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SUMMARY

BACKGROUND: To determine the magnitude and temporal trends of deaths due to congenital heart disease (CHD) in Pernambuco 
between 1996 and 2016.

METHODS: This was an ecological, time-series study, involving all cases of deaths from congenital cardiovascular malformations in the 
state of Pernambuco, from 1996 to 2016, using data from DATASUS, SINASC and SIM. 

RESULTS: There were 3,584 deaths from congenital cardiovascular malformations amongst individuals aged 0 to 14 years, of which 
81.94% were concentrated in children aged under one year. The infant mortality rate (IMR) presented a linear growth trend of 0.4645 per 
year (p <0.01). The cause-of-death code Q24 (other congenital malformations of the heart) was present in 72.54% of the death records 
and 48.17% of the deaths occurred in infants aged between 28 and 364 days of life. The highest occurrence of deaths was identified in 
children with low birth weight (500 and 1,499g), male, premature, children of mothers without schooling, in deliveries at home (p <0.05).

CONCLUSIONS: Congenital heart disease still represents a public health problem as a cause of death, particularly in the first year of life, 
with IMR in a linear growth trend. Deaths from CHD were more prevalent in male children, born prematurely, with low birth weight, 
born to mothers with low schooling and deliveries without medical care. 
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ORIGINAL ARTICLE

INTRODUCTION

Congenital heart diseases (CHD) are a frequent 
anomaly with an estimated incidence ranging from 
8 to 10 per 1,000 live births and associated with a 
high mortality rate, significant social and health care 
costs1,2. CHD is a broad clinical spectrum, ranging 
from asymptomatic to complex and potentially fatal 
defects1-3.

Approximately four million neonatal deaths occur 
each year and it is estimated that 7% are related to 
some type of CHD. It should be noted that without 
intervention, 30% of infants presenting with heart dis-
ease will not survive the first year of life4. CHD is the 
leading cause of death in neonates, the ninth cause of 
death in infants aged under 1 year, the eighth between 
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accessing data from the Informatics Department of the 
Brazilian Unified Health System (DATASUS), the Live 
Birth Information System (SINASC), and the Mortality 
Information System (SIM), through the TABNET web-
site, and data analysis was conducted in R 3.1.1®. The 
following variables were analyzed: deaths of infants/
children aged from 0 to 14 years due to ICD-10 codes 
Q20 to Q28, infant death by: age group, gender, birth 
weight, maternal education, length of pregnancy, 
place of birth, and calculating the infant mortality 
rate (IMR).

Frequency distribution matrices were used to cal-
culate the means and their respective standard devia-
tions for the quantitative variables. All data presented 
normal distribution with the Kolmogorov-Smirnov or 
Shapiro tests, and the homogeneity of variances was 
verified with the Bartlett test. The Anova and Tukey 
ad hoc tests were performed to assess the differences 
between the mean values of three or more data sets. 
T-tests enabled a comparison between the mean values 
of two data sets. A significant difference was consid-
ered for p≤0.05. An assessment of the trends of infant 
mortality data was made by linear regression.

The study was approved by the Pernambuco State 
Secretariat for Health and by the Research Ethics 
Committee at the Oswaldo Cruz Complex/PROCAPE, 
in accordance with Report Nº 3.025.594 and CAAE: 
84512018.1.0000.5192, complying with Resolution Nº 
466/2012 of the National Health Council.

1 and 9 years, and seventh in children aged between 
10 and 145,6. In the Brazilian state of Pernambuco, 
between 1979 and 2003, congenital malformations of 
the cardiovascular system accounted for 41% of the 
deaths among children under one year with congen-
ital anomalies7.

The impact of congenital anomalies on infant mor-
tality rates is dependent on several factors, such as the 
quality, availability, and access to surgical treatment 
and primary healthcare. Thus, knowing the mortality 
profile of CHD is important to understand its impacts 
on infant health and as an indicator for primary and 
tertiary levels of child care. The aim of this study was 
to determine the magnitude and temporal trends of 
deaths from cardiovascular congenital malformations 
in Pernambuco, between 1996 and 2016.

