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Presentation of congenital heart disease diagnosed at
birth: analysis of 29,770 newborn infants

Licia F. P. Amorim,* Catarina A. B. Pires,2 Ana Maria A. Lana,® Angela S. Campos,*
Regina A. L. P. Aguiar,® Jacqueline Domingues Tibircio,® Arminda Lucia Siqueira,”
Cleonice C. C. Mota,® Marcos J. B. Aguiar®

Abstract

Objective: To estimate the prevalence rate and study the clinical presentation and associated factors of congenital
heart diseases diagnosed at birth between August 1990 and December 2003, at the Maternity Unit of the Hospital das
Clinicas, Universidade Federal de Minas Gerais, Brazil.

Methods: A retrospective, database driven study, part of the Latin-American collaborative study of congenital
malformations. Records were reviewed on all live born (LB) and stillborn (SB) infants with congenital heart diseases
diagnosed by postnatal echocardiogram or by autopsy. Data on birth weight, sex, age and parity were collected for the
LB and studied for associations. The statistical analysis employed Pearson’s chi-square test and multinomial logistic
regression.

Results: During the period studied there were 29,770 births (28,915 LB and 855 SB). The prevalence of heart
disease among the LB was 9.58:1,000 (277/28,915) while among SB the rate was 87.72:1,000 (75/855). Heart disease
occurred isolated in 37.2% of LB cases and 18.7% of SB cases; was associated with anomalies of other organs and
systems, but without a syndromic diagnosis in 31.4% of LB cases and 48.0% of SB cases; and in 23.1% of the LB cases
and 32.0% of the SB cases the heart disease was a feature of a syndrome. Multivariate analysis demonstrated an
association between heart disease and birth weight < 2,500 g in all types of clinical presentation, between maternal
age = 35 years and heart disease in syndromic heart disease and between female sex and isolated heart disease.

Conclusions: It was found a high prevalence, which is an alert to the medical significance of heart disease. There
was association between birth weight < 2,500 g and all forms of presentation, between increased maternal age and
syndromic heart disease besides between female sex and isolated congenital heart disease.

J Pediatr (Rio J). 2008,84(1):83-90: Congenital heart disease, prevalence, abnormalities, etiology.

Introduction responsible for deaths during the first year of life, hospitaliza-

It is estimated that one in every 20 live births (LB) pre- tions and high financial and emotional costs. In countries
sents some type of genetic disease and that one in every 33 where infant mortality rates are low, congenital malforma-
exhibits a severe defect at birth. These diseases will be tions are the primary cause of infant mortality.'** Since 2001
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congenital anomalies have been the second cause of deaths
of children under 1 year old in Brazil, according to the Mortal-
ity Information System (MIS) maintained by the Brazilian Min-
istry of Health, as well is in the Metropolitan Region of Belo
Horizonte, MG, Brazil.®

Cardiac anomalies, defined as structural abnormalities of
the heartorintrathoracic vessels, taking all the different ana-
tomic forms together, are some of the most common congeni-
tal anomalies at birth. It is estimated that between two and
10inevery 1,000 LB are affected by some type of cardiac mal-
formation.®” One third of those affected have critical cardiac
malformations, defined as those that require immediate
investigation and treatment, or those that will lead to death
during the first year of life. As medicine has advanced and
early detection become possible, many of these newborn will
survive and contribute to increase the population of adults
with congenital heart disease.” 1°

Cardiacanomalies may be presented in several ways: iso-
lated (80 to 85%), as part of a chromosomal syndrome (5 to
10%) orageneticone (3to 5%), as a well-established or occa-
sional association with other conditions, as a result of envi-
ronmental factors, infectious or otherwise, in entities
recognized as ruptures. When occurring as an isolated way,
heredity is, in the majority of cases, multifactorial or poly-
genic. Hundreds of different genes have been proposed as
candidates genes, i.e. as genes that predispose to the devel-
opment of a range of types of heart disease.1*"13

Knowledge of the prevalence of congenital heart disease
and the main factors associated with them has an important
role to play in their prevention and treatment and in improv-
ing the quality of life of those affected, especially when it is
expected that their prevalence will increase, as is the case in
Brazil. Nevertheless, a search of the databases MEDLINE and
LILACS returned few studies on the subject that had been
undertaken in Brazil, and so the prevalence of congenital heart
disease among our patients has not yet been well
established.*1¢ This study aims to contribute to that knowl-
edge, investigating the prevalence of heart disease at a pub-
lic university hospital in 29,770 consecutive deliveries over a
13-year period.

