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During the neonatal period (defined as the first 28 days of life) 
infants are the most vunerable. Liu et al.[1] estimated that in 2015, 
45.1% of all global deaths of children under 5 years old occurred 
during the neonatal period, with preterm birth being one of the 
most common causes of death among neonates. Necrotising 
enterocolitis (NEC) is a severe inflammatory disease with a 
multifactorial pathogenesis, almost exclusively affecting preterm 
infants.[2] NEC usually develops during the first weeks of life, after 
the initiation of enteral feeding.[3] The first clinical signs of NEC 
are often nonspecific, such as poor feeding, abdominal distension, 
lethargy and bloody stools.[2] The condition can progress rapidly 
to a lethal stage of the disease, resulting in a high mortality rate.[2] 

The disease is classified into three stages by the modified Bell 
staging system.[4] Depending on the severity of NEC, the treatment 
consists of medical or surgical intervention. The medical treatment, 
which is often sufficient in NEC stage 1 and 2, includes broad-
spectrum antibiotics and total parenteral nutrition with bowel 
rest, along with clinical monitoring to evaluate the course of 
the disease.[2] Surgical treatment is needed when there is clinical 

deterioration despite adequate medical management, or when there 
are signs of intestinal perforation.[5] The surgical interventions are 
either peritoneal drainage or laparotomy with bowel resection.[2] 
At Charlotte Maxeke Johannesburg Academic Hospital (CMJAH), 
peritoneal drainage is considered a temporary solution, performed 
when infants are too unstable to undergo laparotomy. The two 
most common interventions during a laparotomy are primary 
anastomosis or enterostomy.[6] 

In a review from several high-income countries,[7] the incidence 
of NEC varies from 2% to 7% in infants born before 32 gestational 
weeks. An American study published by Hull et  al.[8] showed a 
significantly higher mortality among infants with NEC requiring 
surgical treatment, compared with infants receiving medical 
treatment. Other studies from high-income countries have presented 
similar differences in mortality.[9] Hypothetically, there would be 
a similar difference in mortality between medically and surgically 
managed NEC in a low- and middle-income country. 

There is limited research from low- and middle-income countries 
focusing on NEC. In a study from Cape Town,[10] the overall 
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mortality in infants with NEC admitted to the neonatal intensive 
care unit was 54%. At CMJAH, Ballot et  al.[11] demonstrated a 
period prevalence of NEC in 2016 of 9.5% among infants with 
birthweight of ≥1 500 grams and 24.7% in very-low-birthweight 
(VLBW) infants (birthweight <1 500 g). The mortality rate 
among  VLBW infants with NEC was 62.5% (95% confidence 
interval (CI) 51.3 - 73.7).[11] However, this study only included 
infants admitted to the combined paediatric and neonatal intensive 
care unit (PNICU). Therefore, more knowledge would contribute 
to a better comprehension of the local burden of disease caused 
by NEC. 

Objectives 
The present study aimed to determine whether there was a difference 
in mortality between medically and surgically treated infants with 
NEC and to explore the extent of this potential difference. Secondary 
objectives were to see if there was a difference in mortality between 
infants with NEC receiving different interventions during a surgical 
laparotomy, and  if there was a difference  in mortality between 
infants receiving surgical and medical treatment within different 
birthweight groups.  The present study compared characteristics 
between the infants with NEC and those without NEC. Additionally, 
an analysis to determine factors associated with increased mortality 
within the NEC group was performed. 

Methods
Study design
This retrospective study used data collected at CMJAH – a large 
surgery referral hospital in Johannesburg, South Africa (SA) with 
paediatric surgery capabilites. The neonatal unit at CMJAH consists 
of 95 beds, of which 15 beds are available in the combined PNICU. 
Patient data have been collected from the neonatal unit, including 
infants admitted to the PNICU, since 2013, as a part of a quality 
improvement programme of neonatal care.

Data included demographics, maternal and infant information and 
medical information during the hospitalisation. This information 
was collected from patient records at discharge, transcribed to 
control sheets and later entered onto the Research Electronic Data 
Capture (REDCap) database. The database was hosted by the 
University of the Witwatersrand. Data were verified multiple times 
during the data collection process to ensure accuracy. 

