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IMPORTANCE Bronchopulmonary dysplasia (BPD) has multifactorial etiology and long-term
adverse consequences. An umbrella review enables the evaluation of multiple proposed
interventions for the prevention of BPD.

OBJECTIVE To summarize and assess the certainty of evidence of interventions proposed to
decrease the risk of BPD from published systematic reviews.

DATA SOURCES MEDLINE, Cochrane Central Register of Controlled Trials, EMBASE, and Web
of Science were searched from inception until November 9, 2020.

STUDY SELECTION Meta-analyses of randomized clinical trials comparing interventions in
preterm neonates that included BPD as an outcome.

DATA EXTRACTION AND SYNTHESIS Data extraction was performed in duplicate. Quality of
systematic reviews was evaluated using Assessment of Multiple Systematic Reviews version
2, and certainty of evidence was assessed using Grading of Recommendation, Assessment,
Development, and Evaluation.

MAIN OUTCOMES AND MEASURES (1) BPD or mortality at 36 weeks’ postmenstrual age (PMA)
and (2) BPD at 36 weeks’ PMA.

RESULTS A total of 154 systematic reviews evaluating 251 comparisons were included, of
which 110 (71.4%) were high-quality systematic reviews. High certainty of evidence from
high-quality systematic reviews indicated that delivery room continuous positive airway
pressure compared with intubation with or without routine surfactant (relative risk [RR],
0.80 [95% CI, 0.68-0.94]), early selective surfactant compared with delayed selective
surfactant (RR, 0.83 [95% CI, 0.75-0.91]), early inhaled corticosteroids (RR, 0.86 [95% CI,
0.75-0.99]), early systemic hydrocortisone (RR, 0.90 [95% CI, 0.82-0.99]), avoiding
endotracheal tube placement with delivery room continuous positive airway pressure and
use of less invasive surfactant administration (RR, 0.90 [95% CI, 0.82-0.99]), and
volume-targeted compared with pressure-limited ventilation (RR, 0.73 [95% CI, 0.59-0.89])
were associated with decreased risk of BPD or mortality at 36 weeks’ PMA. Moderate to high
certainty of evidence showed that inhaled nitric oxide, lower saturation targets (85%-89%),
and vitamin A supplementation are associated with decreased risk of BPD at 36 weeks’ PMA
but not the competing outcome of BPD or mortality, indicating they may be associated with
increased mortality.

CONCLUSIONS AND RELEVANCE A multipronged approach of delivery room continuous
positive airway pressure, early selective surfactant administration with less invasive
surfactant administration, early hydrocortisone prophylaxis in high-risk neonates, inhaled
corticosteroids, and volume-targeted ventilation for preterm neonates requiring invasive
ventilation may decrease the combined risk of BPD or mortality at 36 weeks’ PMA.
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W ith improved survival of neonates born at less than 28
weeks’ gestation, the number of survivors with bron-
chopulmonary dysplasia (BPD) is increasing.1 Large co-

hort studies have indicated that BPD is associated with poor long-
term neurological outcomes.2 The etiopathogenesis of new BPD is
predominantly due to the arrest of lung development at the alveo-
lar phase.3 Multiple other factors such as chorioamnionitis, ventila-
tion-induced lung injury, oxygen toxicity, inflammation secondary
to infections, pulmonary edema secondary to patent ductus arte-
riosus, and inadequate nutrition result in additional injury to the de-
veloping lung.4 Because BPD is a disease of multifactorial etiology,
an umbrella review evaluating multiple interventions studied in
systematic reviews and meta-analyses may provide clinicians with
a comprehensive approach for its prevention.5 Hence, this um-
brella review was undertaken with an aim to evaluate published sys-
tematic reviews with meta-analyses of interventions that have been
proposed for decreasing the risk of BPD, assess the quality of these
systematic reviews using the Assessment of Multiple Systematic Re-
views version 2 (AMSTAR 2) tool, and assess the certainty of evi-
dence (COE) of the effect estimates for these interventions using
Grading of Recommendation, Assessment, Development, and Evalu-
ation (GRADE) working group recommendations.

