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Congenital anomalies – also commonly referred to as birth defects, 
congenital disorders, congenital malformations or congenital 
abnormalities – are conditions of prenatal origin that are diagnosed 
before, at or after birth.[1] Major congenital anomalies generally have 
a negative impact on an infant’s health, including developmental or 
survival outcome.[2] They are also most likely to be associated with 
high social and financial demands on the family and healthcare 
system. Children with major congenital anomalies often have 
complex needs within the home setting.[3-5] Globally, approximately 
3.2 million children are born with congenital anomalies every year. 
These conditions are a major contributor to infant and under-5 
mortality.[6,7] According to the World Health Organization, 17 - 42% of 
infant deaths are attributed to congenital anomalies.[8] In South Africa 
(SA), congenital abnormalities are the fourth highest cause of neonatal 
mortality, accounting for 17.6% of all neonatal deaths.[5] 

The incidence of major congenital anomalies in high-income 
countries (HICs) has been reported as 26.9 per 1  000 live births 
for the period 2005 - 2009.[8] However, there is a paucity of data on 
incidence and types of congenital anomalies and the subsequent 
outcome of neonates with these anomalies from low- and middle-
income countries (LMICs). Although the incidence of congenital 
abnormalities in LMICs is likely similar to that in HICs, outcomes 
during the neonatal period may be different because of the difference 
in resource availability in the settings. 

The aim of this study was to determine the incidence and types 
of congenital abnormalities in SA, as an LMIC, together with the 
outcomes of affected infants at the time of hospital discharge. 

Methods
Study design and setting
This retrospective, descriptive study was conducted at the Chris 
Hani Baragwanath Academic Hospital (CHBAH), which is a public 
tertiary hospital in Johannesburg, SA. It is a major referral centre for 
neonates with congenital anomalies from local clinics and hospitals 
elsewhere in Gauteng and neighbouring provinces. At the time of 
the study, it was one of only two centres in southern Gauteng that 
offered tertiary and surgical services for neonates with congenital 
anomalies. 

This hospital handles ~22  000 in-hospital births per year and 
offers secondary or tertiary healthcare to approximately 8 000 births 
from community health centres or midwifery obstetric units in 
Soweto. 

Study population
All live births at CHBAH from the period January 2012 - December 
2013, with clinically apparent major congenital abnormalities and 
those subsequently diagnosed on investigative studies during the 
neonatal period, were eligible for inclusion in the study. Patients 
admitted to either medical or surgical neonatal wards were included. 

Data collection and analysis
Hospital registers from labour and delivery rooms in medical 
and surgical neonatal wards were reviewed for documentation of 
a diagnosis of congenital anomalies. Hospital records of patients 
diagnosed with a congenital anomaly as documented in the 
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registers were reviewed. Data were collected on maternal and infant 
characteristics, types of abnormality, need for surgical management, 
and outcome to hospital discharge. 

Data were entered into a Excel spreadsheet (Microsoft Corp., 
USA) and then analysed using Statistica (v. 13.3; Dell, USA). 
Abnormalities were classified as either multiple or single. Cases 
of multiple abnormalities were subsequently grouped as being 
either syndromic/association or non-syndromic. For multiple 
abnormalities, the affected organ system was noted as the system 
with major abnormalities or for which the patient needed admission.

The analysis focused on inborn infants only. Categorical variables 
were described according to frequencies and percentages of the 
total cohort. Continuous variables were described using means and 
standard deviation (SD) (if normally distributed) or medians and 
ranges (if not normally distributed). Chi-squared (c2) and Fisher’s 
exact tests, with a significance level of p<0.05, were used to compare 
characteristics and outcomes of neonates with trisomies and those 
who had single defects. 

Results
Incidence and types of anomalies
Records of 201 neonates born with major congenital abnormalities 
were found for the study period, of whom 87 were referred 
from other facilities and 114 were inborn. With a total of 43  876 
in-hospital live births during the study period, the incidence of 
major congenital anomalies at CHBAH was 2.6 per 1 000 live births. 
Of the 114  neonates with major congenital anomalies, 86 cases 
(75%) presented with single defects and 28 cases (25%) with multiple 
defects (Fig.  1). Among the 28 neonates with multiple defects, 
22 had trisomies, three had associations and three had multiple 
anomalies  that could not be allocated to a known syndrome (non-
syndromic). 

