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Abstract

Background: Congenital heart disease is the leading cause of mortality among all congenital malformations.

Objectives: To evaluate the incidence of congenital heart diseases in a central maternity hospital in Portugal from
January 2003 to December 2018 and to determine survival in the first year of life.

Methods: Retrospective analysis of newborns diagnosed with congenital heart diseases within 72 hours after birth.
Malformations were divided according to pathophysiology. Cumulative survival analysis was performed by the
Kaplan-Meier test. Stastical significance was set at p <0.05.

Results: A total of 297 newborns with cardiac malformation was recorded among 47,198 live births (incidence
of 6:1000), 16% associated with extra-cardiac disease. The most frequent congenital heart diseases were left-to-
right shunt lesions (n = 216), followed by cyanotic (n = 41), acyanotic obstructive (n = 31) and miscellaneous (n =
9). Seventy (24%) patients had prenatal diagnosis, 88% of them cyanotic defects, and a positive association was
found between prenatal diagnosis and mortality (p <0.001). Coarctation of the aorta was associated with gestational
diabetes (p = 0.014). Atrial septal defect was more common in females (p = 0.02). Mortality rate due to heart disease
was 3.4%. Patients with cyanotic disease, 99%, 97%, 97%, respectively, for patients with left-to-right shunt lesions,
and 97%, 97%,97% for those with obstructive lesion cases.

Conclusion: The incidence of congenital heart disease was 6:1000, mostly left-to-right shunt lesions. Heart disease
accounted for only half of deaths, and cyanotic diseases have a high nonspecific mortality rate.
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CHD was defined by Mitchel’ in 1971 as a structural
anomaly of the heart or large vessels that is could be of

Introduction

Congenital heart diseases (CHDs) are a group of
malformations that are the leading cause of perinatal
mortality.! Their prevalence is estimated to be six to 10
per 1,000 births.**

Due to advances in diagnostic techniques, the
prevalence of CHDs has increased over the years.?>®
Therapeutic innovations, both medical and surgical, have
contributed to reduction in mortality,”and most patients

functional significance. Although the etiology of CHD
is largely unknown, the risk factors known to be related
to CHD include maternal infections (e.g., rubella) or
conditions (gestational diabetes and obesity, use of
vitamin A) and use of teratogenic drugs, tobacco, alcohol
and cocaine during pregnancy.* Medically assisted
reproduction' and being a child of a mother with heart

with CHD reach adulthood today.”® However, these
patients are at a higher risk of developing comorbidities,®

including higher levels of psychological stress.”

disease are also associated with CHD.!" Heart diseases
that pose the greatest risk for the development of CHD
in the offspring are aortic stenosis, atrioventricular septal
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defect and tetralogy of Fallot. Other diseases may pose a
lower risk, such as atrial and ventricular septal defects,
coarctation of the aorta, patente ductos arteriosus and
pulmonar stenosis.'

The aim of this study was to characterize the incidence
of CHD in a central maternity hospital and, to assess
survival at 28 days, six months and one year of life, in
different CHD groups.

Methods

Population

Retrospective study of newborns with CHD, born in a
central maternity hospital in Portugal between 01 January
2003 and 31 December 2018.

Congenital heart disease

The diagnosis was made by transthoracic
echocardiography by a pediatric cardiologist within 72
hours of life. Congenital heart diseases were classified
according to the International Pediatric and Congenital
Cardiac Code.” All cases of prenatal diagnosis of CHD
were confirmed in the postnatal period.

All cases of patent ductus arteriosus were included
in this study if present 72 hours of life in term
newborns. Cases described as patent foramen ovale
and restrictive ostium secundum atrial septal defects
were excluded.

In patients with complex cardiac defects, the main
(predominant) cardiac defect was chosen as the
primary diagnosis. The conditions were divided into
three categories, “cyanotic”, “obstructive” and “left-
to-right shunting” according to the pathophysiological
mechanism.' Diseases that did not fit into any of the
three categories were classified in a fourth category,

“miscellaneous”.

This study was approved by the ethics and research
committe of our hospital.

Statistical analysis

The SPSS® program (IBM®, SPSS® Statistics Inc.,
Chicago), version 25.0 was used for statistical analysis.
Normality of data was tested by the Shapiro-Wilk test.
Continuous variables with normal distribution were
described as mean and standard deviation (SD) and
continuous variables without normal distribution were

described as median and interquartile range (IQR).
The Fisher’s exact test and chi-square test were used
to verify associations between categorical variables.
Survival curves were based on the Kaplan Meier test.
The significance level was set as 5%.

