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The survival rates of very-low-birth-weight (VLBW) infants
(birth weight < 1 500 g) to hospital discharge have been well
documented in developed countries.

1-7
Some of these studies

have reported on improvement in outcome after the
implementation of neonatal intensive care, use of mechanical
ventilation and exogenous surfactant, especially for extremely
low-birth-weight infants.

1,3,5,7
The availability of neonatal

intensive care beds/facilities and exogenous surfactant is
limited in developing countries; this requires health providers
in these countries to make decisions as to which infants should
get access to or receive these limited facilities. 

Chris Hani Baragwanath Hospital (CHBH) provides
maternity and neonatal services for the population of Soweto
and surrounding areas which form part of greater

Johannesburg. It is also used as one of the referral centres for
the southern part of Gauteng. From 2000 to 2002 there was an
average of 19 000 hospital deliveries per year, and there were
an additional 8 000 deliveries from midwife-run clinics for
which CHBH is the referral hospital. The neonatal intensive
care unit (NICU) is officially a 30-bed unit with 12 beds for
mechanical ventilation. There are 2 other nurseries, one a 50-
bed level II nursery and the other, previously a 40-bed level I
nursery, which has been converted to a 24-hour kangaroo
mother care (KMC) unit with 25 beds. On average, the bed
occupancy rate is 95% for the beds used for mechanical
ventilation and 180 - 200% for the rest of the NICU, and 130 -
180% in the level II nursery. Because of limited availability of
beds for mechanical ventilation, infants weighing < 1 000 g are
not offered mechanical ventilation. Furthermore, because of a
limited budget, the unit is currently restricted to a quota of
exogenous surfactant irrespective of the number of infants who
may need it. Gestational age (GA) and birth weight (BW) are
correlated with outcome, such that many proposals for
deciding on management have focused on these measure-
ments.

2-4,6
Survival rates stratified by BW and GA have an

important role to play in evaluating perinatal services and in
counselling parents on prognosis. A threshold BW below which
it is inadvisable to apply the technology of newborn intensive
care will vary according to the number of patients requiring
intensive care, relative survival rates and availability of
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Objectives. To determine the survival rates for infants weighing
500 - 1 499 g according to birth weight (BW) and gestational
age (GA).

Design. This was a retrospective cohort study. Pregnancy and
delivery data were collected soon after birth and neonatal data
at discharge or at death.

Setting. Chris Hani Baragwanath Hospital (CHBH), a public-
sector referral hospital, affiliated to the University of the
Witwatersrand.

Subjects. Live births weighing between 500 g and 1 499 g
delivered at or admitted to CHBH from January 2000 to
December 2002.

Outcome measures. BW and GA-specific survival rates for all
live infants born at CHBH and for those admitted for neonatal
care.

Results. Seventy-two per cent of infants survived until
discharge. The survival to discharge rate was 32% for infants

weighing < 1 000 g, and 84% for those weighing 1 000 - 1 499 g.
Survival rates at 26, 27 and 28 weeks' gestation were 38%, 50%
and 65% respectively. Survival rates for infants admitted to the
neonatal unit were better than rates for all live births,
especially among those weighing < 1 000 g or with a GA < 28
weeks. There was a marked increase in survival between the
900 - 999 g and 1 000 - 1 099 g weight groups. Provision of
antenatal care, caesarean section, female gender and an Apgar
score more than 5 at 1 or 5 minutes were associated with better
survival to hospital discharge.

Conclusion. Survival  among infants weighing less than 1 000 g
is poor. In addition to severe prematurity, the poor survival
among these infants (< 1 000 g) is most likely related to the fact
that they were not offered mechanical ventilation. Mechanical
ventilation should be offered to infants weighing < 1 000 g as it
may improve their survival even in institutions with limited
resources.
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resources. Therefore it is vital that each unit has a continuing
audit of survival rates for these infants, especially in areas with
limited resources where there is competition for these
resources. The objectives of this study were to determine the
survival rates among VLBW infants admitted to CHBH
according to BW and GA, and to determine perinatal factors or
characteristics associated with better survival rate in our
hospital. 

