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AbsTrACT
Bronchopulmonary dysplasia (BPD) is one of the most 
frequent complications in extremely low gestational age 
neonates, but has remained largely unchanged in rate. 
We reviewed data on BPD prevention focusing on recent 
meta-analyses. Interventions with proven effectiveness 
in reducing BPD include the primary use of non-invasive 
respiratory support, the application of surfactant without 
endotracheal ventilation and the use of volume-targeted 
ventilation in infants requiring endotracheal intubation. 
Following extubation, synchronised nasal ventilation is 
more effective than continuous positive airway pressure 
in reducing BPD. Pharmacologically, commencing 
caffeine citrate on postnatal day 1 or 2 seems more 
effective than a later start. Applying intramuscular 
vitamin A for the first 4 weeks reduces BPD, but is 
expensive and painful and thus not widely used. Low-
dose hydrocortisone for the first 10 days prevents BPD, 
but was associated with almost twice as many cases 
of late-onset sepsis in infants born at 24–25 weeks’ 
gestation. Inhaled corticosteroids, despite reducing 
BPD, were associated with a higher mortality rate. 
Administering dexamethasone to infants still requiring 
mechanical ventilation around postnatal weeks 2–3 may 
represent the best trade-off between restricting steroids 
to infants at risk of BPD while still affording high efficacy. 
Finally, identifying infants colonised with ureaplasma 
and treating those requiring intubation and mechanical 
ventilation with azithromycin is another promising 
approach to BPD prevention. Further interventions 
yet only backed by cohort studies include exclusive 
breastmilk feeding and a better prevention of nosocomial 
infections.

InTroduCTIon
Bronchopulmonary dysplasia (BPD) is one of the 
most frequent complications in extremely low gesta-
tional age neonates (ELGANs; gestational age <28 
weeks) affecting around 22% to 38% of them.1 2 It is 
also an important predictor of neurodevelopmental 
impairment.3 Various definitions for BPD exist, the 
most precise is probably the room-air challenge at 
36 weeks postmenstrual age (PMA).4 The increasing 
use of high-flow nasal cannulae at fraction of 
inspired oxygen (FiO2) 0.21 in recent years might 
hamper this, so that initiatives at finding a new defi-
nition are underway.5 6 BPD likely results from the 
effects of non-physiologic stimuli (inflammation, 
ventilator-induced lung injury, high oxygen levels) 
on a structurally and functionally immature lung 
with underdeveloped defence mechanisms.7 In the 

past, interventions to avoid BPD mainly focused on 
reducing inflammation using steroids. This policy 
was drastically curtailed after data emerged linking 
dexamethasone use with the subsequent develop-
ment of cerebral palsy (CP),8 leading to a resur-
gence in BPD.9 Exogenous surfactant, particularly 
if given soon after intubation, has been another first 
major step in reducing BPD.10 11 In recent years, 
new approaches to respiratory care and steroid use 
have evolved. This review provides a personal view 
on strategies likely to reduce death/BPD, or BPD 
alone (tables 1–3), defined as oxygen requirement 
at 36 weeks PMA, based on current evidence.

Avoidance of mechanical ventilation via an 
endotracheal tube
The lungs of ELGANs are uniquely susceptible 
to injury. Experiments in lambs have shown that 
already a few large-volume breaths (eg, during 
bagging) may induce volutrauma leading to long-
lasting structural lung injury.12 It thus seems logical 
to avoid mechanical ventilation (MV) via an endo-
tracheal tube altogether. This may be achieved by 
using nasal continuous positive airway pressure 
(NCPAP) and, if needed, by applying surfactant 
without MV, for example, through INSURE (intu-
bate, surfactant, extubate) or the less/minimally 
invasive surfactant administration/therapy (LISA, 
MIST). The effectiveness of these strategies in 
preventing BPD has been addressed in several 
meta-analyses.

