (0.7%)

Study population
N= 473 (39.5%)

Figure. Flow chart for study population. *Children with VSD
or ASD with spontaneous closure. TReference for all
percentages. $Severe hearing and/or visual impairment,
language barrier. ASD, atrial septal defect.

and the final categories were assigned by consensus. Details of
the CHD included in each category are provided in Table I
(available at www.jpeds.com).

The initial cohort included 2348 newborns (Figure). All
newborns were eligible for follow-up at 1 year of age.
Thereafter, all children with a major CHD plus a 15%
random sample of children with nonsurgical cases of atrial
septal defects and VSDs were eligible for follow-up.

The children eligible for our study were those with an iso-
lated CHD (without any known genetic anomalies or malfor-
mations in other systems, including syndromes at 8 years of
age) who were alive and could have had a neurodevelopmen-
tal evaluation at the 8-year follow-up visit (N = 1196).
Among them, 176 (14.7%) refused to participate, and 422
(35.3%) were lost to follow-up. We were then able to contact
598 children (50% of the eligible population) to invite them
for the follow-up visit at 8 years. Parents of 117 (9.8%) chil-
dren responded only via written questionnaires sent by mail
and did not attend the visit required for the detailed neuro-
developmental assessments. In addition, 8 children were un-
able to undergo testing due to severe hearing loss and/or
visual impairments. The final study population included
473 children who had a complete neurodevelopmental
assessment, ie, 39.5% of the eligible population.

We show descriptive data as proportions for categorical
variables and means and SDs for continuous variables. We
used multiple linear regression for comparing the neurodeve-
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lopmental scores of each of the 5 categories of CHD vs the
control group of isolated VSD with spontaneous closure. In
addition to the main predictor variable of type of CHD, we
included the potentially confounding variables preterm
birth, sex, language spoken at home, maternal geographic
origin, and maternal education in the multiple regression
models.

We used the Heckman selection model to account for dif-
ferential loss to follow-up. By modeling the “selection pro-
cess,” ie, whether an eligible subject was in the study
population, the Heckman model can “correct” bias in esti-
mates due to sample selection. It is a crucial requirement of
the Heckman model that relevant data for modeling the se-
lection process be available. We had several potentially
important variables for comparing the study participants vs
those who could not or did not wish to participate in the
study. Hence, we were able to model the selection process
based on the complexity of the CHD, that was the main dif-
ference between the study participants and the on-
participants. The analyses were performed with STATA,
version 15 (StataCorp LLC). A value of P < .05 was defined
as significant. We used the STROBE guideline to report on
our study design and analysis.

In total, 473 (39.5% of the initially eligible cohort) children
completed the detailed neurodevelopmental evaluation and
were included in our analyses. Study participants were
more likely to have a complex CHD and a prenatal diagnosis
than those who did not have a complete follow-up at 8 years
of age (Table II; available at www.jpeds.com). The number of
patients in the CPC-CHD groups varied from 33 (group 3:
cyanotic CHD with delayed surgery beyond the neonatal
period) to 117 (control group). The proportion of cases
with prenatal diagnosis, preterm birth, and the sex ratio
were significantly different across the groups. The
proportion of children with a prenatal diagnosis was
greater in the cyanotic CHD with heart failure, noncyanotic
CHD with heart failure, and cyanotic CHD without heart
failure groups (60%, 40%, and 69.7%, respectively vs 8.6%
in the control group, P < .001). The proportion of preterm
births was greater in minor CHD requiring intervention
and minor CHD not requiring intervention groups (17.1%
and 27.6%, respectively, vs 11.1% in the control group,
P < .01). The proportion of male patients was greater in
the cyanotic CHD with heart failure and in the
noncyanotic CHD with heart failure groups (70.9% and
70.1%, respectively, vs 46.2% P < .001) (Table III; available
at www.jpeds.com).