Study population
The participants in this study were infants born between the 
1  January 2016 and 31 December 2018 who were admitted to the 
neonatal unit. Deidentified data from all infants admitted to the 
neonatal units at CMJAH during this time were extracted from the 
REDCap database. Infants with missing information on critical data 
were excluded from the analyses. 

Study procedure
Variables considered relevant to the objectives were extracted from 
the database. The primary outcome was mortality before discharge. 
Infants who were either discharged home or transferred to another 
ward or hospital were considered to have survived. Data on 
confirmed NEC diagnosis included stage 2 and 3 only, diagnosed by 
clinical signs and characteristic radiographical findings according 
to the modified Bell’s staging criteria.[4] Birthweight was used as a 
measure of prematurity instead of gestational age, since birthweight 
was considered more reliable in this setting. 

The different surgical interventions were peritoneal drainage, 
laparotomy with bowel resection and primary anastomosis and 

laparotomy with bowel resection and enterostomy. For a few of the 
infants who had undergone laparotomy, information on intervention 
during laparotomy was missing. These infants were excluded from 
the secondary analysis. 

Sepsis was defined as a positive blood culture of an organism 
deemed to be significant. An onset within 72 hours of birth was 
classified as early-onset sepsis, while onset after 72 hours of birth was 
classified as late-onset sepsis.[12] All pathogens, including coagulase-
negative staphylococci, were considered significant in late-onset 
sepsis, since blood cultures were only collected if infants had 
symptoms or clinical signs of an infection. 

Birthweight was grouped into birthweight <1 000 g, birthweight 
of 1 000 - 1 499 g and birthweight ≥1 500 g. In the comparison of 
characteristics and the analysis of factors associated with mortality, 
birthweight was included as a continuous variable.

Data analysis
All data analyses were performed using IBM SPSS version 26 (IBM 
Corp., USA). Descriptive statistics for continuous data were presented 
with mean and standard deviation (SD) for normally distributed 
data and median and interquartile range (IQR) for skewed data. 
Categorical data were described with frequencies (n) and percentages 
(%). Missing cases were excluded from the analyses. Univariate 
analysis was performed to compare infants with and without NEC, 
and infants who died from NEC compared with infants who survived. 
Chi-square tests and calculation of odds ratio were performed on 
the categorical variables. Odds ratio was calculated for the analyses 
with a significant Chi-square test. For the continuous variables, the 
Mann-Whitney U-test was used when data were skewed, and for 
the normally distributed variables, independent sample t-tests were 
performed. A p-value of <0.05 was considered significant and 95% CIs 
were presented. Variables with a p-value <0.1 on univariate analysis 
were entered into a binary logistic regression model to determine the 
most significant association with NEC. 

Ethics
This project was integrated into an ethical clearance approved by 
the Human Research Ethics Committee of the University of the 
Witwatersrand (ref. no. M160338). 

Results
A total of 5 061 infants were admitted to the neonatal unit at CMJAH 
during the study period. The patient selection for the analyses 
is shown in Fig.  1. A diagnosis of NEC stage 2 or 3 was made in 
218 infants, of which 217 were included in the primary analysis. The 
period prevalence of NEC among all infants was 4.3%. There were 
1  444 infants with VLBW; in this group, the period prevalence of 
NEC was 11.0%. The period prevalence of NEC for inborn VLBW 
infants was 6.9%. 

The median (IQR) birthweight of all infants admitted to a 
neonatal unit was 2 100 (1 400 - 3 010) grams, with a median (IQR) 
gestational age of 35 (31 - 39) weeks; 54.1% of all infants were male 
(n=2 735). The majority were born at CMJAH (n=3 952; 78.1%). The 
mean (SD) maternal age was 28.9 (6.4) years. 

A comparison of characteristics between the infants with a diagnosis 
of NEC versus the other infants was performed. Subsequently, the 
variables significantly different between the groups were analysed 
within the VLBW population. Birthweight and significant variables 
are shown in Table 1. Antenatal corticosteroid use was not significant 
within the VLBW group. 

