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Since 2000, South Africa (SA) has had a relatively static neonatal 
mortality rate,[1] estimated to be 12/1 000 live births in 2016,[2] with 
complications of prematurity being the leading cause of neonatal 
mortality.[1] Very low-birthweight (VLBW) and extremely low-
birthweight (ELBW) infants have the highest risk for mortality and 
morbidity. While survival to hospital discharge has improved over 
the last few decades, this is more marked in developed countries 
where neonatal intensive care (NICU), nasal continuous positive 
airway pressure (nCPAP), mechanical ventilation and exogenous 
surfactant are available to the majority of infants. VLBW and 
ELBW infant survival to hospital discharge was reported to be 85% 
and 72%, respectively, in the USA.[3] While the mortality in this 
group of infants has decreased in developing countries, it remains 
higher than in developed countries. Limited resources of life-saving 
interventions such as respiratory support and exogenous surfactant 
are contributory to the higher mortality. Studies performed at public 
hospitals in SA between 2000 and 2013 report rates of survival to 
hospital discharge of 71 - 80% in infants ≤1 500 g (Table 1).[4-8] In 
SA, survival of infants weighing 1 000 - 1 500 g is as high as 84 - 
86% in some facilities.[7,8] Notably, survival of ELBW infants in these 
two facilities were only 32 - 35%.[7,8] This contrasts with a study 
performed at Tygerberg Children’s Hospital (TCH) in Cape Town, 
which reported 75% survival in infants 500 - 1 000 g who received 
nCPAP as standard care with administration of surfactant when 
indicated.[6] Hence, the degree of intervention provided to ELBW 
infants seems to be a predictor of outcome.

Birth weight and gestational age (GA) are reported as independent 
predictors of mortality.[7] Emergency caesarean section (CS) delivery, 
being outborn, resuscitation at delivery, small-for-gestational age 
(SGA), and hypothermia on admission are also associated with 
increased mortality.[5,7] Factors associated with improved survival 
include maternal attendance of antenatal care (ANC), delivery in 
a tertiary centre, and female gender.[5,7] Maternal risk factors for 
preterm birth include previous CS, previous miscarriage, previous 
preterm delivery, anaemia, bacterial vaginosis, and hypertension.[11,12] 

Improved survival of VLBW and ELBW infants has resulted in 
increased morbidity, including necrotising enterocolitis (NEC), 
intraventricular haemorrhage (IVH), periventricular leucomalacia 
(PVL), patent ductus arteriosus (PDA), retinopathy of prematurity 
(ROP) and sepsis. In SA, the reported incidence of ROP, IVH and 
PVL is probably an underestimation as a large number of infants 
are still not screened for these conditions due to lack of resources. 

Maternal ANC and antenatal corticosteroids (ACS) improve the 
chance of survival without major morbidity.[5]

This study aims to evaluate the morbidity and mortality of VLBW 
and ELBW infants in the neonatal unit at Steve Biko Academic 
Hospital (SBAH). The findings in this study may be of value in 
establishing policies on the rationing of limited resources.

Methods 
Study design and setting
A retrospective, cross-sectional study was performed in the neonatal 
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unit of SBAH, between 1 June 2016 and 31 May 2017. SBAH is a 
tertiary care public hospital in Tshwane with a 39-bed neonatal unit, 
consisting of 10 neonatal ICU beds (reserved mainly for invasive 
and non-invasive ventilation) and 29 high-care and low-risk beds. 
This unit provides care for high-risk inborns, as well as infants 
referred from other hospitals within the Tshwane Metropolitan 
Municipality, and occasionally from other provinces (Mpumalanga 
and Limpopo), who require specialised care. Infants with both 
medical and surgical conditions are managed in this unit. 

During the period of this audit, SBAH neonatal unit had no 
official policy regarding allocation of the limited resources, such as 
NICU admission and ventilation (invasive and non-invasive). The 
first-line management of infants with respiratory distress syndrome 
(RDS) weighing ≥750 g was nCPAP, followed by rescue surfactant 
therapy when indicated, with the provision of invasive ventilation 
being determined on an individual basis in infants of 750 - 999 g. 
Infants weighing ≥1 000 g were offered invasive ventilation when 
necessary (apnoea, worsening respiratory distress or respiratory 
failure). Although decisions regarding the level of care offered to 
infants weighing <750 g was determined individually, considering 
the available resources and clinical condition, all infants were 
offered standard neonatal care – including supplemental low-flow 
oxygen, intravenous fluids and thermoregulation – irrespective of 
birth weight. Indications for rescue surfactant therapy included 
ongoing or worsening respiratory distress (recession, grunting or 
tachypnoea) or a fraction of inspired oxygen (FiO2) >30 - 40% 
(dependent on clinical picture and GA), despite the provision 
of nCPAP. Methods of administering surfactant included LISA 
(less invasive surfactant administration) and InSurE (intubate, 
surfactant, extubate). High-flow oxygen therapy was not available 
in the unit.