Methods
The protocol for the umbrella review was registered with PROSPERO
(CRD42020216148).6

Inclusion Criteria
All systematic reviews with meta-analyses of randomized clinical
trials (RCTs) that appraised interventions performed in preterm neo-
nates (born at <37 weeks’ gestation) and reported BPD as a pri-
mary or a secondary outcome were eligible for inclusion. System-
atic reviews that pooled RCTs with nonrandomized trials were
excluded. Interventions that were initiated during the antenatal or
postnatal period and were compared with an alternative interven-
tion, placebo, or no intervention were evaluated.

Outcomes
Primary outcomes were (1) BPD or mortality at 36 weeks’ postmen-
strual age (PMA) and (2) BPD at 36 weeks’ PMA. Secondary out-
comes included (1) BPD at 28 days of life and (2) BPD or mortality
at 28 days of life.

Literature Search and Data Extraction
MEDLINE, Cochrane Central Register of Controlled Trials, EMBASE,
and Web of Science were searched from inception until November
9, 2020. The search strategy is provided in eTable 1 in the Supple-
ment. Among systematic reviews that evaluated the same re-
search question, the most recent high-quality systematic review with
the maximum number of RCTs was chosen for inclusion. Four au-
thors (T.A., V.V.R., T.B., and N.B.S.), in pairs of 2, independently
screened the titles and abstracts of all identified systematic re-
views using QCRI software (Rayyan)7 and assessed the full-text of
potentially eligible systematic reviews for inclusion. Four authors
(T.A., T.B., S.H.S., and N.B.S.), in pairs of 2, independently ex-
tracted data in duplicate from included systematic reviews.

COE Assessment
Using GRADE methodology, the COE of the effect estimates re-
ported in the included meta-analyses was assessed independently
and in duplicate by 2 authors (V.V.R. and T.A.).8 The COE was ranked
as high, moderate, low, or very low. A brief description of GRADE
methodology is provided in eAppendix 1 in the Supplement.

Quality Appraisal of Systematic Reviews
Using the AMSTAR 2 tool, 2 authors (T.A. and T.B.) independently
assessed the quality of the included systematic reviews.9 The over-
all confidence in the results of a systematic review was rated as high,
moderate, low, or critically low. The AMSTAR 2 tool is described in
eAppendix 2 in the Supplement.

Results
Of 16 025 titles and abstracts screened, 876 full-text articles were
assessed, and 154 systematic reviews evaluating 251 different re-
search questions were included in the final umbrella review (eFig-
ure 1 in the Supplement).10-163 The characteristics of the included
systematic reviews are shown in eTable 2 in the Supplement.

AMSTAR 2 Assessment of Included Systematic Reviews
Using the AMSTAR 2 tool, 110 systematic reviews (71.4%) were rated
as high quality. While none were evaluated as moderate, 24 (15.6%)
were low quality, and 14 (9%) were very low quality. Six systematic
reviews (3.9%) used individual patient data meta-analysis and
therefore were not evaluated by AMSTAR 2.17,38,69,124,130,132 The
AMSTAR 2 assessment of included systematic reviews is provided
in eTable 3 in the Supplement.

GRADE Assessment of Interventions
Primary Outcome: BPD or Mortality at 36 Weeks’ PMA
Twelve comparisons had high COE, indicating significant benefit of
an intervention in preventing BPD or mortality at 36 weeks’ PMA.
Of 23 comparisons that had moderate COE, 8 indicated benefit of
an intervention and 15 showed no difference between interven-
tions. Of 20 comparisons with a low or very low COE for the effect

Key Points
Question What interventions are effective for preventing
bronchopulmonary dysplasia (BPD) or mortality at 36 weeks’
postmenstrual age in preterm neonates, as evaluated in systematic
reviews with meta-analyses?

Findings In this umbrella review of 154 systematic reviews with
251 comparisons, a high certainty of evidence was found indicating
that delivery room continuous positive airway pressure, early
selective surfactant therapy, early inhaled corticosteroids, early
systemic hydrocortisone, avoiding invasive ventilation, and
volume-targeted ventilation were associated with decreased risk
of BPD or mortality at 36 weeks’ postmenstrual age.