Variables with p<0.1 were entered into binary logistic regression to 
determine which were most significantly associated with NEC. The 
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results are shown in Table 2.
Out of the 218 infants diagnosed with 
NEC, 87 infants died, resulting in an overall 
mortality rate of 39.9%. In the subgroup of 
VLBW infants with NEC, 43.4% died. In 
the group with medically treated NEC, the 
mortality rate was 34.1%, and in the group 
requiring surgical treatment, the mortality 
rate was 49.4%. There was a statistically 
significant difference in mortality rate 
between these two groups (p=0.025). The 
odds ratio of dying from NEC requiring 
surgery compared with conservatively 
treated NEC was 1.89 (95% CI 1.08 - 3.30). 
There was no statistical significance between 
the two treatment groups when a comparison 
within the three different birthweight 
groups was performed. Mortality within 
the group requiring peritoneal drainage was 
significantly higher than within the group 
undergoing laparotomy (90.0% and 42.5% 
respectively, p=0.006). A third (n=10/30) 
of the infants received an anastomosis 
died. Among the infants received an 
enterostomy, 47.1% (n=16/34) died. No 

significant difference in mortality between 
these two groups (primary anastomosis v. 
enterostomy) was found (p=0.265). 

The variables significantly associated with 
mortality within the NEC group are listed 
in Table 3, along with HIV exposure, which 
was more common in the survival group. 

Discussion 
The present study showed that infants with 
NEC requiring surgical treatment had a 
significantly higher mortality, compared 
with medically treated infants. The findings 
from the primary analysis are consistent 
with those of Hull et  al.,[8] suggesting a 
significantly higher mortality rate in 
surgically treated infants. These results are 
likely to be related to previous implications 
that infants requiring surgical treatment are 
more critically ill than medically treated 
infants.[2,13] However, the mortality rates in 
our study of 34.1% and 49.4% in medically 
and surgically treated infants, respectively, 
were higher than previously reported 
mortality rates.[8] A possible explanation 

for this is that there could be differences 
in the neonatal care between high- and 
middle-income countries affecting the 
mortality rates for NEC. This theory is 
supported by the global variation in the 
incidence and complications of prematurity, 
as well as the variation in neonatal mortality 
and morbidity.[14,15] In contrast to the 
present study, Hull et  al.[8] studied VLBW 
infants only, which is worth taking into 
consideration when comparing the results. 
Nonetheless, the overall mortality rate for 
VLBW infants in our study was 43.4%, 
which was higher as well.

In the study from the PNICU at CMJAH 
by Ballot et  al.,[11] the mortality rate among 
VLBW infants with NEC was higher than 
in our study, as well as the mortality rates 
presented in the study by Satardien et  al.[10] 
among infants admitted to a neonatal intensive 
care unit. However, infants admitted to an 
intensive care unit are presumably more 
sick and more likely to require surgery, 
which might have an increasing impact on 
the mortality rate. Therefore, a comparison 
with these findings must be interpreted 
with caution. Additionally, many infants 
with a confirmed diagnosis of NEC will 
be admitted to an intensive care unit 
due to the often severe nature of NEC, 
which might explain the higher period 
prevalence of NEC in previous studies.
[10,11] In the article by Satardien et  al.[10], 
surgical treatment was performed more 
often and earlier in survivors as compared 
with non-survivors. However, >50% of the 
infants who did not undergo surgery had 
care redirected to palliation, which might 
explain these conflicting results.[10]

Our study presented a slightly higher 
period prevalence than previously reported 
results by Hull et  al.,[8] which reported 9% 
of the VLBW infants developed NEC. This 
may be explained by the fact that CMJAH is 
a referral hospital to where infants requiring 
more specialised care are referred, reflected 
by the lower prevalence for inborn infants. 

