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Neonatal deaths are a leading cause of mortality worldwide, 
accounting for an estimated 2.7 million deaths globally in 2017.[1] In 
South Africa (SA), access to intensive care for neonates of extremely 
low birthweight (ELBW; <1  000 g) has been limited over the past 
decade because of resource constraints.[2,3] They have the highest 
mortality, require delivery room resuscitation more frequently than 
infants weighing more than 1 000 g and have a significantly higher 
risk of mortality following resuscitation.[4,5] Data from tertiary centres 
in Johannesburg and Cape Town demonstrate an improvement 
in survival of ELBW neonates over time,[2,6–10] and the majority of 
preterm neonates survive without neurodevelopmental impairment 
(NDI) although intrauterine and neonatal insults are associated with 
long-term disability.[11,12] ELBW is a risk factor for NDI.[12] However, 
in three studies that have assessed long-term outcomes of ELBW 
neonates in SA, a small number of neonates presented with NDI 
(although loss to follow-up was significant).[9,10,13]

If the sustainable development goal of reducing neonatal mortality 
to 12 per 1 000 live births by 2030 is to be realised in low- and middle-
income countries,[14] urgent attention must be focused on reducing 
the mortality of ELBW neonates. There are limited data evaluating 
the long-term outcomes of ELBW neonates in SA and few studies 
focus specifically on the short-term outcomes of these neonates. In 
addition, because of variations in outcomes over time and between 
regions, and increased access to nasal continuous positive airway 
pressure (CPAP) and surfactant therapy in recent years, morbidity 
and mortality data cannot be easily transposed. There is a need 
for recent data focusing on both long- and short-term outcomes of 

ELBW neonates in SA to guide forward planning, resource allocation 
and policy development with a view to optimising outcomes and 
decreasing mortality. 

The purpose of the present study was to describe the morbidity 
and mortality of ELBW neonates treated at Tygerberg Hospital 
(TBH) in 2016. The primary outcomes were neonatal morbidities 
and all-cause mortality. The secondary outcomes were risk factors 
for neonatal mortality.

Methods
Study design and population
This was a retrospective cohort study. All live-born neonates with 
a birthweight <1  000  g and admitted to TBH between 1 January 
2016 and 31 December 2016 were included in this study. Outborn 
neonates admitted to TBH after day 28 of life were excluded. This 
cohort was identified from data entered into a prospectively collected 
neonatal database. Data were supplied by admitting doctors using a 
standardised form and then verified and entered into a password-
protected database by a consultant.

Standard of care 
All infants were managed according to hospital guidelines at the 
time. Neonates were admitted to the neonatal high-dependency 
ward where nasal-prong oxygen, nasal CPAP and surfactant were 
administered according to the hospital protocol. Owing to resource 
constraints, infants with a birthweight <750 g and gestational 
age (GA) ≤26 weeks received surfactant selectively. Surfactant 
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would be given to these neonates if antenatal care attendance was 
adequate, if at least two doses of antenatal betamethasone were 
administered to the mother at least 12 hours apart within seven days 
prior to delivery,  and if prolonged resuscitation following delivery 
was not required. 

Neonates requiring intensive care would be considered for 
admission to the neonatal intensive care unit (NICU) once they 
reached a corrected GA of 28 weeks and weighed at least 1 000 g. 
Under exceptional circumstances and depending on bed availability, 
infants not meeting these criteria were considered for admission to 
the NICU on a case-by-case basis. This included neonates born to 
mothers with a history of recurrent pregnancy losses or following in 
vitro fertilisation, provided antenatal care attendance was adequate 
and a complete course of betamethasone had been administered 
to the mother prior to delivery. Neonates deemed to have poor 
prognosis by the attending neonatologist, specifically neonates 
with severe congenital anomalies, severe birth asphyxia, grade 4 
intraventricular haemorrhage or requiring extensive resuscitation 
following delivery, were not eligible for NICU admission irrespective 
of birthweight or GA. 

