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Gastroschisis remains one of the relatively common congenital 
abnormalities in neonates. A number of studies have reported 
an increase in its prevalence in the last 10 to 15 years.[1] The 
International Clearinghouse for Birth Defects, Surveillance and 
Research reported an increase in the prevalence of gastroschisis 
beginning in the early 2000s, ranging from 2.04 to 6.46 per 10 000 
live births worldwide, with the highest prevalence recorded in Cuba 
and the lowest in Ireland.[1,2] A study conducted in South Africa 
(SA), also reported an increase in the number of neonates born with 
gastroschisis accounting for 15.2% of admissions in 2007 compared 
with 6.2% in 2003.[2]

Characteristics of neonates with gastroschisis include being born 
to mothers of younger age, low parity and socioeconomic status and 
mothers who are tobacco smokers and/or recreational vasoactive 
drug users.[3] Data collected from 19 European registries showed 
that up to 77% of neonates born with gastroschisis had intra-
uterine growth restriction,[4] thought to be due to loss of nutrients 
through the exposed bowel. Up to 50% of gastroschisis cases are 
spontaneous preterm births.[5] Less than 10% of neonates diagnosed 
with gastroschisis have other associated malformations or anomalies 
outside the gastrointestinal tract, while 25% have additional 
gastrointestinal abnormalities such as malrotation, intestinal atresia 
or stenosis, and volvulus.[6] Intestinal necrosis with severe intestinal 
inflammation is another common gastrointestinal tract abnormality 

associated with gastroschisis and is reported in 25 - 50% of cases.[6,7] 
Survival rates of neonates with gastroschisis in developed 

countries vary with mortality rates (between 0 - 10% in the USA 
and ~17% in Europe).[8,9] In developing countries, survival rates 
are much lower, with mortality rates of 50% and 52% in Brazil and 
Nigeria, respectively.[10,11] Two studies in other SA centres report 
mortality rates of 45%[2] and 65% respectively.[12] The quality of 
care and the infrastructure available at birthing centres affects the 
survival rate of babies with gastroschisis, as patients born in centres 
with a neonatal intensive care unit and paediatric surgical facilities 
are reported to have better outcomes.[13-15] Other factors identified to 
be associated with increased mortality include bloodstream sepsis,[2] 
surgical complications of abdominal compartment syndrome, short 
bowel syndrome, necrotising enterocolitis, the presence of ischaemic 
intestinal necrosis, intestinal perforation and atresias.[8,9] In the 
present study, we sought to assess the prevalence of gastroschisis, 
characteristics of neonates with gastroschisis and outcome at hospital 
discharge in a resource-limited setting. 

Methods
Study design and setting
This was a retrospective descriptive study conducted at Chris 
Hani Baragwanath Academic Hospital (CHBAH), a public tertiary 
hospital in Johannesburg, SA, which is affiliated to the University of 
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the Witwatersrand. CHBAH serves the community of Soweto and 
its surrounding areas with an estimated population of 5.1 million 
and is a referral centre for healthcare facilities in the southern part 
of Gauteng Province and North-West Province. The neonatal unit 
caters for admissions arising from 20 000 live births at CHBAH and 
8 000 live births at clinics in Soweto per annum respectively.

Study procedures
Hospital records of neonates who were born and/or admitted at 
CHBAH between 1 January 2009 and 31 December 2016 with a 
diagnosis of gastroschisis were retrieved. The following data were 
collected: maternal characteristics, i.e. maternal age, gravidity, HIV 
status and place and mode of delivery. Infant characteristics included 
birthweight, gestational age, sex, the presence of other abnormalities, 
type of gastroschisis and management of gastroschisis. The primary 
outcome assessed was survival to hospital discharge. Secondary 
outcomes included the duration of stay, postnatal age at initiation 
of enteral feeds, need for mechanical ventilation and presence of 
probable or culture-confirmed sepsis. An episode of sepsis was 
defined as either: (i) probable sepsis if a patient had clinical signs 
and symptoms of sepsis with C-reactive protein levels >40 mg/L in 
the absence of positive blood culture and clinical condition showing 
improvement after antibiotic therapy was initiated, or (ii) culture-
confirmed sepsis if there was a positive pathogenic organism in the 
blood or cerebrospinal fluid culture. 

