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ABSTRACT
Objectives  To determine a 10-year trend of survival, 
morbidities and care practices, and predictors of in-
hospital mortality in very preterm neonates (VPTN, 
gestation 22 to <32 weeks) in the Malaysian National 
Neonatal Registry.
Design  Retrospective cohort study.
Setting  43 Malaysian neonatal intensive care units.
Patients  29 010 VPTN (without major malformations) 
admitted between 1 January 2009 and 31 December 
2018.
Main outcome measures  Care practices, survival, 
admission hypothermia (AH, <36.5°C), late-onset sepsis 
(LOS), pneumothorax, necrotising enterocolitis grade 2 or 3 
(NEC), severe intraventricular haemorrhage (sIVH, grade 3 
or 4) and bronchopulmonary dysplasia (BPD).
Results  During this 10-year period, there was increased 
use of antenatal steroid (ANS), lower segment caesarean 
section (LSCS) and early continuous positive airway 
pressure (eCPAP); but decreased use of surfactant 
therapy. Survival had increased from 72% to -83.9%. The 
following morbidities had decreased: LOS (from 27.9% 
to 7.1%), pneumothorax (from 6.0% to 2.7%), NEC (from 
8.1% to 4.7%) and sIVH (from 12.2% to 7.5%). However, 
moderately severe AH (32.0°C–35.9°C) and BPD had 
increased. Multiple logistic regression analyses showed 
that lower birth weight, no ANS, no LSCS, admission to 
neonatal intensive care unit with <100 VPTN admissions/
year, no surfactant therapy, no eCPAP, moderate and severe 
AH, LOS, pneumothorax, NEC and sIVH were significant 
predictors of mortality.
Conclusion  Survival and major morbidities had 
improved modestly. Failure to use ANS, LSCS, eCPAP and 
surfactant therapy, and failure to prevent AH and LOS 
increased risk of mortality.

INTRODUCTION
In recent decades, neonatal networks in 
high-income countries (HICs) reported 
improved trends in early outcome of very 
preterm neonates (VPTN, <32 weeks’ 

gestation) in their neonatal intensive care 
units (NICUs).1–7 Report of such trends are 
lacking in low-income and middle-income 
countries (LMICs).

In Malaysia, healthcare is provided mainly 
by a government-funded universal healthcare 
system, and to a lesser extent by a private 
healthcare system. Government health-
care centres are located all over Malaysia 
providing services in antenatal and postnatal 
care, childhood immunisation and treatment 
of common illnesses to Malaysian citizens at 
nominal charges. Public hospitals are sited 
in all states providing nominally charged 

What is known about the subject?

►► Trends of survival of very preterm neonates have 
been reported from high-income countries.

►► In-hospital mortality in most high-income countries 
is below 10%.

►► Late-onset sepsis remains a significant predictor of 
mortality in very preterm neonates in high-income 
countries.

What this study adds?

►► A 10-year trend of survival of very preterm neonates 
from a middle-income country national neonatal 
network.

►► Survival of very preterm neonates in this network 
shows similar trend in improvement as in high-
income countries.

►► Use of antenatal steroids, early continuous positive 
airway pressure, prevention of admission hypo-
thermia and prevention of late-onset sepsis are the 
low-cost modifiable care practices which have been 
identified to improve survival of very preterm neo-
nates in middle-income countries.
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emergency and in-hospital care, including NICU services, 
to Malaysians. The main drawbacks of government 
healthcare facilities are overcrowdedness, and longer 
waiting times than private healthcare system. However, 
when there is a high-risk delivery such as preterm birth, 
government NICUs are the preferred choice as they have 
better facilities and expertise than private hospitals which 
charge full fees and have very few NICU beds.

The Malaysian National Neonatal Registry (MNNR) was 
established with the objective to improve outcome of sick 
neonates in the NICUs by prospectively collecting patient 
data, annually analysing outcomes and recommending 
improvement strategies to participating centres. Partici-
pation in the MNNR was totally voluntary. Since its incep-
tion, the number of participating NICUs have increased 
progressively. By year 2009, all major government hospi-
tals and some smaller ones had become members. The 
objectives of the present study were to investigate whether 
there was an improved trend of care practices, survival 
and major morbidities among VPTN in the MNNR over 
a 10-year period (2009–2018); and to identify predictors 
of mortality during epoch-1 (2009–2013) and epoch-2 
(2014–2018).