Maternal and infant characteristics
Maternal and infant characteristics are presented in Table 1. Most 
of the infants (n=107; 94.7%) were born to African mothers. 
The majority of mothers (n/N=63/102; 61.7%) were between 20 
and 35 years old. Two-thirds (n=68; 66%) were multigravida and 
approximately three-quarters of the women whose HIV status was 
known were negative (n=86; 74%). Just over half (56%) of neonates 
were born by caesarean section. The mean (SD) birth weight of 
infants was 2 530 (785) g. Of the 110 records, 58% (n=64) showed 
low birth weight (<2  500 g). The mean (SD) gestational age was 
36 (3) weeks. Of the available records, 61% showed preterm births 
(gestational age <37 weeks). The proportion of male to female 
infants was even. Most abnormalities (>90%) were diagnosed post-
delivery.  

Organ systems affected by congenital anomalies
Cardiovascular anomalies accounted for 43.9 % of cases, followed 
by anomalies of the gastrointestinal (21%), musculoskeletal 
(13.2%) and central nervous systems (12.3%) (Table 2). Among 
the cardiovascular anomalies, the majority were acyanotic 
(79%), with  ventricular septal defects and patent ductus 
arteriosus being  the  commonest; patent  ductus arteriosus 
diagnosed in preterm  infants was excluded.  The most common 
gastrointestinal tract abnormalities were  abdominal wall defects 
(n=11/24; 45.8%), with gastroschisis being  more common than 
omphalocele, followed by tracheoesophageal fistula (n=4/24; 
16.7%). Skeletal dysplasias (n=6/15; 40%) and isolated cases of club 
foot (n=3/15;20%) were common musculoskeletal abnormalities. 
Common central nervous system abnormalities included congenital 
hydrocephalus  (n=5/14; 35.7%) and meningomyelocele (n=5/14; 
35.7%) (Table 3).

Total major congenital anomalies, 
N=201

Excluded

Trisomies, 
n=22

Association, 
n=3

Not a known 
grouping, n=3

Single defects, 
n=86 (75%)

Referrals, 
n=87

Multiple defects, 
n=28 (25%)

Inborn, 
n=114

Fig. 1. Study population and major congenital anomalies identified.

Table 1. Characteristics of mothers and their infants with 
congenital abnormalities
Characteristics n (%)
Maternal characteristics
Maternal age (years), N=102*

<20 13 (12.7)
20 - 35 63 (61.7)
>35 26 (25.6)

Gravidity (N=103)*
<2 35 (34.0)
2 - 4 59 (57.3)
>4 9 (8.7)

HIV status (N=107)*
Positive 28 (26.2)
Negative 79 (73.8)

Mode of delivery (N=105)*
Vaginal delivery 46 (43.8)
Caesarean section 59 (56.2)

Antenatal care attendance (N=114)
Yes 108 (94.7)
No 6 (5.3)

Infant characteristics

Birth weight (g), mean (SD) (N=110)*
2 530 
(785)

Birth weight >2 500 g 46 (41.8)
Birth weight ≤2 500 g 64 (58.2)
Gestational age (weeks), mean (SD) (N=108)* 36 (3)
≥37 42 (38.9)
<37 66 (61.1)

Sex (N=114)
Male 55 (48.2)
Female 56 (49.1)
Ambiguous 3 (2.6)

Apgar score, median (range) (N=110)*
At 1 minute 8 (1 - 9) 
At 5 minutes 9 (2 - 10)

Period of diagnosis (N=93)*
Antepartum 9 (9.7)
Post partum 84 (90.3)

*Data not available for all 114 patients.
SD = standard deviation
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Characteristics of infants with trisomies
The maternal and infant characteristics of neonates with trisomies 
are noted in Table 4. Of the 28 neonates with multiple congenital 
abnormalities, 22 (20%) met the criteria for trisomies. Trisomy 
21 was most commonly observed (n=13/22; 59%), followed by 
trisomy 18 (n=5/22; 23%) and trisomy 13 (n=4/22; 18%). Infants 
who presented with trisomies were all born to multigravid women, 
most of whom were older than 35 years. Mean (SD) birth weight of 
infants with trisomy was 2 452 (622) g, and mean (SD) gestational 
age was 37 (3) weeks. Of the 22 infants who presented with trisomies, 
12 (55%) were male. The majority of trisomy 21 patients had 
congenital cardiac defects (n=10/13; 76.9%). The most common 
cardiac anomaly was atrioventricular septal defect, followed by atrial 
septal defect and patent ductus arteriosus. 