Neonates referred from ‘other facilities’ were categorised into either 
those originating from within or from outside Gauteng. Neonates 
were categorised according to birthweight (low birthweight, i.e. 
birthweight <2 500 g or normal birthweight, ≥2 500 g) and according 
to gestational age (preterm, i.e. gestational age <37 weeks or term, 
i.e. gestational age ≥37 weeks). Gastroschisis was grouped into 
either complex or simple gastroschisis based on the presence of 
other abnormalities of the gastrointestinal tract (atresia or stenosis, 
necrosis, and perforation i.e. complex gastroschisis) or the absence of 
other abnormalities (i.e. simple gastroschisis). Surgical management 
of gastroschisis was defined as either being an operative primary 
fascia closure or a placement of a silo bag for stage reduction with 
delayed closure. 

Statistical analysis
Statistical analysis was performed using STATA version 15 
(StataCorp, USA). Summary statistics were presented as mean 
values with standard deviation or median values with interquartile 
ranges (IQR) for parametric or non-parametric data respectively. 
Comparisons of the characteristics of survivors and non-survivors 
were performed using Student’s t-test or the Mann-Whitney 
U-test for continuous variables and the Chi-squared test for 
categorical variables (Fisher’s exact test for values <5). Multivariate 
logistic regression was performed to assess factors associated with 
mortality. 

Results 
Prevalence of gastroschisis
There were 97 neonates admitted with a diagnosis of gastroschisis 
over the 8-year period (2009 - 2016) and 37.1% of them were born 
at CHBAH (inborn) with the remaining 62.9% being referrals (out-
born). There were 167 822 live births at CHBAH over this time 
period, therefore the prevalence of gastroschisis was 2.1/10 000 live 
births. Though there was a trend towards an increase in prevalence 
over the study period, there was marked variation in annual 
prevalence varying from as low as 0.50/10 000 live births in 2009 to 
as high as 4.90/10 000 live births in 2014. 

Characteristics of neonates admitted with 
gastroschisis
The maternal and infant characteristics of neonates admitted with 
gastroschisis are presented in Table 1. The median maternal age at 
time of delivery was 20 years. Sixty-eight percent of these neonates 
were born to primigravida mothers. Most mothers (n=76; 84%), 
were attending antenatal clinics and 21% of mothers (n=19/89) with 
known HIV status were HIV positive. The majority of mothers (n=67; 
74%) delivered their babies vaginally and the average gestational age 
of neonates at delivery was 36 weeks. Of all gastroschisis cases, 
approximately 52% (n=50) were born preterm, 71% (n=69) were of 
low birthweight, with an average birthweight of 2 270 g. 

Table 1. Characteristics of neonates admitted with gastroschisis
n (%)*

Maternal
Median age in years 20 (14 - 40)

<20 44 (45.4)
20 - 35 52 (53.6)
>35 1 (1.0)

Median gravidity (n) 1 (1 - 5)
Primigravida 66 (68.0)
2 - 4 25 (25.8)
>4 6 (6.2)

HIV status†

Positive 19 (21.3)
Negative 70 (78.7)

Antenatal care†

Yes 76 (84.4)
No 14 (15.6)

Mode of delivery†

Vaginal 67 (73.6)
Caesarean section 24 (26.4)

Infant
Gender

Male 47 (48.5)
Female 50 (51.5)

Gestational age in weeks, mean (SD) 36.4 (2.84)
<34 22 (22.7)
34 - 36 28 (28.9)
≥37 47 (48.4)

Birthweight in grams, median (IQR) 2 270 (1 350 - 3 530)
<1 500 4 (4.1)
1 500 - 2 499 65 (67.0)
≥2 500 28 (28.9)

Place of birth
CHBAH 36 (37.1)
Referrals 61 (62.9)

within Gauteng 44 (72.1)
outside Gauteng 17 (27.9)

Age at admission among referrals in days, 
median (IQR)

within Gauteng 1 (1 - 2)
outside Gauteng 2 (1 - 3)

IQR = interquartile range; SD = standard deviation; CHBAH = Chris Hani 
Baragwanath Academic Hospital.
*Unless otherwise specified.
†Missing data: HIV status (n=8); antenatal care (n=7); delivery mode (n=6).
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Of the patients who were referred, 72% (n=44) were from Gauteng 
and the rest from North-West Province. The median (IQR) postnatal 
age at admission among the referrals was 2 (1 - 3) days, with those 
from outside Gauteng being admitted a day later than those from 
within the province who had a median (IQR) age of 1 (1 - 2) day on 
admission. Only 2.2% (n=2) of gastroschisis cases were diagnosed 
antenatally.