The first included four randomised controlled 
trials (RCT) in infants <32 weeks PMA evaluating 
the effect of NCPAP compared with MV±surfac-
tant. NCPAP showed a significant benefit for the 
combined outcome death/BPD, but no effect on 
BPD alone.13

Another meta-analysis compared NCPAP±LISA 
(LISA used in 3 of 7 studies) vs MV±INSURE in 
infants <30 weeks PMA. There was a 17% reduc-
tion in death/BPD in the NCPAP±LISA group.14

A third meta-analysis included only studies 
with NCPAP+LISA in the intervention group in 
infants <34 weeks PMA. Control group infants 
received MV and, in four of six RCT, surfactant via 
INSURE. Death/BPD was reduced by 25%, BPD 
alone by 28%.15

The most comprehensive meta-analysis included 
30 trials on different ventilation strategies for spon-
taneously breathing infants <33 weeks PMA. One 
study compared LISA with MV; LISA halved the 
risk of death/BPD.16 A similar, although smaller, 

group.bmj.com on April 25, 2018 - Published by http://fn.bmj.com/Downloaded from 

http://www.rcpch.ac.uk/
http://fn.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/archdischild-2017-314264&domain=pdf&date_stamp=2018-04-18
http://fn.bmj.com/
http://group.bmj.com


F286 Poets CF, Lorenz L. Arch Dis Child Fetal Neonatal Ed 2018;103:F285–F291. doi:10.1136/archdischild-2017-314264

review

effect was seen when INSURE was compared with MV, but 
not if LISA was compared with NCPAP without surfactant.16 
Comparing individual effects of the different strategies on the 
various outcomes investigated, the authors concluded that 
‘LISA was the best strategy among all strategies for all outcomes 
assessed’, and that INSURE ranked second best in this analysis; 
the quality of the evidence, however, was low.

There are various techniques to provide non-invasive respi-
ratory support and the question arises whether nasal intermit-
tent positive pressure ventilation (NIPPV) is more effective than 
NCPAP in preventing BPD. For the use of NIPPV vs NCPAP as 
primary respiratory support, no difference in BPD was seen.16 17 
For postextubation use, results were similar if all NIPPV tech-
niques were analysed together.18 However, subgroup analysis on 
synchronised NIPPV (sNIPPV) versus NCPAP did show a reduc-
tion in BPD using sNIPPV.18 Unfortunately, only few commer-
cially available ventilators offer this mode of respiratory support.

Avoiding invasive mechanical ventilation via LISA (or 
INSURE) with NCPAP, followed by sNIPPV postextubation (if 
needed), appears to be a promising respiratory support strategy 
for reducing BPD, although definite data from large well-de-
signed (blinded) trials on the effectiveness of this approach are 
missing. Nonetheless, in the authors’ unit ELGANs receive LISA 
followed by NCPAP or sNIPPV.

A note of caution must be added here. In a longitudinal 
follow-up study from Victoria (Australia) comparing respira-
tory function of ELGANs over three periods (1991/1992, 1997 
and 2005), mean duration of NCPAP increased from 5 to 31.5 
days, while duration of MV decreased from 21 to 10 days. 
Despite this increased use of NCPAP, the proportion of infants 
with BPD increased from 46% to 56% over time. Whether this 

disappointing trend towards more BPD points to an overuse of 
non-invasive respiratory support, or is due to a 50% reduction 
in postnatal steroid use or more severely ill infants surviving in 
recent years remains unanswered.19

Alternatives to pressure-limited MV
Despite the increasing use of LISA, many infants with respira-
tory distress syndrome (RDS) still require MV. What is the best 
ventilation strategy to avoid BPD in these infants? Given the 
detrimental effects of volutrauma on the developing lung,12 20 
the volume applied with each breath should be limited. As lung 
compliance changes rapidly during RDS and its treatment, this 
is best achieved by using volume-targeted ventilation (VTV).21 
A Cochrane review reported a 21% reduction in death/BPD 
and a 53% reduction in periventricular leucomalacia/grade 3–4 
intraventricular  haemorrhage (IVH) for VTV compared with 
pressure-limited MV.22 Another meta-analysis found that VTV 
reduced BPD by 40% and almost halved grade 3–4 IVH.23 Most 
studies, however, were small (<50 patients/group), the interven-
tion was not blinded and BPD not the primary outcome. This, 
combined with recent animal data suggesting that VTV might 
not eliminate lung injury during spontaneous breaths,24 raises 
questions whether the evidence that VTV is superior to other 
forms of respiratory support can already be regarded conclusive.