Methods

We evaluated survival rates until hospital discharge among
infants weighing between 500 g and 1 499 g who were born
alive or admitted to CHBH between January 2000 and
December 2002.  On admission to our neonatal unit the
demographic, pregnancy and delivery data are collected
routinely on all live-born infants including those who died
before admission to the neonatal unit and on all outborn
infants admitted to the unit. On discharge from the hospital or
on the death of an infant while in hospital the above
information, plus neonatal and outcome data, are extracted
from the hospital charts and entered into a computerised
database. This was a retrospective cohort study reviewing
information from the computerised database, looking at the
trends of survival according to BW, GA and growth, and
presence or absence of certain perinatal factors or infant
characteristics. There were 56 929 deliveries (54 510 live births)
within the hospital over this 3-year period. Approximately 20%
of total live births were low-birth-weight infants. The Soweto
clinics that refer all their VLBW infants and those with medical
problems to our hospital had approximately 8 000 deliveries
per year over this period (accurate figures were not available).
It was estimated that antenatal steroids were used in 30% of
cases where they would have been recommended, because of
late presentation of mothers in preterm labour (E Buchman –
personal communication). Infants weighing < 1 000 g were not
offered mechanical ventilation, but were otherwise managed
like all other infants including resuscitation where appropriate,
incubator care, monitored oxygen, antibiotics and intravenous
fluids. The GA in completed weeks was determined from
obstetric assessment (based on dates, clinical examination and
occasionally ultrasound) or modified Ballard score.

8
The GA

recorded on the database was based on a combined assessment
from antenatal and postnatal evaluation. However, since
antenatal assessments were usually performed after 24 weeks
and the Ballard scores were often done by relatively
inexperienced doctors, it was recognised that GA as recorded
in the database was subject to significant error. For this reason
most of the analyses performed in this study are based on BW.
VLBW infants were assessed to be small for GA using the
Colorado intra-uterine growth chart.

9
Infants who died before a

diagnosis could be made were classified as having died as a
result of immaturity. We did not have information on VLBW

live births who died at the clinics or referral hospitals. We
therefore looked at survival rates among all live births
delivered within CHBH, and then separately at all those
admitted to our neonatal unit including referrals from clinics
and other hospitals. This study was approved by the
University of the Witwatersrand Human Research Ethics
Committee.

Statistical methods
Data were analysed using Stata version 8 and SigmaStat
version 2.  Comparisons in BW and GA between survivors and
non-survivors were  performed using the Mann-Whitney rank
sum test. Single and multiple logistical regression models were
run to determine factors associated with survival. Variables
entered into the model included antenatal clinic attendance,
place of birth, mode of delivery, gender, small for GA, and
Apgar score at 1 minute and 5 minutes. Separate models
examined influence of different BW groups (in increments of
100 g) on survival using BW group 1 000 - 1 099 g as a
reference point, and interaction of GA and being small for GA.
Reported differences were considered to be significant when p-
values were less than 0.05.

Results

There were 2 164 VLBW infants born alive or admitted to
CHBH over this 3-year period. Their median BW and GA were
1 180 g (range 500 - 1 495 g) and 30 weeks (range 22 - 40 weeks)
respectively. The majority of them (81%) were assessed to be
less than 33 weeks. Only 31% of all the VLBW infants were
assessed to be small for GA.

