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Neonatal mortality remains a public health challenge worldwide, 
particularly in sub-Saharan Africa.[1-3] Preterm birth (<37 weeks’ 
gestational age) is the main cause of neonatal mortality.[4] Infants 
born prematurely with very low birthweight (VLBW) (<1  500 g) 
usually require some form of respiratory support and long periods 
of hospitalisation.[5] The use of nasal continuous positive airway 
pressure (NCPAP) with or without surfactant has been shown 
to improve infant survival,[6-8] while the use of surfactant,[9] and 
ventilation with or without surfactant, increased infant mortality, 
possibly indicating more severe respiratory illness.[10,11] However, 
prompt administration of surfactant, and mechanical ventilation 
with or without surfactant, reduces infant morbidity and mortality.[12] 
Moreover, numerous studies have shown that the use of antenatal 
corticosteroids has significant benefits,[8,13-15] although some authors 
found that giving steroids to the mother did not have any influence 
on neonatal survival.[16]

Risk factors associated with VLBW infants have been widely 
researched, and research results have provided good preventative 
strategies which have improved infant survival rates.[8,9,14,17-21] The 
survival of VLBW infants was reported to be over 70% in a 
quaternary hospital in Johannesburg, South Africa (SA),[8] but 
ranged between 40% and 60% in Nigeria[22] and Malawi,[23] while 
survival rates of more than 80% in developed countries have been 
encountered.[24,25] Although the risk factors associated with VLBW 

infant survival and morbidity have been extensively documented, 
including in SA, no data exist for this under-resourced subject in 
SA. Consequently, the present study aimed to determine factors 
relevant to our population which could be used to direct resources, 
intervention programnes and further research.

Method
This was a retrospective descriptive study based on a review of 
the medical records of VLBW premature infants admitted to the 
Neonatal Intensive Care Unit (NCU) of Mankweng Hospital, the 
only tertiary referral hospital in the Limpopo Province of SA. The 
data for this study were collected over a period of 7 months from 
January to July 2015. Ethics approval to conduct the study was 
obtained from the University of Limpopo Ethics Committee 
(ref. no. TREC/84/2016:PG), and anonymity and confidentiality of 
personal patient information was protected by using their identity 
numbers. The NICU is a 60-bed unit with 9 beds each for intensive 
care and high care, a nursery with 30 beds, and 12 kangaroo mother 
care beds. The unit has a total admission of 2 000 patients per 
annum.

Neonates were managed according to standard unit protocols by 
a neonatologist, general paediatrician, medical officer and paediatric 
registrars. All VLBW infants weighing <1  000 g with respiratory 
distress are not put on mechanical ventilation but on supplemental 
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oxygen via a low-flow nasal cannula (NPO2) using either SiPAP or 
NCPAP. As a rescue treatment, surfactant therapy is given to all VLBW 
infants weighing >800 g or ≥26 weeks’ gestational age (GA). Otherwise, 
all infants irrespective of birthweight receive resuscitation, warmth, 
intravenous antibiotics, supplemental oxygen and phototherapy. 
Cranial ultrasound is performed per availability of a sonographer and 
if intraventricular haemorrhage is clinically suspected. Screening for 
retinopathy of prematurity (ROP) is performed within 4 - 6 weeks’ 
chronological age or <32 weeks’ gestational age.

A minimum sample size of 246 was calculated based on a 95% 
confidence level, 5% sampling error and assuming a survival rate 
>80% (we excluded deaths in the delivery room) of VLBW infants 
admitted to the NCU.[8] A consecutive sample of VLBW infant 
pairs with their mothers was selected for the study. Data were 
collected using a data collection form designed for the study. The 
NICU register was used as the starting point to collate a list of 
infants admitted during the study period, after which the relevant 
medical records were retrieved. Using the register and patient 
files, the following maternal data were collected: age, parity, use of 
antenatal corticosteroids, HIV status, mode of delivery and maternal 
morbidity, while infant data included gender, birthweight (BW), GA, 
Apgar score, resuscitation at delivery, length of stay in the NICU, 
morbidity and invasive ventilation with or without surfactant, and 
NCPAP with or without surfactant.

