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Abstract Aim: To investigate the previously unknown birth incidence, treatment, and mortality of children
with congenital heart disease in Tunisia. Methods: We undertook a retrospective review of medical records of all
patients who were born in 2010 and 2011, and were diagnosed in Sfax (Tunisia) with congenital heart defect.
Results: Among 37,294 births, 255 children were detected to have congenital heart disease, yielding a birth
incidence of 6.8 per 1000. The most frequently occurring conditions were ventricular septal defects (31%),
ostium secundum atrial septal defects (12.9%), and pulmonary valve abnormalities (12%). Coarctation of the
aorta, tetralogy of Fallot, univentricular physiology, pulmonary atresia with ventricular septal defect, and
transposition of the great arteries were found in 4.3%, 6.2%, 3.4%, 2.7%, and 2.7%, respectively. During the
follow-up of 1 year, 23% of the children died. About three-quarters of those deaths happened before surgery.
Conclusion: The present study is in line with the general estimates in the world. It has revealed a high case of
mortality among the patients awaiting corrective surgery. These children need more facilities.
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C
ONGENITAL HEART DEFECTS ARE SERIOUS ANOMALIES

that account for nearly one-third of all major
congenital anomalies1 and have a major impact

on paediatric morbidity, mortality, and health-care
costs.2 The internationally accepted birth incidence
of congenital heart disease is 8%, although large
variations in data occur across studies.3 In general, it
is argued that the birth incidence of congenital heart
disease has remained stable over time.3,4

In developing countries, congenital heart disease
may go unrecognised, resulting in serious morbidity
and high mortality rate.5

Tunisia is considered among the emerging countries,
and since 1970 the government has focused on

rheumatic fever, which benefited from an outreach
programme. Thus, the incidence of rheumatic fever
decreased dramatically. On the contrary, congenital
heart defects are diagnosed more frequently, and the
number of operated children is increasing. Unfortu-
nately, surgical treatment of neonatal and complex
congenital heart disease in Tunisia remains limited.6

Indeed, congenital heart defects represent a
public health concern with a heavy economic
burden owing to the cost of surgery sometimes
carried out repeatedly.

In Tunisia, unfortunately, we do not have precise
data of the incidence of congenital heart disease
due to the lack of a national registry. Therefore, we
continue to ignore those data in our population.

Through this study, we aimed to investigate the
birth incidence and mortality rate among children with
congenital heart disease born in 2010 and 2011 in Sfax.
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Methods

Study population
This population-based study was conducted in Sfax.
Sfax is the second largest city in Tunisia with a high
population density – 944,500 inhabitants. In our
city, 60% of children are born in hospitals and
receive a systematic check up from a physician
before discharge and when they are 40 days old.

There is only one tertiary care public centre for
cardiology that includes paediatric cardiology. Thus,
the cases of children with congenital heart disease in
Sfax have been evaluated by a paediatric cardiologist
either in our public hospital or in the private sector.
Hence, all patients registered in our database and those
whose cases have been evaluated by our colleagues in
the private sector were eligible for inclusion.

Unfortunately, the stillbirths have not been auto-
psied systematically. However, we included cases of
stillbirth with foetal diagnosis of severe congenital
heart disease and also cases of antenatal diagnosis of
heart defect with postnatal death of within a few hours.

We also asked the department of forensic medicine
for cases of children with congenital heart disease.

Definitions

Data were retrospectively retrieved from the medical
records. We included gender, date of birth, address,
cardiac diagnosis, interventions, and eventual death.

Patients with the following defects were excluded:
isolated patent foramen ovale not requiring closure;
rhythm disturbances without structural defects;
isolated mild peripheral pulmonary stenosis; isolated
patent ductus arteriosus not requiring closure; patent
ductus arteriosus in preterm infants and in neonates
with delay of closure; hereditary disorders without
cardiac consequences; and malpositioning of the heart
without structural defects. On the other hand,
isolated patent ductus arteriosus requiring either a
surgical closure or percutaneous closure are included.