The mean global IQ score was 94.3 & 17.0 for all CHD. The
mean global 1Q scores for the control group was 96.3 £ 16.8,
whereas the mean score reached 99.1 & 16.3 specifically for
children from the control group who spoke French at
home (Table IV). The adjusted score for all CHD groups
was lower than the control group; however, this difference
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Table IV. Mean scores for global IQ (KABC II) and certain neurocognitive specific domains (NEPSY-II)
Learning and memory Language
List memory and list
Subtest Global 1Q scores Memory delayed Comprehension of Instructions Repetition of non-sense words
All CHD 94.3 +£17.0 10.8 + 2.8 108 + 25 102 +£ 2.2
CHD groups
Cyanotic CHD with heart failure (n = 55) 93.6 £17.5 10.5 + 2.6 10.7 + 2.1 10.6 + 2.2
Non-cyanotic CHD with heart failure (n = 50) 942 +17.9 10.1 + 3.2 101+ 29 95+ 2.6
Cyanotic CHD without heart failure (n = 33) 90.6 + 20.0 10.8 + 2.8 1.1+ 24 101 + 2.1
Minor CHD requiring intervention (n = 105) 94.0 + 16.8 10.5 + 3.1 107 £ 2.7 101 + 2.2
Minor CHD not requiring intervention (n = 113)  94.1 + 16.0 11.3 £ 26 109 + 24 10.2 + 2.1
Control (n = 117) 96.3 + 16.8 112+ 25 111 +£25 105+1.9
Control bias* (n = 93) 99.1 +£16.3 1.4+ 25 11.3+25 104 +1.9
\ v

Note: no statistically significant difference between groups.
*Excluded children who do not speak French at home.

did not reach statistical significance. In the multivariable
model, the IQ score was significantly lower for the cyanotic
CHD with heart failure, —7.6 (95% CI —13.5 to —1.8), and
cyanotic CHD without heart failure, —7.2 (95% CI -13.4 to
—1.2), compared with the control group (Table V).

The mean score for the subtest Comprehension of Instruc-
tions for all CHD was 10.8 &= 2.5 and 11.1 £ 2.5 for controls.
The unadjusted scores were not significantly different across
groups (Table IV). The adjusted scores, however, were
significantly lower for cyanotic CHD with heart failure,
—2.0 (95% CI - 2.9 to —1.0), and for noncyanotic CHD
with heart failure, — 1.5 (95% CI — 2.2 to —0.7), than for
the control group.

Regarding the subtest assessing Repetition of Non-sense
Words, the adjusted scores were significantly lower for non-
cyanotic CHD with heart failure, —1.1 (95% CI - 1.8 to
—0.3), than for the control group (Table VI).

The mean score for the List Memory Delayed subtest for all
CHD was 10.8 £+ 2.8 and 11.2 £+ 2.5 for control group
(Table IV). The adjusted scores were significantly lower for
cyanotic CHD with heart failure, —1.1 (95% CI - 2.3 to
—0.1), noncyanotic CHD with heart failure, —1.3 (95% CI
—2.4 to —0.3), and minor CHD requiring intervention,

{ N
Table V. Linear regression coefficient of the global IQ
(KABC-II)

Global 1Q scores

CHD groups Unadijusted (35%Cl) Adjusted*(95%Cl)

Cyanotic CHD with —9.2 (-15.6 to -2.7) —7.6 (-13.5t0 -1.8)
heart failure

Non-cyanotic CHD with —5.8 (-11.7 t0 0.0) —4.4(-9.7t0 0.9)
heart failure

Cyanotic CHD without —9.6 (-16.4 to -2.8) —7.2(-1341t0-1.2)
heart failure

Minor CHD requiring —-3.3(-7.6t01.1) —1.6 (—5.4102.3)
intervention

Minor CHD not requiring —-3.6(—7.91t00.7) —-3.1(-7.0t00.7)
intervention

\ 7

Note: Heckman model with the covariate “complexity” in the equation of selection.
*Adjusted for sex of infant, prematurity, maternal geographic origin, maternal education, and
French language only spoken at home. P < .05 (level of significance) are in bold.

