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Congenital heart Background: Preterm birth and congenital heart defects are two major causes of neonatal and
defect; infant mortality. However, the relationship between them has not yet been fully clarified.
Preterm birth; Objective: To determine the prevalence and spectrum of congenital heart defects in preterms,
Echocardiography; the specific associations between categories of congenital heart defects and preterm birth and
Epidemiology; to establish the influence on outcomes.

Mortality; Methods: Observational, case-control analysis that included 448 live births with congenital
Morbidity heart defects born between 2003 and 2017. Preterm with congenital heart defects were the

case subjects and term neonates with congenital heart defects the control subjects.
Results: Of the newborns with congenital heart defects, 23% were preterm. The odds of congen-
ital heart defects in preterm were twofold higher than for term neonates (p<0.0001), even when
considering only those with severe congenital heart defects (p=0.0002). The odds in preterm
were 9.2-fold higher for abnormalities of the atria and atrial septum (p<0.0001) and two-fold
higher for abnormalities of the ventricles and ventricular septum (p<0.0001) compared with
term neonates. The neonatal mortality rate in the preterm group was not statistically different
from that of the term group with congenital heart defects (p=0.799) or severe congenital heart

defects (p=0.554).

Conclusion: Preterm have more than twice as many congenital heart defects as term neonates.
Although the etiology of prematurity between infants with congenital heart defects is still
uncertain, our findings highlight a possible relationship between prematurity and congenital

heart defects.
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Cardiopatias congénitas e prematuridade: resultados de um centro de referéncia

Resumo

Introducdo: A prematuridade e a cardiopatia congénita sao as duas principais causas de mor-
bimortalidade neonatais. Contudo, a relacdo entre essas duas entidades nao esta totalmente
esclarecida.

Objetivo: Determinar a prevaléncia e espetro de cardiopatias congénitas em prematuros, a
associacdo entre diferentes categorias de cardiopatias congénitas e a prematuridade e deter-
minar se a prematuridade tem influéncia na mortalidade neonatal nos recém-nascidos com

Métodos: Estudo observacional, caso-controlo, que incluiu 448 recém-nascidos com diagnos-
tico de cardiopatia congénita no periodo neonatal entre 2003 e 2017. Os objetos de estudo
foram os prematuros com cardiopatia congénita e os controlos os recém-nascidos de termo

Resultados: Dos recém-nascidos com cardiopatia congénita 23% eram prematuros. O odds ratio
de cardiopatia congénita em prematuros foi duas vezes maior do que em recém-nascidos de
termo (p<0,0001), mesmo considerando apenas cardiopatia congénita grave (p=0,0002). O odds
ratio em prematuros foi 9,2 vezes superior para defeitos auriculares ou do septo interauricular
(p<0,0001) e duas vezes superior para defeitos dos ventriculos ou do septo interventricular
(p<0,0001) do que em recém-nascidos de termo. Nao existiram diferencas significativas na
mortalidade neonatal entre prematuros e recém-nascidos de termo com cardiopatia congénita
(p=0,799) ou cardiopatia congénita grave (p=0,554).

Conclus@o: Os prematuros tém mais do dobro do risco de cardiopatia congénita
comparativamente com os recém-nascidos de termo. Embora a etiologia da prematuridade
entre recém-nascidos com cardiopatia congénita ainda seja incerta, os nossos resultados desta-
cam uma possivel relacdo entre prematuridade e cardiopatia congénita.

Publicado por Elsevier Espafia, S.L.U. em nome de Sociedade Portuguesa de Cardiologia. Este é
um artigo Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/

Morbilidade
cardiopatia congénita.
com cardiopatia congénita.
by-nc-nd/4.0/).
Introduction

Congenital heart defects (CHD) include structural malfor-
mations of the heart and/or major vessels present at birth
or persisting abnormally after birth; it is the most frequent
group of major congenital anomalies with a live prevalence
that varies between 4.05 and 10.4 per 1000 live births.'=3
This prevalence is constant worldwide, nevertheless, it is
dependent on case definition.*

Despite substantial progress in its diagnosis and manage-
ment, CHDs remain the major cause of infant mortality due
to congenital anomalies, requiring multiple hospitalizations
and surgical procedures.>® Infant mortality and morbidity
associated with preterm birth have also been extensively
described.