METHODS

This was an ecological, time-series study, involving 
all cases of death due to congenital cardiovascular mal-
formations in the state of Pernambuco, Brasil, between 
1996 and 2016, with data collection between January 
and February 2019. The sample was composed of all 
cases of death in the population aged between 0 (zero) 
and 14 years, with the cause of death defined as con-
genital by the International Classification of Diseases 
(ICD 10), codes Q20 to Q288.

All cases of death from CHD were listed by 

FIGURE 1. DEATHS DUE TO CONGENITAL CARDIOVASCULAR MALFORMATIONS X BIRTH WEIGHT. PERNAMBUCO, 
1996 TO 2016
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RESULTS
The study included all cases of death from CHD 

amongst infants/children aged between 0 and 14 years, 
from 1996 to 2016, totaling 3.854 cases, of which 2.937 
occurred in infants aged under one year. Thus, Table 
1 presents data from the general population up to 14 
years of age. In Figure 1 and Table 2, we decided to 
present data from the population aged one year and 
under, thereby representing 81.94% of all deaths.

With regard to the number of deaths of infants/chil-
dren aged between 0 and 14 years of age due to CHD, 
there was a predominance in the group <1 year, cor-
responding to 2.937 of total deaths, and ICD-10 code 
Q24 (other congenital malformations of the heart) was 
the most frequent in all ages, 72.34% (n = 2.593), of all 
deaths (Table 1).

In infants aged under one year, the ICD-10 code Q24 
represented the majority of cases of death, with 73.88% 

TABLE 1. OVERALL CAUSE MORTALITY Q X AGE (YEARS 
AND DAYS). PERNAMBUCO, 1996 TO 2016.

Code
ICD-10*

Age (years)
n (%)< 1 

year
1 a 4 
years

5 a 9 
years

10 a 14 
years

Q20 128 12 4 1 145 (4. 04)

Q21 278 83 23 14 398 (11.10)

Q22 48 9 5 4 66 (1.84)

Q23 51 3 8 2 64 (1.78)

Q24 2170 301 80 42 2593 (72.34)

Q25 210 10 6 4 230 (6.41)

Q26 5 0 0 0 5 (0.13)

Q27 13 1 2 6 22 (0.61)

Q28 34 11 9 7 61 (1.70)

TOTAL 2937 430 137 80 3584 (100)

Code
 ICD-10

Age (days)
n (%)0 a 6 

days
7 a 27 
days

28 a 364 
days

Unknown

Q20 21 42 65 0 128 (4.35)

Q21 53 43 181 1 278 (9.46)

Q22 14 9 25 0 48 (1.63)

Q23 14 14 23 0 51 (1.73)

Q24 716 439 1014 1 2170 (73.88)

Q25 58 72 80 0 210 (7.15)

Q26 2 0 3 0 5 (0.17)

Q27 4 3 6 0 13 (0.44)

Q28 10 6 18 0 34 (1.15)

n 892
(30.37)

628
(21.38)

1415
(48.17)

2 90
(0.06)

2937
(%) (100)

* ICD-10: International Classification of Diseases and Related Health Problems, 10th 
Revision

TABLE 2. DEATHS DUE TO CONGENITAL 
CARDIOVASCULAR MALFORMATIONS VERSUS 
MATERNAL CHARACTERISTICS AND  PLACE OF 
DELIVERY. PERNAMBUCO, 1996 TO 2016.