The VLBW infants represented 21% of total admissions to the
neonatal unit. Among those infants delivered at CHBH, VLBW
infants constituted 3% of total live births.  Of the 2 164 VLBW
infants, there were 587 deaths, 1 566 survivors, and in 11 the
outcome was not recorded. Accepting a worst-case scenario, it
was assumed for the purpose of analysis that these 11 infants
had died. These 598 deaths constituted 55% of total deaths
among all admissions to the neonatal unit. Eighty-five infants
died in the labour ward nursery before admission to the
neonatal unit. Among the infants who died in the labour ward
nursery, 80% weighed less than 1 000 g. The overall survival
rate for all VLBW infants born alive within CHBH was 72%
(including deaths in the labour ward nursery). The overall
survival rate was 74% among the VLBW infants admitted to
the unit (excluding deaths in the labour ward nursery). The
infants who survived and those who died differed significantly
with regard to BW and GA. Survivors had a higher median BW
(1 200 v. 980 g, p < 0.001) and median GA (30 v. 28 weeks, 
p < 0.001). Among the infants admitted to the NICU for
ventilation, 452 were diagnosed with hyaline membrane
disease, and of these 27% received exogenous surfactant.
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Although only 2% of the mothers were rapid plasma reagin
(RPR)-positive on routine testing for syphilis, a large number
(20%) had no record of RPR results. 

Perinatal factors or characteristics of VLBW infants
admitted to CHBH (Table I)

Antenatal care

The mothers of 79% of these infants attended an antenatal
clinic. Clinic attendance was defined as one or more clinic
visits. 

Place of birth

Eighty-five per cent of the infants were born in hospital, with
the remainder in the Soweto clinics or at home, as shown in
Table I. Only 5% of those referred postnatally had been born at
other hospitals.  

Mode of delivery

Forty-two per cent of these infants were delivered by caesarean
section. The number of infants delivered by caesarean section 

was lower among those weighing less than 1 000 g (39% v.
47%, p < 0.004), suggesting less intervention for the infants at
lower BW or GA. Indications for caesarean section were not
recorded in most cases.

Apgar scores and gender

Overall, 50% of all the VLBW infants were female, but there
were fewer male infants in the group weighing less than 800 g
(33% v. 50%, p = 0.001). A significant number of patients did
not have Apgar scores recorded. Only 19% and 6% had Apgar
scores less than 6 at 1 and 5 minutes respectively. The number
of infants with Apgar scores less than 6 at 1 and at 5 minutes
increased with decreasing BW. 

Causes of death
Sixty-three per cent of the deaths were related to prematurity
(Table II). The most common cause of death was classified as
immaturity, mainly among infants weighing less than 1 000 g
who were not offered mechanical ventilation. The second
commonest cause of death was infection, clinically diagnosed
in the majority and culture proven in 29%.

Table I. Perinatal information for very-low-birth-weight infants born at Chris Hani Baragwanath Hospital (CHBH) between 
1 January 2000 and 31 December 2002

Antenatal care (%)
Yes 77 (73)* 261 (75) 513 (80) 549 (77) 300 (84) 1 700 (79)
No 19 (18) 64 (19) 110 (17) 129 (18) 49 (14) 371 (17)
Not recorded 10 ( 9) 22 ( 6) 17 ( 3) 35 ( 5) 9 ( 3) 93  ( 4)

Birthplace (%)
CHBH 88 (83)          295 (85)     514 (81)       557 (78)       285 (80)            1 739 (80)
Other hospitals        4 ( 3)               4 ( 1)        27 ( 4)          41 ( 6)          12 ( 3)                 88 ( 5)
Clinic/home          6 ( 6)              27 ( 8)        58 ( 9)          72 (10)         40 (11)              203 ( 9)
Not recorded           8 ( 8)              21 ( 6)        41 ( 6)          43 ( 6)          21 ( 6)               134 ( 6)

Mode of delivery (%)
Vaginal                 66 (62)           184 (53)     317 (50)       351 (49)       187 (52)            1 105 (51)
Caesarean            23 (22)           136 (39)     287 (44)       318 (45)       153 (43)              917 (42)
Not recorded       17 (16)             27  ( 8)       36 (  6)          44 (  6)        18 (  5)              142 ( 7)