—0.8 (95% CI -1.5 to —0.1), than for the control group
(Table VI).

The mean score of the Flexibility score for all CHD was
9.4 £+ 3.1, and 9.8 £ 3.1 for the control group (Table VII;
available at www.jpeds.com). The adjusted scores were
significantly lower for cyanotic CHD with heart failure,
—1.2 (95% CI 2.4 to 0.0), compared with the control
group (Table VIII; available at www.jpeds.com). For
subtests Inhibition and Auditory Attention, there were no
significant  difference across groups. Regarding the
visuospatial domain, there was no statistically significant
differences between CHD groups and controls (Table VIII).

As compared with hospital-based studies, our study is more
likely to avoid selection bias due to survival/transfer bias.
Moreover, as most hospital-based studies are from referral
centers, our study results are more likely to be generalizable
to comparable populations, for example, high-resource
countries with availability of high-quality, specialized health
services.

Our results are generally consistent with the previous
hospital-based studies that found that children with “com-
plex” CHD had a significant decrease in overall 1Q,*"'° exec-
utive functions,”>'" language,””'’ and memory and
academic learning scores.”>'” As in most previous studies,
the effect sizes we found had an order of magnitude of
approximately 0.5 SDs in mean differences, which is mean-
ingful at the population-level.

The CPC-CHD classification may be considered to repre-
sent 2 dimensions of the pathophysiology of CHD. One
related to the “inherent” characteristics of the CHD, in
particular its perinatal pathophysiology and neonatal expres-
sion, and the second, related to medical management, ie, the
optimal timing for surgical intervention. The pathophysi-
ology of neurodevelopmental outcomes of children with
CHD, including possible links to effects on specific domains,
is not well-understood. Nevertheless, 2 pathways may explain
these effects brain immaturity and brain injury.

Derridj et al
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Table VI. Linear regression coefficient of neurocognitive specific domains (NEPSY-II)

Language

Learning and memory

Comprehension of instructions

Repetition of non-sense words

List memory + delayed

\

CHD groups Unadjusted (95%Cl) Adjusted* (95%Cl) Unadjusted (95%Cl) Adjusted* (95%Cl) Unadjusted (95%Cl) Adjusted*
Cyanotic CHD with heart failure —-20(-3.0to-1.1) -20(-29t0-1.0) 02(-1.1t01.4) —06(-14100.3) —1.3(-2.t0-0.1) —1.1(-2.3t0-0.1)
Non-cyanotic CHD with heart failure —1.7 (-2.5 to —0.8) —1.5 (-2.2 t0 -0.7) —0.9 (—1.9t0 0.0) —1.1 (-1.8 to -0.3) —1.5 (-2.5 t0 -0.5) —1.3 (-2.4 to -0.3)
Cyanotic CHD without heart failure —1.2 (-2.2t0-0.2) —0.7 (—1.61t00.3) —0.3(—1.4100.9) —0.7(-1.6100.2) —0.8 (—2.1t0 0.5) 0.4(—-1.7100.8)
Minor CHD requiring intervention —06(—1.2t100.00 —0.4(-091t00.2) —-0.3(-0.9100.3) —0.3(-0.8t00.2) —0.8 (-1.5t0o-0.1) —0.8 (1.5 to -0.1)
Minor CHD not requiring intervention —0.4 (—1.1t0 0.1) —0.3(-09t00.2) —0.2(—0.8t00.4) —0.2(—0.8t00.3) —0.0(-0.8t00.7) —0.1 (—0.8t0 0.6) )

Note 1: Heckman model with the covariate “complexity” in the equation of selection.
Note 2: Other NEPSY-II domains are presented in Table VIII; available at www.jpeds.com.

*Adjusted for sex of infant, prematurity, maternal geographic origin, maternal education, and French language only spoken at home. P < .05 (level of significance) are in bold.