Study population and definitions
Infants weighing 500 - 1 499 g who were admitted to the neonatal 
unit at SBAH, including infants who died in theatre or the labour 
ward, those born before arrival to hospital (BBA), and infants 
born at another facility and transferred into the unit, irrespective 
of postnatal age at the time of transfer, were included in the study. 
Stillborn infants and those with congenital abnormalities with an 
expected poor prognosis, chromosomal abnormalities, and those 
previously discharged home were excluded from the study. GA was 
determined from the best estimate available in the clinical record, 
including last normal menstrual period, early ultrasound (<24 weeks 
gestation) and Ballard score.[13] Birth weight was plotted against 
GA on Fenton growth charts[14] to determine growth parameters. 
Infants were considered SGA if the weight plotted below the 
10th percentile.[15] Resuscitation at birth included any positive-
pressure ventilation, cardiac compression or the administration of 
adrenaline. All infants weighing <1 500 g were eligible for cranial 
ultrasound and ROP screening according to the unit policy. All 
cranial ultrasounds were performed by a trained sonographer. 
ROP was diagnosed by an opthalmologist. First screening was 
performed at 31 to 33 weeks GA or 4 to 6 weeks chronological age, 
if the gestation was uncertain.[16] Grading of severity (stage 1 - 5) 
was done according to the international classification of ROP.[16] 

For the purpose of this study, only sonographically confirmed IVH 
(graded according to Papile)[17] and radiographically confirmed 
NEC (Bell’s stage 2 and 3)[18] were included. These diagnoses were 
confirmed by the primary author (RMT) by reviewing cranial 
ultrasound reports and abdominal radiographs, respectively. BPD 
diagnosis (supplemental oxygen for ≥28 days) and the severity 
grading[19] was confirmed by the primary author (RMT) using 
the information available in the patient records. The diagnosis of 
culture-positive or suspected sepsis was made by the attending 
doctor, and confirmed by the first author (RMT) by reviewing 

the results of blood investigations. Early-onset sepsis (EOS) was 
defined as sepsis occuring before 72 hours, and late-onset sepsis 
(LOS) after 72 hours of life.

Study procedure 
Patients were identified using admission statistics. Records were 
retrieved and appropriate data collected. Laboratory results were 
accessed from the National Health Laboratory Service (NHLS) 
database. Cranial ultrasound reports and abdominal radiographs 
were viewed on the computerised record system (Xeroviewer). 

Data analysis 
An estimated sample of 250 infants was required. Maternal and 
infant data regarding demographics, outcome and morbidity were 
collected and analysed using Stata version 14.2 (StatCorp., USA). 
Maternal data were captured per infant, and wre therefore duplicated 
for women with a multiple pregnancy. Data were summarised using 
descriptive statistics such as means, standard deviations, medians, 
ranges, percentages and 95% confidence intervals. Percentages 
were calculted using the number of valid cases per variable as the 
denominator, i.e. cases for whom information about the variable was 
available. 

Where data were skewed, median values were reported rather 
than mean. Crude odds ratios (ORs) for mortality and morbidity 
were assessed using logistic regression. For association in the case 
of continuous variables, the Student t-test or Wilcoxon rank-sum 
test was employed. Testing was done at a significance level of 0.05. 
A multivariable analysis with variables associated with mortality 
at the 0.15 level of significance was done using multivariable 
logistic regression. The latter was repeated using multivariable Cox 
regression, i.e. taking time to event into consideration. A prediction 
model for mortality using birth weight was attempted.

Ethics
Ethical approval was obtained from the Research Ethics Committee 
at the Faculty of Health Sciences of the University of Pretoria (ref. 
no. 210/2017).

Results
Study cohort
A total of 240 live-born infants weighing 500 - 1 499 g were admitted 
to the SBAH neonatal unit during the 1-year study period. Six infants 
were excluded from the study as per protocol, as they had congenital 
abnormalities (2 infants had duodenal atresia, 1 infant jejunal 
atresia, 1 infant imperforate anus, 1 infant trisomy 18, and 1 infant 
tracheoesophageal fistula and transposition of the great arteries). A 
further 3 infants were excluded as their records could not be traced. 
A total of 231 infants were eligible for inclusion.

Maternal characteristics
The mean (standard deviation (SD)) maternal age was 29 (6) 
years. Overall, 91.3% (n=178/195) of women attended ANC. 
Approximately one-quarter (26.7%; n=60/225) of women were 
HIV-positive, with 89.7% (n=52/58) of these women receiving 
lifelong combined antiretroviral therapy (cART) during pregnancy. 
Of the women receiving cART, 76.5% (n=39/51) received cART  
≥4 weeks prior to delivery and 85% (n=34/40) had a HIV viral 
load <1 000 copies/mL. Approximately 80% (n=149/181) of women 
received ACS; however, only 64.1% of women completed the 
course, and 17.7% of women did not receive any ACS despite 
preterm labour before 34 weeks. Prolonged rupture of membranes 
(PROM) greater than 18 hours was present in 30.6% (n=44/144) 
of pregnancies. Co-morbidities included hypertension in 36.1% 
(n=77/213), infection (vaginitis or urinary tract infection) in 10.3% 
(n=22/213), and chorioamnionitis in 1.9% (n=4/213). Additionally, 
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6 women were diagnosed with tuberculosis (TB) during pregnancy. 
Significantly more women delivering ELBW infants had a previous 
miscarriage (35.8%; n=24/67) compared with women delivering 
infants weighing 1 000 - 1  499 g (p=0.046). Maternal age, ANC, 
HIV status, cART use and duration, ACS, hypertension, PROM, 
TB, infections and chorioamnionitis were similar between infants 
weighing 500 - 999 g and 1 000 - 1 499 g (Table 2). 

Infant characteristics
The overall mean (SD) birth weight for the 231 infants was 1 117 
(240) g, of whom 160 infants (69.3%; n=160/231) weighed 1 000 -  
1 499 g (mean (SD) 1 247 (151) g) and 71 infants (30.7%; n=71/231) 
weighed 500 - 999 g (mean (SD) 823 (106) g). Of the ELBW infants, 
54 (23.4%) weighed 750 - 999 g and 17 (7.3%) weighed <750 g. 
The overall mean (SD) GA was 29.6 (2.6) weeks. Half of the infants 
(49.6%; n=111/224) were SGA, with significantly more SGA infants 
(p<0.001) weighing 500 - 999 g (75.0%; n=51/68) compared with 1 
000 -1 499 g (38.5%; n=60/156).

