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Objectives. Survival of extremely low-birth-weight (ELBW) infants in a resource-limited public hospital setting is still low in South
Africa. This study aimed to establish the determinants of survival in this weight category of neonates, who, owing to limited intensive care
facilities, were not mechanically ventilated.
Design. A retrospective study in which patient data were retrieved from the departmental computer database.
Setting. The neonatal unit at Charlotte Maxeke Johannesburg Academic Hospital, Johannesburg, South Africa.
Subjects. Neonates admitted at birth between January 2006 and December 2010 with birth weights of ≤900 g.
Outcome measures. Survival at discharge was the major outcome. Maternal variables were age, parity, gravidity, antenatal care, antenatal
steroids, place and mode of delivery and HIV status. Neonatal variables were gestational age (GA), birth weight (BW), gender, place of birth,
hypothermia, resuscitation at birth, sepsis, necrotising enterocolitis, intraventricular haemorrhage, jaundice, nasal continuous positive airway
pressure (NCPAP) with or without surfactant, and Apgar scores.
Results. A total of 382 neonates were included in the study. Overall survival was 26.5%. The main causes of death, as per the Perinatal
Problem Identification Programme (PPIP) classification, were extreme multi-organ immaturity and respiratory distress syndrome. The main
determinants of survival were BW (odds ratio (OR) 0.994; 95% confidence interval (CI) 0.991 - 0.997) and GA (OR 0.827; 95% CI 0.743
- 0.919). Overall the rate of NCPAP use was 15.5%, and NCPAP was not associated with improved survival.
Conclusion. Survival of ELBW infants is low. BW and GA were the strongest predictors of survival. Effective steps are required to avoid
extreme prematurity, encourage antenatal care, and provide antenatal steroids when preterm birth is anticipated.
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United Nations Millennium Development Goal 4 is to reduce child
mortality by reducing under-5 mortality by two-thirds between 1990
and 2015. More than 8 million children aged under 5 die every year,
and neonatal mortality and especially very low-birth-weight (VLBW)
infant mortality are among the six factors to which over 90% of these
deaths are attributed.[1]
Survival of extremely low-birth-weight (ELBW ) infants has
improved markedly over the past decade, largely owing to improved
care, availability of antenatal steroids, provision of surfactant and
establishment of appropriately equipped intensive care units
(ICUs) where resources permit.[2-4] Yet survival of these infants in
a resource-limited setting like South African public hospitals is
still low.[5]
Mortality as a result of prematurity is the major contributor to
the neonatal mortality rate in both developing and developed
countries.[6] According to the World Health Organization, nearly
4 million neonatal deaths occur worldwide every year, most in
developing countries.[7]
In South Africa, perinatal mortality and low-birth-weight rates
have in the past generally been reported only for infants weighing
≥1 000 g at birth, because smaller infants are often regarded as
miscarriages and not recorded. However, with improving maternal
and neonatal care, more infants weighing 500 - 1 000 g are
expected to survive.
In a study at Chris Hani Baragwanath Academic Hospital
(CHBAH), a busy public hospital in Soweto, Johannesburg, the
rate of survival of ELBW infants was found to be 34%.[5] A similar

study done previously at Charlotte Maxeke Johannesburg Academic
Hospital (CMJAH) found the rate of survival of ELBW infants to
be 34.9%.[8] More recently, a study at Tygerberg Children’s Hospital
in the Western Cape reported the rate of survival of ELBW infants
who received surfactant and nasal continuous positive airway pressure
(NCPAP) to be 62.9%.[4] The infants in this study had back-up
mechanical ventilation provided for failed NCPAP.
Our study was done in the neonatal unit at CMJAH, a busy public
hospital in Johannesburg. Owing to limited neonatal ICU facilities,
mechanical ventilation is only provided for infants with a birth weight
(BW) >900 g. ELBW infants who have no access to an ICU are
therefore managed in a busy high-care ward. The aims of this study
were to review the survival of these infants and to evaluate factors
determining their survival.

