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Abstract
Objective To evaluate prevalence and risk factors of moderate-severe Bronchopulmonary dysplasia (BPD)/Death in
extremely low gestation age neonates (ELGANs).
Study design Study of 266 ELGANs born at gestational age (GA) ≤ 28 weeks (w). Primary Outcome measure—composite
outcome of moderate-severe BPD/Death using the National Institute of Child Health and Human Development NICHD’s
(2001) BPD definition.
Result Cohort’s mean GA and birth-weight (BW) were 25.3 ± 1.4w and 724 ± 14 g respectively with an overall mortality of
19% and moderate-severe BPD of 67%. Prevalence of moderate-severe BPD/death decreased significantly with increasing
GA (86–93%) at 23–24 w; to <60% at 27–28w (OR 0.63; 95% CI; 0.52–0.77). On univariate analysis, other risk factors
included BW(OR 1.005; 95% CI; 1.003–1.007), Sepsis (OR 2.9; 95% CI, 1.3–6.4), PDA needing treatment (OR 2.2; 95%
CI, 1.3–3.9); air leaks (OR 2.7; 95% CI; 1.02–7.3) FiO2 requirement >25%(OR 1.06; 95% CI; 1.01–1.11); and mechanical
ventilation(MV) on Day7 (OR5.5; 95% CI; 2.8–10.8). Only need for Day7 MV was independently predictive of composite
outcome (OR1.97; 95% CI; 1.3–3.1).
Conclusion Risk factor identification will enable initiatives to implement lung protective strategies and develop prospective
models for BPD prediction and prognostication.

Introduction

Advances in modern perinatal and neonatal intensive care
have improved the survival of extremely low gestational age
neonates (ELGANs). However, the rates of broncho-
pulmonary dysplasia (BPD) have remained the same or
even increased with increasing survival of ELGANs [1].

In the United States 10,000–15,000 new cases of BPD
are reported every year [2, 3] with an incidence of 40–45%
in surviving ELGANs over the last few decades [4].

BPD, a major neonatal morbidity, has short- and long-term
sequelae including higher mortality, need for prolonged hos-
pitalizations, pulmonary hypertension, asthma and chronic
obstructive pulmonary disease as well as neurodevelopmental
impairment [5–8]. It requires multidisciplinary care with
increased health care costs and resource utilizations for
families and health care systems [9, 10]. One probable reason
for persistently high BPD rates in ELGANs is the patho-
genesis of “New BPD”, a concept elaborated on by Jobe and
Bancalari. They postulated that “New BPD” is a syndrome of
inflammatory processes superimposed on a developmentally
immature lung with variability in injury and repair and arrest
in lung development after extremely preterm birth [11].

Furthermore, infections and inflammation, patent ductus
arteriosus (PDA), pulmonary air leaks, ventilator and oxygen
induced lung injury have been implicated in the “New BPD”
[12–14].
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As mortality and BPD may be competing outcomes in
ELGANs, authors often define composite outcomes of BPD
or death [15–17]. Data from South East Asia are limited, not
recent and did not stratify the severity of BPD [18, 19]. Our
neonatal network benchmarks its qualitative and quantita-
tive data with the Vermont oxford data set. Regionally we
have regular perinatal collaborations and meetings, with the
aim of using evidence-based approaches and quality
improvement initiatives for implementing potentially best
practices. However, the regional studies reporting BPD
outcomes are limited in number and have varied outcomes.
In a recent review from the Ministry of Health, Malaysia the
BPD rate in extremely low birth weight (ELBW)s was
38.5% but was accompanied by a high mortality rate of
51% in 2015 [20]. Data from the mid-2000s from the four
Asian countries in the Asian Network on Maternal and New
born Health network showed BPD rates to be only 26% but
the denominator included all very low birth weight (VLBW)s
and not the high risk ELGAN group unlike our data [21].
Thus, while we recognize the importance of comparing with
Asian cohorts, the great heterogeneity in the population stu-
died, the definitions of outcomes and differences between
centers, makes this task challenging. Comparison of current
data with potentially better practices from international net-
works will enable future quality improvement measures for
BPD reduction. The primary aim of our study was to evaluate
the prevalence of a composite outcome of moderate-severe
BPD/death and to assess associated risk factors in a recent
ELGAN cohort of Asian infants.