Infant characteristics and comparison between weight groups 
are shown in Table 3. The majority of infants were inborn (82.6%; 
n=190/230), with significantly fewer outborn infants weighing  
<1 000 g (p=0.007). CS was the predominant mode of delivery (52.3%; 
n=113/216) and 84.1% (n=190/226) of infants were singletons. 
Resuscitation was required in 39.5% (n=88/223) of deliveries, with 
significantly more ELBW infants requiring resuscitation compared 
with infants weighing 1 000 - 1 499 g (50% v. 34.6%, respectively; 
p=0.038). Overall, three-quarters of the infants (76.4%; n=162/212) 
were hypothermic on admission (temperature <36.5°C): 93.8% 
of infants weighing <750 g, 84.6% of infants weighing <1 000 g 
and 72.8% of infants weighing 1 000 - 1 499 g. These differences 
were not significant. The majority of infants (90.9%; n=180/198) 
received only breastmilk during admission. Sixty infants were HIV-
exposed with all early HIV-PCR tests negative. The overall median 
length of hospital stays (until death or discharge) was 19 days 
(range 0 - 114 days) compared with 25 days (range 4 - 114 days) 
for survivors. Surviving infants weighing <750 g had the longest 

Table 1. Comparison of outcome (survival and morbidity) of infants weighing ≤1 500 g in 7 South African studies
Hospital (year), birthweight, N Survival Morbidity Ventilatory support
CMJAH[4] (2013) 
500 - 1 500 g 
562 infants

Overall: 73%
>900 g: 84%
750 - 900 g: 52%
<750 g: 9%

RDS: 84%
LOS: 19%
NEC: 7%
IVH gr 3-4: 7%
Severe ROP: 2%

nCPAP ≥750 g; 
IPPV ≥900 g

GSH[5] (2012 - 2013) 
≤1 500 g 
1 034 infants

Overall: 80% 
Outborn: 67%
Inborn: 82%

No morbidity: 82%
LOS: 9 - 23%
NEC: 6 - 9%
IVH gr. 3 - 4: 4 - 14%
CLD: 5 - 14%

IPPV ≥800 g

CMJAH[9] (2006 - 2010) 
<900 g 
382 infants

Overall: 27% Not reported nCPAP ≥750 g; 
IPPV ≥900 g

TCH[6] (2007 - 2009)
500 - 1 000 g 
318 infants

Overall: 74.8%
750 - 1 000 g: 79%
500 - 749 g: 56%

CLD: 0.9%
LOS and NEC: 11.6%

nCPAP all infants; 
IPPV ≥750 g (selective); 
InSurE: severe indrawing, recession, 
apnoea or FiO2 >40% (selective in 
infants <750 g)

CMJAH[7] (2006 - 2007) 
500 - 1 500 g 
474 infants 

Overall: 71%
1 001 - 1 500 g: 86%
≤1 000 g: 35%
<601 g: 0%

RDS: 68%
Sepsis: 14%
IVH gr. 3 - 4: 6%
NEC gr. 2 - 3: 5%

IPPV ≥900 g

Madadeni, KZN[10] (1993 - 2005) 
500 g - 1 499 g 
1 234 infants

Overall: 29%
1 000 - 1 499 g: 36%
<1 000 g: 5%

Not reported Limited nCPAP
No IPPV available

CHBH[8] (2000 - 2002) 
500 - 1 499 g 
2 164 infants

Overall: 72%
1 000 - 1 499 g: 84%
<1 000 g: 32%
500 - 600 g: 0%

Not reported IPPV ≥1 000 g 

CMJAH = Charlotte Maxeke Johannesburg Academic Hospital; RDS = respiratory distress syndrome; LOS = late-onset sepsis; NEC = necrotising enterocolitis;  
IVH = intraventricular haemorrhage; ROP = retinopathy of prematurity; nCPAP = nasal continuous positive airway pressure; IPPV = intermittent positive airway pressure; 
GSH = Groote Schuur Hospital; CLD = chronic lung disease; TCH = Tygerberg Children’s Hospital; FiO2 = fraction of inspired oxygen.
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hospital stays (65.5 days, range 15 - 114 days) compared with those 
weighing 750 - 999 g (60.5 days; range 15 - 114 days) and 1 000 -  
1 499 g (21 days, range 4 - 112 days). Infants who survived spent a 
median of 6 days (range 1 - 85 days) in NICU, and those weighing 
<750 g had the longest NICU stay (13 days, range 9 - 17 days). 

The majority of infants received rescue surfactant (59%; 
n=128/217), with 35% (n=76), 20.7% (n=45), and 3.2% (n=7) 
of infants receiving 1, 2 and 3 doses, respectively. Significantly 
more ELBW infants received surfactant compared with those 
weighing 1 000 - 1 499 g (75.8% v. 51.7%; p=0.001). Additionally, 
a second or third dose was required more often in ELBW infants 
compared with infants weighing 1 000 - 1 499 g (39.4% v. 17.2%, 
respectively). nCPAP, conventional ventilation (CV) and high-
frequency oscillation ventilation (HFOV) were offered to 81.3% 
(n=178/219), 30.6% (n=67/219) and 2.3% (n=5/219) of the infants, 
respectively. The median duration of nCPAP support for all infants 
(until death or discharge) was 3 days (range 1 - 45 days), and for 
surviving infants weighing 1 000 - 1 499 g, 750 - 999 g, and <750 g 
it was 2 days (range 1 - 30 days), 6 days (range 1 - 45 days), and 9.5 
days (range 7 - 12 days), respectively. The median duration of CV 
was 3 days (range 1 - 33 days), with more infants weighing 750 - 999 
g receiving CV (36%; n=18/50) compared with infants weighing 
1 000 - 1 499 g (29.4%; n=45/153) and <750 g (25%; n=4/16); 
however, this difference was not significant (p=0.647). All infants 
who received HFOV died (n=5/219). The overall median duration 
of supplemental oxygen administration was 5 days (range 1 - 111 
days), with surviving infants <1 000 g receiving oxygen for 17.5 
days (range 1 - 111 days), and infants <750 g for 39.5 days (range 
34 - 45 days) (Table 3). 