METHODS
This was a retrospective cohort study of prospec-
tively collected data of all VPTN (gestation between 
22 and <32 weeks) born between 1 January 2009 and 
31 December 2018 and admitted to the participating 
NICUs. Their data were anonymised and submitted in 

a standardised format. Exclusion criteria were gestation 
<22 or ≥32 weeks, major congenital anomalies or read-
mission after 28 days of life. Data of neonates admitted 
multiple times or to more than one centre were merged.

Definitions
Gestation was reported in completed weeks based on 
antenatal ultrasound findings when available, or maternal 
last menstrual period in those with regular menses, or 
the New Ballard scores after birth.8 Antenatal steroids 
(ANS) were any administration of steroids before birth. 
Outborns were neonates transferred-in to a participating 
centre after birth. Early continuous positive airway pres-
sure (eCPAP) therapy was defined as receiving CPAP in 
delivery rooms shortly after birth. Sepsis was diagnosed 
in symptomatic neonates with one positive blood culture. 
Clinical sepsis was not counted. Early-onset sepsis 
(EOS) was sepsis developed at ≤72 hours, and late-onset 
sepsis (LOS) as sepsis developed after 72 hours of life. 
Necrotising enterocolitis (NEC) was diagnosed based on 
presence of Bell’s stage 2 or 3 changes.9 Pneumothorax 
was diagnosed by chest radiographs. Bronchopulmonary 
dysplasia (BPD) was diagnosed in neonates on contin-
uous oxygen therapy during first 28 days of life and still 
oxygen- or ventilator-dependent at 36 weeks’ gestation.10 
Intraventricular haemorrhage (IVH) was diagnosed by 
cranial ultrasonography. Severe IVH (sIVH) was those 
with ≥grade 3 changes of Papile’s criteria.11 Based on the 
number of VPTN admitted, NICUs were categorised as 
‘small’ with <50 VPTN admitted a year, ‘intermediate-
sized’ with 50 to <100 VPTN admitted a year, and ‘large’ 
with ≥100 VPTN admitted a year.

Outcome measures
Outcome measures were care practices, survival, and 
major morbidities (admission hypothermia (AH, temper-
ature <36.5°C), EOS, LOS, pneumothorax, NEC, sIVH 
and BPD).

Patient and public involvement
Patients and the public were not involved in the design 
and conduct of this study.

Statistical analysis
Neonatal data between the two epochs were compared 
using χ2 test and t-test, where appropriate. Simple and 
multiple logistic regression analyses were employed 
to identify predictors of in-hospital mortality. The 
dependent variable used was ‘outcome (dead or alive)’, 
and independent variables were birth weight, gesta-
tion, outborns, ANS therapy, modes of delivery, eCPAP, 
surfactant therapy, mechanical ventilation (MCV), types 
of NICU admitted, AH, pneumothorax, LOS, NEC 
and sIVH. Gestation and MCV were variables subse-
quently excluded from the final logistic regression anal-
ysis because of collinearity with birth weight, modes of 
delivery and surfactant therapy. All tests were two sided. 
Values of p<0.05 were considered statistically significant. 
SPSS (V.24.0, IBM) was used for analyses.

Figure 1  Flow diagram of enrolment of very preterm 
neonates, 2009–2018. NICU, neonatal intensive care unit.
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RESULTS
Demographic data
A total of 29 010 neonates were recruited (figure 1). The 
number of NICUs increased from 32 in 2009 to 43 in 2018 
(table 1); 17 were small, 18 were intermediate-sized and 9 
were large NICUs. There was no marked increase in the 
number of neonates over the years because two NICUs 
did not submit data since 2016, three did not submit 
data between 2014 and 2016, and five newer members 
were small NICUs. Twenty-eight centres participated in 
all 10 years contributing to 86.2% (n=25 078) of the total 
number of neonates recruited, three centres for 9 years 
(2.3%, n=670), three centres for 8 years (5.9%, n=1706), 
four centres for 7 years (2.6%, n=759), four centres for 
5 years (2.5%, n=726), one centre for 3 years (0.2%, 

n=56) and one centre for 2 years (0.05%, n=15). Table 1 
shows the demographic characteristics of the neonates 
recruited.