Brain immaturity results from developmental lesions due
to the lack of maturation of 1 or more of the following pro-
cesses: myelination, cortical folding, glial cell migration, and
germinal matrix distribution.'*'” Certain CHD can result in
impaired blood flow to the brain during the antenatal and
postnatal periods,'®'® exposing the fetal and neonatal brain
to hypoxia. These are in turn associated with cellular alter-
ations, particularly in the frontal cortex areas corresponding
to language, executive function, memory, and attention.’
These pathophysiologic alterations can lead to a reduction
in brain and cortical volume,'””' a decrease in gyrifica-
tion,”"** and an alteration in brain connections resulting in
brain immaturity™'”*>** before any interventions are
possible.

Brain injury is defined as acquired lesions mostly repre-
sented by hypoxic ischemic lesions and intracranial hemor-
rhage.”””° Brain injury was initially thought to be related to
surgery (cardiopulmonary bypass time, aortic crossclamping
time, etc) and the postoperative management of the infants
with CHD. However, lesions suggestive of brain injury in
the fetus were found on magnetic resonance imaging exam-
inations before surgery.”” Hence, lesions suggestive of brain
injury are probably not entirely a consequence of the surgery
and the postoperative factors.”

Brain immaturity and brain injury may be related and
may act in tandem. Brain immaturity may make the
newborn brain more vulnerable to subsequent brain
injury. Hence, both brain immaturity and brain injury
could potentially result in adverse neurodevelopmental
outcomes.

Children with cyanotic CHD without heart failure are
exposed to moderate but prolonged hypoxia until the time
of surgery. Those with noncyanotic CHD with heart failure
are exposed to cerebral hypoperfusion until the time of sur-
gery correction. Children with cyanotic CHD and heart fail-
ure are exposed to both severe antenatal/postnatal hypoxia
and cerebral hypoperfusion. Cyanotic CHD is associated
with overall perfusion disorders, whereas noncyanotic
CHD with left outflow obstruction has more localized perfu-
sion disorders, despite the autoregulatory mechanism of ce-
rebral vasodilation called “brain sparring.”***” This
autoregulation is presumably not sufficient to compensate
for hypoxia or hypoperfusion of the brain.

Neurodevelopmental outcomes may be related to the de-
gree and duration of hypoxia and hypoperfusion. This is
consistent with our results that both cyanosis and heart fail-
ure were associated with the risk for adverse neurodevelop-
mental outcomes. Brain sparing is affected by factors
related to clinical management (eg, ventilation parameters).
Therefore, despite the results of the studies that show the
limited role of co-factors related to management,s’ao an
adverse effect of management-related co-factors on long-
term neurodevelopment outcomes cannot be excluded.

Our study has certain limitations and caveats. As in many
prospective population-based cohort studies with a long
period of follow-up, data on the outcomes were not available
for a considerable proportion of the eligible study popula-
tion. We used the Heckman method to “correct” our esti-
mates for differential loss to follow-up across different
groups of CHD. However, our estimates may have residual
bias due to differential loss to follow-up for different groups
of CHD.

In addition, given the timing of our recruitment and the
required period of follow-up for the cohort, we did not
have access to detailed genetic information that would be
available for a current cohort of newborns with CHD in a
high-resource setting. Therefore, we could not analyze the
specific effects that may be related to genetic factors vs those
related to the pathophysiology of the CHD per se.

We did not have a control group of children without CHD.
However, our control group included children with isolated
minor VSD with spontaneous closure within the first year of
life who had outcomes comparable with those observed for
the general population. Given that our population base
comprised newborns in Paris and its surrounding suburbs,
our results may not be generalizable, to other, particularly
low-resource settings. France has specific perinatal policies
and practices, including decisions regarding terminations
of pregnancy for fetal anomaly that can potentially affect
the outcomes of newborns with CHD. In addition, our pop-
ulation has access to high-quality, reimbursed access to
specialized services,'* which may not always be the case in
other countries.