Infant morbidity
Table 4 summarises the major causes of infant morbidity. One-quarter 
of infants (24.6%; n=45/183) developed IVH, with 14.8% (n=27), 1.6% 
(n=3), 3.3% (n=6) and 4.9% (n=9) having grade 1 to 4, respectively. 
There was a trend towards more infants weighing <750 g developing 
severe IVH (grade 3 and grade 4); however, this was not significant 
(p=0.650). There was no significant association between IVH and the 
method of delivery (p=0.380), ACS (p=0.750), resuscitation at birth 
(p=0.157), or hypothermia on admission (p=0.642). 

Six infants were diagnosed with NEC during admission, of whom 
3 had grade 2 and 3 had grade 3 NEC. There was no difference in 
the occurance of NEC in infants weighing 1 000 -1 499 g and 500 - 
999 g (p=0.501). Exclusive formula feeding was the only significant 
risk factor for developing NEC (p=0.030).

BPD was diagnosed in 11.8% (n=26/220) of infants, with 5.5% 
(n=12) having mild, 3.2% (n=7) moderate and 3.2% (n=7) severe 
BPD. The odds of developing BPD were 2.5-times higher in infants 
weighing 750 - 999 g (p=0.038; 95% CI 1.02 - 6.12), compared to 
those 1 000 - 1 499 g. The only significant risk for BPD in this 
study was the need for surfactant, which increased the odds 9-times 
(p<0.001; 95% CI 2.0 - 41.3). Maternal ACS and the use of nCPAP 
did not protect against BPD, nor did invasive ventilation increase the 
odds of developing BPD. 

Only 54.1% (n=125/231) of infants were screened for ROP, of whom 
5.6% (n=7) had ROP. Three infants had grade 1, 1 infant had grade 
2, and 3 infants had grade 3 ROP. The distribution of ROP between 
infants weighing 1 000 - 1 499 g and 500 - 999 g was similar (p=0.395). 
Infants with ROP received oxygen for 16.9 days longer than those 
without ROP; however, this was not significant (p=0.075). 

Table 2. Maternal and obstetric data categorised by infant birth weight
Entire cohort Subdivided weight categories
500 - 1 499 g,
(N=231), n (%)

1 000 - 1 499 g
(N=160), n (%)

500 - 999 g
(N=71), n (%) p-value*

Antenatal care 
At least one visit
None

n=195
178 (91.3)
17 (8.7)

n=133
122 (91.7)
11 (8.3)

n=62
56 (90.3)
6 (9.7)

0.788

HIV
Negative
Positive

n=225
165 (73.3)
60 (26.7)

n=157
114 (72.6)
43 (27.4)

n=68
51 (75.0) 
17 (25.0)

0.746

Antenatal steroids 
Complete 
Incomplete
None, but indicated

n=181
116 (64.1)
33 (18.2)
32 (17.7)

n=122
76 (62.3)
24 (19.7)
22 (18.0)

n=59
40 (67.8)
9 (15.3)
10 (16.9)

0.719

Duration of ROM (hours)
>18 (PROM)
None / <18 

n=144

44 (30.6)
100 (69.4)

n=91

32 (35.2)
59 (64.8)

n=53

12 (22.6)
41 (77.4)

0.136

Maternal morbidities
Hypertension 

Yes 
No

Infections†  
Yes
No

Chorioamnionitis 
Yes
No

n=213

77 (36.1) 
136 (63.9)

22 (10.3) 
191 (89.7)

4 (1.9)
209 (98.1)

n=145

46 (31.7)
99 (68.3)

18 (12.4) 
127 (87.6)

2 (1.4)
143 (98.6)

n=68

31 (45.6) 
37 (54.4)

4 (5.9) 
64 (94.1)

2 (2.9)
66 (97.1)

0.066

0.226

0.594 

ROM = rupture of membranes; PROM = prelabour rupture of membranes; N= total number of infants in the weight category; n= Number of valid cases per variable i.e. cases 
for whom information about the variable is available; % =  percentage reported of valid cases. 
*p-value when comparing 1 000 - 1 499 g and 500 - 999 g infant groups.
†Infections excluding chorioamnionitis (e.g. vaginitis or urinary tract infections).
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EOS and LOS were documented in 21.3% (n=49/230) and 28.3% 
(n=65/230) of infants, of which 20.4% (n=10) and 47.7% (n=31) 
were culture-positive, respectively. Significantly more ELBW infants 
had culture-positive EOS compared with infants weighing 1 000 -  
1 499 g (p=0.033); however, there was no difference regarding LOS 
(p=0.423). Chorioamnionitis increased the odds of developing EOS 
11.5-imes (p=0.009; 95% CI 1.1 - 118.5) and prolonged rupture of 
membranes increased the odds 2.7-imes (p=0.013; 95% CI 1.2 - 6.0). 
HIV exposure did not increase the odds of developing EOS or LOS. 
Infants with LOS spent 22 days longer in the neonatal unit (p<0.001; 
95% CI 14.2 - 29.9), and 6.8 days longer in NICU (p<0.001; 95% CI 
3.5 - 10.0). Feeding choice and hypothermia did not increase the 
odds of developing LOS (Table 4).