Outcomes to hospital discharge
Approximately a third of the infants with congenital anomalies 
(34%) required surgical intervention before hospital discharge 
(Table  5). Less than half required mechanical ventilator support 
(40%). Overall survival to hospital discharge was 79.8% (mortality 
rate = 20.2%). There was no statistically significant difference 
in mortality rate according to need for surgery (23.1% v. 21.2%, 

p=0.821) or mechanical ventilation (28.3% v. 15.4%, p=0.110) 
compared with those who did not need these interventions. Common 
causes of mortality were healthcare-associated infections, mainly in 
those who  required surgical intervention, and severe or complex 
congenital anomalies that could not be corrected or were inoperable. 
Of the 13  cases of trisomy 21, two patients required mechanical 
ventilation, of whom one died following Gram-negative sepsis. 
Two deaths occurred in the trisomy 18 group (not related to sepsis); 
the other three patients survived to hospital discharge. Two of the 
four patients who presented with trisomy 13 died, both from sepsis. 

Comparison between neonates with trisomies and 
those with single defects
There were 22 patients with trisomies and 86 with single defects 
(Table  6), with more infants born to mothers of advanced age 
(>35 years) in the group with trisomies than the group with 
single defects (63.6% v. 11.6%; p<0.001). All trisomy infants were 
born to multigravid women, whereas 59.3% of women whose 
infants presented with single defects had had previous pregnancies 
(p<0.001). More infants with single defects were of low birth weight 
(<2 500 g) or born preterm (<37 weeks’ gestational age) compared 
with those who presented with trisomy (for both categories: 
74.4% v 36.4%; p=0.002). There were no statistically significant 
differences in maternal HIV status, infant sex, need for surgery, 
or mortality  between infants with trisomies and those with single 
defects. 

Discussion
This study was a retrospective record review to investigate the 
incidence and types of major congenital anomalies and the 
associated all-cause mortality from a hospital in an LMIC. The study 
showed an incidence of 2.6 congenital abnormalities per 1 000 live 
births at a public tertiary hospital in Gauteng, SA. The majority 
of babies with congenital abnormalities were born preterm and 
were of low birth  weight. The cardiovascular and gastrointestinal 
systems were the most commonly affected. Single defects accounted 
for the majority of congenital abnormalities. Most patients who 
presented with multiple defects had trisomies. About a third of 
neonates with  major congenital abnormalities required corrective 
interventions before hospital discharge. A fifth demised before 

Table 2. Organ systems affected by congenital anomalies 
(N=114)

Affected system n (%)

Incidence 
(per 10 000 
live births)

Incidence 
(per 1 000 
live births)

Cardiovascular 50 (43.9) 11.4 1.14
Gastrointestinal 24 (21.1) 5.5 0.55
Musculoskeletal 15 (13.2) 3.4 0.34
Central nervous system 14 (12.3) 3.2 0.32
Urogenital 13 (11.4) 3.0 0.30
Head and neck 13 (11.4) 3.0 0.30
Respiratory 5 (4.4) 1.1 0.11
Skin 3 (2.6) 0.7 0.07
Total 137* 26 2.6

*In some patients, more than one organ system was affected, hence the total 
number of anomalies exceeds the total number of patients (114).

Table 3. Specific diagnosis in systems commonly affected by congenital anomalies
Cardiovascular  
(N=53), n (%)

Gastrointestinal  
(N=24), n (%)

Musculoskeletal  
(N=15), n (%)

Central nervous system  
(N=14), n (%)

Acyanotic 42 (79.2) Gastroschisis 7 (29.2) Skeletal  
dysplasia

6 (40) Congenital 
hydrocephalus  

5 (35.7)

Ventricular septal 
defect

14 (33) Omphalocele 4 (16.7) Club foot 3 (20) Meningomyelocele 5 (35.7)

Patent ductus  
arteriosus

15 (35.7) Tracheoesophageal 
fistula

4 (16.7) Myopathy 2 (13.3) Encephalocele 2 (14.3)