Apgar score (%)
< 6 at 1 minute          35 (33)             88 (25)     134 (21)       109 (15)         46 (13)              412 (19)
Not recorded       27 (25)            47 (14)       82 (13)        111 (16)        47 (13)              314 (14)

< 6 at 5 minutes           21 (20)            35 (10)       34 ( 5)           29 (  4)          8 ( 2)               127 ( 6)
Not recorded       31 (29)            70 (20)     121 (19)         140 (20)       58 (16)               420 (19)

Gender (%)
Male                     35 (33)           157 (45)     325 (51)       365 (51)       169 (47)            1 051 (49)
Female                  71 (67)           186 (54)    307 (48)        342 (48)       186 (52)           1 092 (50)
Not recorded          -                        4 (1)          8 ( 1)             6 ( 1)            3 ( 1)                21 ( 1)

Birth weight < 1 000 g Birth weight ≥ 1 000 g All

500 - 799 g  800 - 999 g 1 000 - 1 199 g   1 200 - 1 399 g   1 400 - 1499 g                 500 - 1 499 g 
(N = 106)    (N = 347) (N = 640)          (N = 713)           (N = 358)                        (N = 2164)
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Survival rates according to birth weight (Fig. 1)
The overall survival rate of infants weighing less than 1 000 g
was 32%. There were no survivors among those weighing less
than 600 g. Nineteen per cent of the infants weighing less than
1 000 g died in the labour ward nursery before they could be
admitted. The survival rate improved when infants who died
in the labour ward nursery before admission were excluded.
This improvement was more noticeable among those weighing
less than 1 000 g (Fig. 1), with overall survival rate increasing
to 41%. Among those with BW > 999 g, the overall survival rate
was 84%. It increased with increasing BW from 74% for those
in the 1 000 - 1 099 g weight group to 91% for those weighing 
1 400 - 1 499 g. 

Survival rates according to gestational age
The GA-specific survival rates of VLBW infants born alive at
CHBH or admitted to the neonatal unit are presented in Fig. 2
and show a similar pattern to survival rates according to BW.
Survival rate improved with increasing GA.

Factors associated with survival among VLBW
infants 
On logistical regression analysis the factors associated with
better survival were antenatal clinic attendance and delivery by
caesarean section. Male gender,  Apgar score less than 6 at 1
and/or 5 minutes, and being small for GA were associated
with poor survival (Table III). Fitting both GA and being small
for GA together indicates that these are independently related
to survival after adjusting for each other. The odds of survival
to hospital discharge were much lower among infants
weighing less than 1 000 g and increased with increasing BW,
almost doubling with each increase of 100 g when compared
with infants in the 1 000 - 1 099 g weight group (Table IV).
There were no differences in odds of survival for infants in the
1 100 - 1 199 g and 1 000 - 1 099 g weight groups.

Discussion

This study determined the survival rates to hospital discharge
for all VLBW infants born alive and/or admitted to a hospital
setting where there are limited resources. This problem is
compounded by a high low BW rate (LBWR), which is 20% in

Table II. Causes of death among very-low-birth-weight
infants born at or admitted to CHBH 

Causes of death Number (%)

Prematurity related 369 (63)
Immaturity 234 (63) 
Hyaline membrane disease 60 (16) 
Necrotising enterocolitis 49 (14)
Intraventricular haemorrhage 26  (7)

Sepsis 158 (27)
Culture proven 46 (29)
Presumed sepsis 112 (71)

Perinatal asphyxia 28  (5)
Congenital abnormalities 17  (3)
Unknown 15  (2)

Fig. 1. Survival rates of very-low-birth-weight infants born (live
births) or admitted (admissions) to Chris Hani Baragwanath Hospital
according to birth weight (numbers at the top of the bars are
percentages).

Fig. 2. Survival rates of very-low-birth-weight infants born (live
births) or admitted (admissions) to Chris Hani Baragwanath Hospital
according to gestational age (numbers at the top of the bars are
percentages).