Maternal 
Education
(in years)

n 
(per year) 

N 
(per year) 

MR* (mortality rate per 
10 000 inhabitants) 
± DP

0 (no schooling) 10.1 10226 9.9±4.7b

1 - 3 12.1 16136 7.5±6.1a

4 - 7 s 34.2 41956 8.1±1.6a

8 - 11 35.9 46129 7.8±2.1a

≥12 12.1 14486 8.4±4.3a

Gestational 
age (weeks)

n 
(per year) 

N 
(per year) 

MR* (mortality rate per 
10 000 inhabitants) 
± DP

< 22 3.0 109 279.5±7.3b

22 a 27 3.2 611 53.0±2.3a

28 a 31 6.0 1156 51.5±2.9a

32 a 36 18.7 9219 20.3±8.8a

37 a 41 75.2 132999 5.7±1.6a

42 2.1 3319 6.3±1.4a

Place of delivery
n 
(per year) 

N 
(per year) 

MR* (mortality rate per 
10 000 inhabitants) 
± DP

Health services 
for child birth care

131.9 146030 9.0±5.0a

Other health 
service 

0.9 1350 6.7±1.1a

At home 5.4 1344 40.4±2.5b

n = mean number of deaths associated with congenital cardiovascular malformations 
during the study period; N = mean of live births in the study period; MR = mean mor-
tality rate associated with congenital cardiovascular malformations. SD = standard de-
viation. * Means followed by the same letter do not differ statistically from each other 
by the Tukey test, at 5% probability..

(n = 2.170). It should be noted that 48.17% (n = 1.415) 
of deaths occurred in infants aged older than 28 days 
and younger than 364 days. However, 30.37% (n = 892) 
occurred early in infants aged from 0 to 6 days (Table 1).

The IMR presented heterogeneous results. The  
lowest rate occurred in 2001 (6.64) and the highest 
in 2009 (11.49). However, a general increase may be 
observed. The IMR regression demonstrated a linear 
growth trend with an increase of 0.4645/year (p<0.001).

A significant difference (ANOVA, F = 21.59, 
p<0.0001) was observed in the mean values of the 
mortality rates of infants born weighing between 
500g and 1.499g (Figure 1) and in male infants 
(t-test, t=2.11, p<0.05). A significant difference 
was observed in the occurrence of death amongst 
those born to mothers with no schooling (ANOVA,  
F = 6.97, p<0.001), whose gestation had been less than 
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22 weeks (ANOVA, F = 7.81, p<0.0001), and at home 
delivery (ANOVA, F = 12.09, p<0.0001) (Table 2).

DISCUSSION

There was a predominance of deaths from congeni-
tal malformations of the heart in the group <1 year, and 
the ICD-10 code Q24 was the most frequent cause of 
death at all ages. It should be emphasized that the data 
were taken from the information system and accurate 
diagnoses require cardiology staff, in specific services. 
Matos9 reported that CHD was the leading cause of 
mortality amongst congenital malformations, account-
ing for 80% of deaths in infants aged under one year. 
Most CHD contributes to the occurrence of deaths 
since the anatomical and clinical conditions presented 
are often incompatible with life and are extremely 
dependent on advanced, appropriate medical-hospital 
care in order to survive10.

Lopes et al.11 and Brum et al.12 highlight that CHD 
is associated with a higher occurrence of fetal deaths, 
since it is present in up to 85% of autopsy findings, 
and is an outstanding major factor for causing cardiac 
arrest during the first two years of life. It should be 
highlighted that the number of deaths related to CHD 
is officially lower than in fact it should be. Underre-
porting in Brasil remains a constant reality since new-
borns often leave hospital clinically well, and on arrival 
at home begin to degenerate, thereby dying without 
hospital records registering the true cause of death10,12.

A study in Rio de Janeiro observed that the high-
est proportion of mortality was through unspecified 
congenital malformations of the heart13. These results 
would suggest poor access to prenatal care or to CHD 
diagnosis services at birth, which hinders or even pre-
vents any timely treatment13.

The linear regression of the evolution of the IMR 
demonstrated a growing trend. In Brasil, between 
2003 and 2013 the IMR from congenital malforma-
tions of the heart was 1.03, and the Midwest region of 
the country presented the highest rate (1.25) and the 
Northeast the lowest (0.93)10. Braga et al.14 analyzed 
the mortality trend from CHD in Brasil and observed 
that overall there was a fluctuation throughout the 
period with a decrease observed during the last year. 
Matos9, in the state of Bahia between 2003 and 
2013, reported that the IMR presented a progressive 
increase within the pediatric age group.