GA was routinely determined by early ultrasound, defined as 
an ultrasound undertaken at less than 24 weeks’ gestation as per 
hospital protocol. Foot length at birth was used as an indicator when 
early ultrasound was not available.[15]

Prevention of mother-to-child transmission (PMTCT) of HIV 
entailed initiation of single or dual antiretroviral prophylaxis after 
delivery according to risk stratification. A blood sample was obtained 
for HIV polymerase chain reaction analysis at birth and three-drug 
antiretroviral therapy was initiated in the event of HIV seroconversion. 
Exclusive breastfeeding was recommended as per hospital guidelines 
and donor breastmilk was used, with informed maternal consent, if 
there was insufficient expressed breastmilk. 

Outcomes
Definitions of outcomes were adapted from the Vermont Oxford 
Network (VON) manual of operations.[16] However, bronchopulmonary 
dysplasia (BPD) was not categorised by the VON  manual and was 
therefore defined as treatment with supplemental oxygen of >21% 
for more than 28 days.[17] Hypothermia was defined as core body 
temperature <36.5 °C and presumed sepsis was defined as clinical 
signs of generalised infection, elevated inflammatory markers or an 
elevated cerebrospinal fluid protein count with pleocytosis in the 
absence of a positive blood or cerebrospinal fluid culture. At TBH, 
neonates fulfilling these criteria are treated with antibiotics for at least 
5 days at the discretion of the neonatologist. 

Data on maternal demographics included antenatal care 
attendance, syphilis, HIV and administration of antenatal steroids 
and magnesium sulphate. Delivery details included: place of birth; 
indication for delivery; multiple gestation; mode of delivery; Apgar 
score at 1, 5 and 10 minutes; resuscitation details; and temperature 
on admission to the neonatal unit. Neonatal information included 
birthweight and GA. Birthweight below the tenth centile for the GA, 
as plotted on the growth curves of Fenton, was classified as small for 
gestational age (SGA).[18] 

Data on neonatal morbidity included details of: congenital 
anomalies; the need for respiratory support after birth and its 
duration; NICU admission and duration; patent ductus arteriosus; 
BPD; respiratory distress syndrome and surfactant administration; 
intraventricular haemorrhage (all grades); cystic periventricular 
leukomalacia; necrotising enterocolitis and its management (all 
stages, including suspicion); focal intestinal perforation and its 
management; retinopathy of prematurity (ROP) and its management 

(all stages included, as diagnosed by an ophthalmologist); sepsis 
(early-onset, late-onset and presumed sepsis); HIV prophylaxis; 
and HIV status at birth and subsequent follow-up. Mortality was 
classified according to the primary cause of death.

Data management and statistical methods
Data were extracted from the database and additional data were 
obtained from patient records. Descriptive analysis was performed 
in SPSS.[19] Results are presented as counts with proportion (n, %), 
95% confidence intervals (CI) and medians with the associated 
interquartile range (IQR). Survival analysis, simple regression 
analysis and multiple Cox regression analysis were used to identify 
risk factors for mortality in STATA;[20] results are presented as 
a Kaplan–Meier curve, p-values and hazard ratios (HRs) and 
associated 95% CIs. For purposes of the analysis, it was assumed that 
cases lost to follow-up were not all due to death during the study 
period. A subgroup analysis was performed to identify risk factors 
for inpatient mortality. 

Sample size was estimated a priori using the OpenEpi sample 
size calculator for cohort studies.[21] A value of 25% was used as the 
percentage of exposed cases with outcome, which represents the 
proportion of ELBW infants with respiratory distress syndrome as 
the primary cause of death; this figure was derived from published 
SA data.[3] The total sample size derived from the calculator was 
increased by 20 for each additional cause of death as classified in 
the study. A minimum sample size of 118 was required to evaluate 
factors associated with mortality with 80% power and a 95% CI, 
assuming an equal number of exposed and unexposed cases.

Ethical considerations 
Ethical approval for the study was obtained from the Human 
Research Ethics Committee of Stellenbosch University (ref. no. 
S18/05/103). A waiver of individual informed consent was granted 
by the committee. Permission to conduct research at TBH was 
obtained from the Western Cape provincial government.

Results
Study population 
A total of 256 ELBW neonates were admitted to TBH during the 
study period, of whom 16 (6.3%) were outborn. Close to two-thirds 
of the admitted neonates (n=162, 63.3%) survived until hospital 
discharge, of whom 11 subsequently died. Of the remaining 151 
(59%) survivors, 65 (43%) had complete one-year follow-up data and 
86 (57%) were lost to follow-up. 