Classification of congenital heart disease7,8

The left to right shunt includes ventricular septal
defects, atrial septal defects, persistence of ductus
arteriosus, complete atrioventricular septal defect,
atrial septal defect-type Ostium primum, and atrial
septal defect-type sinus venosus with or without
abnormal venous return.

The cyanotic congenital heart defects include
tetralogy of Fallot, pulmonary atresia with ventricular
septal defect, transposition of the great arteries,
discordant atrioventricular connections, truncus arter-
iosus, total anomalous pulmonary venous return,
tricuspid atresia, Ebstein’s anomaly, single ventricle
complex, and heterotaxy syndrome.

Left heart obstructive defects include coarctation
of the aorta, valvar aortic stenosis, interrupted aortic
arch, and hypoplastic left heart syndrome.

Right heart obstructive defects include pulmonary
stenosis and pulmonary atresia without ventricular
septal defect.

As a considerable number of patients had more
than one heart defect, a hierarchic system of classifi-
cation was adopted, which allowed the inclusion
of each patient in only one diagnostic category.4

We used an anatomical hierarchy, based mainly on
anatomical severity, and where there were two or
more malformations within the same diagnostic
group – left to right shunt especially – we chose
the heart defect that required intervention.

To calculate the birth incidence of congenital heart
disease and specific heart defects, we needed birth rate
information for 2010 and 2011 in Sfax, which was
given by the national institute of statistics. Owing to
the fact that this study used existing and anonymous
data, no informed consent was required.

Results

Birth incidence

In 2010 and 2011, 37,294 births were registered
in Sfax. We recorded 255 children with congenital
heart disease born in 2010–2011. This yielded a
birth incidence of congenital heart disease of 6.8 per
1000 births (Table 1). We also included one case of
stillbirth with a foetal diagnosis of hypoplastic left
heart syndrome.

By far, the most frequent heart malformation was
ventricular septal defect, which accounted for almost
31% of all cases. There were five additional cate-
gories of heart malformation – atrial septal defects,
atrioventricular septal defect, pulmonary stenosis,
coarctation of the aorta, and persistent ductus
arteriosus – that occurred in 4–12% of all heart
malformations. Hypoplastic left heart, transposition
of the great arteries, and tetralogy of Fallot occurred
in 1.1%, 2.7%, and 6.2% of all heart defects,
respectively. Double-outlet right ventricle was shown
to exist in two children (0.78%) and single ventricle/
tricuspid atresia in 3.4% of all heart malformations.
Truncus arteriosus and pulmonary atresia with intact
ventricular septum occurred in 0.4% and 0.7% of
heart malformations, respectively.

Of the children with congenital heart disease,
134 were girls (52%) and 121 were boys (48%).

Circumstances of discovery and age at diagnosis of
congenital heart disease
Patients with congenital heart disease were referred
for many reasons ranging from simple murmur to
severe symptoms (Fig 1).
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Foetal diagnosis occurred in only 13 cases: three
cases of single ventricle, one case of hypoplastic left
heart syndrome, one case of transposition of the
great arteries, two cases of tetralogy of Fallot, five
cases of atrioventricular septal defect, and one case
of double-outlet right ventricle.

The mean age of infants at first contact was 0.29
years. About 21% of cardiac anomaly was diagnosed
at ,1 week of age and 34% at ,1 month of age.
In all, 54% were diagnosed between 1 month and
1 year of age, and only 11% were diagnosed at
.1 year of age.

Treatment
A total of 77 children were born with ventricular
septal defect. Only 24 required surgery, that is,

31% of total ventricular septal defects. Of these,
14 patients underwent surgery; 12 cases were success-
ful and two patients died in the post-operative period.
There were eight patients with large ventricular septal
defect who died before reaching surgery. The reasons
for these eight deaths were hospital infections in the
majority of cases.