Children with symptomatic CHD (cyanosis and heart fail-
ure) at birth had lower neurodevelopmental scores at 8 years
of age and may be at greater risk of longer-term adverse
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developmental outcomes. Those who have cyanotic CHD
with heart failure that requires early surgical intervention
during the neonatal period may be at the greatest risk of
adverse outcomes. Targeted screening of these children at
an early age may improve their outcomes and quality of
life.
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Table I. Distribution of CHD by CPC-CHD
classification

-
Table I. Continued

Congenital heart defects Number of children

Cyanotic CHD with heart failure (overt or potential), requiring early surgery

(N =55)

TAPVR 6

Common arterial trunk 1

TGA 38
Isolated TGA 27
TGA, with VSD 4
TGV with VSD and CoA 6
TGA with VSD and hypoplasia of 1

aortic arch

Functional univentricular heart 9

Hypoplastic left heart syndrome 1

Noncyanotic CHD with heart failure (overt or potential), requiring early surgery

(N =50)

CoA 39
Isolated CoA 25
CoA with VSD 1
CoA with Ebstein malformation 1
Shone syndrome 2

Interruption of the aortic arch 1

Valvar aortic stenosis 3

Cor triatriatum 2

ALCAPA 5

Cyanotic CHD with surgery after the neonatal period (N = 33)

Tetralogy of Fallot 28

Tetralogy of Fallot with pulmonary 1
atresia

Double-outlet right ventricle 4

Noncyanotic CHD that can gradually lead to heart failure, which requires
surgical intervention after the neonatal period (N = 105)
VSD with mal-tolerated increase 47
pulmonary blood flow
Isolated VSD 25
VSD and ASD 15
VSD, and PDA 1
VSD, ASD, PDA 1
VSD and PVS 2
VSD and partial APVR 1
Multiple VSD and PDA 1
VSD associated with aortic 1
insufficiency
PDA
AVSD
Pulmonary valvar stenosis
Coronary artery fistula
Bicuspid aortic valve
Double aortic arch
ASD
Ostium secundum type
Sinus venosus type
ASD and PVS
Single atrium and mitral
regurgitation
Congenitally corrected TGA, VSD and 1
PVS
Minor noncyanotic CHD without significant alteration of cardiac physiology and
no need for intervention (N = 113)
ASD 28
Isolated ASD 21
ASD and PDA
Partial APVR, VSD
Dysplastic mitral valve
Dysplastic mitral valve and VSD
Dysplastic tricuspid valve
Ebstein malformation
Pulmonary valvar stenosis
Isolated PVS
PVS and PDA
PVS and ASD

N =

—_
L OO R N0 = W= O ==

o »
[ RS s 3, RGN X}

S

Congenital heart defects

Number of children

PVS and VSD 4
PVS, VSD, ASD 1
PVS, partial ARVP and ASD 1
Pulmonary arterial stenosis 2
Bicuspid aortic valve 9

Control: Isolated VSD with spontaneous closure within the first year of life

(continued)
W

(N =117)

J

ALCAPA, anomalous connection of left coronary artery to pulmonary artery; APVR, anomalous
pulmonary venous return; ASD, atrial septal defect; AVSD, atrioventricular septal defect; CoA,
coarctation of aorta; PDA, patent ductus arteriosus; PVS, pulmonary valvar stenosis;