Infant mortality
The overall survival for infants weighing 500 - 1 499 g was 75.7% 
(n=174/230). Table 5 summarises data and risks related to infant 

mortality. Eighty-seven percent (n=138/159) of infants weighing 
1 000 - 1 499 g survived, compared with 50.7% (n=36/71) of infants 
<1 000 g (p<0.001). Significantly more infants weighing 750 - 999 
g survived compared with those weighing <750 g (61.1% v. 17.6%, 
respectively; p<0.001). The mean (SD) birth weight of surviving 
infants was 1 178 (208) g and that of infants who died was 925 (234) 
g. The odds of death were increased 6.4 times in infants <1 000 g 
(p<0.001; 95% CI 3.1 - 13.0) and 30.7 times increased in infants 
<750 g (p<0.001; 95% CI 6.5 - 144.6) when compared with infants 
weighing 1 000 - 1 499 g. Therefore, birth weight was modelled as a 
predictor for mortality and, although survival clearly improved with 
increasing birth weight, no weight cut-off was a good predictor of 
outcome statistically. SGA infants had 2.6 times increased odds of 
death (p=0.003; 95% CI 1.4 - 5.0). Requiring resuscitation at delivery 
increased the odds of death 3.6 times (p<0.001; 95% CI 1.8 - 6.9). 
Infants who received exogenous surfactant had 3.2times increased 
odds of death (p=0.001; 95% CI 1.5 - 6.6), with the odds increasing 

Table 3. Infants’ characteristics categorised by birth weight
Entire cohort Subdivided weight categories
500 - 1 499 g
(N=231), n (%)

1 000 - 1 499 g 
(N=160), n (%)

500 - 999 g
(N=71), n (%) p-value*

BW anthropometry
SGA
AGA

n=224
111 (49.6)
113 (50.4)

n=156
60 (38.5)
96 (61.5)

n=68
51 (75.0)
17 (25.0)

<0.001

Place of birth
Inborn
Outborn

n=230
190 (82.6)
40 (17.4)

n=160
125 (78.1)
35 (21.9)

n=70
65 (92.9)
5 (7.1)

0.007

Mode of delivery
NVD
CS
BBA

n=216
95 (44.0)
113 (52.3)
8 (3.7)

n=149
69 (46.3)
72 (48.3)
8 (5.4)

n=67
26 (38.8)
41 (61.2)
0 (0.0)

0.055

Number of fetuses  
Singleton
Twin
Triplet

n=226
190 (84.1)
34 (15.0)
2 (0.9)

n=158
133 (84.2)
23 (14.6)
2 (1.2)

n=68
57 (83.8)
11 (16.2)
0 (0.0)

0.922

Surfactant (doses)
None
1- 3 

n=217
89 (41.0)
128 (59.0)

n=151
73 (48.3)
78 (51.7)

n=66
16 (24.2)
50 (75.8)

0.001

Respiratory support
nCPAP  

Yes
No

CV
Yes
No

HFOV
Yes
No

n=219

178 (81.3)
41 (18.7)

67 (30.6)
152 (69.4)

5 (2.3)
214 (97.7)

n=153

122 (79.7)
31 (20.3)

45 (29.4)
108 (70.6)

3 (2.0)
150 (98.0)

n=66

56 (84.7)
10 (15.2)

22 (33.3)
44 (66.7)

2 (3.0)
64 (97.0)

0.452

0.632

0.639

Resuscitation at birth
Resuscitated
Routine care

n=223
88 (39.5)
135 (60.5)

n=153
53 (34.6)
100 (65.4)

n=70
35 (50.0)
35 (50.0)

0.038

Temp. on admission
Hypothermic
Normothermic

n=212
162 (76.4)
50 (23.6)

n=147
107 (72.8)
40 (27.2)

n=65
55 (84.6)
10 (15.4)

0.079

Feeding method
Breastmilk only
Formula only
Mixed

n=198
180 (90.9)
2 (1.0)
16 (8.1)

n=147
133 (90.5)
2 (1.4)
12 (8.1)

n=51
47 (92.2)
0 (0.0)
4 (7.8)

1.000

BW = birthweight; SGA = small for gestational age; AGA = appropriate for gestational age; NVD = normal vaginal delivery; CS = caesarean section; BBA = born before 
arrival; CPAP = continuous positive airway pressure; CV = conventional ventilation; HFOV =  high frequency oscillation ventilation; N = total number of infants in the weight 
category; n= number of valid cases per variable, i.e. cases for whom information about the variable is available; % = percentage reported of valid cases. 
*p-value when comparing 1 000 - 1 499 g and 500 - 999 g infant groups.
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for each additional dose of surfactant (p<0.001). CV had 3.7 times 
increased odds of death (p<0.001; 95% CI 1.9 - 7.2) and the use of 
HFOV predicted death in this study (p<0.001). The use of nCPAP 
improved outcome (OR 0.5), although this was not significant 
(p=0.064). Culture-positive EOS and severe IVH increased the 
odds of death 5.4 times (p=0.006; 95% CI 1.4 - 20.8) and 5.2times 
(p=0.002; 95% CI 1.7 - 16.3), respectively; while BPD was associated 
with decreased odds of death (OR 0.10; p=0.007; 95% CI 0.01 - 0.8). 

Maternal ANC, ACS, infections (including chorioamnionitis and 
TB), PROM, place of birth, mode of delivery, multiple pregnancy, 
hypothermia on admission, feeding choice, NEC, ROP, HIV exposure, 
and LOS had no significant association with infant mortality. Infants 
of mothers with hypertension seemed to have a better outcome with an 
odds ratio of 0.9, although this was not significant (p=0.697) (Table 5). 