Methods

The study was conducted at KK Women’s and Children’s
Hospital (KKH), Singapore’s largest tertiary perinatal
referral center, which annually manages 12,000 live births
including 200 VLBW infants, of which 90 are ELBW. The
study period was from January 2012– December 2015 and
included ELGANs born at gestational age (GA) ≤ 28 weeks
with birth weight (BW) ≤ 1000 g and who survived beyond
12 h. Infants with congenital malformations or provided
palliative care were excluded along with infants born
<23 weeks.

Demographic data and neonatal outcomes

Relevant data was obtained from a prospectively maintained
neonatal database and individual case records. The variables
collected included maternal data such as maternal age, eth-
nicity, use of antenatal steroids (ANS), premature rupture of
membranes, chorioamnionitis, pregnancy induced hyperten-
sion, and delivery mode. Neonatal data included BW, GA,
type of delivery room resuscitation needed, surfactant

therapy, mode of assisted ventilatory support and FiO2

requirements in the first week of life. Neonatal outcomes
included major neonatal morbidities and mortality. GA
assessment was based on an early dating scan or date of the
last menstrual period. Intensive delivery room resuscitation
included the need for endotracheal intubation, cardiac mas-
sage or adrenaline. The hospital follows a structured resus-
citation policy where limit of viability is set at 23 weeks
gestation. No resuscitation was instituted at 23 weeks except
at parental request. At 24 weeks the resuscitation was pro-
vided unless parents indicated otherwise and all infants born
>25 weeks were resuscitated.

The definitions for complete ANS, respiratory distress
syndrome (RDS), hemodynamically significant patent ductus
arteriosus (HsPDA), chorioamnionitis, sepsis, necrotizing
enterocolitis were standardized as per Neonatal Research
Network (NRN) as explained in our earlier publication [18].

Modes of assisted ventilator support were mechanical
ventilation (MV), high-frequency oscillatory ventilation,
nasal continuous positive airway pressure (CPAP), or nasal
intermittent mandatory ventilation (NIMV). Maximal ven-
tilatory support mode needed on Days 1 and 7 were
recorded along with oxygen (O2) requirements needed to
maintain SpO2 levels between 88% and 95%. Standard
respiratory management included early NCPAP, early
surfactant therapy, prophylactic caffeine, and extubation to
NCPAP/NIMV.

BPD definitions and severity classifications were based
on the physiologic definition of BPD at 36 weeks post-
menstrual age (PMA) as developed by the National Institute
of Child Health and Human Development (NICHD 2001)
[11, 22]. The BPD was classified as the following: No BPD
as not receiving supplemental O2 for 28 days or at 36 weeks
PMA; mild BPD as receiving O2 for ≥28 days but not at
36 weeks PMA; moderate BPD as receiving O2 for
≥28 days and FiO2 < 0.30 at 36 weeks PMA, and severe
BPD as O2 for ≥28 days and FiO2 ≥ 0.30 or positive pressure
at 36 weeks PMA. For our study, this classification was
further stratified into two groups with Group 1 being
defined as infants having no/mild BPD while Group 2
infants had the composite “adverse outcome” of moderate/
severe BPD and/or Death ≤36 weeks PMA. Ethics approval
and the waiver of consent were obtained by the hospital’s
Institutional Review Board.

Statistics

Statistical analysis was performed using χ2-test or Fisher’s
exact test for categorical variables and Student’s t test for
continuous variables. Univariate analysis was performed to
assess the risk factors for an adverse outcome. Multivariate
logistic regression analysis was performed to identify inde-
pendent significant risk factors associated with an adverse
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outcome and Odds ratios (OR) with 95% Confidence Interval
(CI) were reported. All statistical analyses were performed by
using SPSS version 18 and the analysis performed was two
tailed with significance set at P < 0.05.

Results

Between January 2012 and December 2015of 355 ELBW
infants born in KKH, 266 met the study’s inclusion criteria.
(Fig. 1). The mean GA and BW for the entire cohort was
25.5 ± 1.47 weeks and 748 ± 142 g respectively. Of these,
71 (27%) and 195 (73%) belonged to Groups 1and 2,
respectively.