TAPVR, total anomalous pulmonary venous return; TGA, transposition of great arteries.
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Table II. Characteristics of participants and nonparticipants
Lost Followed
Participants Nonparticipants Refusal to participate to follow-up by mail
Characteristics N =473 N =723 N =176 N = 422 N =117 P value*
CHD complexity, % <.01
Simple 57.6 73.0 68.1 78.9 59.8
Moderate 271 18.6 227 15.1 24.7
Complex 15.1 8.30 9.0 59 15.3
Prenatal diagnosis, % 26.1 15.7 16.4 12.0 26.5 <.01
Mean term of birth, mean + SD 38.2 +2.7 384+25 3841+ 27 384 +26 382+ 27 .32
Prematurity, % 16.1 13.6 15.4 12.2 14.5 .24
Weight at birth, kg, mean + SD 3.0+07 31+06 3.0+0.6 31+06 3.0+ 0.6 .52
Small for gestational age % 121 10.7 125 9.1 14.6 .58
Maternal age, y, % .096
<29 35.1 40.4 445 40.5 324
30-34 37.6 36.9 30.8 38.3 42.7
35-39 19.7 17.9 18.2 16.9 20.5
>40 7.3 4.6 6.2 41 4.2
Maternal geographic origin, % 252
France 51.9 50.1 49.7 45.6 67.5
North Africa 19.8 171 18.8 18.4 11.1
Sub-Saharan Africa 11.8 11.9 1.4 15.0 1.7
Others 16.4 20.7 20 20.8 19.6
Level of maternal education,t % .789
None 44 5.3 7.7 7.6 0.8
Elementary/junior high 19.9 17.5 26.9 7.6 18.8
High school 12.2 135 18.1 16.6 9.4
University education (up to bachelor’s 411 38.9 324 33.3 47
degree)
University studies (master’s or 22.2 24.6 20.7 15.3 35
doctoral studies)
Level of paternal education, % A
None 3.7 5.4 6.7 9.2 0
Elementary/junior high 23.3 26.6 33.7 31.5 18.1
High school 12.2 14.6 10.8 15.7 16.3
University education (up to bachelor’s 33.8 24.4 21.6 23.6 27.5
degree)
University studies (master’s or 26.7 28.8 27 19.7 379
doctoral studies)
Place of residence at the birth of the child, % .806
Paris 32 34.7 30.6 334 335
Hauts-de-Seine 271 26 301 251 24.7
Seine-Saint-Denis 22.5 21.9 21.5 24.8 1141
Val-de-Marne 18.3 17.2 17.6 16.5 19.6
. W

*Pvalue comparing participating and nonparticipating groups. P value in bold correspond to statistically significant.
TWeeks of gestation.
fData collected at 3 years old.
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Table III. Patient characteristics
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CCHD with cardiac CCHD without cardiac Minor CHD requiring Minor
insufficiency Non-CCHD with insufficiency intervention CHD not requiring intervention Controls
N =55 heart failure N = 50 N=33 N =105 N=113 N=117

Groups % % % % % % P value

Prenatal diagnosis 60 40 69.7 23.8 9.7 8.6 <.001

Prematurity* 5.4 12 15.1 17.1 27.6 11.1 .002

Small for gestational age 5.4 16 15.1 171 10.7 94 .23

Sex of the baby (male) 70.9 70 51.5 49.6 40.7 46.2 .001

Maternal age, y 15
<29 40 44 36.3 314 345 324
30-34 29.1 36 33.3 40.9 35.4 43.6
35-39 291 10 121 21.9 22.1 17.9
>40 1.8 10 18.2 5.8 7.9 5.9

Mother’s origin 10
France 52.7 56 333 42.8 56.2 58.1
North Africa 21.8 22 24.2 21.9 17.9 17.1
Sub-Saharan Africa 3.6 10 27.2 12.4 10.7 12.8
Others 21.8 12 15.1 22.9 15.2 11.9

Delivery .38
Vaginal delivery 78.2 65.3 72.7 67.3 66.6 727
Scheduled cesarean 14.6 20.4 9.1 115 10.8 11.9
Emergency cesarean 7.2 14.3 18.2 21.2 22.5 15.4

Maternal education level .23
None 1.8 0 6.1 3.9 4.4 7.7
Elementary/junior high 20 18.2 24.2 22.3 21.2 16.2
High school 18.2 18.2 3 13.6 9.7 11.1
University education (up to bachelor’s 45.4 52.3 394 37.8 44.3 359

degree)
University studies (master’s or 14.6 1.4 27.3 22.4 20.4 29.1
doctoral studies)