The high mortality within the patient 
group requiring peritoneal drainage was in 
line with previous research, and not very 
surprising owing to the temporary usage of 
the surgical method in infants too unstable 
to undergo laparotomy immediately.
[8] Consistent with previous literature, no 
significant difference was seen when 
comparing mortality rates of infants with 
the two surgical interventions (primary 
anastomosis and enterostomy) in this study.
[16] Owing to the inflammatory nature of the 
disease, poor healing with leakage is a possible 
complication after creating an anastomosis, 
which might explain why an enterostomy is 

Patients born between 1 January 2016 
and 31 December 2018 admitted to the neonatal unit 

(N=5 061)

Calculation of overall prevalence

Calculation of overall mortality rate

Primary analysis

Secondary analysis

n=5 059

n=5 058

Medically treated NEC 
(n=132)

Surgically treated NEC 
(n=85)

Excluded (n=2)
• (no data)

Excluded (n=1)
• (no data on outcomes)

Excluded (n=4 480)
• (Patients with no con�rmed NEC stage 2 or 3)

Excluded (n=1)
• (no treatment information)

Excluded (n=21)
• No surgery information (n=2)
• No information on intervention during laporotomy (n=9)
• Patients only receiving peritoneal drainage (n=10)

Bowel resection with primary anastomosis 
(n=30)

Bowel resection with enterostomy 
(n= 34)

Patients with NEC 
(n=218)

Fig. 1. Patient selection for analyses. (NEC = necrotising enterocolitis.)
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a more common surgical intervention for NEC in many countries. 
However, enterostomies require advanced postoperative care which, 
in a country with less resources, could potentially lead to even 

more severe complications. This was discussed in a previous study 
from Johannesburg by Banieghbal et  al.[17] and could be a possible 
explanation why primary anastomosis is still a common intervention 
during laparotomy for NEC at CMJAH. 

Through the comparison of characteristics, it is shown that 
infants with NEC are more acutely ill, illustrating the severity 
of the disease. Prolonged oxygen use and cranial ultrasound 
abnormalities were more common among infants with NEC, 
possibly a reflection of the overall degree of illness. It is known 
that sepsis is common among infants with NEC, which the results 
in this comparison emphasise. The qualities of late-onset sepsis 
in this study are also consistent with results from recent studies; 
a previous study has shown a high prevalence of Gram-negative 
bloodstream infections among infants with NEC.[18] Another study[19] 
implicated a worse outcome in NEC-infants with Gram-negative 
bacteraemia. The significantly higher prevalence of fungal sepsis 
and drug-resistant bacteria among infants with NEC may partly 
be explained by antibiotic usage in this group, but more research is 
desirable to determine a correlation. Patent ductus arteriosus was 
more common in the group with NEC, supporting the previous 
associations between this factor and NEC.[20,21] Additionally, blood 
transfusions were more common among infants with NEC. This 

Table 1. A comparison of characteristics of infants at CMJAH born between 1 January 2016 and 31 December 2018 (NEC v. no 
diagnosis of NEC) within the VLBW group

VLBW infants with NEC stage 2 
or 3 (n=159)

VLBW infants without NEC 
(n=1 285)

p-value
(OR (95% CI))

Neonatal characteristics
Birthweight (g), median (IQR) 1 100 (955 - 1 340) 1 100 (900 - 1 300) 0.083
Born at CMJAH, n/N (%) 99/159 (62.3) 1 036/1 276 (81.2) <0.0005

0.38 (0.27 - 0.54)
Length of stay (days), median (IQR) 35 (12 - 56) 26 (8-46) <0.0005
Oxygen on day 28, n/N (%) 75/132 (56.8) 325/1 128 (28.8) <0.0005

3.25 (2.25 - 4.70)
RDS, n/N (%) 121/159 (76.1) 1 085/1 276 (85.0) 0.004

0.56 (0.38 - 0.83)
Abnormal cranial sonar findings, n/N (%) 63/159 (39.6) 263/1 282 (20.5) <0.0005

2.54 (1.80 - 3.59)
PDA, n/N (%) 25/153 (16.3) 109/1 270 (8.6) 0.002

2.08 (1.30 - 3.33)

Interventions
Invasive ventilation, n/N (%) 115/159 (72.3) 286/1 285 (22.3) <0.0005

9.13 (6.30 - 13.24)
Blood transfusion, n/N (%) 120/154 (77.9) 500/1 279 (39.1) <0.0005

5.50 (3.70 - 8.18)