Overall mortality was 19% (50/266) at 36 weeks PMA
and 67% (145/216) of infants alive at 36 weeks had mod-
erate to severe BPD. The incidence of death, moderate/
severe BPD and survival without BPD/Mild BPD at each
week of GA are shown in Fig. 2 with an inverse relationship
between an adverse outcome and increasing GA except at
23 weeks. Of the 22 infants born at 23 weeks survival was
lower and 8/22(36%) were provided with palliative care.
Mortality rates decreased from 43% at 23 weeks to 25% at
24 weeks, 20% at 25 weeks, and then was between 11–12%
in 26–28 weeks. The incidence of moderate to severe BPD
was noted to be 43% at 23 weeks; 68% at 24 weeks and
then gradually decreased to 55% at 25 and 26 weeks and
between 44 and 46% at 27 and 28 weeks GA. The com-
posite adverse outcome of moderate to severe BPD/Death
decreased significantly from 86–93% at 23–24 weeks to
67–75% at 25–26 weeks and to <60% at 27 and 28 weeks
(OR 0.63; 95% CI;0.52–0.77, P < 0.001).

Antenatal, perinatal, neonatal demographics and
neonatal outcomes

The perinatal and neonatal demographic characteristics of
the two groups are compared in Table 1. Mean GA and BW
of ELGANS in Group 2 were significantly lower than
Group1with a higher proportion of infants <26 weeks and
BW < 750 g (Table 1).

Of 141 ELGANs with GA 23–25 weeks, 119 (84%) had an
adverse outcome compared to 76/125 (61%) infants between
26 and 28 weeks (OR 3.4; 95% CI; 1.93–6.13, P < 0.001).

Similarly of 144 ELGANs with BW < 750 g, 119(83%)
had an adverse outcome compared to 76/122 (62%) infants
with BW > 750 g (OR 2.9; 95% CI; 1.61–5.04, P < 0.001).

The need for intensive resuscitation and surfactant
therapy was significantly higher in Group 2 as were
neonatal morbidities, culture proven sepsis, HsPDA and
air leaks compared to Group1. A nonsignificant lower rate
of ANS use and delivery by cesarean section in Group 2
was also noted.

Resource utilizations in the form of respiratory support
and NICU occupancy are compared in Table 2. Nearly all
Group 2 infants needed MV support on Day 1 and nearly
half of them continued to need MV on Day 7 as well. In
contrast, in Group 1 less than one fifth needed MV support
by Day 7. Median number of days on oxygen, MV and
NICU stay were also higher in Group 2 as were Maximum
FiO2 requirements on Days 1 and 7. On regression analysis,
only MV support need on Day 7 was independently
associated with an adverse outcome (OR1.97, 95%CI;
1.30–3.07, P < 0.001), while other factors significant on
univariate analysis such as GA, BW, gender, sepsis,
HsPDA, air leaks, oxygen requirements at day 1 and 7 were
no longer significant.

Discussion

In our study of high risk ELGANs born from 2012 to 2015,
moderate/severe BPD was present in 67% of survivors at
36 weeks and composite adverse outcome of BPD/death
occurred in 73% of the cohort. Our overall mortality rate of
19% was similar to the 24% mortality rate in the NRN for
infants born between 22 and 28 weeks from 2008 to 2012
[4]. Mortality decreased from 43% at 23 weeks to 12% at
27 weeks in our cohort, and was comparable with the NRN
for gestational ages between 25 and 27 weeks. Our lower
mortality rate of 43% at 23 weeks compared to 68% in the
NRN may be due to fewer numbers resuscitated in our
cohort with exclusion of eight infants provided with
palliative care.

In the NRN, BPD rates increased from 2009 to 2012 in
ELGANs for all gestational ages except at 28 weeks.