Perinatal care and major morbidities
During this period (figure 2), use of ANS, lower segment 
caesarean section (LSCS) and eCPAP had increased. Use 
of surfactant therapy for respiratory distress syndrome 
had decreased. The median admission temperature 
remained static at 36.0°C. Incidences of mild AH 
(36.0°C–36.4°C) decreased from 26.6% in 2009 to 22.6% 
in 2018, moderately severe AH (MSAH, 32.0°C–35.9°C) 
increased from 36.3% to 44.6% and severe hypothermia 
(<32.0°C) remained static (figure 3). Incidences of LOS, 

Figure 2  Trend of perinatal care in very preterm neonates, 2009–2018. CPAP, continuous positive airway pressure; LSCS, 
lower segment caesarean section.  on January 27, 2022 by guest. P

rotected by copyright.
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pneumothorax, NEC and sIVH had decreased, but BPD 
had increased (figure 4).

Survival trend
Survival of all neonates decreased from 80.0% in 2009 to 
72% in 2010, then increased gradually over the years to 
83.9% in 2018 (figure 5A). Survival of <25 week-gestation 
neonates remained static (figure  5B), those of 25 to 
<28 week gestation increased slightly by about 2% point, 
and those of gestation ≥28 increased by about 4% point. 
When compared with neonates in epoch-1 (table  2), 
those in epoch-2 had significantly higher survival rates.

Risk factors associated with mortality
Multiple logistic regression analysis was carried out 
on 11 277 (alive: n=9218, dead: n=2059) neonates with 

complete data in epoch-1 (table  3). The significant 
predictors of mortality were lower birth weight, admis-
sion to NICUs with <100 VPTN admissions/year, MSAH, 
no ANS, breech delivery, LOS, pneumothorax, NEC 
and sIVH. The Nagelkerke R2 of the model was 0.391, 
Hosmer and Lemeshow test p=0.003; 95.6% of survi-
vors and 42.1% of deaths were correctly predicted by 
the model. Area under receiver operating characteristic 
curve (ROC) was 0.852 (95% CI 0.842, 0.861). Outborns 
and surfactant therapy were not significant predictors.

Multiple logistic regression analysis was carried out 
on 13 326 (alive: n=11 308, dead: n=2018) neonates with 
complete data in epoch-2 (table 3). Lower birth weight, 
admission to NICUs with <100 VPTN admission/year, 
moderate and severe AH, no ANS, vertex and breech 

Figure 3  Trend of early morbidities in very preterm neonates in MNNR, 2009–2018. IVH, intraventricular haemorrhage; MNNR, 
Malaysian National Neonatal Registry; NEC, necrotising enterocolitis.  on January 27, 2022 by guest. P

rotected by copyright.
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deliveries, no surfactant therapy, no eCPAP, LOS, pneu-
mothorax, NEC and sIVH were significant predictors 
of in-hospital mortality. Outborn was not a significant 
predictor. The Nagelkerke R2 for the model was 0.417, 
Hosmer and Lemeshow test p=0.024; 96.6% of survivors 
and 44.0% of deaths were correctly predicted by this 
model; ROC=0.871 (95% CI 0.862 to 0.880).