Statistical analyses were performed using the statistical programme 
STATA version 10.0 (StataCorp., USA). Comparisons between 
survivors and non-survivors were performed using the Student 
t-test and χ2 tests for continuous and categorical data, respectively. A 
p-value ≤0.05 was considered statistically significant.

Results
A total of 1 273 babies were admitted to the NCU during the period 
of the study. Of these, 19.8% (n=252) were VLBW infants, of whom 
77.4% (n=195/252) survived. The maternal factors associated with 
neonatal mortality are shown in Table 1. The mean (standard 
deviation) age of mothers in the survivor group was similar to that 
of mothers in the non-survivor group (26.8 (6.8) years v. 25.2 (6.1) 
years, p>0.05). Mothers of the survivor group tended to be delivered 
by caesarean section more frequently than those in the non-
survivor group; however, the finding was not statistically significant 
(58% v. 46%, p>0.05). A total of 118 mothers had information on 
administration of antenatal steroids, of whom 86% (n=102) received 
steroids. Of  these, a significantly greater proportion of mothers in 

the survivor group received antenatal steroids than those in the non-
survivor group (90% v. 75%, p<0.05). Mothers of non-survivor VLBW 
infants (42%) were more likely to have experienced spontaneous 
preterm labour than mothers of the survivor group (27%) (p<0.05). 
Only one mother was diagnosed with chorioamnionitis; her baby died. 
Other factors examined for an association with VLBW infant mortality 
included parity, HIV status, obstetric haemorrhage, pregnancy-
induced hypertension (PIH), preterm rupture of the membranes, and 
placenta praevia; however, the results were not significant.

The characteristics of the VLBW infant-survivor and non-
survivor groups are compared in Table 2. VLBW infants in the non-
survivor group were significantly more likely to have a GA  <31 
weeks, birthweight <1  000 g and an Apgar score <6 at 1 minute 
(p<0.05). Efforts to resuscitate neonates in the delivery room 
were more common among the non-survivors than the survivors 
(25% v. 9%, p<0.05). VLBW infants in the non-survivor group 
were significantly more likely to have sepsis, hyaline membrane 
disease, pulmonary haemorrhage, hypothermia and necrotising 
enterocolitis than those in the survivor group (p<0.05). However, 
neonatal jaundice was significantly lower in the non-survivor 
group than in the survivor groups (51% v. 77%, p<0.05). Regarding 
clinical intervention, a  significantly higher proportion of non-
survivors were on mechanical ventilation without surfactant 
(16%  v. 4%, p<0.05), and mechanical ventilation with surfactant 
(33% v. 8%, p<0.05), than were survivors. NCPAP was more likely 
to be given to non-survivors than survivors, which was statistically 
significant among those with surfactant.

Discussion
Our study found a VLBW infant survival rate of 77%, which is 
comparable to a survival rate of 75% reported in an urban academic 
hospital in SA,[8] as well as being higher than the survival rates, 
ranging between 40% and 60%, found in teaching hospitals in 
Nigeria[22] and Malawi.[23] Our survival rate is lower than the 80% 
reported for VLBW infants admitted to NICUs in developed 
countries.[24,25] Some of the differences in infant survival rates may 
be related to quality of care, availability of workforce and equipment; 
however, in our study, the high survival rate could be due to exclusion 
of deaths in the delivery room.[8] The use of antenatal corticosteroids 
has been shown to improve infant survival,[8,13-15] although this has 
not been shown in all studies.[16]

In this study, it was difficult to make meaningful comparisons on 
the use of antenatal steroids owing to incomplete data for the mother. 

Table 1. Maternal factors associated with VLBW infant deaths

Maternal factors
Total (N=252),
n (%)*

Survivors (N=195),
n (%)*

Non-survivors (N=57), 
n(%)* p-value

Maternal age, mean (SD) 26.4 (6.7) 26.8 (6.8) 25.2 (6.1) 0.113
Primipara 90 (36) 65 (38) 25 (46) 0.537
Use of antenatal corticosteroids 102 (86) 81 ( 90) 21 (75) 0.043
HIV-positive 48 (19) 37 (19) 11 (20) 0.891
Caesarean section 139 (55) 113 (58) 26 (46) 0.100
Maternal morbidity