Objectives

To determine the prevalence of congenital heart disease
diagnosed at birth among LB and stillborn (SB) infants; to
describe its most common clinical presentations and to inves-
tigate, among the LB, any associations with birth weight, sex,
age and parity, at the Maternity unit of the Hospital das Clini-
cas, Universidade Federal de Minas Gerais (UFMG), Brazil,
between August 1990 and December 2003.

Methods

This was a retrospective, observational study, based on
the database created when the Maternity Unit at the Hospital
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das Clinicas at UFMG joined the Latin-American collaborative
study of congenital malformations (ECLAMC), starting in
August 1990. This database contains records of all LB and SB
born with congenital anomalies.*”-*® The Hospital das Clini-
cas is a public university hospital that provides care on the
Brazilian National Health Service (SUS - Sistema Unico de
Saude).

Information on all of the LB or SB born with malforma-
tions was collected relating to morphological description of the
malformation, autopsy details, results of supplementary
tests, morbid events during pregnancy, family history of con-
genital malformations, parental consanguinity, sex and birth
weight, multiple births, parity and maternal age, type of deliv-
ery, presentation and socioeconomic factors. For purposes of
reference, each malformed LB was paired with a control,
defined as the next LB of the same sex born without malfor-
mations. The same data were collected for each control LB.
The SB were not paired with controls.

At the end of each month a report was produced listing
the births, numbers of LB and SB, and broken down by sex,
birth weight grouped in 500 g categories , maternal age clas-
sified in age groups of 5 years and parity. The report also
detailed the frequency, sex and types of multiple births.

The monthly reports were analyzed in order to obtain the
total numbers of LB and SB over the period and data on sex,
weight, parity and maternal age for all of the infants born dur-
ing the period.

The study included all LB and SB with a diagnosis of con-
genital heart disease at birth, confirmed by postnatal Dop-
pler echocardiography, carried out by the pediatric and fetal
echocardiography team at the Hospital das Clinicas. The study
also included those SB and neonatal deaths where heart dis-
ease could be confirmed from autopsy data.

The heart diseases identified were then classified as: iso-
lated, when the cardiac defect was the only finding; associ-
ated with malformations of other organs and systems without
a syndromic diagnosis; components of chromosomal or
genetic syndromes; components of ruptures and other forms
not covered by the preceding categories. The heart diseases
were further classified as single anomalies, where there was
just one cardiac defect, or as multiple ones, where more than
one cardiac defect was present.

The results of obstetric ultrasound, fetal Doppler echocar-
diography and postnatal Doppler echocardiography were
studied, together with the autopsy data.

Newborn infants were excluded if their mothers had not
given consent for theirinclusion, they had patent ductus arte-
riosus (PDA) associated with prematurity or if Doppler
echocardiogram or autopsy results were not available.
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For the purposes of statistical analysis, all 1,853 LB in the
ECLAMC database with no congenital malformation whatso-
ever were defined as controls (controls for all those with
malformations).

Pearson’s chi-square test, available in the program Epi-
Info 6.0, was used to test for associations between the pres-
ence of congenital heart disease and sex, birth weight, parity
and maternal age. In order to test whether these associa-
tions were present in all of the forms of clinical presentation
of heart disease, multivariate analysis was carried out using
multinomial logistic regression with the aid of the software
Minitab 14. The cutoff for statistical significance was set at
5% (p < 0.05).

Statistical analyses were not carried out for the SB due to
the absence of controls.

The study was approved by the Research Ethics Commit-
tee of the UFMG, hearing number ETIC 305/04.

Results

During the period between August 1st, 1990 and Decem-
ber 31st, 2003, there were 29,770 deliveries at the Maternity
Unit of the Hospital das Clinicas at UFMG: 28,915 LB and 855
SB. Atotal of 352 cases of congenital heart disease were iden-
tified, with a prevalence of 11.82%o births. One SB with fetal
ultrasound describing a cardiac anomaly, but no autopsy was
excluded, and 12 LB with clinical diagnose of heart disease,
but without confirmation by postnatal echocardiogram or
autopsy findings were also excluded. The parents or guard-
ians of all of the newborn infants with heart disease gave per-
mission for them to be enrolled on the ECLAMC study.

Of the LB, 277 exhibited heart disease, with a prevalence
of 9.58%o, while 75 of the SB had heart disease, at a preva-
lence of 87.72%o0 SB.