DISCUSSION
During this 10-year period in the MNNR, there was an 
increased trend in the use of ANS, LSCS and eCPAP; 
a decreased trend of major morbidities (LOS, NEC, 
sIVH, pneumothorax) and mortality; and an increase in 
MSAH and BPD. Since its inception, the MNNR has been 
collecting data on mortality, morbidity and care prac-
tices to evaluate the relationship of these care practices 
on morbidities and mortality. Unlike NICUs in HICs, 
resource limited Malaysian NICUs did not have full-time 
personnel to collect data for the MNNR. To avoid over-
loading designated nurses who collected these data as 
part of their duty, we included only care practices that 
previous studies had reported to be beneficial in HICs. 
Thus, data on ANS was included because studies in HICs 
reported reduced neonatal death and RDS, and probably 

reduced risk of IVH.12 13 Use of eCPAP therapy was asso-
ciated with better survival in spontaneously breathing 
preterm neonates.14 15 Use of plastic wrap/bag on VPTN 
in delivery rooms was a crucial step in preventing hypo-
thermia and stabilising tiny neonates.16 Numerous trials 
showed surfactant therapy improved oxygenation, and 
decreased ventilator support, air leak and death.17

Despite increased use of ANS in the MNNR, our 
highest rate (78.7% in 2018) was still lower than those 
in many HICs where rates were  >85%.1–4 Our highest 
eCPAP rate in 2018 (58.4%) was still lower than that 
(64.8%) reported by the South American multinational 
network.18 Our highest LSCS rate by 2018 was compa-
rable with most HICs networks.1–5 During the first 8 years 
of this study period, only data on admission tempera-
ture was collected to monitor AH. When our annual 
review showed increasing trend of AH, we included ‘use 
of plastic wrap/bags’ in our database since 2016. Our 
results showed dismally low rates of use of plastic wrap, 
which probably accounted for the high MSAH incidence.

Like studies elsewhere19 20 we found NICUs with low 
volume VPTN admissions (<100 neonates/year) were 
significant predictors of mortality. In Malaysia, region-
alisation of care for VPTN has not been implemented 
successfully during this period because of limited number 
of NICU beds in larger centres. The findings of this 
study reinforce the importance of regionalisation of care 
because big NICUs have more experience and expertise 

Figure 4  Trend of bronchopulmonary dysplasia (BPD) 
in very preterm neonates in MNNR, 2009–2018. MNNR, 
Malaysian National Neonatal Registry.

Figure 5  Trend of survival of very preterm neonates in the 
MNNR, 2009–2018. MNNR, Malaysian National Neonatal 
Registry.
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Table 2  Comparison of demographic, clinical and early outcome characteristics of very preterm neonates (<32 weeks 
gestation) between two epochs

Variables

Epoch-1
2009–2013
N=14 294

Epoch-2
2014–2018
N=14 716 P values

Outcome at discharge (%) <0.001

 � Alive 11 219 (78.5) 12 087 (82.1)

 � Died 3075 (21.5) 2629 (17.9)

 � Males (%) 7977 (55.8) 8077 (54.9) 0.154

Gestation in weeks (%)

 � Mean±SD 28.6±2.0 28.7±2.0 <0.001

 � 22 to <25 745 (5.2) 767 (5.2) 0.001

 � 25 to <28 3099 (21.7) 2963 (20.1)

 � 28 to <30 4190 (29.3) 4218 (28.7)

 � 30 to <32 6260 (43.8) 6768 (45.0)

Birth weight in g, (%)

Mean±SD 1188±360 1202±358 0.001

 � <750 1510 (10.6) 1546 (10.5) <0.001

 � 750–999 2990 (20.9) 2819 (19.2)

 � 1000–1249 3732 (26.1) 3714 (25.2)

 � 1250–1499 3207 (22.4) 3531 (24.0)

 � >1500 2855 (20.0) 3106 (21.1)

Multiple births (%) 1993 (13.9) 2163 (14.7) 0.066

Ethnic groups (%) N=14 286 N=14 710 <0.001

 � Malays 8635 (60.4) 9224 (62.7)

 � Chinese 1518 (10.6) 1470 (10.0)

 � Sabah natives 877 (6.1) 951 (6.5)

 � Sarawak natives 994 (7.0) 940 (6.4)

 � Indians 871 (6.1) 855 (5.8)

 � Other Malaysians 296 (2.1) 253 (1.7)

 � Foreigners 1095 (7.7) 1017 (6.9)