Results

Of a total of 47,198 neonates born during the study
period, 297 had CHD, 83 of them complex heart
disease (28%). As shown in the Table 1, most of cardiac
malformations were left-to-right shunt lesions (73%),
followed by cyanotic (14%), acyanotic obstructive (10%)
and miscellaneous (3%) lesions. The incidence of CHD
was about six per 1,000 births.

Mean maternal age was 32 years (SD +5), and median
number of both pregnancies and deliveries was one
(IQR 1:2).

In 12 women, pregnancies were complicated by
gestational diabetes. The only CHD associated with
gestational diabetes was coarctation of the aorta (p
= 0.014). There were 17 cases of prenatal maternal
infections, none related to CHD. Previous familial CHD
was present in two cases: a newborn with tetralogy of
Fallot, whose mother had the same condition, and another
with partial anomalous pulmonary venous return and
atrial septal defect, whose father had transposition of
the great arteries.

Of all the CHD cases, 70 (24%) patients had prenatal
diagnosis — 88% of patients with cyanotic lesions, 32%
of patietns with obstructive lesions, 11% of those with
miscellaneous, and 11% of patients with left-to-right
shunting. A positive association was found between
prenatal diagnosis and mortality (p <0.001).

Mean gestational age was 38 weeks (IQR 35: 39), 22%
of newborns were preterm. The median Apgar score at
the fifth minute of life was 10 (IQR 9: 10) and median
birth weight was 3,110 grams (IQR 2570: 3505).

Of the 297 newborns with CHD, 149 were male and 47
cases (16%) were associated with extra-cardiac anomalies/
malformations. The associations between CHD and
gender and CHD and extra-cardiac malformations are
summarized in Tables 2 and 3, respectively.

About 25% of patients needed pharmacological therapy
in the neonatal period. Cardiac catheterization was
performed in 35 patients, with Rashkind atrioseptostomy
in 13 of them. Sixty-one patients (20%) underwent
surgery. Most of patients who underwent surgery had
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Table 1 - Prenatal diagnosis and mortality rate of infants with congenital heart disease (n = 297)

Congenital Heart Disease N % PND (n) Mortality (n)
Cyanotic defects 41 14 36 8
Transposition of the great arteries 16 54 15 5
Tetralogy of Fallot 15 5.2 14 0
Hypoplastic left heart syndrome 3 1.1 2 2
Double outlet right ventricle 3 1.1 2 0
Ebstein’s anomaly 1 0.3 1 1
Pulmonary atresia with ventricular septal defect 1 0.3 1 0
Total anomalous pulmonary venous connection 1 0.3 0 0
Truncus arteriosus 1 0.3 1 0
Acyanotic obstructive 31 10 10 1
Coarctation of the aorta 14 4.6 4 0
Valvular aortic stenosis 8 25 5 1
Valvular pulmonary stenosis 6 2 0 0
Shone’s syndrome 2 0.6 1 0
Left branch pulmonary artery stenosis 1 0.3 0 0
Left-to-right shunt lesion 216 73 23 7
Ventricular septal defect 144 48.6 15 2
Atrial septal defect 42 14.1 3 4
Patent ductus arteriosus 24 8.2 - 0
Complete atrioventricular canal defect 5 1.8 4 1
Partial anomalous pulmonary venous connection 1 0.3 1 0
Miscellaneous 9 3 1 0
Isolated bicuspid aortic valve 4 1.4 0 0
Left ventricular noncompactation 2 0.6 1 0
Major aortopulmonary collateral arteries 2 0.6 0 0
Criss-cross heart 1 0.3 0 0

PND: prenatal diagnosis

cyanotic CHD (77%), followed by obstructive (48%) and
left-to- right shunt lesions (7%).

Mortality rate from heart disease was 3.4% (n = 10;
eight cyanotic lesions, one acyanotic obstructive and one
left-to-right shunt lesion). The patient with acyanotic
obstructive lesion had critical aortic stenosis. Although
most deaths occurred in patients with left-to-right shunt

lesion, only one death was due to the heart disease, an

eight-month-old infant with complete atrioventricular
septal defect. Overall mortality rate in the first year of
life was 5.4% (n = 16), half of deaths occurred in the
neonatal period. The median age of death was 25 days
(IQR 5: 225). Of the 16 patients who died, 30% had extra-
cardiac disease. Mortality by group and type of CHD is
described in Table 1. Overall survival curves at 28 days,
six months and one year of life are shown in Figures 1,
2 and 3, respectively.
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Table 2 — Associations between congenital heart disease and gender