Methods

This was a retrospective study of all neonates with a BW of ≤900 g
admitted to the neonatal unit at CMJAH between January 2006 and
December 2010. These infants were not offered mechanical ventilation,
as per the unit’s neonatal ICU admission criteria. Infants’ records were
reviewed only for the period of hospitalisation until discharge. All
in-born neonates were admitted directly to a transitional nursery in
the labour ward, so statistics included babies who died shortly after
birth. Neonates delivered at primary-level hospitals or clinics in the
close vicinity and those who were born before arrival (BBA) were
also admitted to the transitional unit and are therefore part of our
statistics. NCPAP was introduced into the unit in 2006. Babies with a
BW ≥750 g were offered NCPAP with surfactant at the discretion of
attending staff. There was no back-up mechanical ventilation available
for these infants.
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A computer database is kept for purposes of
clinical audit and information for outpatient
neonatal follow-up. The following relevant
data were retrieved from the database:
maternal data – age, parity, gravidity,
antenatal care (ANC), antenatal steroids,
place and mode of delivery, and HIV status;
infant data – the major outcome (death or
survival), gestational age (GA), BW, gender,
place of birth, hypothermia, resuscitation
at birth, sepsis, necrotising enterocolitis
(NEC), intraventricular haemorrhage (IVH),
jaundice, NCPAP with or without surfactant,
and 5-minute Apgar scores. The causes of
death were reviewed and classified according
to the Perinatal Problem Identification
Programme (PPIP) classification (http://
www.ppip.co.za). The PPIP was established
in South Africa in 1999 as a national tool for
perinatal death audit.
Data were entered onto an MS-Excel
spreadsheet and then imported to the
statistical software SPSS version 19 (http://
www.spss.com) for analysis. Categorical
data were described using frequencies and
percentages, and continuous data as means
and standard deviations (SDs). A univariate
statistical analysis was done on maternal and
neonatal variables considering survival at
discharge as the outcome. Categorical data
were compared using chi-square analysis
and continuous data using unpaired t-tests
(as the distribution was normal). A p-value
of 0.05 was considered to be significant.
Factors with a p-value of ≤0.1 were included
in the multiple logistic regression analysis.

infants were in-born (79.3%), with the rest
either referred from the surrounding clinics
or BBA.
The overall survival rate was 26.5%. No
neonate weighing <600 g survived (Fig. 1).
The survival rate was highest for babies with
the highest BWs.
The various causes of death according to
the PPIP classification are shown in Table
1. The most frequent cause of death was
extreme multi-organ immaturity (63.9%),
followed by respiratory distress syndrome
(RDS) (25.9%).
Most infants died within the first few days
of life, 60% within 72 hours and 79% by
the end of the first week. The median age
at death was 3 days (range 0 - 69 days)
(Fig. 2).
Univariate analysis was done on the various
patient characteristics by comparing survivors
and non-survivors using cross-tabulation
with chi-square analysis. The results are
shown in Table 2. The most significant
predictors of survival on univariate analysis
were antenatal care, HIV exposure, mode
of delivery, hypothermia at birth, weight for
GA, mode of feeding and the presence of
neonatal jaundice. These factors together with

GA and BW were considered in the binary
logistic regression model with survival as
the outcome. The final results of the logistic
regression are shown in Table 3. BW, GA and
neonatal jaundice were the most significant
determinants of outcome.

Nasal continuous positive airway
pressure

Over the 5-year study period, a total of
59 infants with BWs between 750 g and
900 g were given NCPAP. Twenty-nine of
these infants were also given surfactant.
The use of NCPAP in this group of
patients increased significantly from less
than 10% in 2007 to 37.5% in 2010. Of
the 59 infants who received NCPAP, 16
(27.1%) survived until discharge. Overall,
NCPAP had no influence on survival (χ2
0.602; p=0.74). However, NCPAP was
only used in the latter part of our study
period and only in neonates with BWs
≥750 g. When only babies weighing >700
g in 2008 - 2010 are considered, babies
weighing >800 g who received NCPAP
were significantly less likely to survive
(19% in the NCPAP group v. 27% in the
non-NCPAP group; χ2 9.247; p=0.002).

Discussion

This was the first study in our unit to look
solely at ELBW infants, specifically those

Ethics

Approval of the study was granted by
the Committee for Research on Human
Subjects, University of the Witwatersrand,
Johannesburg.

Results

There was a total of 410 babies. Data were
incomplete for 29, and 3 of these had no
final outcome recorded. For the 26 whose
final outcome was recorded, GA, mode
of delivery, HIV status, NCPAP and
surfactant were some of the factors that
were not available in our records. All the 29
who were excluded had BWs >600 g. There
were 8 survivors in this group (30.6%). We
therefore had 382 babies with complete
records included in our study. Female
infants accounted for a slight majority, at
53.5% of the total. Of the female babies
30.6% survived, whereas of the males
23.7% survived (χ2 4.38; p=0.357). The
infants’ mean GA was 26.7 weeks (SD
2.37), and mean BW was 774 g (SD 94).
The mean GA of non-survivors was 26.4
weeks (SD 2.331), as opposed to 27.6
weeks (SD 2.23) for survivors (p<0.001).
The mean BW of survivors was 814 g (SD
74), as opposed to 759.8 g (SD 97) for nonsurvivors (p<0.001). The vast majority of
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Fig. 1. Survival according to birth weight.