Characteristics, morbidity and interventions 
The characteristics of the cohort and perinatal interventions 
are presented in Table  1. Neonatal morbidity and treatment are 
summarised in Table  2. Data on cranial ultrasound were not 
available for 88 neonates (34.4%). A total of 170 neonates survived 
to four weeks post delivery or for 31 - 32 weeks after conceptual age 
and were therefore eligible for ROP screening; 28 of these neonates 
(16.5%) were not screened. 

Mortality and cause of death 
Mortality according to GA is presented in Table  3. Mortality 
for neonates at the limit of viability at birth (23 - 26 weeks’ 
gestation) is presented in Table  4. Causes of inpatient deaths 
were as follows: extreme prematurity (41%); sepsis (10.5%); 
respiratory distress syndrome (9.5%); necrotising enterocolitis 
(9.5%); pulmonary haemorrhage (6.7%); focal intestinal perforation 
(1%); intraventricular haemorrhage (1%); aspiration (1%); infective 
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endocarditis (1%); and infected ventriculoperitoneal shunt (1%). 
In 18.1% of deaths, the cause of death was classified as unknown; in 
these cases a final cause of death was not documented in the patient 
records. The stillbirth rate during the study period was 501 per 1 000 
births (still and live births included). 

Risk factors for mortality and survival analysis 
Results of multiple Cox regression analysis for mortality risk factors 
are shown in Table  5. Included variables were selected on the 
basis of known association with mortality or statistically significant 
association with mortality on univariate analysis (p<0.05). Not all 
potential confounding variables were included in the model because of 
the small sample size. Antenatal care was not included owing to high 
attendance (91.8%). NICU admission was not included, as only 11.3% 
of the cohort was admitted to the NICU. Birthweight was a significant 
predictor of mortality (HR 0.99; 95% CI 0.992 - 0.999). A subgroup 
analysis was performed to identify risk factors for inpatient mortality 
and the same variables were incorporated into the model. Birthweight 
was the only significant predictor of mortality (HR 0.99; 95% CI 0.992 
- 0.995). A Kaplan–Meier curve for overall survival from birth to one 

year corrected GA is shown in Fig. 1. The incidence of mortality was 
two per 1  000 days, assuming not all infants lost to follow-up died 
during the specified study period. 

Discussion
This retrospective cohort study provides updated data on the outcomes 
of ELBW neonates cared for at TBH. The overall survival-to-discharge 
rate was 63.3% for ELBW neonates born in 2016. This is lower than 
the 74.8% rate reported at TBH between 2007 and 2009.[2] Although 
the mean birthweight and GA were similar during these periods, the 
earlier higher survival rate may, in part, be ascribed to differences in 
access to intensive care; neonates weighing 750 g or of 26 weeks’ GA 
were eligible for NICU admission at TBH between 2007 and 2009. 
The NICU admission criteria were subsequently revised because of 
a considerable increase in the number of neonates admitted over 
time, with a corresponding shortage of NICU bed space. In addition, 
the higher patient load and turnover noted in 2016, in the absence 
of a substantial increase in bed capacity or staffing due to resource 
constraints, conferred an increased risk of infection and therefore 
mortality.[19]

Table 1. Characteristics and perinatal interventions of live-born infants at Tygerberg Hospital
Description Gestational age group

23 - 26 wks  
(N=84), n (%)

27 - 30 wks  
(N=154), n (%)

31 - 34 wks  
(N=18), n (%)

23 - 34 wks  
(N=256), n (%) 

Patient characteristics
Birthweight (g), median (IQR) 785 (690 - 870) 870 (787.5 - 940) 920 (822 - 950) 850 (750 - 927.5)
Male 43 (51.2) 65 (42.2) 10 (55.6) 118 (46.1)
Female 41 (48.8) 89 (57.8) 8 (44.4) 138 (53.9)
Admissions to NICU 7 (8.3) 20 (12.9) 3 (11.1) 30(11.7)
Multiple births 18 (21.4) 19 (12.3) 4 (22.2) 41 (16)
Small for gestational age 2 (2.4) 36 (23.4) 15 (83.3) 53 (20.7)
Congenital abnormalities 1 (1.2) 0 0 1 (0.4)
Born outside TBH 8 (9.5) 7 (4.5) 1 (5.6) 16 (6.3)