Antenatal steroids (%) 10 026/13 810 (72.6) 11 256/14 452 (77.9) <0.001

Modes of delivery (%) N=14 282 N=14 703

 � LSCS 6476 (45.3) 7245 (49.3) <0.001

 � Vertex delivery 7188 (50.3) 6912 (47.0)

 � Breech delivery 618 (4.3) 546 (3.7)

Outborns (%) 1797 (12.6) 1510 (10.3) <0.001

Admitted to (%)

 � Small NICU 1803 (12.6) 2070 (14.1) <0.001

 � Intermediate NICU 5941 (41.6) 6188 (42.0)

Large NICU 6550 (45.8) 6458 (43.9)

eCPAP therapy (%) 2770/7681 (36.1)* 7663/14 382 (53.3) <0.001

Surfactant given (%) 9996/14 258 (70.1) 9460 (64.3) <0.001

Cling wrapped at birth (%) -† 3805/8168 (46.6%)‡ –

MCV (%) 10 786/14 275 (75.6) 101 887/14 578 (69.9) <0.001

HFOV (%) 1484/14 007(10.6) 2315/14 578 (15.9) <0.001

Admission temperature, oC N=14 289 N=14 710

 � Mean±SD 35.8 (1.0) 35.8 (1.1) <0.001

Continued
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in the care of these very high-risk neonates. Our study 
also concurs with other investigators that neonates born 
by vertex21 22 and breech deliveries23 had significantly 
higher risk of mortality than LSCS. Our result confirms 
a recent WHO study24 that ANS improves mortality of 
VPTN in LMICs like those in HICs.12 13 Similarly, we 
found the use of eCPAP14 and surfactant therapy25 26 were 
associated with better survival. MSAH16 was a predictor of 
mortality

The most marked improvement in morbidities in the 
MNNR was LOS during this 10-year period (figure 3). By 
2014, our LOS incidence (7.0%) was lower than those 
of many HIC NICUs.27 28 However, since 2014 our LOS 
incidence had plateaued, and continued to be a signifi-
cant predictor of mortality as reported elsewhere,28 indi-
cating more efforts are needed to reduce this problem. 
Although our NEC incidence had decreased to lower 
levels than the Spanish network, which reported a 
persistent incidence of 8.8% over 13 years,29 it was higher 
than the Swiss network which maintained an incidence 
of 2.5% over 13 years.5 Recently a UK centre30 reported 
marked reduction in NEC incidence from 7.5% in 2008–
2012 to 3.1% during 2013–2017 following introduction 
of probiotics. In Malaysia, only two centres used probi-
otics (one since 2011 and a second centre since 2016). 
We attributed the reduction of NEC in the MNNR to our 
efforts in improving handling of breast milk from the 
time of expression of breast milk by the mothers, during 
transport, to storage and administration of expressed 
breast milk to the neonates in the NICUs.

Like other HIC networks, the survival of our VPTN had 
increased. However, our highest survival rate attained by 
2018 (83.9%) was still lower than those of many HICs 

where rates were ≥90%.1 2 4 5 Our improved survival was 
most marked in higher gestation groups, unlike those in 
HICs where lower gestation groups had the most marked 
improvement in recent years. One reason for this differ-
ence is that the survival of higher gestation VPTN in 
these HIC had already achieved ≥90% since previous 
decade.1 3–5 7 A second reason is the limited resources led 
many of our NICUs to focus their care more on higher 
gestation VPTN.

There were several factors contributing to improved 
survival in the MNNR over these 10 years (table  2). In 
epoch-2, there were more mature and heavier VPTN 
born; moderately higher rates of use of ANS, LSCS, and 
eCPAP; and lower proportions of outborns, LOS, pneu-
mothorax, NEC and sIVH than in epoch-1. However, in 
epoch-2, there were more VPTN admitted to smaller 
NICUs, less use of surfactant and higher rates of moderate 
and severe AH. These two sets of opposing factors most 
likely accounted for the modest magnitude of improved 
survival, as multivariate logistic regression analysis 
showed that failure to use these care practices and pres-
ence of major morbidities were significant predictors 
of mortality. To improve survival further, we need to 
increase the use of these care practices and reduce major 
morbidities further, with particular focus on decreasing 
incidence of AH. A quality-improvement study in Canada 
over a 14-year period (2004–2017) demonstrated that 
increased use of ANS, and increased rates of admission 
normothermia resulted in significant increase in survival 
without major morbidity in their VPTN.23