A total of 23 children were born with a complete
or incomplete defect of the atrioventricular septum.
Down syndrome was present in 13 children (56%).
In children with a complete form of this anomaly
(12 cases), surgery was performed in five cases, with
one death in the post-operative period. Death
occurred in six children before surgery.

Tetralogy of Fallot is the most frequent cyanotic
congenital heart defect in our study; it was present
in 16 cases. There were two children who died in

Table 1. Incidence of congenital heart diseases at birth.

Heart malformation
No. of
patients

Mean age at
diagnosis (years)

Incidence per
1000 live births

% of all heart
malformations

Left to right shunt
VSD 79 2.1 31%

Large VSD 32 0.24
Restrictive VSD 47 0.36

ASD 33 0.46 0.88 12.9%
ASD ostium secondum 29
ASD sinus venosus 3
Partial anomalous pulmonary venous return 1

Atrioventricular septal defect 23 0.23 0.6 9.4%
Complete atrioventricular septal defect 12
Partial atrioventricular septal defect 5
Intermediate Atrioventricular septal defect 6

Patent ductus arteriosus 12 0.68 0.3 4.7%
Cyanotic defects

Tetralogy of Fallot 16 0.49 0.4 6.2%
Double-outlet right ventricular 2 0.1 0.05 0.78%
Pulmonary atresia with ventricular septal defect 7 0.1 0.18 2.7%
Transposition of the great arteries 7 0.07 0.18 2.7%
Total anomalous pulmonary venous return 1 0.1 0.02 0.4%
Truncus arteriosus 1 0.1 0.02 0.4%
Double discordance 2 0.19 0.04 0.7%
Single ventricle/tricuspid atresia 6/3 0.15 0.16/0.08 2.3%/1.1%
Heterotaxy 1 0 0.02 0.4%
Ebstein’s anomaly 1 1.1 0.02 0.4

Left heart obstructive defects
Coarctation of the aorta 11 0.12 0.3 4.3
Valvar aortic stenosis 3 0.27 0.08 1.1
Interrupted aortic arch 3 0.01 0.08 1.1
Hypoplastic left heart syndrome 3 0.02 0.08 1.1
Mitral stenosis 1 0.01 0.02 0.4

Right heart obstructive defects
Pulmonary stenosis 30 0.44 0.8 11.7
Pulmonary atresia without ventricular septal defect 2 0.04 0.04 0.7

Others
Complex heart disease 6 0.48 0.16 2.3
CHD with Marfan syndrome 1 0.2 0.02 0.4
Cantrell syndrome 1 0 0.02 0.4

Total 255 100

ASD 5 atrial septal defect; CHD 5 congenital heart disease; VSD 5 ventricular septal defect.
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the first half year before surgery: one case with very
tight pulmonary stenosis and the second case was
agenesis of the pulmonary valve in a premature
child. In all, six children underwent surgery with
success in Tunisia until the end of this study.

Transposition of the great arteries is the second
cyanotic congenital heart defect. There were seven
children with this anomaly. Only one case had
benefited from foetal diagnosis. All patients but one
were treated with the Rashkind procedure. The mean
age at diagnosis was 24 days (from 1 day to 71 days).
The survivors were not operated on in Tunisia, as this
surgery is not available in our country.

In all, 11 children were born with coarctation of
the aorta, with nine having a neonatal form

diagnosed before the age of 2 months. The latter
anomaly was associated with ventricular septal
defect in six cases. The mortality rate in this
congenital heart defect reached 70%. There were
five patients with coarctation of the aorta who died
within few days after surgery; these surgeries were
performed in Tunisia.

Mortality

During the follow-up period of 1 year, 60 children
(23.5%) died. The majority of these were boys
(52%). Most children in this group died during
the first 6 months of life. Table 2 describes the
mortality rate according to the primary diagnosis
and shows a striking difference in mortality
between heart defects. The reasons for deaths were
cardiac failure in 24 children, post-operative
complications in 12 cases, sudden death in one
case, and pulmonary complications, especially
respiratory infections, in 21 cases. Infective endo-
carditis was fatal in two cases: one child with
restrictive ventricular septal defect with immunity
disorder and another child with successfully
operated interruption of the aorta.