Congenital heart defects and preterm birth are, there-
fore, leading causes of infant mortality and morbidity, but
the relationship between them remains unclear. Associa-
tions between congenital anomalies and preterm birth are
known.”-"% However, there are few specific data regarding
the relationship of prematurity and CHD and the associa-
tion between specific categories of CHD and preterm birth.
Besides, few studies have been adjusted for maternal covari-
ates related to fetal growth.

The etiology of most non-syndromic CHD and preterm
birth is uncertain. Probably it involves complex interactions
between multiple environmental exposures and genetic

susceptibilities. It is conceivable that both may occur inde-
pendently but share common risk factors.''~' Alternatively,
preterm birth in neonates with CHD may be caused by abnor-
mal fetal hemodynamic profiles. ' The objective of our study
was to investigate the association between preterm birth
and CHD while controlling other risk factors for CHD. Since
CHDs are a major global health concern, it is important to
identify possible risk factors associated with their develop-
ment and prematurity.

Materials and methods
Data source

Our reference population comprised women residing in Cen-
tral Portugal. All neonates with suspected CHD from this
geographic area are referred to one of the two level-three
maternal care units in Coimbra, which have the same case
load (Bissaya Barreto or Daniel de Matos).

A retrospective analysis of all live-born neonates with
CHD at Bissaya Barreto maternal care unit, between 2003
and 2017, was performed. Maternal, neonatal, and clinical
data were collected from the medical files.

All neonates were examined daily by a physician, and
neonates with heart murmurs or other clinical signs of heart
disease or persistent respiratory problems were referred for
a cardiology review. This study only included CHD confirmed
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Table 1 Demographics of preterm (PT) and term (TN) neonates with congenital heart defects (CHD).
Case subjects - PT, n (%)? Control subjects - TN, n (%)°

Male 54 (52%) 158 (46%)
Caesarean section 55 (53%) 120 (35%)
Birth weight (g)

Mean £ SD 1702.6 £716 3210+ 455

Median 1575 3210

Mode 1775 3010
Gestational age (completed weeks)

Mean + SD 31+3 39+1

Median 32 39

Mode 36 39
5-Minutes APGAR score

Mean + SD 9+1 9+1

Median 10 10

Mode 10 10

SD: standard deviation.
a8 Denominator was 104 (PT with CHD).
b Denominator was 344 (TN with CHD).

by a pediatric cardiologist. The main outcome measure was
risk of CHD in preterm neonates. Preterm was defined as a
gestational age <37 weeks. Low birth weight was defined as
<2500 g.

Due to a high prevalence of patent ductus arteriosus
in preterm, it was excluded from the subject case group,
unless there was hemodynamically significant patent ductus
arteriosus in term neonates. Also neonates with physio-
logic pulmonary artery branch stenosis, patent foramen
ovale, atrial septal defect <3 mm, trivial lesions such as
aortic/pulmonary valve stenosis with a systolic pressure gra-
dient less than 20 mmHg, isolated bicuspid aortic valve,
mitral valve prolapse without regurgitation and cardiac
tumors were excluded from the analysis.

To determine specific associations between CHD cat-
egories and preterm birth, an anatomical and clinical
classification of CHD based on the short list of the European
Pediatric Cardiac Code'* was used.