Obstetric haemorrhage 8 (3) 7 (4) 1 (2) 0.487
Pregnancy-induced hypertension 117 (46) 94 (48) 23 (40) 0.296
Preterm rupture of the membranes 20 (8) 16 (8) 4 (7) 0.770
Placenta praevia 6 (2) 5 (3) 1 (2) 0.724
Spontaneous preterm labour 77 (31) 53 (27) 24 (42) 0.031

VLBW = very low birthweight; SD = standard deviation.
*Unless otherwise specified.
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However, among mothers for whom information on administration 
of antenatal steroids was recorded (n=118), most (86%, n=102) 
received steroids and this practice was found to be significantly higher 
among mothers of infants in survivor groups than in non‑survivor 
groups. The findings of our study illustrate that maternal age has 
no significant relationship with VLBW infant mortality, which is 
consistent with some previous studies.[17,21] However, this finding is 
in contrast to other studies which found a high risk of VLBW infant 
mortality among young mothers.[9,26] The use of caesarean section as 
a delivery mode was found to be associated with lower rates of infant 
morbidity and mortality.[21,26] However, similarly to other studies,[16,18] 
our findings show no statistically significant relationship between 
caesarean delivery and the outcomes of VLBW infants. The reason 
for this is unclear and needs further investigation.

PIH is one of the leading causes of maternal[27] and neonatal[19] 
mortality and morbidity. Early detection and correct management 
of hypertension remains a challenge in most healthcare facilities 
in developing countries. A meta-analysis of 55 studies from 
25  countries confirmed that PIH is related to adverse pregnancy 
outcomes.[20] In contrast, in our study, PIH did not have any 

significant influence on VLBW infant deaths; the reasons are 
not documented in our study, however. Although we did not 
assess whether babies were growth-restricted or not, women with 
PIH are more likely to deliver growth-restricted babies whose 
lungs are more mature.[28] In 2010, Blencowe et al.[29] found that 
spontaneous preterm birth is an issue in sub-Saharan Africa. In 
this study, spontaneous preterm labour was significantly higher 
in the mothers of non-survivors than in the mothers of survivors. 
The possible causes of spontaneous preterm labour were not 
documented in our study, but maternal infection,[30,31] mother’s 
psychological stress[32-34] and social well-being,[35] and lack of 
antenatal care[36] are linked to preterm labour.

With regard to neonate risk factors, few (n=32) VLBW infants in 
our study were resuscitated in the delivery room. Those who were 
resuscitated during delivery had a higher mortality, which might 
reflect the severity of infant illness and/or lack of skills of attending 
healthcare workers. In line with other studies,[17,18] our findings 
show that 1-minute Apgar scores <6 were significantly associated 
with greater risk of VLBW infant mortality. In contrast, other 
studies have found that a low 5-minute Apgar score significantly 

Table 2. Infant factors associated with VLBW infant deaths

Infant factors
Total (N=252),
n (%)*

Survivors (N=195),
n (%)*

Non-survivors (N=57),
n (%)* p-value

Female gender 150 (60) 118 (61) 32 (56) 0.554
Inborn 213 (85) 167 (86) 46 (81) 0.364
Birthweight (g)

600 - 799 14 (6) 5 (3) 9 (16) <0.001
800 - 999 36 (14) 21 (11) 15 (26) <0.001
1 000 - 1 299 110 (44) 85 (44) 25 (44) 1.000
1 300 - 1 499 92 (37) 84 (43) 8 (14) <0.001

Gestational age (weeks)
24 - 25 2 (1) - 2 (4) 0.050
26 - 27 23 (9) 9 (5) 14 (25) <0.001
28 - 31 121 (48) 92 (47) 29 (51)  0.030
32 - 36 106 (42) 94 (48) 12 (21) <0.001

Apgar score <6 at 1 minute 50 (20) 28 (15) 22 (39) <0.001
Apgar score <6 at 5 minutes 5 (2) 2 (3) 3 (6) 0.373
Resuscitation in delivery room 32 (13) 18 (9) 14 (25) 0.002
Length of stay in the NICU (≤24 hours) 19 (8) 2 (1) 17 (30) <0.001
Infant morbidity