Discussion

Several epidemiological studies on congenital heart
disease in children have been completed to date.
The majority of these studies relied on data

Figure 1.
Circumstances of discovery of congenital heart disease.

Table 2. Description of mortality cases according to the primary diagnosis.

Heart malformation
No. of
patients

No. of deaths (mortality
in each malformation)

No. of patients who
died before surgery

Large VSD 32 10 (31%) 8
Infective endocarditis complicating VSD 1 1 1
Partial anomalous pulmonary venous return with or

without sinus venosus ASD
4 1 (25%) 1

Complete atrioventricular septal defect 12 6 (50%) 5
Tetralogy of Fallot 16 2 (12.5%) 2
Double-outlet right ventricular 2 2 (100%) 2
Pulmonary atresia with or without ventricular septal defect 9 6 (66%) 5
Transposition of the great arteries 7 3 (42%) 3
Total anomalous pulmonary venous return 1 0 0
Truncus arteriosus 1 1 (100%) 1
Univentricular physiology 9 6 (66%) 5
Heterotaxy 1 1 (100%) 1
Coarctation of the aorta 11 8 (72%) 3
Critical valvar aortic stenosis 1 1 (100%) 1
Interrupted aortic arch 3 3 (100%) 2
Hypoplastic left heart syndrome 3 3 (100%) 3
Mitral stenosis 1 1 (100%) 1
Critical pulmonary stenosis 2 0 0
Complex heart disease 6 4 (66%) 4
Double discordance 2 1 (50%) 0
Total 124 60 48

ASD 5 atrial septal defect; VSD 5 ventricular septal defect.
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collected by national registries in developed
countries. In Tunisia, and with regard to the extent
of coronary artery disease, congenital heart disease
seems to be orphan. Thus, this study has the
merit to be the first one that gives an estimation
of the incidence of congenital heart disease. This
was possible, first, because of computerisation of
all reports of echocardiography in our tertiary
department, and second because of a real collabora-
tion between cardiologists in both public and
private sectors.

Epidemiological data
The birth incidence of congenital heart disease of
6.8 per 1000 births in the present study is in line
with the general estimates in the world.3 Nonetheless,
this incidence is lower than that usually found in
Europe,9 for which the average incidence is 8%. It
would be closer to those found in other developing
countries,10,11 where the lack of national registry and
population-based surveys hampers such a comparison.

To determine the birth prevalence of congenital
heart disease in our sample, we included young
patients who were diagnosed within their first 2 years
of life (2010–2011). Therefore, with this approach, we
definitely missed about 8% of heart defects that
diagnosed after the age of 5.12 It is obvious that the
prevalence found in our study is an underestimate one.

The prevalence of heart defects found in our study is
consistent with that of previous reports. As in other
studies, ventricular septal defects, atrial septal defects,
and pulmonary valve abnormalities were the most
frequently occurring heart defects.11,13–16 Ventricular
septal defects was the most prevalent heart defect in
our study, accounting for 31%. The high prevalence of
ventricular septal defects in our study and in other
reports might be due to the fact that they show clinical
signs and symptoms, for example heart murmur.

Comparing our rates with those in the meta-
analysis of Hoffman,3 it may be noted that frequencies
of coarctation of the aorta (4.3 versus 4.09) and
transposition of the great arteries (2.7 versus 3.1) are
consistent with those reported. However, atrioventri-
cular septal defect (9.7 versus 3.4), tetralogy of Fallot
(6.2 versus 4.2), pulmonary atresia (3.4 versus 1.3),
and univentricular physiology (3.4 versus 1.7)
exceeded the rates observed. These high rates could
be explained by some overriding risk factors in our
city such as consanguinity, diabetes, and above all
air pollution. In fact, Sfax is an industrialised city
with high exposure to air pollutants – nitrogen
dioxide (NO2), sulfur dioxide (SO2), particulate
matter (PM10) and ozone (O3).