Disease severity was based on the Hoffman and Kaplan
classification.*

Statistical analysis

This study is a case-control analysis of preterm neonates
with CHD as our case subjects and term neonates with CHD
as the control subjects. We report proportions with 95%
binominal exact confidence intervals (Cl). As our popula-
tion had a normal distribution, we used the x% or Fisher
exact test to assess associations between the groups. Poten-
tially confounding variables considered included: maternal
age at conception, parental consanguinity, pregestational
and gestational diabetes, smoking, alcohol, and drug expo-
sure during the first trimester of pregnancy, family history of
CHD, fetal chromosomal and other genetic anomalies, fetal
number (singleton or multiple), extracardiac malformations
and parity.”>""?

Data were analyzed using the Statistical Package for
Social Sciences (SPSS version 23).

Results

Congenital heart defects among preterm or low
birth weight infants

Of the 43233 live births (preterm=4278 and term=38 507),
448 infants were included in this study, revealing a preva-
lence of 10 cases per 1000 live births. The demographic
characteristics of the groups are shown in Table 1. Of the
analyzed risk factors for CHD, only extracardiac malforma-
tions were found to be statistically different (Table 2).

Preterm represented 23% of the study population
(n=104). In this group the prevalence of CHD was 24 cases
per 1000 preterm, as opposed to nine cases per 1000 in the
term neonate group, giving an odd ratio (OR) for CHD in pre-
mature infants of 2.7 (95% Cl: 2.18-3.39; p<0.0001). After
exclusion of cases with extracardiac malformations (n=78)
the results were similar: 20% (n=76) were premature with
a CHD prevalence of 18.6 cases per 1000 preterm and 7.4
cases per 1000 term neonates, giving an odd ratio for CHD
in prematurity of 2.5 (95% Cl: 1.97-3.24; p<0.0001).

To investigate the possibility of an ascertainment
bias toward increased detection of minor malformations
among preterm, we also analyzed cases with severe CHD.
The prevalence of severe CHD in preterm is five cases per
1000 preterm neonates; in contrast, severe CHD was two
cases per 1000 term neonates. As seen for CHD in gen-
eral, the OR for severe CHD in preterm was 2.4 (95% Cl:
1.52-3.92; p=0.0002) and 2.3 (95% Cl: 1.31-4.08; p=0.0039)
after exclusion of cases with extracardiac malformations,
showing that the excess of CHD among preterm neonates
cannot be explained by minor defects.
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Table 2 Prevalence of specific risk factors for congenital heart defects between preterm and term neonates.

Risk factors for congenital heart Case subjects - PT, n (%)? Control subjects - TN, n (%)° p*
defects

Maternal age at conception (>40 6 (5.8%) 12 (3.5%) 0.39
years old)

Parental consanguinity 0 (0%) 0 (0%) 1

Pregestational and gestational 8 (7.7%) 25 (7.3%) 0.833
diabetes

Smoking, alcohol and drug exposure 6 (5.8%) 10 (2.9%) 0.22
during 1st trimester of pregnancy

Family history of CHD among 8 (7.7%) 30 (8.7%) 0.84
first-degree relatives

Foetal chromosomal anomalies or 15 (14.4%) 36 (10.5%) 0.29
genetic syndrome

Extracardiac malformations 28 (26.9%) 50 (14.5%) 0.005

Fetal Number >1 (singleton: twin) 15 (14.4%) 29 (8.4%) 0.07

Multiparous 53 (50.9%) 169 (49%) 0.82

CHD: congenital heart defect.
@ Denominator was 104 (PT with CHD).
b Denominator was 344 (TN with CHD).

“ p value for the overall x? test comparing proportion of risk factors for CHD between PT and TN.

Based on birth weight, 106 infants with less than 2500
g had CHD, giving an odd ratio of 2.2 (95% Cl: 1.77-2.76;
p<0.0001) for CHD in low birth weight infants.