Types and surgical management of gastroschisis
The majority of gastroschisis cases were of the simple type (n=58; 
63.7%) and only one neonate had an associated major congenital 
anomaly that did not affect the gastrointestinal tract (GIT), i.e. spina 
bifida occulta. Among the neonates admitted with gastroschisis 
(N=97), data on outcomes were missing in 6 cases and therefore 
were excluded from further analyses. One patient was not offered 
any surgical management as she presented with an entirely necrotic 
bowel and therefore was referred to palliative care. This patient was 
born at home and only presented on day 3 of life at her base hospital 
before referral to CHBAH. Among those who were assessed to 
require active management (n=90), operative primary fascia closure 
was successful in only 21 patients (23.3%), with the majority (n=69; 
76.7%) requiring placement of a silo bag and stage reduction. Of the 
69 babies requiring silo stage reduction and delayed closure, 21.7% 
(n=15) died before final closure could be achieved. Among those 
who survived to final closure, 29.6% (n=16) were closed within the 
first 3 days, 61.1% (n=33) within the first week and 38.9% (n=21) 
closed beyond a week of silo placement. Overall, the median (IQR) 
age at final closure was 5 (1 -15) days (Table 2). 

Secondary outcomes in neonates with 
gastroschisis
Secondary outcomes assessed were the time it took to start oral feeds, 
need for mechanical ventilation and presence of sepsis (Table 3). More 
than half of the patients (n=49; 53.8%) died before oral feeds were 
commenced. Among those who were started on feeds, the median 
age at starting oral feed was ~16 (5 - 33) days. The average stay on 
mechanical ventilation was 13 days, with 61.8% (n=55) staying on 
the ventilator for more than a week. A total of 62 patients (68%) had 
at least one episode of sepsis during their stay in the hospital, with 
the majority (n=45; 73%) having culture confirmed sepsis. Common 
organisms isolated in neonates with culture-confirmed sepsis were 
Gram-negative bacteria in 52.4% (n=32) of cases. 

Mortality rate
The mortality rate at hospital discharge among neonates with 
gastroschisis was 57%. The median (IQR) age at death was 
10 (1  -  77) days (Table 3). The common causes of death were 
sepsis (61%) and bowel necrosis (28%). Among the patients who 
died, 62% died within the first three weeks of admission. On 
univariate analysis, factors associated with mortality were low 
birthweight (OR  6.19; 95% CI 1.69 - 22.59; p=0.006); female sex  
(OR 1.88; 95% CI  1.02  - 3.44; p=0.042); stage reduction with 
delayed closure (OR  4.69; 95%, CI 1.61 - 13.65; p=0.005) and 
complex gastroschisis (OR 4.5; 95% CI 1.86 - 10.89; p=0.001). 
A multivariate analysis showed that complex gastroschisis, stage 
reduction with delayed closure and low birthweight were associated 
with mortality, with place of birth also emerging as a predictor of 
poor outcome (Table 5).

Discussion
The period prevalence of gastroschisis in this study was 2.1/10 000 
live births. This is similar to what has been reported in other 

Table 2. Types of gastroschisis, closure, and age at closure
Characteristics n (%)*
Type of gastroschisis

Simple 58 (63.7)
Complex 33 (36.3)

Type of closure
Primary closure 21 (23.9)
Stage reduction 69 (75.0)
No surgical intervention 1 (1.1)

Age at final closure/death among those requiring 
stage reduction (n=69)

Age at final closure, days, median (IQR) 5 (1 - 5)
Age at death, days, median (IQR) 10 (1 - 77)
Died before closure 15 (21.7)
Survived to closure (days)

≤3 16 (29.6)
4 - 7 17 (31.5)
8 - 21 21 (38.9)

IQR = interquartile range.
*Unless otherwise specified.