Hyaline membrane disease 86 (34) 45 (23) 41 (71) <0.001
Necrotising enterocolitis 5 (2) 2 (1) 3 (5) 0.044
Intraventricular haemorrhage 4 (2) 2 (1) 2 (4) 0.187
Sepsis 118 (47) 80 (41) 38 (67) <0.001
Pulmonary haemorrhage 12 (5) - 12 (21) <0.001
Pneumonia 25 (10) 22 (11) 3 (5) 0.181
Hypothermia 89 (35) 60 (31) 29 (51) 0.005
Hypoglycaemia 37 (15) 26 (13) 11 (19) 0.263
Neonatal jaundice 179 (71) 150 (77) 29 (51) <0.001
Patent ductus arteriosus 4 (2) 4 (2) - 0.276

Respiratory treatment 120 (48) 71 (36) 49 (86) <0.001
Mechanical ventilation 17 (14) 8 (4) 9 (16) 0.002
Mechanical ventilation plus surfactant 34 (28) 15 (8) 19 (33) <0.001
NCPAP 50 (42) 35 (18) 15 (26) 0.164
NCPAP plus surfactant 32 (13) 13 (9) 19 (33) <0.001

VLBW = very low birthweight; NCPAP = nasal continuous positive airway pressure; NCU = neonatal care unit.
*Unless otherwise indicated. 
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influences VLBW infant mortality.[16] GA and birthweight 
have been found to be inversely associated with VLBW infant 
mortality,[17,21,26] but the methods used to define GA compromise its 
general use.[4] In our study, GA and birthweight were significantly 
lower in non-survivors than in survivors, which is consistent with 
previous studies.[8,14]

Most NICUs have different intervention criteria for their levels 
of care, owing to limited resources such as surfactant replacement 
therapy, NCPAP and mechanical ventilation, which have helped 
to improve the survival of immature babies.[6-12] In  our study, more 
than half of the VLBW infants received NCPAP with or without 
surfactant, and mortality was higher in those receiving surfactant; 
however, mechanical ventilation with or without surfactant increased 
mortality, which is in line with other studies;[10,11] this could be 
because most infants required prolonged resuscitation in the delivery 
room, suggesting severe birth asphyxia and, in some cases, surfactant 
administration may have been delayed, and/or ventilation may have 
been delayed or prolonged.[37] In our study, 30% of the non‑survivor 
infants died within 24 hours of NICU admission, which is higher 
than the rate of 9.4% in Brazil.[9] The earlier infant deaths in our 
study could relate to a number of factors, such as delay in seeking 
medical attention during labour, infrequent visits to antenatal clinics, 
no accessible intensive care unit bed with ventilator, and inadequate 
resuscitation equipment.[38]

Neonatal jaundice remains a concern worldwide. It is not 
surprising, then, in accordance with studies in low- and middle-
income countries,[39,40] that jaundice was the main cause of neonatal 
morbidity and was significantly higher in the survivor group 
than in the non-survivor group. This tendency is because more 
survivors lived long enough to exhibit jaundice, which is common 
among premature babies owing to their physiological immaturity.[39] 
Interestingly, similarly to other studies,[9,41,42] hypothermia was found 
to be a common predictor of neonatal fatality, and has been shown 
to increase the risk of neonatal morbidity and mortality worldwide. 
A large proportion (38%) of the hypothermia cases in our study 
occurred in winter, which indicates a lack of thermal protection.[22,43]

Limitations
The above findings must be considered in the context of the 
following limitations. The study was limited to a 7-month period; a 
longer study period might have resulted in either a higher or lower 
survival rate than was established. As with retrospective studies, any 
missing data from patient files affect the reliability of the data. There 
was some incompleteness of notes regarding the mothers’ pregnancy 
and data on the infants: maternal antenatal care visits, duration of 
resuscitation post delivery, postnatal age and duration of mechanical 
ventilation. Furthermore, it was difficult to determine whether 
maternal morbidities in our study contributed to spontaneous 
preterm labour. Another limitation is that the study was based on 
results from one referral centre which are therefore not generalisable.

Conclusion
The survival rate of VLBW infants in Mankweng Hospital, a rural 
tertiary hospital in Limpopo Province, SA, was relatively high but 
could be further increased by prompt administration of surfactant 
and mechanical ventilation with or without surfactant.
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