Multivariable analysis
Multivariable logistic regression and Cox regression analysis of 
factors shown to affect survival at a significance level of 0.15 was 
done (Table 6). Birthweight was found to significantly improve 
survival for every 100 g increase in birth weight (OR 0.6; p=0.001; 
95% CI 0.4 - 0.8 and HR 0.7; p=0.001; 95% CI 0.6 - 0.9). SGA was 
associated with mortality (OR 7.9; p=0.008; 95% CI 1.7 - 35.9 and 
HR 3.8; p=0.020; 95% CI 1.2 - 11.8), as was culture-positive EOS and 
CV (OR 4.4; p=0.014; 95% CI 1.4 - 14.3 and HR 2.4; p=0.027; 95% 

CI 1.1 - 5.4; and OR 17.1; p<0.001; 95% CI 4.6 - 63.1 and HR 5.7; 
p<0.001; 95% CI 2.5 - 13.2; respectively). The need for resuscitation 
at delivery increased mortality on logistic regression; however, this 
was marginally insignificant on Cox regression (OR 4.2; p=0.019;  
95% CI 1.3 - 14.2 and HR 2.2; p=0.054; 95% CI 1.0 - 4.7). The use 
of nCPAP was protective (OR 0.1; p=0.015; 95% CI 0.01 - 0.6 and  
HR 0.2; p=0.001; 95% CI 0.05 - 0.5). Severe IVH was no longer 
associated with mortality using logistic regression; however, was only 
marginally insignificant on multivariable Cox regression (Table 6).

Survival without major morbidity
Of the 231 infants, 94 had complete data for all major morbidities 
(IVH, NEC, BPD, ROP or sepsis), and the 137 with missing data 
were excluded from this analysis. Survival without major morbidity 
was 35% (n=33) overall. Survival without major morbidity in 
infants weighing 1 000 - 1 499 g and infants weighing <1 000 g was 
39% (n=26/67) and 26% (n=7/27), respectively. No infant (n=0/2) 
weighing <750 g survived without major morbidity.

Discussion 
Three-quarters of VLBW infants admitted to SBAH neonatal unit 
survived to hospital discharge. Multivariable analysis showed 
that a higher birth weight was associated with improved survival, 
with 86.6%, 50.7% and 17.6% of infants weighing 1 000 - 1 499 g,  

Table 4. Infant morbidity categorised by birth weight
Entire cohort Subdivided weight categories
500 - 1 499 g 1 000 - 1 499 g 500 - 999 g

p-value*(N=231), n (%) (N=160), n (%) (N=71), n (%)
IVH

None
Grade 1 - 2
Grade 3 - 4

n=183
138 (75.4)
30 (16.4)
15 (8.2)

n=134
102 (76.1)
21 (15.7)
11 (8.2)

n=49
39 (73.5)
9 (18.4)
4 (8.2)

0.918

NEC 
None
Grade 2
Grade 3

n=219
213 (97.3)
3 (1.4)
3 (1.4)

n=153
147 (96.1)
3 (2.0)
3 (2.0)

n=66
66 (100)
0 (0.0)
0 (0.0)

0.501

BPD
None
All grades

Mild
Moderate
Severe

n=220
194 (88.2)
26 (11.8)
12 (5.5)
7 (3.2)
7 (3.2)

n=154
140 (90.9)
14 (9.1)
6 (3.9)
5 (3.2)
3 (1.9)

n=66
54 (81.8)
12 (18.2)
6 (9.1)
2 (3.0)
4 (6.1)

0.069†

0.148‡

ROP
None
Grade 1 - 3

n=125
118 (94.4)
7 (5.6)

n=76
71 (93.4)
5 (6.6)

n=49
47 (95.9)
2 (4.1)

0.395

Early-onset sepsis
None
Culture-positive
Suspected

n=230
181 (78.7)
10 (4.3)
39 (17.0)

n=159
128 (80.5)
3 (1.9)
28 (18.0)

n=71
53 (74.7)
7 (9.9)
11 (15.5)

0.033

Late-onset sepsis
None
Culture-positive
Suspected

n=230
165 (71.7)
31 (13.5)
34 (14.8)

n=159
118 (74.2)
19 (11.9)
22 (13.8)

n=71
47 (66.2)
12 (16.9)
12 (16.9)

0.423

IVH = intraventricular haemorrhage; NEC = necrotising enterocolitis; BPD = bronchopulmonary dysplasia; ROP = retinopathy of prematurity; N = total number of infants in 
the weight category; n = number of valid cases per variable i.e. cases for whom information about the variable is available; % reported of valid cases. 
*p-value when comparing 1 000 - 1 499 g and 500 - 999 g infant groups.  
†Comparing none with all grades of BPD.  
‡Comparing none with mild, moderate and severe BPD.
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Table 5. Crude odds ratios for infant mortality (infant- and maternal-related factors)
Factor Died/valid cases (%) Crude OR p-value (95% CI)
Birthweight (g)* 1 000 - 1 499

500 - 999
750 - 999
<750

21/159 (13.2)
35/71 (49.3)
21/54 (38.9)
14/17 (82.4)

-
6.4
4.2
30.7

<0.001 (3.1 - 13.0)
<0.001 (1.9 - 8.8)
<0.001 (6.5 - 144.6)

Weight-for-GA AGA
SGA

18/112 (16.1)
37/111 (33.3)

-
2.6 0.003 (1.4 - 5.0)

Number of fetuses Singleton
Twin
Triplet

44/189 (23.3)
11/34 (32.4) 
1/2 (50.0)

-
1.6 
3.3

0.259 (0.7 - 3.5) 
0.377 (0.2 - 54.5)

Surfactant None
Any

1 dose
2 doses
3 doses

12/89 (13.5)
42/127 (33.1)
21/75 (28.0)
18/54 (33.3)
3/7 (42.9)