Table 1. Causes of death according to the PPIP classification
Cause of death

n

%

Extreme multi-organ immaturity

179

63.9

Sepsis

12

4.29

RDS

NEC

Asphyxia
IVH

Others
Total

71
5
4
2
7

280

25.9
1.79
1.43
0.71
2.52
100

RDS = respiratory distress syndrome; NEC = necrotising enterocolitis; IVH = intraventricular haemorrhage.
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with BWs ≤900 g who did not receive
conventional mechanical ventilation.
Similar previous studies in the same unit
included the VLBW category. Generally,
all studies in the literature looking at
ELBW babies have considered weights of
500 - 1 000 g. Our mean GA was 26.7
weeks, with 774 g the mean BW. This

mean BW was lower than that in the
InSurE study at Tygerberg Children’s
Hospital in the Western Cape (856.2 g),
as would be expected, since their weight
category included 900 - 1 000 g.[4] Our
overall survival rate of 26.5% is lower than
the 62.9% in the InSurE study. However,
our statistics included babies who died

In sthe current study, BW and GA were
the most significant predictors of survival
(p<0.001). This is well documented in
the literature in studies done across both
developed and developing countries[4,5,8]
and was also found in both the previous
study from our unit on determinants of
survival in VLBW infants and the study
at CHBAH.[5,8] Similar findings were
reported from a large cohort study that
included multiple participating academic
centres in the USA.[9]

Fig. 2. Number of deaths according to duration of hospital stay.

Table 2. Univariate analysis considering survival as outcome
Factor

χ2

Antenatal steroids

5.489

Antenatal care

15.83

5-minute Apgar score

31.02

Resuscitation

p-value
0.003
0.061
0.040

4.645

Multiple gestation

0.590

2.88

Hypothermia at birth

0.410

14.101

Mode of delivery

0.007

17.14

HIV exposure

0.002

16.34

Gender

0.003

4.38

Weight for GA

0.357

8.61

NEC (stage 2/3)

0.104

12.92

Sepsis

0.115

9.068

Type of food

0.059

90.538

Neonatal jaundice

<0.001

33.62

Nasal CPAP

Surprisingly, NCPAP did not seem to
improve survival. Neonates weighing
≥750 g qualified for NCPAP according
to the unit guidelines. None of the infants
in our study group was given back-up
ventilation in the ICU. However, owing to
the limited number of NCPAP machines,
the sickest babies were the ones given
NCPAP, and this probably explains the
increased mortality in this group.

0.013

2.68

IVH

On univariate analysis, BW in relation to
GA was also a significant determinant of
survival (p=0.013). Similar findings were
reported in a Norwegian study comparing
survival of small for gestational age babies,
defined as having a BW below the 5th
percentile for postmenstrual age, with
the appropriate for gestational age group
and showing that the former had higher
mortality and morbidity.[10]

0.055

10.05

Place of birth

<0.001

0.602

in the labour ward shortly after birth as
well as babies who were not born in our
hospital, and these were both excluded
in the InSurE study. The survival was
also lower than the previous data from
our unit, which showed survival in the
ELBW category to be 34.9%, very similar
to the CHBAH study findings of 34%.
[5,8]
However, it should be noted that
our study only considered babies up to
900 g BW, excluding the 901 - 1 000 g
babies included in both the above studies.
This makes a significant difference,
because previous data from our unit have
demonstrated exponentially improved
survival in babies weighing over 900 g,
given also that they are allowed admission
to the ICU.

0.740

GA = gestational age; NEC = necrotising enterocolitis; IVH = intraventricular haemorrhage; CPAP = continuous
positive airway pressure.

Although antenatal steroids have been
shown to improve survival, mostly by

Table 3. Logistic regression analysis of variables associated with survival
95% CI

Variable

B

SE

Wald

df

Significance

OR

Lower

BW

-0.006

0.002

14.749

1

0.000

0.994

0.991

0.997

GA

-0.190

0.054

12.280

1

0.000

0.827

0.743

0.919

Jaundice

1.302

0.269

23.428

1

0.000

3.677

2.170

Upper
6.231

B = regression coefficient; SE = standard error; Wald = Wald test; df = degrees of freedom; OR = odds ratio; CI = confidence interval; BW = birth weight; GA = gestational age.
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reducing the severity of RDS, our results only
approached statistical significance (p=0.06).
There was an association with improved outcome
in the InSurE study, in which 76% of the mothers
had received steroids with improved survival of
babies at day 3 and day 7 of life.[4]
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to be put in place. Preventing important causes
of morbidity and mortality such as HIV, asphyxia
and hypothermia would also improve survival.
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