An alternative to conventional MV that might also reduce 
volutrauma is high-frequency oscillatory ventilation (HFOV). 
A Cochrane review on elective use of HFOV, that is, soon 
after intubation, showed a significant reduction in death/BPD 
at 36–37 weeks PMA or discharge and in BPD alone.25 All but 
one study applied a high-volume strategy, where mean airway 

Table 1 Summary of randomised controlled trial data on the effects of various respiratory support strategies on death and/or BPD (including 
selected complications)

Intervention: different modes of 
respiratory support outcome n studies n patients Intervention group Control group rr 95% CI

NCPAP vs MV13 Death/BPD 4 2782 532/1296 641/1486 0.91 0.84 to 0.99

BPD 4 2536 383/1182 461/1354 0.91 0.82 to 1.01

NCPAP±LISA vs MV± INSURE14 Death/BPD 4 3289 614/1552 737/1737 0.83 0.71 to 0.96

NCPAP+LISA vs MV±INSURE15 Death/BPD 6 895 90/447 121/448 0.75 0.59 to 0.94

BPD 6 814 56/410 77/404 0.72 0.53 to 0.97

NCPAP+LISA vs MV16 Death/BPD 1 189 n.p. n.p. 0.49* 0.30 to 0.79

INSURE vs MV16 Death/BPD 2 419 n.p. n.p. 0.71* 0.50 to 0.98

NCPAP vs MV16 Death/BPD 3 2085 n.p. n.p. 0.58* 0.35 to 0.93

NIPPV vs NCPAP16 Death/BPD 5 775 n.p. n.p. 0.82* 0.53 to 1.24

NIPPV vs NCPAP17 BPD 9 899 60/450 77/449 0.78 0.58 to 1.06

sNIPPV vs NCPAP18 BPD 3 181 26/93 38/88 0.64 0.44 to 0.95

VTV vs pressure-limited MV22 Death/BPD 4 224 53/114 67/110 0.79 0.62 to 1.01

BPD 9 909 74/325 102/295 0.68 0.53 to 0.87

PVL/grade 3–4 IVH 6 441 17/227 35/214 0.47 0.27 to 0.80

VTV vs pressure-limited MV23 BPD 9 596 58/310 89/286 0.61 0.46 to 0.82

Grade 3–4 IVH 11 707 n.p. n.p. 0.55 0.39 to 0.79

HFOV vs pressure-limited MV25 Death/BPD 17 3329 678/1659 756/1679 0.90 0.84 to 0.97

BPD 17 2768 421/1392 485/1394 0.86 0.78 to 0.96

Air leaks 13 2854 392/1615 337/1439 1.19 1.05 to 1.34

Early vs delayed surfactant for respiratory 
distress syndrome10

Death/BPD 3 3040 447/1519 543/1531 0.83 0.75 to 0.91

BPD 3 3040 117/1519 170/1531 0.69 0.55 to 0.87

*OR.
BPD, bronchopulmonary dysplasia; HFOV, high frequency oscillatory ventilation; INSURE, intubate, surfactant, extubate; IVH, intraventricular haemorrhage; LISA, less-invasive 
surfactant administration; MV, mechanical ventilation; NCPAP,  nasal continuous positive airway pressure;  n.p., not provided; PVL, periventricular leucomalacia; RR, relative risk; 
sNIPPV, synchronised nasal intermittent positive pressure ventilation; VTV, volume-targeted ventilation.
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pressure is initially set a few cmH2O above that used with 
conventional MV, and FiO2 is reduced first during weaning, 
before reducing mean airway pressure. Importantly, most studies 
showing superiority of HFOV are rather old, and the compar-
ison group received pressure-limited MV; thus, the benefits seen 
with HFOV may not hold up if comparing the latter against 
VTV. Recent data in adults questioning benefits of lung recruit-
ment strategies might have an impact on ventilation strategies in 
preterm infants.26

Corticosteroids
With inflammation playing a key role in the pathophysiology 
of BPD, suppressing inflammation is a logical consequence. 
Traditionally, this has been achieved by systemic corticosteroids 
using three different approaches: early (postnatal week 1), late 
(postnatal week 2) and very late administration (after week 3). 
The last option is used for treating instead of preventing BPD 
and thus beyond the focus of this review. Early administration 
of steroids has the advantage that the pathophysiology leading 