Spectrum of congenital heart defects

Ventricular septal defects (VSD) were the most common
lesion in both groups, representing 46% of the CHD in
preterm and 57% in term neonates. Considering severe cases
of CHD, the most prevalent diagnoses in the preterm popu-
lation were complete atrioventricular septal defect (CAVSD)
(4%), tetralogy of Fallot (TOF) (3%) and pulmonary valve
stenosis (PS) (3%). In comparison, the most prevalent severe
CHD in the term neonates’ group were dextro-transposition
of the great arteries (TGA) (5%), coarctation of the aorta
(COA) (5%) and TOF (3%).

The odds of preterm neonates were 9.2-fold higher for
abnormalities of the atria and the atrial septum (95% CI:
5.8-14.4; p<0.0001) and 2-fold higher for abnormalities of
the ventricles and the ventricular septum (95% Cl: 1.5-2.8;
p<0.0001) compared with the term neonates’ group. The
results were similar after exclusion of cases with extracar-
diac malformations: odd ratio for abnormalities of the atria
and the atrial septum in preterm was 8.9 (95% Cl: 5.4-14.9;
p<0.0001) and 1.6 for abnormalities of the ventricles and
the ventricular septum (95% Cl: 1.1-2.4; p=0.0069).

There was no significant difference (95% Cl: 0.5-2.1;
p=0.89) in the type of VSD found in the two groups; muscular
VSD accounted for 73% (n=35) of all VSD in the preterm
group and 70% (n=140) in the term group being the most fre-
quent type. Due to the high prevalence of atrial/ventricular
septum abnormalities in preterm neonates, we did an
evaluation stratified by gestational age that showed that
these defects are more prevalent as the prematurity is
more marked (Figure 1). The risk of other categories of
CHD did not vary significantly between preterm and term
neonates (Table 3). Over the 15 years of study, there were

no significant changes in the prevalence of the categories
of CHD analyzed.

Influence on outcomes

Prematurity and low birth weight impacted the therapeu-
tic guidance of patients with large VSD (n=3) and CAVSD
(n=1) in heart failure despite optimized medical ther-
apy. These patients had gestational ages between 31 and
33 weeks, birth weights between 1395 and 1765 g and under-
went pulmonary artery banding when they reached 3 kg,
before undergoing complete correction some months later.
The acute and late postoperative period was uneventful. Our
institution’s general neonatal mortality rate between 2003
and 2017 was 2%, of which 1.9% related to prematurity.

The neonatal mortality rate for term neonates with CHD
(17 (5.1%)) and severe CHD (15 (14.1%)) was similar to
that found in the preterm group with CHD (6 (5.8%)) and
severe CHD (three (12%)). Therefore, there were no sta-
tistically significant differences in neonatal mortality rate
between cases and controls with CHD (p=0.799) or severe
CHD (p=0.554).

In the group of preterm neonates, two died due to their
cardiovascular malformations. They were near term with
severe CHD, namely a 36-weeks gestational age TOF case
in the setting of ventricular tachycardia with severe sys-
tolic dysfunction, and a 35-week gestational age case with
truncus arteriosus, bilaterally hypoplastic pulmonary arter-
ies and VACTREL association, in which the parents opted for
conservative treatment. Other deaths in preterm neonates
were related to extracardiac causes - four extreme preterm
infants with large ASD/VSD and gestational ages between 26
and 28 weeks from necrotizing enterocolitis, sepsis or cen-
tral nervous system injury; one CAVSD and 34 weeks from
stroke; one large ASD and 35 weeks with severe respiratory
failure from myotonic dystrophy.
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Table 3 Prevalence of specific groups of congenital heart defects between preterm and term neonates, considering the totality of the study population or among infants without
extracardiac malformations.