Atrial septal  
defect 

9 (21.4) Anorectal 
malformation

3 (12.5) Abnormal  
vertebrae

2 (13.3) Microcephaly 1 (7.1)

Atrioventricular  
septal defect

(7.1) Duodenal atresia 3 (12.5) Hip dysplasia 1 (6.7) Anencephaly 1 (7.1)

Coarctation of aorta 1 (2.4) Jejunal atresia 2 (8.3) Knee dislocation 1 (6.7)  
Cyanotic 11 (20.8) Others 1 (4.2)  

Double outlet right 
ventricle

3 (27)  

Tetralogy of Fallot 2 (18.2)      
Pulmonary atresia 2 (18.2)      
Others 4 (36.4)            
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hospital discharge, with the major cause of death being healthcare-
associated infections.

The incidence of congenital abnormalities found in this study is 
similar to that reported from Nigeria (2.8 per 1 000 live births), also 
an LMIC.[4] It is ten times lower than the incidence of 26.9 per 1 000 
live births reported from an HIC,[9] likely owing to better surveillance 
systems and data registries typically being in place in developed 
countries than in LMICs.[10] Given the retrospective design of the 
current study, it is possible that some infants with major congenital 
anomalies but who were not recorded in the registries could have 
been missed. In contrast, surveillance for congenital abnormalities 
in HICs includes antenatal ultrasound examinations, which would 
allow for early detection of abnormalities and consequently better 
documentation. 

The review suggests that the opportunity to detect congenital 
anomalies in utero was missed in this cohort, as although most 

women in the study (90%) attended antenatal care, only 10% had a 
diagnosis made in the antenatal period. In addition, stillbirths were 
not included in this study. It is possible that the small number of 
anomalies detected in utero is due to antenatal sonar examinations 
not having been offered routinely to all pregnant women during 
the study period. Excluding stillbirths and data on termination of 
pregnancy for fetal anomalies leads to the burden of disease due to 
congenital anomalies being underestimated, obscuring the lack of 
progress with regard to primary, secondary and tertiary prevention 
measures and programmes.

The incidence of central nervous system anomalies in this study 
was 3.2 per 10 000 live births, which is much lower than what has 
been reported from three other studies in SA.[5,11,12]. The most recent 
of these, conducted in 2004 - 2005, reported an incidence of 9.8 per 
10  000 live births.[5] The difference in the incidence rates may be 
due to regional variation in this type of abnormality. Globally, the 
incidence of neural tube defects varies greatly, with estimates ranging 
from 1.2 to 124.1 per 10 000 live births.[13]

In SA, staple foods such as maize and wheat products are fortified 
with folic acid.[6,14,15] Fortification has had a major effect in reducing 
central nervous system abnormalities in other countries.[9,16] However, 
as the current study reviewed a small set of data from a single centre, 
it is difficult to know whether fortification contributed to the low 
incidence of neural tube defects. 

Surgical intervention is an important but unheralded component 
of the services required to treat birth defects. Many of these are 
cost-effective, life-saving interventions that can improve long-

Table 4. Characteristics of mothers of infants with trisomies

Characteristics

All 
(N=22),  
n (%)

Trisomy 
21 (N=13), 
n (%)

Trisomy 
18 (N=5), 
n (%)

Trisomy 
13 (N=4), 
n (%)

Maternal age (years)
<20 0 0 0 0
20 - 35 8 (36.4) 5 (38.5) 2 (40.0) 1 (25.0)
>35 14 (63.6) 8 (61.5) 3 (60.0) 3 (75.0)

Gravidity
Primigravida 0 0 0 0
Multigravida 22 (100) 13 (100) 5 (100) 4 (100)

Mode of delivery
Caesarean 
section 6 (27.3) 5 (38.5) 0 1 (25.0)
Vaginal 
delivery 16 (72.7) 8 (61.5) 5 (100) 3 (75.0)

HIV status
Negative 16 (72.7) 10 (76.9) 3 (60.0) 3 (75.0)
Positive 6 (27.3) 3 (23.1) 2 (40.0) 1 (25.0)

Antenatal care
Yes 22 (100) 13 (100) 5 (100) 4 (100)
No 0 0 0 0

Table 5. Survival to hospital discharge according to type of 
abnormality and intervention

Patient group
Deaths, 
n (%)