Fig. 1 Summary of ELBW (extremely low birth weight) infants
born during the study period. Flow diagram of ELBW infants born
between January 2012 till December 2015.
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Similarly, at our institute, BPD rates increased from 29%
between 2000 and 2009, to 67% in the period 2012–2015
[18]. This higher prevalence may be due to the significantly
higher proportion of neonates between 23 and 25 weeks GA
group in our recent cohort (141/266(53%) compared to 253/
835 (30%) in our earlier study (P < 0.0001). Notably more
parents opted for resuscitation in our current study with 14/
22(67%) at 23 weeks gestation opting for active care
compared to 23/47(49%) in our earlier study.

A systematic review done by Csaba et al. documented
global variation with the incidence of moderate BPD ran-
ging from 13% to 31% and severe BPD from 17% to 42%
in ELGANs with heterogeneity among different popula-
tions [23]. Persistent or increasing BPD rates in recent
cohorts reflect the limits of support that advanced tech-
nology can provide to the extremely vulnerable immature
ELGAN lung.

Over the years, varying BPD definitions have caused
difficulty in risk estimation for adverse pulmonary and
neurodevelopmental outcomes. Standardized definitions to
identify varying severity of BPD first outlined in 2001 by
Jobe and Bancalari [11], were revised in 2004 and more
recently the Canadian Neonatal network in 2017 used
40 weeks PMA as cut off point rather than 36 weeks PMA
[24]. The NICHD also held a workshop in 2016 where
refinements were suggested to the definition of BPD taking
into account newer modes of noninvasive ventilation. As
mentioned by Higgins et al., the limitation of using the
40 weeks’ time point would be loss of data as many infants
are discharged prior to 40 weeks PMA [25]. We continued
to use the original NICHD classification for this study
as individual data on nasal cannula flow rates was not
captured.

Using a standardized BPD definition and expanded
measures of respiratory insufficiency will enable us to
objectively compare our data with international benchmarks
and estimate correlations of BPD and its risk factors with
longer term respiratory and neurodevelopmental outcome.

Risk factors for an adverse outcome

A composite adverse outcome for BPD/death [15–17] is
used in ELGANS as they are often competing outcomes.
Adverse outcomes for gestational ages 23–28 weeks ranged
from 86% to 57% in our study, and similar rates of 45–89%
were reported in extremely preterm Korean infants by Joe
et al. [17]. In the large California perinatal quality care
collaborative (CPCQCC) study of 166 NICU’s, BPD/death
occurred in 44.8% of the cohort but ranged widely from
17.3% to 73.4% and also included infants at 29 weeks
gestation [15].

Our rates of moderate/severe BPD steadily decreased
with increasing GA from 68% to 44% from 24 to 27 weeks,
respectively and this inverse relationship between decreas-
ing GA and increasing adverse outcome especially below
26 weeks GA has been well documented [26, 27]. In a large
NICHD study nearly 100% of surviving infants born before
23 weeks developed BPD, whereas the rate reduced to 1%
at 30 weeks GA [27]. The phenomenon of rising prevalence
of “New BPD” has been postulated to be due to the ELGAN
lungs’ extreme immaturity at birth with an arrest in the
canalicular or early saccular phase, disruption of alveolar-
isation, impaired and dysregulated microvascular develop-
ment and high pulmonary vascular resistance with abnormal
vascular reactivity. [28]. Later phases of lung development
may be subsequently affected by postnatal events including
resuscitation, oxygen toxicity, sepsis, and HsPDA [15–17].
We could not demonstrate any antenatal factors such as
chorioamnionitis or lack of ANS to be associated with an
adverse outcome [29, 30]. In recent studies though chor-
ioamnionitis has been shown to be associated with BPD,
Villamor-Martinez et al. in the systematic review concluded
that the association of chorioamnionitis and BPD was
modulated by GA and RDS [31].

Apart from decreasing GA and BW, other significant
perinatal/neonatal risk factors on univariate analysis for an
adverse outcome included the need for intensive neonatal

Fig. 2 Histogram showing
the three possible outcomes
(No/Mild BPD, Moderate/
Severe BPD and Death) of
ELBW infants as per
gestational age. Mortality and
BPD stratified by geimational
age in infants ≤28 weeks.
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resuscitation, surfactant use, air leaks, sepsis, HsPDA
needing treatment, higher oxygen requirement, and the
persistent MV at the end of the 1st week of life. While
surfactant use was associated with increased risk of BPD the
association of surfactant with BPD in our study was not
likely to be causal, and was probably reflective of under-
lying lung immaturity and increasing survival of very

preterm infants [32]. Similar to the CPCQCC and Korean
national registry findings [33, 34] post natal sepsis was
associated with nearly threefold higher odds of BPD/death
(OR 2.9, 95% CI: 1.27, 6.37) in our cohort and possibly
could be attributed to effect of systemic inflammation and
pro-inflammatory cytokines. [35, 36].