Antenatal care and HIV and syphilis exposure
Antenatal care attended by mothers 71 (91.0)

(N=78)*
134 (91.2)
(N=146)*

18 (100) 223 ( 92.1)
(N=242)*

HIV exposure 21 (25.0) 31 (20.1) 3 (16.7) 55 (21.5)
Adequate PMTCT, n (% of exposed per age group) 18 (85.7) 30 (96.8) 3 (100) 51 (92.7)
HIV positive at birth, n (% of exposed per age group) 1 (4.8) 0 1 (1.8)

Syphilis exposure 2 (2.4) 4 (2.6) 1 (5.6) 7 (2.7)
Congenital syphilis, n (% of exposed per age group) 1 (50) 1 (25) 1 (100) 3 (42.8)

Delivery and perinatal interventions
Antenatal magnesium sulphate 37 (44.0) 78 (50.6) 7 (38.9) 122 (47.7)
Antenatal steroids 62 (73.8) 131 (85.1) 18 (100) 211 (82.4)
Caesarean delivery 20 (23.8) 124 (80.5) 16 (88.9) 160 (62.5)
5-minute Apgar <5 15 (17.9) 9 (5.8) 2 (11.1) 26 (10.1)
Surfactant in delivery room 1 (1.2) 5 (3.2) 0 6 (2.4)
Surfactant outside delivery room 30 (36.1) 

(N=83)*
65 (43.6) 
(N=149)*

1 (5.9)
(N=17)*

96 (38.6)

Delivery room resuscitation 50 (59.5) 86 (55.8) 4 (22.2) 140 (54.7)
Bag-mask ventilation 49 (58.3) 85 (55.2) 4 (22.1) 138 (53.9)
Intubation 6 (7.1) 5 (3.2) 0 11 (4.3)
Cardiopulmonary resuscitation 14 (16.7) 16 (10.4) 1 (5.6) 31 (12.1)

Hypothermia on admission to neonatal unit 63 (77.7)
(N=81)*

101 (68.7)
(N=147)*

15 (83.3) 179 (72.8)

IQR = interquartile range; NICU = neonatal intensive care unit; PMTCT = prevention of mother-to-child transmission.
* Missing data.
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In comparison with other tertiary centres in SA, the survival-to-
discharge rate reported here (63.3%) is slightly higher than the rate 
reported for the Charlotte Maxeke Johannesburg Academic Hospital 

(52.4%) in 2013[6] and that reported for Grey’s Hospital (49.5%) in 
KwaZulu-Natal,[20] but lower than the rate at Groote Schuur Hospital 
(68%) between 2003 and 2005.[9] In comparison with other upper 

Table 2. Treatment of live-born infants in the neonatal intensive care or high-care unit and morbidity

Characteristics

Gestational age group
23 - 26 wks 
(N=84), n (%)

27 - 30 wks 
(N=154), n (%)

31 - 34 wks 
(N=18), n (%)

23 - 34 wks 
(N=256)

Treatment 
Mechanical ventilation 4 (4.8) 12 (7.8) 2 (11.1) 18 (7.0)
High-flow nasal cannula 24 (29.3)

(N=82)*
108 (70.1) 11 (61.1) 143 (56.3)

Nasal CPAP 77 (91.7) 146 (94.8) 15 (83.3) 238 (93)
Inhaled nitric oxide 1 (1.2) 4 (2.6) 0 5 (1.9)
Surgery for NEC 2 (2.4) 5 (3.2) 0 7 (2.7)
Intercostal drain for pneumothorax 0 2 (1.3) 0 2 (0.8)

Morbidities 
Patent ductus arteriosus 12 (14.3) 17 (11) 1 (5.6) 30 (11.7)
Early-onset sepsis 3 (3.6) 1 (0.6) 0 4 (1.6)
Late-onset sepsis 14 (16.7) 28 (18.2) 2 (11.1) 44 (17.2)
Presumed sepsis 12 (14.3) 26 (16.9) 6 (33.3) 44 (17.2)
Intraventricular haemorrhage 22 (51.2) 34 (29.8) 2 (18.2) 58 (34.5)