-
3.2
2.5
4.3
4.8

0.001 (1.1 - 6.6)
0.021 (1.1 - 5.6)
<0.001 (1.7 - 10.5)
0.040 (0.9 – 25.3)

Respiratory support nCPAP   
No
Yes

15/41 (36.6)
40/177 (22.6)

-
0.5 

 

0.064 (0.2 - 1.1)
CV           

No
Yes

26/151 (17.2)
29/67 (43.3)

-
3.7 <0.001 (1.9 - 7.2)

HFOV     
No
Yes

50/213 (23.5)
5/5 (100.0)

-
- <0.001 

Resuscitation No
Yes

21/134 (15.7)
35/88 (39.8)

-
3.6 <0.001 (1.8 - 6.9)

Temperature Normothermic
Hypothermic

14/50 (28.0)
41/161 (25.5)

-
0.9 0.722 (0.4 - 1.8)

Feeding Exclusive breast
Formula
Mixed

31/179 (17.3)
1/2 (50.0)
1/16 (6.3)

-
4.8
0.3 

0.229 (0.3 - 79.9)
0.253 (0.04 - 2.5) 

IVH None
Grade 1 and 2
Grade 3 
Grade 4
Grade 3 and 4

19/137 (13.9)
5/30 (16.7)
3/6 (50.0) 
4/9 (44.4) 
7/15 (46.7)

-
1.2
6.2
5.0
5.2

0.693 (0.4 - 3.7) 
0.017 (1.1 - 34.4)
0.015 (1.2 - 20.9)
0.002 (1.7 - 16.3)

NEC None
Grade 2
Grade 3

53/212 (25.0)
0/3 (0.0)
2/3 (66.7)

-
1.0
6.0

0.319 
0.101 (0.5 - 68.9)

BPD None
All grades

55/193 (28.5)
1/26 (3.8)

-
0.1 0.007 (0.01 -0.8) 

ROP None
Grade 1 - 3

41/118 (34.7)
0/7 (0.0)

-
0.0 0.058

EOS None
Culture-positive
Suspected

39/180 (21.7)
6/10 (60.0)
11/39 (28.2)

-
5.4
1.4

0.006 (1.4 - 20.8)
0.379 (0.7 - 3.1) 

LOS None
Culture-positive
Suspected

40/164 (25.0)
9/31 (29.0)
7/34 (20.6)

-
1.3
0.8

0.586 (0.5 - 3.0)
0.636 (0.3 – 2.0)

HIV-exposed No
Yes

43/164 (26.2)
12/60 (20.0)

-
0.7 0.339 (0.3 - 1.5)

Antenatal care Yes
None

44/177 (24.9)
6/17 (35.3)

-
1.7 0.349 (0.6 - 4.7)

ACS Complete
None/incomplete

29/115 (25.2)
15/65 (23.1)

-
0.9 0.749 (0.4 - 1.8) 

...continued
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<1 000 g and <750 g surviving to discharge, respectively. The mean 
birth weight of surviving infants was ~250 g greater than those who 
died; however, no cut-off weight demonstrated good sensitivity and 
specificity for predicting mortality in this or other studies.

Availability of resources, such as exogenous surfactant and 
ventilation (invasive and non-invasive), are additional factors that 
affect outcome. In this study, 75% (n=12/16) of infants <750 g 
and 85% (n=55/65) of infants <1 000 g received nCPAP, while a 
third (n=22/66) of infants <1 000 g received invasive ventilation. 
Multivariable analysis showed that invasive ventilation was associated 
with increased mortality, compared with nCPAP use, which was 
associated with decreased mortality. This effect may be explained 
by the fact that infants requiring invasive ventilation probably had 
more severe disease compared with those requiring only nCPAP 
support. Although rescue surfactant administration has been shown 
to improve survival, this association was not replicated in this study. 

Only one-third of infants in this study survived to discharge 
without major morbidity. The most common major morbidity 
was LOS (28.3%), followed by IVH (24.6%), EOS (21.3%), BPD 
(11.8%), ROP (5.6%), and NEC (2.7%). LOS is an increasing 

healthcare challenge with a negative impact on survival, although 
there was no significant association between LOS (culture-positive 
or suspected) and mortality in this study. However, infants with 
LOS remained in hospital and NICU longer than those without 
sepsis in this study. For these reasons, measures to prevent 
LOS including hand-washing, prevention of overcrowding, 
and exclusive breastfeeding should still be reinforced in the 
neonatal unit. Conversely, culture-positive EOS was associated 
with increased mortality in this study; however, this may be 
confounded by the fact that culture-positive EOS occurred 
more frequently in infants weighing <1 000 g, compared with  
1 000 - 1 499 g (10% v. 2%). Chorioamnionitis and PROM 
significantly increased the odds of developing EOS. 

Severe IVH (grade 3 and 4) was associated with increased 
mortality in the univariable analysis in this study; however, no risk 
factors for the development of IVH were identified. The odds of 
developing BPD were the highest in infants weighing 750 - 999 g 
compared with other weight groups, which may reflect improved 
lung maturity of bigger infants (1 000 - 1 499 g) and increased 
mortality before 28 days of life in smaller infants (<750 g). Contrary 

Table 6. Multivariable analysis of factors associated with infant mortality

Factor Adjusted OR p-value (95% CI)
Adjusted HR
(Crude HR*) p-value (95% CI)