Like reports from HICs networks,1 the incidence of 
BPD in MNNR had increased during these 10 years. This 
means the quality of life of surviving VPTN in the MNNR 

Variables

Epoch-1
2009–2013
N=14 294

Epoch-2
2014–2018
N=14 716 P values

 � ≥36.5 4830 (33.8) 4591 (31.2) <0.001

 � 36.0–36.4 3814 (26.7) 3476 (23.6)

 � 32.0–35.9 5592 (39.1) 6560 (44.6)

 � <32.0 53 (0.4) 83 (0.6)

EOS (%) 228/12 953 (1.8) 280/14 714 (1.9) 0.378

LOS (%) 1802/12 942 (13.9) 1147/14 714 (7.8) <0.001

Pneumothorax (%) 523/14 273 (3.7) 367 (2.5) <0.001

NEC (%) 949/14 273 (6.6) 685 (4.7) <0.001

sIVH (%) 1529/12 898 (11.9) 1222/13 870 (8.8) <0.001

BPD in all neonates (%) 1451/14 267 (10.2) 1861/14 715 (12.6) <0.001

BPD in survivors (%) 1314/11 210 (11.7) 1727/12 086 (14.3) <0.001

*Data collected from 2011 onwards.
†No data in epoch-1.
‡Data collected from 2016 onwards.
BPD, bronchopulmonary dysplasia; eCPAP, early continuous positive airway pressure; EOS, early-onset sepsis; HFOV, high frequency 
oscillation ventilation; LOS, late-onset sepsis; LSCS, lower segment caesarean section; MCV, mechanical ventilation; NEC, necrotising 
enterocolitis; NICU, neonatal intensive care unit; sIVH, severe intraventricular haemorrhage.

Table 2  Continued
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would be compromised. While efforts are needed to 
improve survival further, there is an urgent need to inves-
tigate and prevent factors associated with increasing BPD. 
Furthermore, as all major morbidities (LOS, NEC, BPD 
and sIVH) adversely affect neurodevelopment outcomes 
of VPTN, we need to identify and implement effective 
strategies to further reduce these morbidities. By doing 
so, this will also help to reduce in-hospital mortality.

In this study, we have identified four relatively low-
cost modifiable care practices with potential to further 
improve survival and morbidities in Malaysian NICUs. 
They are (A) use of ANS, (B) prevention of MSAH, (C) 
use of eCPAP and (D) prevention of LOS. Given our 
country’s limited resources, our priorities to further 
improve outcome should be (A) increasing use of ANS 
for impending premature delivery and (B) allocating 

more funding for facilities and training on use of eCPAP, 
prevention of hypothermia in delivery rooms and during 
transport, and prevention of LOS in NICUs.

The following are the strength of this study: (A) 10-year 
outcome trend of VPTN from a middle income coun-
try’s neonatal network, (B) a standardised format was 
employed to collect data prospectively, (C) more than 
90% of the tertiary Malaysian NICUs participated; (D) 
high proportion of the data were from 28 large centres 
participating in all 10 years, (E) association of care prac-
tices and major morbidities with in-hospital mortality were 
evaluated and (F) various low-cost modifiable factors for 
future improvement were identified. The main limitation 
of this study is not having all NICUs participated during 
all 10 years.