Group of congenital heart defects® Case subjects - PT, n (%) Control subjects - TN, n (%) p* OR (95% CI)°
Total® WM Total® WM Total WM Total® WM

Abnormalities of position and 3 (2.9%) 2 (2.6%) 24 (6.9%) 17 (5.9%) 0.87 0.95 1.1 [0.3-3.7] 1.0 [0.2-4.5]
connection of heart

Tetralogy of Fallot and variants 4 (3.9%) 3 (3.9%) 12 (3.5%) 9 (3.1%) 0.06 0.10 2.9[0.9-9.2] 2.9 [0.8-10.9]

Abnormalities of great veins 1 (0.9%) 1 (1.3%) 3 (0.9%) 2 (0.7%) 0.34 0.22 2.9 [0.3-28.4] 4.5[0.4-49.2]

Abnormalities of atria and atrial 38 (36.5%) 30 (39.0%) 37 (10.8%) 30 (10.4%) <0.0001 <0.0001 9.2 [5.8-14.4] 8.9 [5.4-14.9]
septum

Abnormalities of atrioventricular 4 (3.8%) 1 (1.3%) 9 (2.6%) 6 (2.1%) 0.71 0.02 1.5[0.2-12.3] 3.9 [1.2-12.8]
valves and atrioventricular septal
defect

Abnormalities of ventricles and 48 (46.1%) 37 (48.7%) 205 (59.6%) 188 (65.1%) <0.0001 0.0017 2.1[1.5-2.9] 1.8 [1.2-2.5]
ventricular septum

Abnormalities of ventricular and 8 (7.7%) 6 (7.9%) 39 (11.3%) 30 (10.4%) 0.12 0.19 1.8 [0.9-3.9] 1.3 [0.7-4.3]
arterial valves and great arteries

Abnormalities of coronary arteries, 1 (0.9%) 1(1.3%) 10" (2.9%) 7 (2.4%) 0.91 0.83 0.89 [0.1-6.9] 1.3 [0.2-10.3]

arterial duct and pericardium;
arteriovenous fistulae

a8 Anatomic and clinical classification of congenital heart defects based on the short list of the European Pediatric Cardiac Code.

b 95% binominal exact confidence interval.

¢ OR: odds ratio. For the case subjects OR calculation, the numerator was the preterm (PT) with a specific CHD for the exposed with a positive outcome and the term neonate (TN) with the
same specific CHD as the control with a positive outcome; denominator was the total number of PT (n=4278) excluding the PT with the specific CHD (n=4278 - PT with a specific CHD) for the
exposed group with a negative outcome and the total number of TN (n=38 507) excluding the TN with the specific CHD (n=38 507 - TN with a specific CHD) for the control group with a negative
outcome.

d without malformations: extracardiac malformations were excluded. For the case subjects OR calculation, the numerator was the PT with specific CHD and no extracardiac malformations
for the exposed with a positive outcome and the TN with the same specific CHD and no extracardiac malformations as the control with a positive outcome; denominator was the total number
of PT with no extracardiac malformations (n=4382) excluding the PT with the specific CHD (n=4382 - PT with a specific CHD and no extracardiac malformations) for the exposed group with a
negative outcome, and the total number of TN with no extracardiac malformations (n=38 851) excluding the TN with the specific CHD (n=38851 - TN with a specific CHD and no extracardiac
malformations) for the control group with a negative outcome.

€ Denominator was 104 (PT with CHD).

f Denominator was 76 (PT with CHD and no extracardiac malformations).

¢ Denominator was 344 (TN with CHD).

h Denominator was 294 (TN with CHD and no extracardiac malformations).

110 cases of patent ductus arteriosus in TN which were truly CHD, all were hemodynamically significant and were subsequently closed percutaneously/surgically.

" p value for the overall x2 test comparing proportion of congenital heart defects between preterm and term neonates.
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18%
17%* (n = 18)
17% 8
16%* (n=17)

16%
15%

14%* (n=15)
14%

12%* (n=13)
13% :
12%
12%* (n=12)
11%
11%* (n=11)
10%
[24-28] [28-32] [32-37]
= Abnormalities of the atrial septum
- Abnormalities of the ventricular septum  Denominator was 104 (PTN with CHD)
Figure 1  Distribution of the abnormalities of the atrial/ventricular septum in preterm births by gestational age.