The temporal patterns of CHD present a certain 
degree of heterogeneity. In Canada and European 

countries, mortality rates due to CHD have decreased, 
particularly in infants aged under one year15,16. In 
contrast to previous studies, a large‑sample, popula-
tion‑based study on CHD, using echocardiography, 
was conducted in China finding a CHD prevalence of 
22.9%, in two years of study17; in Mexico, infant mor-
tality from CHD increased 24.8% from 1998 to 2013. 
It should be highlighted that hypotheses have been 
raised to justify this increase in mortality rates, for 
example, the improved diagnosis of CHD and a greater 
number of perinatal necropsies18.

Arruda et al.7 assessed mortality from congenital 
malformations in Pernambuco from 1993 to 2003, 
and demonstrated that these accounted for 41% of 
all deaths, and that there was an increasing trend 
in coefficients of early neonatal (p=0.003), perina-
tal (p=0.005), neonatal (p=0.0007), and infants aged 
under one year (p=0.02) mortality.

In a study by Torres-Cosme et al.18 conducted in 
Mexico, infant mortality from CHD increased by 24.8% 
from 1998 to 2013 (114.4 to 146.4/100,000 live births). 
This finding runs counter to overall global mortality, 
since the number of deaths in infants aged under five 
decreased by 47% from 1990 to 2015, from 90.6 to 42.5 
deaths per 1,000 live births. Efficient strategies and 
actions aimed at reducing diarrhea, respiratory infec-
tions and an increase in the development and success 
of vaccination may also justify this fact.

It should be emphasized that mortality due to CHD 
varies when assessed within global rates19. Industri-
ally limited countries or those classified as “developing 
nations”, which still suffer from poor access to health-
care, present significantly higher mortality rates than 
those of developed countries10. High mortality rates 
due to CHD result from poor or inadequate diagnostic 
services during the prenatal period, thereby leading 
to ineffective treatments and frequent deaths. Early, 
accurate diagnosis is a prerequisite for a more favorable 
prognosis and for establishing effective healthcare.

In an analysis of the causes of death during the first 
24 hours of life, Torres-Cosme et al.18 reported that 
around 90% of cases did not have a specific diagnosis, 
which is of great concern. It is argued that newborns 
with a known prenatal diagnosis of CHD were signifi-
cantly less likely to die before cardiac surgery when 
compared to those diagnosed postpartum (OR = 0.26; 
95% CI: 0.08-0.84).

This result is corroborated by Matos9, who reported 
that the ICD-10 code Q24 was present in 75.7% of the 
records, which demonstrated an inaccuracy in the 
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diagnosis of causa mortis pathology. This may have 
been due to a lack of knowledge regarding the large 
number of congenital heart defects by the doctors who 
confirmed the deaths and signed the death certificates 
or possibly even by the absence of an autopsy. We con-
firmed that a significant portion of the deaths occurred 
during the first days of life. Similar results were found 
in the state of Bahia, where 48% of deaths occurred 
in the post-neonatal period (28 to 364 days), followed 
by early neonatal, from 0 to 6 days, corresponding to 
34% of total deaths9. The first week of life is seen as a 
critical period during which a significant number of 
CHD deaths occur. Special attention should be given 
to this phase, understanding that it is necessary to 
enable specialized health care.

Birth weight is an important factor for the occur-
rence of events in newborns. This study has demon-
strated a statistical significance for mortality in 
children weighing between 500 and 1,499g. Lopes et 
al.11 described that a birth weight <2,500g was a risk 
factor for death in newborns with CHD (RR: 2.33; 95% 
CI 1.26-4.29; p 0.0068), which was also reported by 
Brum et al.12 (26.7% of deaths, p 0.015), Aquino et al.20, 
and Carvalho et al.21.

Araújo et al.22 highlighted that the mortality risk for 
male newborns was 4.16 times higher than for girls. 
Furthermore, they also emphasized that early neona-
tal mortality was higher in males for all weight ranges.