While HsPDA and surgical closure of the duct was
associated with an adverse outcome in our data and in other
studies, it was not an independent risk factor and this
may be due to confounders such as timing of treatment,
magnitude of the shunt, gestational age, illness severity,
and increased need for MV in the presence of a HsPDA
[17, 23, 37].

Research from clinical studies and animal models has
consistently shown mechanical ventilation and large tidal
volume breaths at resuscitation being associated with injury
to the small and large airways of the lung. In a recent review
Jobe again emphasized that, assisted ventilation during
resuscitation potentially damaged the surfactant deficient
structurally immature lung by exposure to high pressures,
volume and oxygen through amplication of inflammatory
pathways. This possibly may be a major contributory
pathway for “New BPD” [38]. The importance of the
golden first hour is being increasingly recognized with trials
looking at noninvasive respiratory support, less invasive
surfactant administration and use of nebulized surfactant
during CPAP [39]. A systematic review by Schmolzer
showed significant benefits with early CPAP in reducing
BPD/death [40].

The significantly higher need for and duration of
mechanical ventilation and oxygen supplementation in Group
2 infants in our study has been consistently corroborated in
clinical studies and systemic reviews [16, 41] and used to
develop predictive models of BPD [27, 42, 43].

Of all the risk factors associated with an adverse out-
come on univariate analysis only the persistent need for
mechanical ventilatory support on Day 7 was found to be
independently predictive of an adverse outcome on mul-
tivariate analysis.

The striking association between MV and BPD has
been attributed to ventilator associated lung injury (VALI)
with a clear link between MV induced barotrauma,
volutrauma, atelectrauma, and “biotrauma” of pathologi-
cal structural and inflammatory lung changes. Given our
knowledge about VALI and the awareness that longer
duration of ventilation is associated with BPD due to
increasing ventilator induced lung injury, identifying the
risk factors for the prediction of BPD/death with advan-
cing postnatal age would be a useful tool for prog-
nostication and selecting high risk infants for preventive
therapies [16, 26].

Bhering developed a predictive model where infants
needing MV for >48 h in the first week of life had a greater

Table 1 Maternal and neonatal characteristics.

Group 1 Group 2

No BPD
n= 71 (%)

Moderate/severe
new BPD/death
n= 195 (%)

OR (95%CI)/
significance

Maternal

Age mean ± sd years 30.5 ± 6.5 31.6 ± 5.6 1.03 (0.98–1.08)

Ethnicity

Chinese 38 (54) 115 (59) 0.8 (0.6–1.03)

Malay 13 (18) 52 (27)

Indian 12 (17) 13 (6)

Others 8 (11) 15 (8)

PROM > 24 h 20 (28) 64 (33) 1.2 (0.68–2.35)

Chorioamnionitis 33 (47) 101 (52) 1.2 (0.71–2.11)

Pregnancy induced
hypertension

12 (17) 41 (21) 2.8 (0.95–8.34)

Antenatal steroids 55 (78) 135 (69) 0.7 (0.35–1.24)

Caesarian section
delivery

49 (69) 113 (58) 1.6 (0.89–2.85)

Neonatal

GA wk. (mean ± sd) 26.2 ± 1.32 25.3 ± 1.4 1.6 (1.3–1.9)***

GA categories

23–25 wk. 22 (31) 119 (61) 3.4 (1.93–6.13)***

26–28 wk. 49 (69) 76 (39)

Birth weight
(mean ± sd)g

814 ± 126 724 ± 140 1.005
(1.003–1.007)***

Birth weight categories

≤750 g 25 (35) 119 (61) 2.8 (1.61–5.04)***

≥751 g 46 (65) 76 (39)

Male gender 35 (49) 114 (58) 0.7 (0.41–1.4)