From the 277 LB with heart disease, 103 (37.2%) had iso-
lated heart diseases; in 87 (31.4%) they were associated with
malformations of other organs and systems without a syndro-
mic diagnosis; andin 64 (23.1%) heart disease was a feature
of a syndrome of multiple anomalies. There were also nine
cases (3.2%) of hypertrophic myocardiopathy, four cases
(1.4%) that were part of ruptures (two associated with
rubella, one with toxoplasmosis and one with amniotic bands),
four cases (1.4%) of complete atrioventricular block (CAVB)
without structural anomalies, three (1.1%) of rhabdomyoma
and three (1.1%) of heart disease in combination with imper-
fect twinning.

Of the 103 cases in which heart disease presented as an
isolated anomaly, 38 (36.9%) patients had a single defect and
65 (63.1%) had multiple defects.

There were 87 cases in which heart diseases were associ-
ated with anomalies of other organs and systems, but where
no diagnosis of a syndrome had been established. The organs
and systems most frequently affected in this group were the
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genitourinary system (48.3%) and the central nervous sys-
tem (45.9%). The majority of these LB had more than one
malformed organ or system. The VACTERL association (ver-
tebral defects, imperforate anus, cardiac defects, esoph-
ageal atresia with or without tracheoesophageal fistula and
defects of the renal system and of the limbs) was identified in
seven cases (8.0%), and the CHARGE association (colobo-
mas, heart disease, choanal atresia, retardation of growth and
development, genital anomalies and ear malformations and
hearing disorders) was identified in two cases (2.3%).

Of the 64 cases in which heart disease was a feature of a
syndrome, 31 (48.4%) patients had Down Syndrome, 28 of
whom had septal defects, 12 of which were atrioventricular
septal defects. Sixteen (25%) had trisomy of chromosome 18
and three (4.7%) had trisomy of chromosome 13. One of the
remaining 14 cases (21.9%) had Turner syndrome and 13 had
other chromosomal or genetic syndromes.

There were 75 SB with heart disease and in 36 (48%) of
these cases heart disease was associated with anomalies of
other organs and systems without a syndrome being diag-
nosed, in 24 (32%) cases heart disease was a feature of a
syndrome of multiple anomalies, in 14 (18.7%) heart disease
presented as an isolated anomaly and in one case (1.3%)
heart disease was a component of a rupture (amniotic bands).

There were 36 cases in which heart disease was associ-
ated with malformations of other organs and systems, with-
outany diagnosis of a syndrome, and among these, the organs
and systems most frequently involved were the osteomuscu-
lar (52.8%), genitourinary (52.8%) and central nervous sys-
tems (41.7%). Heart disease with malformations of more than
one system or organ was also common among the SB.

Of the 24 cases in which heart disease was part of a syn-
drome of multiple anomalies, 13 (54.2%) had trisomy of chro-
mosome 18, all with multiple cardiac defects. Trisomy 21 was
identified in six cases (25%), and trisomy 13 in one case
(4.2%); one of the four remaining cases (16.7%) had Turner
syndrome and three had other chromosomal or genetic
syndromes.

Heart disease presented as an isolated anomaly in 14 of
the SB (18.7%), three with single defects and 11 with mul-
tiple defects.

When all clinical presentations of heart diseases were ana-
lyzed together, atrial septal defect (ASD), ventricular septal
defect (VSD) and patent ductus arteriosus (PDA) accounted
for 62.6% of all defects identified, being most prevalent both
amongthe LB (63.5%) and among the SB (58%). Table 1 lists
the heart diseases observed in the sample of LB and SB.

It can be observed in Table 2 that, among the LB, the
univariate analysis indicated associations between heart dis-
ease and birth weight < 2,500 g (p < 0.0001), with an odds
ratio (OR) of 5.19 (95%CI 3.92 < OR < 6.87), with maternal
age > 35 years (p < 0.05) with an OR of 1.60 (95%CI 1.10 <



86 Jornal de Pediatria - Vol. 84, No. 1, 2008

Presentation of congenital heart disease at birth - Amorim LF et al.

Table 1 - Number of occurrences of different heart diseases among live births and stillborn infants

Live births Stillborn
ASD 109 12
VSD 92 22
PDA 94 17
PS/PA 37 5
TD/TA 20 2
AVSD 20 2
HLV 14 2
Hypertrophic myocardiopathy 11 0
Tetralogy of Fallot 10 1
TGA 9 2
AH/Ac/IAA 4 6
AoOV+VSD 5 4
Dextrocardia 7 1
CAVB 6 0
HRV 5 0
Ectopia cordis 4 1
Multiple anomalies 3 1
DORV 2 2
Rhabdomyoma 3 0
Ebstein’s anomaly 2 1
PAVC 2 1
Truncus arteriosus 2 1
Univentricular atrioventricular connection 3 1
Common atrium 0 2
Bicuspid aorta valve 1 0
PAHypop 0 1
Acardia 0 1