All patients (N=114) 23 (20.2)
Survival according to abnormalities

Trisomy 21 (N=13) 1 (7.7)
Trisomy18 (N=5) 2 (40.0)
Trisomy13 (N=4) 2 (50.0)
Non-syndromic (N=3) 1 (33.3)
Association (N=3) 0 (0)
Single-defects (N=86) 17 (19.8)

Survival according to need for neonatal surgical intervention 
Surgery required (N=39) 9 (23.1)
Surgery not required (N=66) 14 (21.2)

Survival according to need for mechanical ventilation 
Ventilated (N=46) 13 (28.3)
Not ventilated (N=65) 10 (15.4)

Table 6. Characteristics (maternal and infant) and outcomes 
of infants with trisomies compared with those with single 
defects

Characteristic
Trisomies 
(N=22), n (%)

Single defect 
(N=86), n (%) p-value

Maternal age (years)
<20 0 13 (15.1) 

<0.00120 - 35 8 (36.4) 63 (73.3)
>35 14 (63.6) 10 (11.6)

Gravidity
Primigravida 0 35 (40.7)

<0.001
Multigravida 22 (100) 51 (59.3)

HIV status
Positive 6 (27.3) 28 (32.6)

0.798
Negative 16 (72.7) 58 (67.4)

Sex*
Female 10 (45.5) 42 (50.6)

0.811
Male  12 (54.5) 41 (49.4)

Birth weight (g)
<2 500 8 (36.4) 64 (74.4)

0.002
≥2 500 14 (63.6) 22 (25.6)

Gestational age (weeks)
<37 8 (36.4) 64 (74.4)

0.002
≥37 14 (63.6) 22 (25.6)

Need for surgical intervention
Yes 4 (18.2) 35 (40.7)

0.080
No 18 (81.8) 51 (59.3)

Survival to hospital discharge
Yes 17 (77.3) 69 (80.2)

0.771
No 5 (22.7) 17 (19.7)

*Three infants among those with single defects had ambiguous genitalia.
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term prognosis. In LMICs, where resources are typically limited, 
the availability of surgical services and access to intensive care 
beds might  result in delays in offering children with congenital 
abnormalities the necessary interventions. Sepsis was a major 
contributor to mortality, highlighting the importance of reducing 
hospital stay of these patients and observing infection control 
measures in managing these patients while awaiting surgery. 

The mortality rate found in the current study (20%) is higher than 
that reported in a study from Nigeria (10%),[17] and much higher 
than a rate of 1.13% in Italy (an HIC).[18] The higher mortality rate 
seen in the current study may be ascribed to only major congenital 
anomalies having been included, whereas the two other studies[17,18] 
included all congenital anomalies, including minor cases such as 
inguinal hernias, hypospadias and genu recurvatum.

Congenital anomalies are a considerable health problem 
throughout the world. Knowledge of their incidence, intervention 
requirements and outcomes can assist in planning and expectant 
management of infants with major anomalies as well as management 
of affected pregnancies. As the aetiology of some conditions may 
be elusive and multifactorial, continued surveillance is important 
in identifying causal or preventive factors associated with the 
development of major congenital anomalies.[19,20] 

Study limitations
Incomplete data introduce a limitation in a retrospective study 
design and complicate identifying factors that might have been 
associated with the incidence and outcomes of congenital anomalies. 
Possible risk factors, such as outcomes of previous pregnancies 
(previous abortions or presence of congenital anomalies), maternal 
illness and drugs used before or during pregnancy were often not 
recorded, and as such prospective data collection would be a more 
effective approach in a study of this kind. 

Conclusion 
The incidence of congenital anomalies found in this study is 
lower than what has been reported from HICs, but is likely an 
underestimation of the true incidence in our population. The 
findings suggest that more efforts should be directed at early 
identification and registration of congenital abnormalities to allow 
for better understanding of the burden of congenital anomalies 
and improve healthcare planning and management of patients, 
possibly reducing mortality. Collaboration between major centres 
that offer tertiary and surgical services to children with congenital 
abnormalities might assist in establishing a sentinel site surveillance 
system. The development of efficient provincial or national registries 
and population-based studies in public health settings in LMICs 
is important to determine the incidence and types of congenital 
abnormality accurately. Accurate data can contribute to identifying 
possible aetiological factors in the development of congenital 
abnormalities, which, in turn, may help to prevent them.
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