Congenital heart disease Male (n) Female (n) p - value
Transposition of the great arteries 7 9 0.598
Tetralogy of Fallot 11 4 0.066
Hypoplastic left heart syndrome 1 2 0.622
Double outlet right ventricle 3 0 0.247
Ebstein’s anomaly 0 1 1
Pulmonary atresia with ventricular septal defect 1 0 1
Total anomalous pulmonary venous connection 1 0 1
Truncus arteriosus 1 0 1
Coarctation of the aorta 7 7 0.99
Valvular aortic stenosis 3 5 0.501
Valvular pulmonary stenosis 1 5 0.121
Shone’s syndrome 0 2 0.247
Left branch pulmonary artery stenosis 1 0 1
Ventricular septal defect 76 68 0.384
Atrial septal defect 14 28 0.019
Complete atrioventricular canal defect 2 3 0.371
Patent ductus arteriosus 10 14 0.385
Partial anomalous pulmonary venous connection 0 1 1
Isolated bicuspid aortic valve 4 0 0.122
Left ventricular noncompactation 2 0 0.498
Major aortopulmonary collateral arteries 2 0 0.498
Criss-cross heart 1 0 1

Discussion

The authors of this study set out to describe CHDs
in neonates born in a central maternity hospital. First, it
is important to higlight the differences between disease
prevalence and incidence. Several CHD studies have
presented prevalence data over time, due to the fact
that many CHDs are only diagnosed during the first
year of life, while others heal spontaneously during the
same period of time.” In this context, some authors have
opted to report the number of new cases of CHD at birth,
namely the incidence of these diseases. In our study, the
incidence of CHD was about six cases per 1,000 births,
similar to that described in the literature.'*!>!8 Some
studies,®>*!® however, have estimated an incidence of
eight to 10 per 1,000 births. A possible explanation for

this difference is the subjectivity in diagnostic criteria
for patent foramen ovale and atrial septal defect. The
former was excluded from the present study because it
isnot a CHD, as were patent ductos arteriosus in preterm
neonates and neonatal arrhythmias.*®

Several studies®>*'¢ have shown that both the incidence
and prevalence of CHDs have been increasing, which
is possibly related to improvements in diagnostic
techniques, and advances in health care and CHD
management. However, some authors have argued that
CHD prevalence has stabilized* or even decreased,'” due
to the increase in prenatal diagnosis, and, implicitly, in
the number of pregnancy terminations.

Although some authors advocate a classification
of CHD based on clinical severity,'**?! in our study,
CHDs were classified based on their pathophysiological
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Table 3 — Associations between congenital heart disease and extra-cardiac malformations

Without
With extra cardiac

Congenital heart disease malformation extra cardi‘ac p - value
malformation
Transposition of the great arteries 3 13 0.725
Tetralogy of Fallot 3 12 0.714
Hypoplastic left heart syndrome 0 2 1
Double outlet right ventricle 0 3 1
Ebstein’s anomaly 0 1 1
Pulmonary atresia with ventricular septal defect 0 1 1
Total anomalous pulmonary venous connection 0 1 1
Truncus arteriosus 0 1 1
Coarctation of the aorta 5 9 0.053
Valvular aortic stenosis 2 6 0.617
Pulmonary valve stenosis 2 4 0.242
Shone’s syndrome 0 2 1
Left branch pulmonary artery stenosis 0 1 1
Ventricular septal defect 15 129 0.013
Atrial septal defect 11 31 0.047
Complete atrioventricular canal defect 4 1 0.002
Patent ductus arteriosus 0 24 0.019
Partial anomalous pulmonary venous connection 0 1 1
Isolated bicuspid aortic valve 0 4 1
Left ventricular noncompactation 2 0 0.025
Major aortopulmonary collateral arteries 0 2 1
Criss-cross heart 0 1 1

mechanism, which allows grouping of diseases with
relatively similar mechanisms of action but highlighting
their prognostic differences.

CHDs have been linked to several risk factors, including
maternal risk factors during pregnancy.* The most
important ones are infections and gestational diabetes.
Samanek” observed that the highest peak incidence of
CHD occurred eight to nine months after a influenza
virus epidemic. Oyen et al.,” reported that the incidence
of CHD, regardless of phenotype, is four times higher in
children of women who developed gestational diabetes
during pregnancy. In this study, coarctation of the aorta
was the only lesion related with gestational diabetes.
Another risk factor reported is the increased incidence of

CHD in children from parents with CHD,** and genetic
predisposition.* In our study, we found a newborn with
tetralogy of Fallot, born to a woman with the same disease,
and another newborn with partial anomalous pulmonary
venous return and atrial septal defect, whose father had
transposition of the great arteries.