AH/Ac/IAA = aortic arch hypoplasia, aortic coarctation and interrupted aortic arch; AoOV+VSD = aortic override; ASD = atrial septal defect; AVSD =
atrioventricular septal defect; CAVB = complete atrioventricular block; DORV = double outlet right ventricle; HLV = hypoplastic left heart; HRV = hypo-
plastic left ventricle; PAHypop = pulmonary artery hypoplasia; PAVC = pulmonary anomalous venous connection; PDA = patent ductus arteriosus; PS/PA
= pulmonary stenosis or atresia; TD/TA = tricuspid dysplasia/atresia; TGA = transposition of the great arteries; VSD = ventricular septal defect.

OR < 2.33) and with female sex (p < 0.05), with an OR of
1.40 (95%CI 1.07 < OR < 1.82). There was no association

with maternal parity (p = 0.0743).

The multivariate analysis by means of multinomial logis-
tic regression took the following categories as response
variables: absence of heart disease, isolated heart disease,

heart disease in association with malformations of other
organs and systems, heart disease as feature of a syndrome
of multiple malformations and one further group containing
all other presentations observed. An association between birth
weight < 2,500 g and the presence of congenital heart dis-
ease was identified in all clinical presentation categories.
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Table 2 - Results of univariate analysis of associations between congenital heart disease and certain factors relating to the live births

Cardiacanomaly + Cardiac anomaly - Total
Factor n =261 n = 1540 n=2,114 p*
Birth weight
<2,500g 134 313 447
>2,500¢g 127 1,540 1,667 < 0.0001
(OR =5.19, 95%CI 3.92-6.87)
Maternal age
> 35 years 42 198 240
< 35years 219 1,655 1,874 < 0.05
(OR =1.60,95%CI 1.10-2.33)
Sex
Female 140 840 980
Male 121 1,013 1,134 < 0.05

(OR = 1.40, 95%CI 1.07-1.82)

95%CI = 95% confidence interval; OR = odds ratio.

Eleven cases excluded with cardiac anomaly and intersex conditions, four where the mother’s age had not been recorded and one case where parity had

not been recorded.
* Pearson’s chi-square test.

Maternal age > 35 years was associated with the presence of
heart disease only when this was feature of a syndrome. An
association was detected between female sex and heart dis-
ease only in isolated heart disease (Table 3).

Discussion

As congenital malformations become progressively more
important in the etiology of infant mortality, it is indispens-
able to acquire knowledge of the prevalence of the most fre-
quenttypes. Heart diseases are the congenital anomalies with
greatest prevalence at birth.>:6:13:16.19 Early diagnosis is often
necessary so that families can be informed and viable thera-
peutic measures planned. Many heart diseases, and the syn-
dromes of which they are part, are incompatible with
extrauterine life, what must be taken into account when the
immediate care needed by those affected is considered.°:2°
Despite this, we found few studies containing data from
Brazil,**16 and none of them allow for comparisons with this
study due to period of diagnosis and methodologies used.

This study may have underestimated the prevalence of
some types of heart disease which, due to their clinical char-
acteristics, may not have symptoms or signs at birth. On the
other hand, the inclusion of only those newborn infants whose
diagnosis was confirmed by Doppler echocardiography or
autopsy reduced the number of false-positive diagnoses that
may have occurred if the diagnosis had been exclusively
clinical.®

The prevalence observed, both among the LB and the SB,
although high, is compatible with those described in the

literature.:2:6:7:10,12,13,21-25 Qe gspect that may have con-
tributed to the high prevalence of heart disease in this study
in comparison with others is that termination of pregnancies
when fetal malformations are diagnosed, isillegal in our coun-
try, but permitted in many others.

Termination of pregnancies after diagnosis of fetal anoma-
lies may also be responsible for slight discrepanciesin the rela-
tive prevalence of isolated heart diseases, when compared
with those associated with dysmorphic syndromes or with
anomalies of other organs and systems.

The distribution of clinical presentations of heart disease
was differentamong the LB, in whom isolated forms predomi-
nated, and among the SB, in whom forms associated with
anomalies of other organs and systems and with dysmorphic
syndromes predominated. This has been described in the
literature?®-28 and call attention to the need to take into
account the age of diagnosis to evaluate the prevalence of the
different clinical presentations and their etiologies.