There are very few studies that seek to associate 
mortality from CHD with levels of education. Araújo et 
al.22 sought to describe the profile of CHD in the state 
of Paraiba between 2001 and 2011 and discovered that 
the parents of a significant proportion of CHD cases 
had received little education. The authors emphasized 
that while there was no direct biologically responsi-
ble mechanism, it is crucial to take into account that 
educational attainment is closely linked to obtaining 
information and a higher purchasing power. These 
factors are crucial for good prenatal care and thus for 
developing an effective follow-up in order to avoid a 
variety of risk factors detrimental to the fetus.

Aquino et al.20 and Carvalho et al.21 aimed to ana-
lyze the risk factors associated with perinatal mor-
tality in Recife-PE, observed that if a mother had 
attended school for less than four years (OR=1.78), 
this was a risk factor for perinatal mortality.

Furthermore, according to Aquino et al.20, it was 
observed that prematurity (OR=18.23) remained an 
important risk factor for perinatal mortality since this 
variable was most strongly associated with perinatal 

death. Low birth weight and length of gestation should 
not be studied in isolation, but as mediators through 
which determinants act, such as maternal education, 
socioeconomic conditions, biological characteristics, 
and life habits of the mother, as well as access to 
health services during pregnancy.

In Caxias do Sul (Rio Grande do Sul), it was observed 
that the risk of mortality in premature infants (<37 
weeks) was five times higher when compared to the 
39-41-week group, thereby demonstrating a marked 
increase in mortality as the gestational age decreases23.

With regard to the place of delivery, Torres-Cosme 
et al.18 reported that while hospital births presented 
the lowest CHD mortality rates, at home births pre-
sented the highest, comprising 22.3% of the total num-
ber of deaths. Homebirth is a risk factor for death with 
the presence of CHD (OR = 95% CI = 6.34; 5.49–7.32). 
This fact leads us to emphasize possible weaknesses 
in primary health care, particularly with regard to the 
conditions of delivery.

CONCLUSIONS

In the state of Pernambuco, the CCM was respon-
sible for 3,584 deaths from 1996 to 2016, which 
occurred predominantly in children under one year. 
The IMR showed a linear growth trend. The ICD-10 
Q24 cause-of-death code was present in most death 
certificates. The general characteristics that showed 
statistical significance for death were prematurity, 
low birth weight, male babies born to mothers with 
no education, with home delivery.
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RESUMO

OBJETIVO: Determinar a magnitude e tendência temporal dos óbitos por doenças cardiovasculares congênitas (DCC) em Pernambuco 
entre 1996 e 2016. 

MÉTODOS: Trata-se de um estudo ecológico, de série temporal, com todos os casos de óbitos por doenças cardiovasculares congênitas 
no estado de Pernambuco, entre 1996 e 2016, por meio dos dados do Datasus, Sinasc e SIM. 

RESULTADOS: Ocorreram 3.584 óbitos por DCC entre indivíduos de 0 a 14 anos de idade, dos quais 81,94% foram concentrados em 
crianças menores de 1 ano de idade. A taxa de mortalidade infantil apresentou tendência linear de crescimento de 0,4645 por ano 
(p<0,01). A causa Q24 (outras malformações congênitas do coração) esteve presente em 72,54% dos registros de óbitos e 48,17% dos 
óbitos ocorreram na faixa etária de 28 a 364 dias de vida. Maior ocorrência de óbitos foi identificada entre os nascidos com peso entre 
500 e 1.499 g, do sexo masculino, pré-termos, filhos de mães sem escolaridade e em partos domiciliares (p<0,05). 

CONCLUSÕES: As cardiopatias congênitas ainda representam um problema de saúde pública como causa de mortalidade, especial-
mente no primeiro ano de vida. A taxa de mortalidade por DCC apresentou tendência linear de crescimento. As características gerais 
demonstraram significância estatística para óbitos entre crianças prematuras, com baixo peso, do sexo masculino, nascidas de mães 
sem escolaridade e em partos domiciliares.  

PALAVRAS-CHAVE: Mortalidade infantil. Cardiopatias. Anormalidades congênitas. 
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