Birthweight† 0.6 0.001 (0.4 - 0.8) 0.7 (0.6) 0.001 (0.6 - 0.9)
SGA 7.9 0.008 (1.7 - 35.9) 3.8 (2.2) 0.020 (1.2 - 11.8)
nCPAP 0.1 0.015 (0.01 - 0.6) 0.2 (0.5) 0.001 (0.05 - 0.5)
CV 17.1 < 0.001 (4.6 - 63.1) 5.7 (2.8) <0.001 (2.5 - 13.2)
IVH grade 3 or 4 4.2 0.080 (0.9 - 11.3) 2.3 (4.2) 0.059 (1.0 - 5.4)
Culture-positive EOS 0.6 0.014 (1.4 - 14.3) 2.4 (1.7) 0.027 (1.1 - 5.4)
Resuscitation 0.1 0.019 (1.3 - 14.2) 2.2 (3.0) 0.054 (1.0 - 4.7)

OR = odds ratio; HR = hazard ratio; CI = confidence interval; BW = birth weight; SGA = small-for-gestational age; nCPAP = nasal continuous positive airway pressure;  
CV = conventional ventilation; IVH = intraventricular haemorrhage; EOS = early-onset sepsis.
*Crude hazard ratios were also significant at 0.15 level of significance prior to entry into multivariable analysis.
†Risk calculated for every 100 g increase in birth weight.

Table 5. (continued) Crude odds ratios for infant mortality (infant- and maternal-related factors)
Factor Died/valid cases (%) Crude OR p-value (95% CI)
Maternal morbidities Hypertension        

No
Yes

Infection                 
No
Yes

Chorioamnionitis 
No
Yes

Tuberculosis          
No
Yes

33/135 (24.4)
17/77 (22.1) 

45/190 (23.7)
5/22 (22.7)

49/208 (23.6)
1/4 (25.0)

49/206 (23.8)
1/6 (16.7)

-
0.9

-
0.9

-
1.1

-
0.6

0.697 (0.5 - 1.7)

0.920 (0.3 - 2.7)

0.947 (0.1 - 10.7)

0.686 (0.1 - 5.7)
Method of delivery NVD

CS
BBA

20/94 (21.3)
31/113 (27.4)
1/8 (12.5)

-
1.4
0.5

0.307 (0.7 - 2.7)
0.558 (0.1 - 4.6)

Place of birth Inborn
Outborn

46/189 (24.3)
9/40 (22.5)

-
0.9 0.805 (0.4 - 2.0)

OR = odds ratio, CI = confidence interval; GA = gestational age; AGA = appropriate-for-gestational age; SGA = small-for-gestational age; CPAP = continuous positive airway 
pressure; CV = conventional ventilation; HFOV = high frequency oscillation ventilation; IVH = intraventricular haemorrhage; NEC = necrotising enterocolitis;  
BPD = bronchopulmonary dysplasia; ROP = retinopathy of prematurity; EOS = early onset sepsis; LOS = late-onset sepsis; ACS = antenatal corticosteroids; NVD = normal 
vaginal delivery; CS = caesarean section; BBA = born before arrival; % = percentage reported of valid cases. 
*1 000 -1 499 g weight category used as the index.
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to other studies, invasive ventilation did not increase the risk, and 
nCPAP and maternal ACS did not decrease the risk of developing 
BPD in this study. Surprisingly, infants who received surfactant had 
increased odds of developing BPD in this study; however, surfactant 
administration was likely a marker of less mature lungs and not 
directly related to the development of BPD. 

Although NEC was not associated with an increased risk for 
mortality in this study, it must be highlighted that other studies 
report an increased risk of death, and therefore simple measures such 
as exclusive breastfeeding should be emphasised to prevent NEC. 
Similarly, contrary to other studies, no risk factors for ROP could be 
identified in this study (including prolonged supplemental oxygen 
administration).

Maternal ACS have been shown to improve outcomes in preterm 
infants. However, they did not decrease the length of supplemental 
oxygen administration or ventilatory support, nor did it decrease 
major morbidities such as severe IVH, NEC or BPD in this study. 
Similary, maternal ANC and hypertension did not influence infant 
outcome in this study.

Study limitations
By virtue of the retrospective design, this study has various limitations. 
The study population of 231 infants was near the required sample of 
250 infants and, although few infants were excluded (n=9/240), 
incomplete data recorded in clinical records and poor adherence to 
screening protocols resulted in large gaps in the data set, particulary 
for the evaluation of survival without morbidity. Consequently, IVH 
and ROP were probably under-reported in this study. Similarly, NEC 
may have been under reported as only infants with radiographic 
evidence of NEC were included, excluding all infants with grade 1 
NEC and those who may have died before an abdominal radiograph 
was taken.

Additionally, diagnoses were provided by different levels of 
healthcare professionals; although the first author (RMT) attempted 
to verify the accuracy of all collected data.

Conclusion
The overall survival for VLBW infants in this study is comparable 
to similar studies done in SA;[4,5,7,8] however, it is still lower than the 
survival reported in the USA.[3] The survival of ELBW infants in this 
study is higher than some other SA studies;[7,8,10] however, it is lower 
than that achieved by TCH in Cape Town[6] (50.7% v. 75%), with  
the most striking difference in survival noted in infants <750 
g (17.6% v. 56%). Although the availability of resources affects 
survival, the practice of early nCPAP and rescue surfactant 
administration, as opposed to routine intubation and ventilation, 
is recommended practice for preterm infants with RDS, and the 
limited availability of invasive ventilation in this neonatal unit is 
minimally restrictive in this sense. Despite the burden that ELBW 
infants place on limited resources while having a poorer outcome, 
it remains difficult to recommend a cut-off weight for potentially 
life-saving interventions such as nCPAP and surfactant. However, 
the current practice of allocating resources based on availability 
to infants with an expected favourable outcome is supported 
by the results in this study. While the solutions to resource 
limitations are complex, inexpensive measures, including improved 
neonatal resuscitation skills, prevention of hypothermia, infection 
prevention and control measures, exclusive breastfeeding, and 
kangaroo mother care, can be encouraged to improve the outcome 
of these infants. 
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