Among heart diseases that were feature of syndromes, the
higher prevalence of chromosomal diseases was noticeable,
in particular forms of aneuploidy, 82.8% among the LB and
87.5% among the SB. Although high prevalence rates of chro-
mosomal diseases among LB with heart disease and multiple
anomalies have been described in the literature,10-12/19:20 the
percentages observed in this study were very much higher. A
variety of factors may have contributed to this: termination
of pregnancies after diagnosis of chromosomal anomalies in
other countries, the time of diagnosis and the fact that this
study was undertaken at a hospital that is a referral center for
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Table 3 - Results of multivariate analysis by multinomial logistic regression with clinical presentation of heart disease among live births as response

variable
Variable/Clinical presentation of heart disease p Odds ratio 959%CI
Birth weight (< 2,500 and > 2,500 g)
Isolated < 0.0001 2.78 1.81-4.24
Associated with malformations of other organs and systems < 0.0001 6.42 4.03-10.23
As a feature of syndromes < 0.0001 11.14 6.26-19.83
Other presentations < 0.0001 5.39 2.35-12.38
Sex (female and male)
Isolated 0.044 1.52 1.01-2.29
Associated with malformations of other organs and systems 0.856 0.96 0.60-1.52
As a feature of syndromes 0.408 1.26 0.73-2.17
Other presentations 0.730 1.16 0.50-2.66
Maternal age (= 35 and < 35 years)
Isolated 0.826 1.07 0.57-2.02
Associated with malformations of other organs and systems 0.373 0.67 0.28-1.60
As a feature of syndromes < 0.0001 3.85 2.10-7.05
Other presentations 0.420 1.58 0.52-4.83
Maternal parity (1 pregnancy and > 1 pregnancy)
Isolated 0.328 1.24 0.81-1.90
Associated with malformations of other organs and systems 0.574 1.15 0.71-1.85
As a feature of syndromes 0.169 1.54 0.83-2.86
Other presentations 0.352 1.54 0.62-3.85

95%CI = 95% confidence interval; OR = odds ratio.

Eleven cases excluded with cardiac anomaly and intersex conditions, four where the mother’s age had not been recorded and one case where parity had

not been recorded.

fetal diseases. The high prevalence of chromosomal diseases
reinforces the recommendation to perform chromosome stud-
ies of all LB or SB with multiple anomalies.

The most common chromosomal syndrome among the LB
was Down Syndrome, and atrioventricular septal defect was
presentin 38.7% of these patients, in agreement with what is
described in the literature.**"*3 Among the SB, 18 trisomy was
the most common syndrome, in agreement with current
knowledge of the severity of this trisomy.*? It is possible that
other genetic syndromes may have been underestimated,
since many of them can only be diagnosed later, because rec-
ognition of dysmorphic parameters is difficult at this age, or

because their diagnoses depends on procedures not yet gen-
erally available in our setting, such as microdeletion assays
and molecular studies.

The most common anatomic defects, both among LB and
among SB, were ASD, VSD and PDA, in agreement with the

literature, 12.21:23,26-28

The univariate analysis detected an association between
presence of congenital heart disease and birth weight < 2,500
g, which has also been described in the literature.2°-3! This
finding was upheld by the multivariate analysis. However, the
multivariate analysis provided important additional informa-
tion on the associations with maternal age and sex of infant.
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The association with maternal age > 35 years, described in
the literature,® was only sustained when heart disease was a
feature of a syndrome. The association with other clinical pre-
sentations, found in the univariate analysis and in the litera-
ture, mightreflect the weight of the syndromic heart diseases,
especially the chromosomal ones, on the whole group of heart
diseases, since itis well known thatincreased maternal age is
a risk factor for numerical chromosomal diseases, especially
Down syndrome.

A similar effect was observed in the association with sex.
When the whole group of clinical presentations were studied
together, the univariate analysis detected that they were asso-
ciated with female sex. According to the multivariate analy-
sis, this association was only sustained in isolated heart
disease. It has been well-established in the literature that iso-
lated heart diseases, are heterogeneous from the etiologic
perspective, with prevalence of the multifactorial inherit-
ance. In this type of inheritance it is common for prevalence
to be higher in one sex. This type of association may also
reflect the high prevalence of PDA, which is known to be more
frequent among females, *1-13:32

The results of this study provide information thatis impor-
tant to the study of heart diseases in our country. It has dem-
onstrated that the prevalence and presentation of congenital
heart diseases are similar in our country to those observed in
more developed countries, which is an alert that the health
system must be prepared to diagnose and treat these patients
earlier, reducing later economic costs due to the possible
sequelae and the emotional suffering of those affected, and
their families. In order to obtain more accurate conclusions,
further, similar works are needed involving larger and more
diverse samples. If one considers that congenital anomalies
are already the second cause of mortality during the first year
of life in our country, and that their relative importance will
tend to grow, it becomes even more important to meet this
challenge.
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