SGA 15 (21) 32 (16) 1.2 (0.65–2.39)

Multiple gestation 18 (25.4) 55 (28) 1.2 (0.62–2.13)

Intensive delivery room
resuscitation

58 (29.6) 186 (95) 5.2 (2.07–13.2)***

5 min Apgar score ≤ 6 62 (90) 159 (82) 0.49 (0.21–1.15)

Surfactant therapy 58 (82) 184 (94) 4.2 (1.73–9.95)**

Culture proven Sepsis 8 (11) 50 (26) 2.9 (1.27–6.37)**

IVH ≥ grade 3 4 (6) 27 (14) 1.3 (0.66–2.72)

HsPDA needing
medical & ligation/
ligation

30 (42) 110 (56) 2.2 (1.28–3.93)**

NEC ≥ Stage 2/focal
intestinal perforation

5 (7) 27 (14) 2.6 (0.94–6.89)

Air leaks 5 (7) 33 (17) 2.7 (1.02–7.28)*

Pulmonary hemorrhage 3 (4) 25 (13) 3.3 (0.97–11.40)

Survival to discharge 71 (100%) 138 (71%) 1.3 (1.22–1.40) ͓*͓

CI confidence interval; OR odds ratio; PROM premature rupture of
membranes; GA gestational age; SGA small for gestational age; CPR
cardiopulmonary resuscitation; HsPDA hemodynamically significant
patent ductus arteriosus; NEC necrotizing enterocolitis.

*P⩽ 0.05, **P⩽ 0.01, ***P⩽ 0.001.
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risk for BPD [42]. In our study the need for MV on day 7
was significantly associated with an adverse outcome
similar to findings by Laughon et al. [27].

Resource utilization in infants with an adverse outcome
in our study was significantly higher with increased NICU
days and longer duration of MV support. The high financial,
emotional, and psychological costs of BPD in the neonatal
period and throughout childhood for families and health
care systems need to be addressed [10].

The strengths of our study include the use of a structured
BPD definition and stratification of BPD which will enable
objective comparison of our data with international bench-
marks and implement future QI measures. Another strength
is the availability of detailed data on antenatal, perinatal,
and postnatal risk factors in our multiethnic Asian popula-
tion. Lastly our data is from a recent cohort of ELGANs
born after 2010, reflecting the current state of modern
NICU care.

Limitations of our study include its retrospective nature
and single center data. However, this may be mitigated by
our hospital being Singapore’s leading tertiary perinatal
center managing more than two thirds of its ELBW
population. Another limitation as mentioned previously is
the lack of granular data on newer modes of noninvasive
ventilation preventing the implementation of the proposed
NICHD refinement of BPD classification.

Conclusions

Rates of BPD continued to be high in our cohort of
ELGANs ≤ 28 weeks with the most significant predictive
risk factor being the need for MV support at the end of the
first week of life. Our data would enable us to focus
our attention to explore strategies targeted at limiting

MV induced lung damage. Areas of possible quality
improvement projects include delivery room resuscitation
with increased use of noninvasive ventilation, minimally
invasive surfactant therapy, lung protective ventilation
strategies, incorporating evidence-based practices for intu-
bation/extubation criteria, and standardized post-extubation
support aimed at preventing reintubation. Furthermore, this
data will enable us to develop prospective models for BPD
prediction and prognostication.
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Days of oxygen therapy median (IQR) 10 (2,39) 58 (14,120) 1.02 (1.01–1.03)***

Day1 maximum FiO2 median (IQR) 0.30 (0.25,0.40) 0.35 (0.28,0.50) 1.03 (1.001–1.04)**

Day 7 maximum FiO2 median (IQR) 0.21 (0.21,0.24) 0.25 (0.21,0.30) 1.06 (1.01–1.11)*

NICU days median (IQR) 48 (38,63) 68 (36, 114) 1.012 (1.005–1.019)***

SIPPV synchronized intermittent positive pressure ventilation, VG volume guarantee, HFOV high frequency oscillatory ventilation; MAP mean
airway pressure, OR odds ratio, IQR interquartile range.

*P ≤ 0.05, **P ≤ 0.005 ***P ≤ 0.001.
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