Father’s education level 42
None 1.9 2.3 0 3.9 3.8 6.3
Elementary/junior high 24.5 20.4 21.9 26.4 27.6 171
High school 18.9 15.9 21.9 6.9 14 10.8
University education (up to bachelor’s 35.9 43.2 344 314 30.5 35.1

degree)
University studies (master’s or 18.9 18.2 21.9 314 26.7 30.6
doctoral studies)

Mother’s place of residence A
Paris 20 244 24.2 34.3 38.9 34.2
Hauts-de-Seine 20 24.4 30.3 324 23 29.9
Seine-Saint-Denis 38.2 22.2 24.2 20.9 18.6 19.7
Val-de-Marne 21.8 28.9 21.2 124 19.5 16.2

French language only spoken at home 62.2 76 727 .7 80.5 79.5 4

CCHD, cyanotic congenital heart defect.
*Less than 37 weeks of gestation.
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Table VII. Mean scores for neurocognitive specific domains (NEPSY-II)
Attention and executive functions Visuospatial
Subtests Auditory attention Inhibition Flexibility Geometric puzzles
All CHD 95+ 36 93+33 9.4 + 31 11.0 + 2.1
CHD groups
Cyanotic CHD with heart failure 9.1+ 36 93+27 95+ 33 111 +19
(n = 55)
Non-cyanotic CHD with heart failure 91 +£39 91 +38 9.3 +3.1 10.8 + 2.7
(n=50)
Cyanotic CHD without heart failure 9.5+ 32 93+36 9.1+34 109 + 25
(n=33)
Minor CHD requiring intervention 92+35 89+36 94 +33 113+ 22
(n=105)
Minor CHD not requiring intervention 9.8 +£ 3.6 93 +3.1 94 +28 10.9 + 2.0
(n=113)
Control (n = 117) 9.6 +3.9 9.6 + 3.1 9.6 + 3.1 11.0+1.8
Control bias* (n = 93) 99 +37 9.8 +£3.2 9.8 + 3.1 115+24
. W
*Excluded children who do not speak French at home.
6.e4 Derridj et al
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Table VIII. Linear regression coefficient of neurocognitive specific domains (NEPSY-II)

Executive function and inhibition

Visuospatial

Auditory attention Inhibition Flexibility Geometric puzzles
CHD groups Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*
Cyanotic CHD with heart failure 3(-1.5t02.1) 03(-14t022 —0.6(-19t00.7) —0.5(—1.8100.8) -11(-231%02 -12(-24t00) -03(-1.3t00.7) -0.4(-1.3100.5)
Non-cyanotic CHD with heart failure —0 1(-15t013 -01(-151t13 -06(-18to-06) —-04(—1.6t0-07) —-07(-19t005 —-07(—191t005 —-04(—1.2t004) —0.4(—1.2100.4)
Cyanotic CHD without heart failure 5(-1.3t02.3) 06(—1.1t025 —0.5(—2.0t00.9) —0.4(—1.81t01.1) —1.0(-25112 —-1.0(—25%0.4) —0 4(—1410.7 —0.3(—1.2100.8)
Minor CHD requiring intervention —0 2( 15t1.0 —-01(-14t011) -12(-24t0-01) —1.1(-2.2100.1) -—02(-14t011) -01(-1.2t01.1) 2(—04t01.1) 0.3(—0.51t01.1)
Minor CHD not requiring intervention 3(-0.7t01.3) 02(-081t01.2 —0.4(-1.2100.5) —0.3(-1.2t00.5) -03(-1.1t00.5 —0.2(-1.11t00.6) —0 2 (—0.8t00.3) —0.1(-0.6100.5) )
\

*Adjusted for sex of infant, prematurity, maternal geographic origin, maternal education, and French language only spoken at home. P < .05 (level of significance).
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