LOS
Bacterial or fungal LOS, n/N (%) 112/157 (71.3) 344/1 268 (27.1) <0.0005

6.69 (4.63 - 9.65)
Gram-positive LOS (incl. CONS), n/N (%) 59/112 (52.7) 230/344 (66.9) 0.007

0.55 (0.36 - 0.85)
Gram-negative LOS, n/N (%) 76/112 (67.9) 176/344 (51.2) 0.002

2.02 (1.29 - 3.16)
Drug-resistant bacteria in LOS, n/N (%) 48/112 (42.9) 79/344 (23.0) <0.0005

2.52 (1.60 - 3.95)
Fungal sepsis, n/N (%) 40/112 (35.7) 53/340 (15.6) <0.0005

3.01 (1.85 - 4.89)
CMJAH = Charlotte Maxeke Johannesburg Academic Hospital; NEC = necrotising enterocolitis; VLBW = very low birthweight (<1 500 g); OR = odds ratio;  
CI = confidence interval; IQR = interquartile range; RDS = respiratory distress syndrome; CONS = coagulase-negative staphylococci;  
CPAP = continuous positive airway pressure; PDA = patent ductus arteriosus; LOS = late-onset sepsis.

Table 2. Multivariate logistic regression for factors 
associated with NEC in VLBW infants at CMJAH born 
between 1 January 2016 and 31 December 2018
Variable OR 95% CI p-value
Birthweight 1.003 1.001 - 1.004 <0.0005 

RDS 3.274 1.391 - 7.704 0.007

Invasive ventilation 0.235 0.125 - 0.443 <0.0005

Bacterial pathogen LOS 4.127 1.016 - 16.768 0.048

Drug-resistant bacteria 
in LOS

0.378 0.201 - 0.710 0.003

NEC = necrotising enterocolitis; VLBW = very low birthweight (<1 500 g); 
CMJAH = Charlotte Maxeke Johannesburg Academic Hospital; OR = odds ratio; 
CI = confidence interval; CONS = coagulase-negative staphylococci;  
LOS = late-onset sepsis; RDS = respiratory distress syndrome.
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was seen in previous research. However, larger studies have failed 
to demonstrate this association.[21,22] There is ongoing discussion 
about whether anaemia is a potential risk factor, resulting in an 
increase of blood transfusions among infants with NEC.[22] This 
study also found that lower birthweight was associated with 
mortality among infants with NEC, consistent with previous 
literature.[23] Invasive ventilation is needed in more severely ill 
infants, which makes the observed association with mortality fairly 
expected. A curious finding in this study was that HIV exposure 
was more common in the survival group. In future studies, it would 
be of interest to explore if the findings are consistent in a larger 
population.

Study limitations
Although data were verified repeatedly, there were some missing data. 
Additionally, since the study was retrospective, some information 
was not available. For example, information on the timing of NEC 
diagnosis and time of onset of infections was missing, making it 
impossible to draw conclusions regarding risk factors for NEC. 
It is also difficult to evaluate if any deaths among infants with 
NEC were due to a condition other than NEC, which would be of 
value when examining the mortality rates. Further information on 
feeding practices before onset of NEC was unavailable, as well as 
maternal information on preeclampsia and chorioamnionitis, factors 
considered in the literature to impact the development of NEC. 
The limited sample size in some of the analyses might conceal a 
significant difference, and larger studies looking at mortality of NEC 
would therefore be of value. 

Conclusion 
The present retrospective study has shown a higher mortality rate 
in infants with NEC requiring surgical treatment, compared with 
medically treated infants. This is likely due to the fact that infants 
with more severe NEC are more likely to require surgical rather 
than medical management. Furthermore, this study has highlighted 
factors and characteristics associated with NEC and an increased 
mortality, which could be useful in order to gain a better knowledge 
of the burden of NEC at CMJAH and to evaluate interventions and 
improvements of the neonatal care. Additional research from low- 
and middle-income countries would help improve the knowledge 
of the disease in these countries. Future studies including several 

hospitals with similar databases in SA would contribute to mortality 
rates more applicable throughout the country, with a depiction of 
differences within the country. Additionally, the present study did 
not look at socio-economic factors associated with mortality of NEC. 
This could be of interest for future research. 
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