In contrast, only one term neonate with CHD died
from extracardiac complications caused by muscular spinal
atrophy type 1; others were related to CHD. In all five
hypoplastic left heart syndrome cases, parents declined
intervention postnatally and opted for comfort care treat-
ment. Four deaths occurred in the postoperative period:

e coronary artery complications during an arterial switch
procedure for TGA

e necrotizing enterocolitis after end-to-end anastomosis
and reconstruction of the aortic arch in CoAo with
hypoplastic aortic arch

e two modified Blalock-Taussig shunt thrombosis for pul-
monary atresia with intact septum.

Five deaths occurred during cardiac catheterization:

e two prolonged Raskind procedures with severe hemody-
namic instability for TGA and tricuspid atresia

e two percutaneous balloon valvuloplasty in critical aortic
and pulmonary valve stenosis, both complicated by severe
and irreversible bradycardia during balloon inflation

e one right ventricle outflow tract perforation with car-
diac tamponade during an attempt for pulmonary valve
perforation in pulmonary atresia with intact septum.

Discussion

This study showed that preterm and low birth weight
neonates (<2500 g birth weight) have more than twice the
prevalence of CHD as term neonates, findings similar to pre-
vious studies.>'""13.20.2 The odd ratio for CHD in prematurity
was 2.7 (or 2.5 excluding extracardiac malformations) even

when considering only the severe CHD group, showing that
the excess of CHD among preterm cannot be explained by
minor malformations.

The only statistically significant variable between the
study groups related to a higher risk for CHD was the pres-
ence of extracardiac malformations. However, the exclusion
of this variable had no significant impact on the results.
Furthermore, 68% of new-borns with CHD born between
2003 and 2017 were identified prenatally. As we do not
recommend premature delivery, it is unlikely that prenatal
diagnosis had any significant influence on gestational age at
delivery. Therefore, the twofold increase in the overall risk
of CHD was probably due to spontaneous preterm birth.

The spectrum of CHD among preterm and term neonates
is inconsistent between series. Laas et al. and Matthiesen
et al. reported that the category of anomalies of the ven-
tricular outflow tract, mainly affecting the right ventricle,
had the highest risk of PTB.>?' Tanner et al. reported that
preterms had a higher prevalence of pulmonary atresia with
VSD, CAVSD, COA, TOF and PS."" Our results were similar
to those reported by Godfrey et al., a small study of a sin-
gle neonatal unit, where septal defects were the prevalent
anomalies.

Over the 15 years of study, there were no significant
changes in the prevalence of CHD categories, probably
because the recent advances in diagnostic methods had
more impact in detecting mild CHD, and these kinds of alter-
ations were not included in this study.

Although the study covered many years, the Cls for some
rare and more complex CHD were large, indicating the lim-
ited precision of some of our estimates, due to relatively
small numbers of these lesions.

Surprisingly, there were no statistically significant differ-
ences in the neonatal mortality rate between preterm and
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term neonates with CHD (p=0.799) or severe CHD (p=0.554).
A possible explanation for these findings is that the addi-
tional effect of CHD on neonatal mortality rates, particularly
severe CHD, is more pronounced in term and near term
infants, for whom mortality rates are otherwise low, which
puts preterm and term neonates on the same severity level.
This suggests that, as the severity of CHD increases, the rel-
ative effect of preterm birth decreases.'”'? The cause of
death in most term neonates with CHD was cardiac, in con-
trast to the preterm group in which their death was mainly
due to complications related to prematurity, highlighting the
higher impact of CHD on the outcomes of term neonates.

In the term neonate group, mortality decreased over
the years, with 80% of deaths reported between 2003 and
2007; however, mortality did not decrease significantly in
the preterm neonate group. Thus, although survival among
premature infants has improved, this shows that the techni-
cal evolution over the years had more impact in overcoming
cardiac lesions than complications related to prematurity.