Table 2 Summary of randomised controlled trial data on the effects of corticosteroids on death and/or BPD (including selected complications)

Intervention: corticosteroids outcome n studies n patients Events Control group rr 95% CI

Early dexamethasone vs placebo28 Death/BPD 15 2481 538/1248 615/1233 0.87 0.80 to 0.94

BPD 15 2484 247/1249 350/1235 0.70 0.61 to 0.81

Severe ROP 8 1507 90/762 115/745 0.77 0.60 to 0.99

GI perforation 9 1936 70/968 40/968 1.73 1.20 to 2.51

Hypertension 10 1943 211/978 115/965 1.84 1.53 to 2.21

Hypertrophic cardiomyopathy 1 50 13/25 3/25 4.33 1.40 to 13.37

Cerebral palsy 7 921 75/472 40/449 1.75 1.20 to 2.55

Early hydrocortisone vs placebo2 Survival w/o BPD 1 523 153/256 136/267 1.48* 1.02 to 2.16

BPD 1 523 55/256 70/267 0.82* 0.58 to 1.16

Late dexamethasone vs placebo32 Death/BPD 9 535 159/272 204/263 0.76 0.68 to 0.85

BPD 9 535 128/272 166/263 0.76 0.66 to 0.88

Severe ROP 12 558 93/285 65/273 1.38 1.07 to 1.79

Hypertension 14 1175 58/588 29/587 2.12 1.45 to 3.10

Hypertrophic cardiomyopathy 4 238 23/119 8/119 2.76 1.33 to 5.74

Cerebral palsy 14 631 60/322 53/309 1.05 0.75 to 1.47

Early inhaled steroids vs placebo35 Death/BPD 6 1285 227/649 256/636 0.86 0.75 to 0.99

BPD 7 1168 149/581 192/587 0.77 0.65 to 0.91

Inhaled steroids (<2 weeks) vs 
placebo36

Death/BPD 6 1285 227/649 256/636 0.86 0.77 to 0.99

BPD 5 429 31/212 33/217 0.97 0.62 to 1.52

Inhaled budesonide vs placebo1 38 Death/BPD 1 863 175/437 194/419 0.86 0.75 to 1.00

BPD 1 863 101/363 138/363 0.74 0.60 to 0.91

Death 1 863 74/437 57/419 1.37 1.01 to 1.86

Neurodevelopmental disability 1 629 148/308 165/321 0.93 0.80 to 1.09

Intratracheal budesonide+SF vs SF39 Death/BPD 1 265 55/131 89/134 0.58 0.44 to 0.77

*OR.
BPD, bronchopulmonary dysplasia; chorio, chorioamnionitis; GI, gastrointestinal; PDA,  patent ductus arteriosus; ROP, retinopathy of prematurity; SF, surfactant.

Table 3 Summary of data from randomised controlled trials and observational studies on the effects of various other strategies for BPD 
prevention on death and/or BPD (including lung function data)

Intervention: others outcome n studies n patients Events Control group rr 95% CI

Azithromycin vs placebo45 Death/BPD 3 363 106/186 118/177 0.86 0.77 to 0.97

BPD 3 310 81/161 90/149 0.83 0.71 to 0.97

Vitamin A intramuscular vs placebo53 Death/BPD 3 935 222/469 248/466 0.90 0.81 to 1.01

BPD 4 886 190/442 224/444 0.85 0.74 to 0.98

Caffeine vs placebo48 BPD 1 2006 350/1006 447/1000 0.64* 0.52 to 0.78

Caffeine vs placebo49 FVC z-score <5th centile 1 142 8/74 19/68 0.31* 0.12 to 0.77

Caffeine vs placebo50

Early—postnatal days ≤3
BPD 1 822 111/396 190/426 0.48* 0.36 to 0.65

Caffeine vs placebo50

Late—postnatal days>3
BPD 1 1095 239/567 257/528 0.77* 0.61 to 0.98

Early vs late caffeine51 Death/BPD 1 29 070 3681/14 535 4591/14 5365 0.74* 0.69 to 0.80

Exclusive formula vs exclusive breastmilk56 BPD 1 462 n.p. n.p. 2.56* 1.33 to 5.04

Exclusive breastmilk57 BPD 1 254 n.p. n.p. 0.91* 0.82 to 0.99

*OR.
BPD, bronchopulmonary dysplasia; FVC, forced vital capacity; n.p., not provided; RR, relative risk.
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to BPD is interrupted soon after birth, yet the disadvantage that 
many infants at low risk of developing BPD are exposed to a 
toxic drug. Unfortunately, most models for the early prediction 
of BPD have been assessed as poor,27 so that targeted prevention 
remains difficult.