Grade 1 - 2 17 (39.5) 27 (23.7) 2 (18.2) 46 (27.4)
Grade 3 - 4 5 (11.6) 7 (6.1) 0 12 (7.1)

Periventricular leukomalacia 0 1 (0.9) 0 1 (0.6)
Bronchopulmonary dysplasia 9 (10.7) 12 (7.8) 0 21 (8.2)
Respiratory distress syndrome 77 (91.7) 127 (82.5) 9 (50) 213 (83.2)
NEC (any stage) 6 (7.1) 18 (11.7) 3 (16.7) 27 (10.5)
Spontaneous intestinal perforation 2 (2.4) 3 (1.9) 1 (5.6) 6 (2.4)
ROP, n/n (%)† 14 (37.8) 36 (31) 3 (17.6) 53 (31.2)

Antivascular endothelial growth factor treatment, n/n (%) 0 0 0 0
Surgery, n (% of ROP infants) 1/14 (7.1) 2/36 (5.6) 0 3/53 (5.7)

CPAP = continuous positive airway pressure; NEC = necrotising enterocolitis; ROP = retinopathy of prematurity.
*Of infants eligible for screening.
† Missing data.

Table 3. Mortality rates according to GA

GA (weeks) 

Inpatient mortality, n (%; 95% CI) After hospital 
discharge, 
n (%; 95% CI)

Total number of deaths 
per age group,
n (%, 95% CI)<3 days of life 3 - 7 days of life >7 days of life 

23 - 26 (N=84) 31 (36.9; 30.9 - 42.8) 10 (11.9; 7.9 - 15.9) 8 (9.5; 5.9 - 13.1) 1 (1.5; 0 - 3) 50 (59.5; 49.0 - 70.0)
27 - 30 (N=154) 19 (12.3; 8.3 - 16.3) 10 (6.5; 3.5 - 9.5) 14 (9.1; 5.6 - 12.6) 7 (7.1; 3.9 - 10.3) 50 (32.4; 25 - 39.7)
31 - 34 (N=18) 0 0 2 (11.1; 7.3 - 14.9) 3 (37.5; 31.6 - 43.4) 5 (27.8; 22.3 - 33.3)
23 - 34 (N=256) 50 (19.5; 14.7 - 24.3) 20 (7.8; 4.5 - 11.1) 24 (9.4; 5.8 - 12.9) 11 (4.3; 1.8 - 6.8) 105 (41; 34.9 - 47)

GA = gestation age; CI = confidence interval.

Table 4. Mortality rates for neonates at the limit of viability (23 - 26 weeks’ GA)

GA (weeks)

Inpatient mortality, n (%; 95% CI) After hospital 
discharge n  
(%; 95% CI)

Total number of deaths,  
n (%, 95% CI)<3 days of life 3 - 7 days of life >7 days of life 

23 (N=2) 1 (50.0; 9.5 - 90.5) 1 (50.0; 9.5 - 90.5) 0 0 2 (100; 34.2 - 100)
24 (N=11) 7 (63.6; 35.3 - 84.8) 1 (9.1; 1.6 - 37.7) 0 0 8 (72.7; 43.4 - 90.2)
25 (N=30) 13 (43.3; 25.6 - 61.1) 2 (6.7; 0 - 15.6) 2 (6.7; 0 - 15.6) 1 (3.3; 0 - 9.8) 18 (60.0; 42.5 - 77.5)
26 (N=41) 12 (29.2; 15.3 - 43.1) 5 (12.3; 2.2 - 22.2) 5 (12.3; 2.2 - 22.2) 0 22 (53.7; 38.4 - 68.9)

GA = gestational age; CI = confidence interval.
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middle-income countries, this survival rate is lower than rates reported 
in Jamaica and the South American Neocosur Network (five countries), 
and similar to rates reported in Thailand and Malaysia.[21-24] These 
differences may partly be explained by variations in access to NICUs, 
with the countries with lower mortality rates using lower birthweight 
and GA criteria for NICU admission and mechanical ventilation. 
Most deaths occurred in the first three days of life, similar to 
global mortality data.[25] The most commonly listed cause of death 
in the present study was extreme prematurity, consistent with 
national data.[26] The rates of sepsis, respiratory distress syndrome, 
intraventricular haemorrhage, necrotising enterocolitis and BPD 
were similar to previous data from TBH and other centres in SA.[2,8,9] 
There were  insufficient data on ROP from other studies in SA for 
comparison. 