Table III. Odds of surviving according to clinic attendance,
place and mode of delivery, gender, Apgar scores and
intrauterine growth 

Adjusted 
Characteristic odds ratio* 95% CI

Antenatal clinic attendance 1.50 1.15 - 1.97
Inborn 1.02 0.73 - 1.43
Caesarean section 1.44 1.14 - 1.82
Male 0.76 0.61 - 0.95
Apgar score < 6 at 1 minute 0.53 0.40 - 0.71
Apgar score < 6 at 5 minutes 0.37 0.23 - 0.58
Small for gestational age (SGA) 0.29 0.21 - 0.40

*For each model, the reported odds ratios are adjusted for all other variables shown.
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our hospital compared with the rate of < 10% in developed
countries.

4,10
Although VLBW infants accounted for a small

number (3%) of our total live births, they accounted for 20% of
our total admissions and a majority (55%) of all deaths in the
unit.  The combination of a high LBWR and high number of
deliveries in the hospital puts a strain on the already limited
resources.

Although as health care providers we would like to assist all
infants delivered in our hospitals, because of limited resources
we are often forced to restrict access to certain facilities,
favouring those expected to have better short and long-term
outcome.  Because BW and GA have been shown to correlate
with outcome,3,11,12 decisions on whether or not to offer neonatal
intensive care can be based on these measurements at birth.
Even after using these objective measures the outcomes might
vary from hospital to hospital or from country to country as
outcomes might be influenced by quality of antenatal,
intrapartum and neonatal care.13 Therefore it is important that
health workers working in obstetrics and neonatology know
the outcomes of these infants in their own hospitals.

For over two decades we have been using a BW cutoff point
of 1 000 g at CHBH when deciding whether or not to offer
mechanical ventilation.  This cutoff weight is also used by
many other hospitals in the public sector in the country.
Reports from developed countries have shown an improved
outcome among infants weighing less than 1 000 g from the
1980s to the 1990s.

3,5
Therefore among neonatologists within the

country there is a debate as to whether it is appropriate to
continue using a cutoff point of 1 000 g, and whether BW is an
appropriate measurement to use in making  decisions on which
patients access ventilation.

14,15
We are also concerned that

providing mechanical ventilation for all infants when our
NICU beds are limited may compromise the care and therefore
the outcome not only for the infants weighing less than 1 000 g
but for all ill newborn infants who share these resources.

The overall survival rates of 72 - 74% among VLBW infants
born at or admitted to our hospital is an improvement
compared with two decades ago,16 but lower than the survival
rates of 83 - 90% from developed countries.

2,7,11
The improved

survival rates among VLBW infants in developed countries in
the 1990s has been associated with an improvement in
perinatal care including use of antenatal steroids, use of
exogenous surfactant, use  of continuous positive airway
pressure (CPAP) as a form of ventilation and increasing
willingness and ability to manage these babies.

17-19
The lower

survival rates in our hospital can be explained by the lack or
limited availability of these resources that have been shown to
be associated with better survival. In our hospital the use of
exogenous surfactant is restricted, and often delayed because
of limited NICU beds and equipment, and as a result infants
who need mechanical ventilation are often admitted to NICU
late in the course of their illness.  Most of the mothers present
late in labour, resulting in inadequate time for antenatal
steroids to be used or to have any effect. In addition infants
weighing less than 
1 000 g were not offered mechanical ventilation, which is not
the case in developed countries.

The outcome of VLBW infants is related to maturity, so GA
should be a better predictor than BW. In our setting use of GA
is problematic because our mothers start attending antenatal
clinics late, antenatal ultrasound is not offered routinely, and
GA assessment using the Ballard score is often done by junior
doctors who work under pressure owing to the patient load
and rotate through our nursery for short periods. Because of
these limitations and the known discrepancy between antenatal
and postnatal assessment of GA,

20
we suggest that use of BW as

a cutoff for access to mechanical ventilation is a more practical
approach.