Table 3. Morbidities, mortality rates and causes of death in 
neonates with gastroschisis
Characteristics n (%)*
Feeding (n=91)

Did not start on feeds 49 (53.8)
Started on feeds 42 (46.2)

Postnatal age at initiation of feeds, days 15.5 (5 - 33)
<8 4 (9.5)
8 - 14 14 (33.3)
15 - 28 23 (54.8)
29 - 42 1 (2.4)

Weeks on mechanical ventilation (n=89) 13 (1 - 76)
<1 34 (38.2)
1 - 2 23 (25.8)
3 - 4 13 (14.6)
>4 19 (21.4)

Sepsis
No sepsis 29 (31.5)

Sepsis 62 (68.5)
Probable sepsis 17 (27.4)
Confirmed sepsis 45 (72.6)

Organisms isolated among those with confirmed 
sepsis 

Gram-negative bacteria 32 (52.4)
Gram-positive bacteria 13 (21.3)
Fungal 16 (26.2)

Deaths 52 (57.1)
Postnatal age at time of death, days, median (IQR) 10 (1 - 77)
Causes of death

Sepsis 32 (61.6)
Bowel necrosis 15 (28.9)
Respiratory failure 2 (3.8)
Compartment syndrome 2 (3.8)
Grade 4 IVH/seizures 1 (1.9)
Other associated anomalies (spina bifida occulta) 1 (1.1)

IQR = interquartile range; IVH = intraventricular haemorrhage.
*Unless otherwise specified.
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countries and other centres in SA.[1,12] Though the annual prevalence 
varied from year to year, there was a trend of an increase in line with 
other previous reports.[1,2,16] About two-thirds of patients were referrals 
and <5% were diagnosed antenatally, despite >80% of mothers 
having received antenatal care. More than 40% of neonates with 
gastroschisis were born to mothers who were teenagers and >60% 
were primigravida. Two-thirds of babies with gastroschisis were of low 
birthweight and about half of them were delivered prematurely. The 
mortality rate was high at 57.1%, and factors associated with mortality 
were low birthweight, having complex gastroschisis, delayed surgical 
repair of the defect and place of birth. 

The low antenatal diagnosis of gastroschisis in this study is 
in contrast to what is reported from the developed world where 
more than 78 - 83% of patients with gastroschisis are diagnosed 
on ultrasound antenatally. Currently, obstetric ultrasound is not 
routinely offered to all pregnant mothers in SA. In the current 
guidelines for maternity care in this country, antenatal sonography 
is reserved for high-risk pregnancies only. The lack of antenatal 
diagnosis of this congenital abnormality could have contributed 
to the high mortality rate noted in this study, because of delays in 
getting these patients to a facility that has resources and expertise 
to manage them. Thus, it is critical that these guidelines are revised 

to offer all pregnant women antenatal ultrasound to screen for fetal 
congenital abnormalities.  

Previous studies have reported an association between the finding 
of gastroschisis and young maternal age, low parity, and low 
birthweight.[17,18] The low birthweight is thought to be due to loss 
of nutrients through the wall of the eviscerated bowel.[4-7] A high 
index of suspicion for gastroschisis should be considered among 
pregnant women whose fetuses are noted to have growth restriction. 
Thus, where resources are limited, and antenatal ultrasonography is 
offered to selected pregnant women, fetal growth restriction should 
be included as one of the indications for antenatal sonography. 
Mortality rates for gastroschisis reported here are similar to those 
of other centres in SA and other developing countries such as 
Nigeria and Brazil[10-12] however, they far exceed the mortality rates 
in developed countries which are <10% of cases.[9,19] The lack of 
trained clinical personnel, antenatal sonography for the diagnosis 
of gastroschisis and limited paediatric surgical services contribute 
to the high mortality observed in developing countries. Delays in 
transferring neonates to centres with expertise and experience in 
the management of surgical patients increases the likelihood of gut 
exposure to external non-sterile environments, thereby increasing 
the risk of infection and/or inflammation. Inflammation of the 
bowel results in swelling of the bowel, making it difficult to achieve 
primary closure. Delays in the closure of gastroschisis are known to 
result in delay in starting enteral feeding, requiring prolonged periods 
of total parenteral nutrition and use of central venous access.[20] Use 
of central lines and prolonged use of parenteral nutrition has 
been shown to be associated with an increased risk of healthcare-
associated infection.[20] Thus, the high sepsis rate and its related 
mortality reported in this study could partly be due to the low 
primary closure rate of about 24%. A study that reported a higher 
primary closure rate under similar settings as this study reported 
a relatively lower mortality rate. The other contributor to mortality 
was extensive bowel necrosis, suggesting inadequate care of bowel 
post-delivery. This highlights the importance of adequate training 
of all medical personnel at birthing centres involved in the care of 
neonates with gastroschisis. 