Previous studies have found that a 1-2 week increase in
gestational age increases an infant’s odds of survival over
time. This is probably due to increased organ maturation,
mainly lung maturation, and the increased likelihood of suc-
cessful surgery to correct the heart defect.'"?*-2> However,
unlike our analysis, these results did not take into consid-
eration neonatal mortality. In the neonatal period, the CHD
factor is probably more significant than the comorbidities
associated with prematurity, which will have more weight
later in life, contributing to the increase in long-term mor-
bidity and mortality. Nevertheless, prematurity impacted
the treatment strategy chosen for low birth weight large
VSD and CAVSD, where they underwent a staged correction,
but the follow-up was uneventful.

As this is a retrospective study, there are limitations,
some related to incomplete medical records. For instance,
we adjusted our estimates for several known risks of CHD,
however, maternal drug intake could not be completely clar-
ified, as well as other risk factors, such as maternal illnesses
and obesity, which can also increase the risk of CHD.">~"?

Due to our sample size, we were unable to examine the
risk of neonatal mortality for extremely (<28 weeks) preterm
infants. In addition, we were unable to assess in detail the
extent to which differences in neonatal mortality between
the two groups were due to the CHD spectrum.

The data could not be truly representative of the CHD
profile in our community, as it was collected in a single ter-
tiary Center. Second, only 40-50% of CHD are diagnosed in
the first week and 50-60% in the first month of life.* As our
study included only cases diagnosed during the prenatal and
neonatal periods, a significant nhumber of CHD cases could
have been lost, especially in term neonates who usually have
a shorter hospital stay. In addition, to minimize the ascer-
tainment bias, we excluded mild cardiac defects, however,
it may also have been a source of selection bias. Despite the
possibility of selection bias, the prevalence of live birth CHD
in our study was higher than the average prevalence of live
births CHD in Europe.??

The excess of CHD among preterm is intriguing, but
unclear. One possible explanation is that CHD and preterm
births share risk factors or a common cause.’> CHDs have
a multifactorial etiology, involving a wide range of genetic
and environmental risk factors."'® Thus, prematurity may

be causally related to the same factor(s) that precipitated
CHD.# Las et al. conjectured that a deterioration in the
genetic program of fetal development might cause both CHD
and preterm births.

Alternatively, preterm birth in neonates with CHD can
be caused by abnormal fetal hemodynamics.’> However,
most cardiovascular malformations have little effect on the
developing fetus and become hemodynamically significant
only after birth. There is also no evidence that CHD is asso-
ciated with any impairment of placental function that may
precipitate premature birth or cause stillbirth.'"?!

Max Godfrey et al. speculated that minor septal defects
spontaneously close in utero, so fewer defects might be
apparent in mature neonates.?”? This theory is consistent
with our results since abnormalities of the atria/ventricles
and the atrial/ventricular septum were the only CHD sig-
nificantly higher in preterm compared to term neonates.
Furthermore, as we demonstrate in Figure 1, septal defects
are more prevalent as the prematurity is more marked. Also,
as usually seen in term neonates, muscular VSD was the
most frequent type, probably because defects in the mus-
cular septum are supposed to close as a result of growth
and hypertrophy of the surrounding muscular septum over
time, and prematurity does not allow for completion of the
embryological process of septal development.?®?7 It is also
possible that CHD may be independently associated with
preterm birth or low birth weight.

Ultimately, the relationship between CHD and preterm
neonates can have significant implications on prenatal care,
prevention and risk stratification, and also on postnatal
care. Following prenatal diagnosis of CHD, women can bene-
fit from more frequent and detailed ultrasounds to follow-up
fetal growth and other manifestations conducive to prema-
ture labor.™

Conclusion

We found an increased risk of CHD, mainly septal defects,
in preterm neonates, although the etiology of prematu-
rity between neonates with CHD is still uncertain. Further
research on the association between CHD and preterm birth
is needed to identify common pathways and shared risk fac-
tors to help prevent these two major contributors to infant
morbidity and mortality.
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