Birthweight was a statistically significant risk factor for inpatient 
mortality in this study, with increasing birthweight associated with 
reduced risk of death consistent with global and national data.[8,25] 
Other factors known to be associated with inpatient mortality were 
not found to be of statistical significance in the regression analysis. 
This is likely a consequence of the sample size being fairly small. 

The results of this study have highlighted areas of good clinical 
practice. Antenatal care attendance was high and the majority of 

HIV-exposed infants received adequate PMTCT treatment as per 
hospital guidelines; for the one neonate who tested HIV positive, 
there was no PMTCT or antenatal care attendance. 

The findings of this study also point to areas for improving clinical 
practice. Of the eligible neonates, 28 were not screened for ROP. 
Although there is only one ophthalmologist who conducts ROP 
screening at TBH, efforts should be made to optimise screening 
to prevent long-term visual impairment. Cranial ultrasound was 
not conducted in 88 cases; of these, 50 died in the first three 
days of life. At TBH, cranial ultrasounds are performed by the 
radiology department, neonatology fellows and neonatologists. It 
is therefore not always possible to obtain cranial ultrasounds for 
neonates in high-dependency wards within 72 hours of delivery. 
Training of junior doctors to perform cranial ultrasounds may be 
an option for improving coverage. Administration of antenatal 
magnesium sulphate for neuroprotection and antenatal steroids 
should be optimised. 

This study highlights further research questions. There is a need 
for a well-designed, adequately powered prospective cohort study 
evaluating short- and long-term outcomes of ELBW infants. This 
would facilitate a comparative analysis of morbidity and mortality 
rates. As the weight criteria for eligibility for surfactant therapy 
and NICU admission have been revised downwards since 2016, 
it is possible that there may be a corresponding decline in the 
mortality rate. The development of a regional electronic database 
and audit tool may facilitate the collection of comprehensive long-
term outcome data for ELBW neonates. 

Study limitations
The most significant limitation of this study was that, owing to the 
retrospective design, data were incomplete. In addition, verification 
of final diagnosis was not possible and diagnoses were provided by 
different caregivers with varying levels of training and experience. 
There was also a risk of confounding, as for the purpose of survival 
analysis it was assumed that not all cases lost to follow-up were 
due to death during the specified study period. The study was not 
sufficiently powered to incorporate all potentially confounding 
variables into the regression analysis. 

Conclusion
Mortality and morbidity rates remain high among extremely preterm 
infants. To improve survival, resources need to be allocated to 

Table 5. Risk factors and prediction of mortality

Variable Simple regression (p-value)
Multiple Cox regression, 
hazard ratio (95% CI)

Apgar <5 (10 minutes) 0.2024 0.67 (0.14 - 3.10)
Hypothermia absent 0.8452 1.35 (0.62 - 2.96)
Birthweight <0.001 0.99 (0.992 - 0.999)
GA <0.001 1.09 (0.88 - 1.35)
Small for GA * 0.6505 1.11 (0.21 - 15.67)
Sepsis 0.0042 0.56 (0.26 - 1.21)
Necrotising enterocolitis 0.3308 2.36 (0.94 - 5.92)
Intraventricular haemorrhage (grade 3 - 4)† 0.0823 3.02 (1.00 - 9.06)
Respiratory distress syndrome 0.0340 1.83 (0.63 - 5.27)
Surfactant 0.9414 0.86 (0.40 - 1.84)
Continuous positive airway pressure 0.6299 1.77 (0.20 - 15.15)

CI = confidence interval; GA = gestational age. 
*Compared with appropriate for GA.
†Compared with no intraventricular haemorrhage or grade 1 - 2 intraventricular haemorrhage. 
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Fig. 1. Kaplan-Meier curve for overall survival from birth to 1 year corrected 
gestational age.
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neonatal resuscitation, surfactant therapy, nasal CPAP and increased 
availability of NICU beds. Antenatal care attendance and PMTCT 
coverage are high; however, ROP screening and administration of 
antenatal magnesium sulphate and antenatal steroids should be 
optimised to minimise morbidity. 
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