Consistent with the report by Steven et al.,[12] the present study 
found female neonates (with gastroschisis) were associated with 
poorer outcomes. Delayed closure was also associated with higher 
mortality than primary closure. Previous studies have shown 
variable results regarding time of closure and outcome, with some 
showing no significant difference in outcome parameters between 
the primary closure group and the stage reduction group,[7,21] while 
others have reported that primary closure is associated with better 
outcomes compared with stage reduction with delayed closure.[2,22,23] 
A  multivariate regression analysis showed predictors of mortality 
were complex gastroschisis, stage reduction with delayed surgical 
closure, low birthweight and place of birth, in line with previous 
findings.[7,18] Delayed surgical closure most likely increased the 
duration of stay in the neonatal intensive care unit (NICU), therefore 
the increased risk for healthcare-associated infections which are 
often associated with high mortality rates. Place of birth as a 
predictor of mortality may be a reflection of poorer standards of care 
available at tertiary centres which may be inadequately equipped to 
manage these high-risk infants.[12-14,24]

Study strengths and limitations
Two limitations were identified in this study: (i) it is a retrospective 
rather than a prospective study and (ii) six neonates had incomplete 
data on outcomes and were excluded in the final analysis, therefore 
the mortality rates may be under- or overestimated. The strengths 

Table 4. Comparison between babies born at Chris Hani 
Baragwanath Academic Hospital and referrals

Characteristic
CHBAH,
n (%)

Outside, 
n (%) p-value

Place of birth 36 (39.6) 55 (60.4)
Outcome 0.265

Died 18 (50.0) 34 (61.8)
Survived 18 (50.0) 21 (38.2)

Gender 0.346
Female 16 (44.4) 30 (54.5)
Male 20 (55.6) 25 (45.5)

Birthweight, grams 0.536
<2 500 24 (66.7) 40 (72.7)
≥2 500 12 (33.3) 15 (27.3)

Type of gastroschisis 0.386
Complex 15 (41.7) 18 (32.7)
Simple 21 (58.3) 37 (67.3)

Surgical management 0.703
Primary closure 8 (22.2) 13 (23.6)
Stage reduction 28 (77.8) 41 (74.5)
No intervention 0 1 (1.8)

Duration of hospital stay, weeks 0.082
1 12 (33.3) 11 (20.0)
2 7 (19.4) 11 (20.0)
3 1 (2.7) 11 (20.0)
>4 16 (44.4) 22 (40.0)

Sepsis complication 0.482
No sepsis 13 (36.1) 16 (29.1)
Sepsis 23 (63.9) 39 (70.9)

Gestational age, weeks 0.494
<37 17 (47.2) 30 (54.5)
>37 19 (52.8) 25 (45.5)

Mode of delivery 0.007
Vaginal 21 (58.3) 46 (83.6)
Caesarean 15 (41.7) 9 (16.4)
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of the study were: (i) the time period for which data were derived 
allowed us to observe trends and (ii) the reasonable sample size. 

Conclusion 
While there has been an overall increase in trends in the prevalence 
of gastroschisis at our hospital, considerable variation is evident 
from year to year. A high number of neonates with gastroschisis were 
referrals, underscoring the need for antenatal obstetric ultrasound 
screening for congenital abnormalities so that these neonates can 
be timeously delivered to hospitals with adequate surgical services 
and intensive care. Training of clinical personnel at birthing centres 
will ensure better standards of care for babies who may have missed 
antenatal diagnosis. Expanding neonatal intensive care training and 
services to avoid delays in referrals and limit healthcare-associated 
infections and deaths in neonates presenting gastroschisis should be 
major priorities. 
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