The increase in survival rates by 100 g increments was
marked between 600 and 1 000 g compared with between 1 000
and 1 499 g, reflecting severe organ immaturity at the limits of
viability. The marked difference in survival rates between the
900 - 999 g and 1 000 - 1 099 g weight categories suggests the
impact of providing mechanical ventilation. In countries where
almost all VLBW infants are offered mechanical ventilation the
survival rates are much better at 56 - 81% among those
weighing 500 - 999 g, and 94 - 97% in the 1 000 - 1 499 g weight
group.

5,7,11

Non-attendance at an antenatal clinic, vaginal delivery, an
Apgar score < 6 at 1 minute and 5 minutes, and male gender
were associated with lower survival rates. Antenatal clinic
attendance helps in identifying patients at risk for delivering
preterm, and this would allow better monitoring and early
hospital admission of these patients. Failure to detect
intrauterine growth retardation (IUGR) is associated with poor
outcome.

13
Better outcome among infants whose mothers

attended an antenatal clinic highlights the importance of clinic
attendance. The association of poor survival with vaginal
delivery implies that caesarean section might be recommended
for delivery of these infants. However this must be interpreted
with caution because the presenting part and indication for

Table IV. Odds of surviving according to weight group
using 1 000 - 1 099 g as a reference weight

Birth weight (g) Odds ratio 95% CI

600 - 699 0.05 0.01 - 0.16
700 - 799 0.09 0.05 - 0.17
800 - 899 0.15 0.09 - 0.23
900 - 999 0.27 0.19 - 0.39 
1 000 - 1 099 – –
1 100 - 1 199 1.41 0.96 - 2.05
1 200 - 1 299 1.51 1.05 - 2.17
1 300 - 1 399 2.21 1.48 - 3.32
1 400 - 1 499 3.11 2.03 - 4.78

pg404-405  6/27/05  9:25 AM  Page 508



ORIGINAL ARTICLES

caesarean section were not recorded in this study. Survival
rates of VLBW infants with breech presentation have been
shown to be poorer after vaginal delivery. Female gender has
continued to show its advantage over male gender, as has been
reported previously.

4,21

As health workers working in limited resource areas we
need to be aware of survival rates in our hospitals, our
limitations, and areas that we can improve on. As we continue
debating the cutoff points for mechanical ventilation of VLBW
infants we also need to be aware of issues associated with
taking care of these infants. These issues include the degree to
which intensive care might prolong dying or extend suffering,
including that of the parents, use of resources in the case of an
infant who may eventually die, and the quality of life for
survivors.

22,23
Therefore the problems of resource allocation and

justice need to be considered at all times. There needs to be
ongoing assessment of these infants after hospital discharge, as
they are still at risk of death or neurological impairment.

24

It is difficult to recommend a cutoff point for mechanical
ventilation using GA because of unreliability of our GA
assessment. However, if one were to choose a cutoff, based on
our findings we would recommend 26 - 27 weeks. The
observed improvement in outcome with increasing BW was
marked between the 900 - 999 g and 1 000 - 1 099 g groups.
This difference is most likely because of using 1 000 g as a
cutoff point for ventilation.  Among the groups that were not
eligible for ventilation, the 900 - 999 g group had a better
survival at 50%, compared with 37% for those weighing 800 -
899 g. Ventilating infants with a borderline survival rate
without ventilation could improve their survival significantly.
Therefore a change in policy to ventilate infants weighing less
than 1 000 g needs to be considered. Implementation of this
policy can be done in phases starting with the 900 - 999 g
group first, reassessing its effects on survival of these infants
and the impact on resource requirements.  The suggested
change in policy must accompany improvement in NICU
facilities including bed space, equipment and staffing. Early
use of CPAP and KMC  in VLBW infants has been associated
with good outcomes and less expense.

25,26
Therefore their use

must be encouraged in our hospitals.
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