The presence of prenatal diagnosis was significantly
related to mortality. Most patients (88%) with prenatal
diagnosis had cyanotic lesions, which carry a worse
prognosis. Of the 41 patients with cyanotic CHD, only
five had no prenatal diagnosis.

Atrial septal defect occurred more often in females
and was the only condition that showed statistically
significant gender preference (p = 0.02). These results,
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Figure 1 - Overall survival at 28th day of life (97%) by disease category — cyanotic 85%, obstructive acyanotic 97%, left to right shunt
lesions 99%, miscellaneus 100%.
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Figure 2 — Overall survival at six months of life (95%) by disease category — cyanotic 81%, obstructive acyanotic 97%, left-to-right shunt
lesions 97%, miscellaneus 100%.
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Figure 3 — Overall survival at the first year of life (95%) by disease category — cyanotic 81%, obstructive acyanotic 97%, left-to-right
shunt lesions 97%, miscellaneus 100%.

and those for pulmonary valve stenosis reflect the trends
published in the literature.” As in the study by Mercuro et
al.,® double outlet right ventricle, tetralogy of Fallot and
bicuspid aortic valve were also more frequently found in
male than in female neonates.

Overall mortality rate in the first year of life was
5.4%, similar to the results obtained by Khoshnood et
al.,”” who also showed that mortality was highest in
the neonatal period. Dolk et al.,' reported a perinatal
mortality in patients with congenital anomalies of 0.93
per 1,000 births, with 26% of these deaths in patients
with CHD. Thus, CHDs are the main group of diseases
contributing to perinatal mortality. It should be noted,
however, that these patients have a higher incidence
of other comorbidities. In our analysis, mortality
related to CHD was 3.4% (n = 10), and none of these
deaths occurred in the miscellaneous group in the first
year of life. In the remaining deaths, the main causes
were extreme prematurity, sepsis, intraventricular
hemorrahage and Patau and Edwards syndromes.
Samanek’ reported that of all deaths in patients with
congenital heart disease, only 48% were related to CHD.
Massin et al.,?® observed noncardiac comorbidities in
15 to 45% of autopsies in patients with CHD. Other

authors have documented the association of CHD with
diaphragmatic hernia, esophageal atresia, omphalocele”
and poor neurological outcomes.? We observed that 32%
of patients with extra-cardiac disease or syndromes
had ventricular septal defects (p = 0.013). Complete
atrioventricular canal defect, atrial septal defect and left
ventricular noncompactation were positively associated
with extra-cardiac malformations, such as craniofacial
malformations, renal agenesis/hypoplasia, diaphragmatic
hernia, cleft lip and cleft palate, esophageal atresia and
polymalformative syndromes. Patent ductus arteriosus
had a negative association with those.

Survival curves were built to assess overall mortality
at 28 days, six months and one year of life according
to disease category. Cyanotic diseases have shown
the highest mortality in all life periods. As observed
in our study, and concordant with others, cyanotic
CHDs carry the worst prognosis, whose morbidity and
mortality go beyond the neonatal period. Unlike our
results, in a study’ by Samanek published in 2000, the
one- year mortality was higher, which probably reflects
improvements in health care. More recently, Oster et al.,*
reported a survival rate of 75% for critical CHDs and 97%
for non-critical CHDs at one year of age.
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Advances in therapeutic modalities have led to
decreasing mortality rates. Marelli et al.,® showed that
mortality decreased by 40% between 1979 and 1993, and
that the prevalence of CHD increased by more than half
between 2000 and 2010, mainly due to the surviving adult
population. With this increased in survival, CHD is no
longer just a pediatric problem, but one that seeps into
adulthood. Bracher et al., reported that the most common
comorbidities in adults with congenital heart disease are
hypertension, thyroid dysfunction, psychiatric disorders,
neurological disorders, chronic lung disease and stroke.
Smith et al.,® showed that newborns with cyanotic CHDs
are at a higher risk for silent ischemic cerebral stroke in
the adulthood and that arrhythmias are the leading cause
of death in this age group.

As far as we know, our study is the first epidemiological
study to infants with CHDs born in a central maternity
hospital in the main territory of Portugal. In 2006,
Cymbron et al.”® conducted an identical study on an
island in the Azores, Portugal, and found an incidence
of 9.16 per 1,000 live births. These results may be due
to the existence of several family clusters in a relatively
small area.

This study has the inherent limitations of being a
retrospective analysis.

Conclusion

The incidence of CHD in our study group was
approximately six per 1,000 births, and left-to-right
shunt lesions were the most prevalent. Heart disease
accounted for 62% of total deaths. Cyanotic CHDs had
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