17 Pollution has been
recognised as a congenital heart defect risk factor in
some recent studies.18,19

Therefore, the diagnosis of different types of
congenital heart disease was made not only for most
common ones, but also for the complex anomalies
and less frequent ones despite the socio-economic
level of the population of developing countries.
Unfortunately, prenatal diagnosis occurred in only
5%, which is far inferior to that observed at the
European study (20.2%).9

Treatment and mortality

Data on mortality from congenital heart disease
must be interpreted in the context of the medical
and surgical care available in the region studied.20

The differences in mortality between the indus-
trialised countries and third-world countries are
striking, from 3–7% to 20%, respectively. The morta-
lity rate in Belgium did not exceed 4% in a recent
study.16 Significantly high mortality rates have been
found in recent reports from African countries.20,21

The case fatality rate in our study was high, about
23%, which corresponds to the habitual rate found
in the developing countries such as Guatemala and
Sri Lanka.22,23 However, it must be considered that
with improvement in diagnostic methods the total
number of congenital heart disease cases has increased
to include less serious or subclinical defects, thus
decreasing the relative, but not absolute, mortality.20

Furthermore, the mortality from congenital heart
disease is possibly under-reported in third-world
nations because access to diagnosis is more difficult,
and the great majority of studies only report data from
patients in tertiary centres.20

Among the 23% of mortality cases, about three-
quarters were observed before undergoing surgery.
It may be explained by the initially severe clinical
presentation of the patient, which evolved rapidly to
death. In addition, socio-economic status and the
parents’ educational level can influence the con-
sultation time and the speed of the management of
the child’s case. However, the lack of a near and
well-equipped cardiothoracic surgical centre could
be a reason for this striking rate of death. In fact,
malnourished and hypotrophic children are exposed
to respiratory infections while awaiting surgery. In
addition, the surgical delay can affect the patient’s
clinical condition and worsen the prognosis. For
example, larger defects – ventricular septal defect –
may lead to congestive heart failure, and infants
succumb in the early months of life either to cardiac
failure or to superimposed respiratory infection.

The reduction in mortality from congenital heart
disease, which has been described in the western
countries in the last 25 years, can be largely ascribed
to three main factors: (1) an increase in prenatal
diagnosis of serious disorders and subsequent
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terminations24; (2) better early diagnosis and access
to tertiary care centre of severe congenital heart
disease; and (3) large advances in therapeutics, both
medical and surgical. This could be a lesson for the
governments in developing countries such as ours.

Limitations
Our study has several limitations, and results should
be interpreted with caution. First, we included
live births in which congenital heart disease was
detected – only one stillbirth was included because a
known diagnosis of hypoplastic left heart syndrome.
In fact, stillbirths are not consistently autopsied,
and the frequency of congenital heart disease in this
subgroup is unknown. Second, subclinical heart
defects are missed as a systematic screening of the
entire population is not done. In fact, with high
frequency of consanguinity, we could expect higher
incidence than industrialised countries, this dis-
crepancy could be explained by misdiagnosed cases.
Third, our study included young children, and thus
we missed about 8% of congenital heart disease
generally diagnosed after the age of 5 years.12

Conclusion

Through this study, we have shown a birth prevalence
of congenital heart disease of 6.8 per 1000 births. Both
the birth prevalence of congenital heart disease and
the prevalence of specific heart defects are consistent
with international data. However, the mortality rate
is striking. Hence, there is an urgent need for the
government to establish a well-equipped cardio-
thoracic surgical and paediatric cardiology unit.25

Moreover, foetal and neonatal outreach programmes
should be implemented, especially in less-favoured
regions in the country.

Finally, there is a need to properly identify the
extent of this global health problem by determining
its true incidence. This can be done by conducting a
national study or national registry. This kind of a
database will be definitely more convincing.
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