Early administration of systemic corticosteroids
The Cochrane review on early systemic corticosteroids to 
prevent BPD found a lower risk of death/BPD, patent ductus 
arteriosus (PDA) and severe retinopathy of prematurity (ROP) 
using dexamethasone. Short-term side effects included gastroin-
testinal perforation, hypertension and hypertrophic cardiomy-
opathy. Most important, however, was an increased risk of CP28 
at 2-year follow-up. Thus, the benefits of early postnatal dexa-
methasone may not outweigh its adverse effects.

The early use of low-dose hydrocortisone, however, increased 
survival without BPD with fewer side effects.2 29 ELGANs with 
a birth weight ≥3rd percentile were randomised to 2×0.5 mg/
kg/day hydrocortisone on days 1–7 followed by 3 days with 
1×0.5 mg/kg/day, or placebo. Survival without BPD was present 
in 60% in the treatment versus 51% in the placebo group; death 
occurred in 18 vs 23%. There was no difference in pulmonary 
haemorrhage, insulin treatment, gastrointestinal perforation, 
sepsis and BPD alone between groups. Post hoc analysis showed 
a stronger effect of hydrocortisone in infants born in the context 
of chorioamnionitis and a higher rate of sepsis in the most 
immature infants (24–25 weeks PMA; 40 vs 23%). The 2-year 
follow-up, done in 93% of survivors, showed no difference in 
revised Brunet-Lézine test results or in the proportion of infants 
with moderate-to-severe neurodevelopmental impairment or 
CP. Although the data on neurodevelopment are reassuring, 
it remains unclear whether all ELGANs should be exposed to 
hydrocortisone early after birth or whether a more selective 
approach is preferable; this decision may be influenced by an 
individual centre’s BPD rate.30

Late (>1 week) systemic corticosteroids
The administration of systemic corticosteroids in the second 
or third postnatal week may allow for a better identification 
of infants at risk of BPD. For example, an ELGAN with birth 
weight <1000 g who still requires MV with FiO2≥0.3 at 14 days 
of age has a <60% chance of surviving without BPD.31 In such 
infants, the beneficial effects of dexamethasone outweigh the 
potential risk of CP.30

In a Cochrane review on late systemic steroids, >75% of 
infants were started on study drug (almost always dexametha-
sone) between 1 and 3 weeks of age.32 Death/BPD was reduced 
by 24%, as was BPD alone. Adverse events included hyperten-
sion, hypertrophic cardiomyopathy and severe ROP, but there 
was no significant increase in the risk of gastrointestinal perfo-
ration or CP. These data suggest that administering dexametha-
sone to ELGANs who still require MV in their second to third 
postnatal week may help avoiding BPD without an increased risk 
of CP.

An important issue with postnatal steroid use is the cumula-
tive dose administered to achieve optimal efficacy with minimal 
long-term sequelae. A meta-analysis of RCTs comparing different 
doses of dexamethasone in ventilated infants <30 weeks and >7 
days of age found an increased risk of BPD and also of abnormal 
neurodevelopment with a moderate (2 mg/kg) compared with 
a high-dose regimen (>4 mg/kg cumulative dose); however, 
the quality of the evidence was assessed as low or very low.33 
These data are important as they raise the question whether a 

low cumulative dexamethasone dose, compared with higher 
doses, although intuitively preferable, is indeed the safest way 
to prevent BPD. In the author’s unit, infants receiving systemic 
steroids are started on the low dose corticosteroid regime used 
in the Dexamethasone: A Randomized Trial (DART) study.34 If 
extubation after 3 days is unrealistic or unsuccessful, the dose 
will be increased to 0.3 mg/kg/day for 3 days followed by the 
DART regime.