Table 3  Logistic regression analysis of potential predictors of in-hospital mortality in the two epochs

Potential predictors

Epoch-1 (2009–2013) Epoch-2 (2014–2018)

OR (95% CI) Adjusted OR (95% CI) OR (95% CI) Adjusted OR (95% CI)

Birth weight, g

 � ≥1500 g 1 1 1 1

 � <750 55.01 (44.88 to 67.44) 28.95 (22.20 to 37.74) 58.35 (47.16 to 72.21) 29.79 (23.14 to 38.35)

 � 750–999 9.43 (7.85 to 11.34) 5.99 (4.69 to 7.65) 10.26 (8.40 to 12.54) 6.24 (4.90 to 7.94)

 � 1000–1249 3.28 (2.71 to 3.97) 2.63 (2.05 to 3.38) 3.19 (2.59 to 3.94) 2.52 (1.97 to 3.22)

 � 1250–1499 1.62 (1.31 to 2.00) 1.66 (1.27 to 2.16) 1.44 (1.14 to 1.82) 1.29 (0.98 to 1.69)

Admission temperature

 � ≥36.5°C 1 1 1 1

 � 36.0°C–36.4°C 1.29 (1.16 to 1.45) 1.10 (0.94 to 1.29) 1.30 (1.14 to 1.49) 1.09 (0.92 to 1.30)

 � 32.0°C–35.9°C 2.08 (1.89 to 2.30) 1.31 (1.13 to 1.50) 2.58 (2.31 to 2.87) 1.44 (1.24 to 1.67)

 � <32.0°C 13.76 (7.53 to 25.14) 2.19 (0.77 to 6.20) 13.54 (8.60 to 21.33) 3.80 (1.84 to 7.88)

 � No antenatal steroids 2.12 (1.95 to 2.31) 1.94 (1.70 to 2.22) 2.44 (2.22 to 2.68) 1.70 (1.48 to 1.96)

Outborns 1.09 (0.97 to 1.23) 1.09 (0.90 to 1.31) 1.28 (1.12 to 1.46) 0.89 (0.72 to 1.10)

Modes of delivery

 � LSCS 1 1 1 1

 � Vertex 1.72 (1.58 to 1.87) 1.13 (0.995 to 1.28) 2.013 (1.84 to 2.20) 1.54 (1.36 to 1.75)

 � Breech 3.79 (3.19 to 4.50) 2.08 (1.62 to 2.67) 3.99 (3.31 to 4.82) 2.12 (1.63 to 2.76)

No surfactant therapy 0.99 (0.90 to 1.08) 1.04 (0.90 to 1.20) 0.99 (0.91 to 1.09) 1.20 (1.05 to 1.37)

No eCPAP therapy * * 3.04 (2.77 to 3.33) 1.67 (1.48 to 1.89)

Admitted to :

Large NICU 1 1 1 1

Intermediate-sized NICU 1.14 (1.05 to 1.24) 1.18 (1.04 to 1.34) 1.14 (1.04 to 1.24) 1.22 (1.07 to 1.38)

Small NICU 1.14 (1.00 to 1.29) 1.30 (1.09 to 1.56) 1.17 (1.03 to 1.33) 1.38 (1.15 to 1.65)

LOS 1.65 (1.47 to 1.84) 1.35 (1.17 to 1.57) 2.45 (1.97 to 2.57) 1.52 (1.27 to 1.81)

Pneumothorax 5.41 (4.53 to 6.47) 6.34 (4.90 to 8.20) 4.90 (3.97 to 6.03) 5.55 (4.20 to 7.34)

NEC 1.86 (1.61 to 2.14) 1.72 (1.42 to 2.09) 2.12 (1.79 to 2.51) 2.04 (1.65 to 2.54)

sIVH 9.20 (8.20 to 10.33) 6.15 (5.33 to 7.10) 9.87 (8.70 to 11.18) 6.64 (5.69 to 7.76)

*Not included in analysis because no data were collected in 2009 and 2010.
eCPAP, early continuous positive airway pressure; LOS, late-onset sepsis; LSCS, lower segment caesarean section; MCV, mechanical 
conventional ventilation; MCV, mechanical conventional ventilation; NEC, necrotising enterocolitis; NICU, neonatal intensive care unit; sIVH, 
severe intraventricular haemorrahge; TPN, total parenteral nutrition.
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In conclusion, there was a modest improvement in 
survival, major morbidities, and use of care practices 
during this 10-year period in the MNNR.
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