Early or late administration of topical corticosteroids
With the emergence of data suggesting an increased risk of CP 
and gastrointestinal perforation following systemic steroids, 
interest in topical, for example, inhaled routes of administra-
tion resurged. A meta-analysis comparing inhaled steroids versus 
placebo for the prevention or treatment of BPD found a reduc-
tion in death/BPD and BPD alone.35 The relevant Cochrane anal-
ysis focused on inhaled steroids before 14 days of age versus 
placebo and also found a reduction in death/BPD but not for 
BPD alone.36

A recent large RCT on early (<24 hours) inhaled budesonide 
for BPD prevention in ELGANs found a reduction in death/
BPD.1 37 Mortality at 2 years of age, however, was increased 
(19.9% vs 14.5%), while neurodevelopmental disability, which 
could be assessed in 94% of survivors, was no different.38 
Although no specific cause of death could be identified explaining 
this mortality signal, prophylactic administration of budesonide 
to all ELGANs will be difficult to justify.

An alternative to inhalation is the intratracheal adminis-
tration of budesonide combined with exogenous surfactant. 
This approach has been investigated in a three-centre study 
enrolling infants with a birth weight <1500 g with RDS and 
FiO2 ≥0.50 within 4 hours of birth.39 Intervention group infants 
received 100 mg/kg surfactant (Survanta) mixed with 0.25 mg/kg 
budesonide, controls received only surfactant; up to five repeat 
doses were allowed every 8 hours. Primary outcome was death/
BPD, which occurred in 42% of intervention and 66% of control 
group infants. Two-year to three-year follow-up data obtained in 
85% of survivors showed no difference in growth, neuromotor 
dysfunction or Bayley II test results.32 Given the high baseline 
rate for death/BPD in this study, these data await confirmation in 
other settings before this approach can be recommended.

Eradication of ureaplasma urealyticum
Ureaplasma urealyticum is a genitourinary tract commensal 
in females that can invade the intra-amniotic fluid causing 
inflammation. It is the most common organism isolated in 
chorioamnionitis and associated with an increased risk for 
preterm labour and neonatal morbidity in ELGANs.40 Its 
role in developing BPD is controversial.41 42 Ureaplasma 
may not by itself cause BPD, but if combined with other 
stimuli like MV or exposure to high oxygen levels.43 It still 
remains unclear if eradication of ureaplasma may prevent 
BPD. An early Cochrane analysis on erythromycin found no 
effect on BPD or death.44 A broader meta-analysis on the 
effects of macrolides on BPD reported a reduction in death/
BPD and BPD alone for azithromycin.45 Given these data, 
the approach chosen in the authors’ institution is to screen 
ELGANs for ureaplasma in tracheal aspirates soon after birth 
and treat those infants still receiving MV and colonised with 
ureaplama with azithromycin (10 mg/kg/day for 7 days). The 
dosage used is based on the above-mentioned meta-anal-
ysis.45 Pharmacokinetic data, however, suggest that a 3-day 
course of 20 mg/kg/day might be more effective in eradicating 

group.bmj.com on April 25, 2018 - Published by http://fn.bmj.com/Downloaded from 

http://fn.bmj.com/
http://group.bmj.com


F289Poets CF, Lorenz L. Arch Dis Child Fetal Neonatal Ed 2018;103:F285–F291. doi:10.1136/archdischild-2017-314264

review

ureaplasma.46 Whichever regime is used, evidence for using 
macrolides for BPD prevention is rather weak.

Caffeine citrate
Given that caffeine stimulates breathing, reducing the need 
for MV, and has diuretic effects and exerts anti-inflamma-
tory properties in the developing lung,47 it is not surprising 
that its use led to a 36% reduction in BPD in the Caffeine 
for Apnea of Prematurity (CAP) trial.48 Encouragingly, this 
effect on BPD in the neonatal period continued to translate 
into better lung function results at 11 years of age in Austra-
lian former CAP study participants. Expiratory flows were 
improved by 0.5 SD in children randomised to caffeine, and 
11 vs 28% had forced vital capacity values below the fifth 
centile.49 Post hoc subgroup analysis of the CAP data showed 
that postnatal age at onset of treatment influenced the effect 
of caffeine: BPD was reduced by 52% in those with treat-
ment started on postnatal days 1–3 (early), whereas it was 
reduced by only 23% if started after day 3 (late).50 Subse-
quent cohort studies confirmed this finding: in an analysis 
of data from the Pediatrix network, death/BPD occurred 
in 28% of infants with early caffeine start, but in 34% of 
those started late.51 Similar data were also reported from the 
Canadian Neonatal Network.52 Such post hoc analyses or 
cohort study data, however, are only hypothesis-generating.

Vitamin A
Vitamin A is important for lung growth and differentia-
tion, and benefits of intramuscular vitamin A administra-
tion (usually 3×5000 IE/week intramuscular over 4 weeks) 
have been confirmed in meta-analysis: BPD was reduced 
by 13% in infants <1000 g birth weight receiving vitamin 
A compared with placebo, but there was no effect on the 
combined outcome death/BPD.53 Clinical uptake of these 
data has been limited, possibly because it is costly and intra-
muscular administration is reported to be painful. One 
smaller study tested the effect of oral vitamin A showing no 
effect on BPD.54

Exclusive breastmilk feeding and nosocomial  
infection—cohort studies
Exclusive breastmilk
Breastmilk feeding has been associated with less necrotising 
enterocolitis and ROP,55 but there are no RCT data whether 
it prevents BPD. Data from the German Neonatal Network, 
however, showed that exclusively formula-fed infants had 
2.6-times the risk of developing BPD in multivariate analysis 
than exclusively breastmilk-fed infants.56 In another cohort 
study, multivariable analysis showed a 9.5% reduction in 
the odds of BPD for every 10% increase in expressed breast-
milk.57 These data further encourage the use of breastmilk 
instead of formula in ELGANs.

Avoidance of nosocomial infections
Nosocomial infection (NI) has been associated with the devel-
opment of BPD, but whether BPD can be avoided through 
better infection control is unknown. In a cohort study from 
the California Perinatal Quality Care Collaborative database 
involving 22 967 very low birthweight infants <30 weeks 
PMA from 129 hospitals, NI rates declined from 25% to 
15% between 2006 and 2013, while BPD fell from 35% to 
30%. Adjusted individual hospital rates of BPD correlated 
positively with those for NI. The authors estimated that 

this 8% fall in BPD rates was attributable to the reduc-
tions in NI.58 Implementing quality improvement bundles 
for NI prevention may thus be a yet underused approach to 
reducing BPD.

Conclusions and outlook
Effective BPD prevention continues to be challenging. 
Although meta-analyses of RCTs are considered the highest 
level of evidence, their results may not be generalisable to 
other settings. Given the evidence summarised above, some 
personal recommendations may be given (box 1).

There are also other interventions, such as the use of 
antenatal steroids, inhaled nitric oxide, cyclooxygenase 
inhibitors for PDA closure or lower versus higher oxygen 
target ranges we did not review, as meta-analyses either 
showed an increased risk59 or no significant/inconsistent60 
effects on BPD.10 60–63 The most important approach, 
however, is to avoid preterm birth. Here, we yet seem 
far away from an effective intervention, which would 
likely require closer collaboration with our obstetrical 
colleagues.
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box 1 Possible strategies for bronchopulmonary 
dysplasia prevention in extremely low gestational age 
neonates (ELGAns)

 ► Using nasal continuous positive airway pressure (NCPAP) 
instead of intubation and mechanical ventilation as primary 
respiratory support.

 ► Applying exogenous surfactant via less/minimal invasive 
administration via a thin tracheal catheter/nasogastric tube 
or via the INSURE method.

 ► Using volume instead of pressure targeted ventilation in 
infants requiring mechanical ventilation.

 ► Using synchronised intermittent positive pressure ventilation 
instead of NCPAP after extubation

 ► Starting caffeine on postnatal days 1–3 instead of later.
 ► Applying vitamin A intramuscularly for the first four postnatal 
weeks.

 ► Considering low-dose intravenous hydrocortisone for the 
first 10 postnatal days in any infant born with a birth weight 
above the third percentile.

 ► Considering intravenous dexamethasone in infants who 
require mechanical ventilation at the end of their second 
postnatal week.

 ► Test tracheal aspirates of all ELGANs requiring mechanical 
ventilation after birth for ureaplasma, consider intravenous 
azithromycin in those tested positive.
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