Meaning A multipronged approach including the above
interventions may decrease the risk of BPD or mortality; inhaled
nitric oxide, lower saturation targets, or vitamin A
supplementation are not recommended as BPD prevention
strategies owing to the possibility of increased risk of mortality.
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estimates, 2 showed benefit of one intervention over the other. The
AMSTAR 2 quality assessments and the COE for effect estimates of
interventions for the primary outcome of BPD or mortality at 36
weeks’ PMA are given in the Table.

Primary Outcome: BPD at 36 Weeks’ PMA
Eight comparisons had a high COE, indicating statistically signifi-
cant differences between the interventions for preventing BPD at
36 weeks’ PMA. Of 60 comparisons that had a moderate COE, 14
indicated a benefit of an intervention and 46 indicated no differ-
ence. None of the 89 comparisons with a low or very low COE for
the effect estimates showed statistically significant differences be-
tween the interventions. The AMSTAR 2 quality assessments and the
COE for the effect estimates of interventions for the prevention of
BPD at 36 weeks’ PMA are given in eTable 4 in the Supplement. The
GRADE and AMSTAR 2 results for the secondary outcomes are given
in eTables 5-8 in the Supplement.

Primary Outcome: BPD or Mortality at 36 Weeks’ PMA
Delivery Room CPAP
High COE indicated that initiation of continuous positive airway pres-
sure (CPAP) in the delivery room compared with routine intubation
with or without surfactant administration was associated with a lower
risk of BPD or mortality at 36 weeks’ PMA in preterm neonates of
any gestational age (relative risk [RR], 0.80 [95% CI, 0.68-0.94];
AMSTAR 2 rating, high), extreme preterm neonates (RR, 0.78 [95%
CI, 0.66-0.93]), and when initiated at CPAP of at least 5 cm H2O (RR,
0.89 [95% CI, 0.81-0.98]).148

Surfactant Therapy
High COE showed that prophylactic surfactant was associated with
an increased risk of BPD or mortality when compared with stabili-
zation receiving CPAP with selective surfactant administration (RR,
1.12 [95% CI, 1.02-1.23]; AMSTAR 2 rating, high).122 Similarly, high COE
indicated that early (within 3 hours) selective surfactant adminis-
tration compared with delayed surfactant therapy was associated
with a lower risk of BPD or mortality (RR, 0.83 [95% CI, 0.75-0.91];
AMSTAR 2 rating, high).18

Moderate COE suggested that surfactant therapy using less in-
vasive surfactant administration (LISA) was associated with lower
risk of BPD or mortality at 36 weeks when compared with the intu-
bate-surfactant-extubate (INSURE) technique (RR, 0.75 [95% CI,
0.59-0.95]; AMSTAR 2 rating, low).14 For the type of surfactant, mod-
erate COE suggested that porcine surfactant used at a dose of more
than 100 mg/kg, compared with bovine lung surfactant, was asso-
ciated with decreased risk of BPD or mortality (RR of bovine vs por-
cine >100 mg/kg, 1.39 [95% CI, 1.08-1.79]; AMSTAR 2 rating, high).140

The effect estimates were not significant for the other compari-
sons on types of surfactant.

Inhaled Corticosteroids Initiated in the First 2 Weeks of Life
High COE suggested that inhaled corticosteroids administered in the
first 2 weeks of life were associated with decreased risk of BPD or
mortality at 36 weeks’ PMA (RR, 0.86 [95% CI, 0.75-0.99];
AMSTAR 2 rating, high).136 Different inhaled corticosteroids, includ-
ing budesonide, beclomethasone, and fluticasone, were studied by
the included RCTs of this systematic review. Moderate COE showed
inhaled or intratracheal instillation of corticosteroids (RR, 0.80 [95%

CI, 0.68-0.94]; AMSTAR 2 rating, high) was associated with de-
creased risk of BPD or mortality.44 Subgroup analyses showed in-
tratracheal instillation of corticosteroids using surfactant as a ve-
hicle (RR, 0.64 [95% CI, 0.53-0.77]) and inhaled/intratracheal
budesonide (RR, 0.79 [95% CI, 0.65-0.96]) was associated with de-
creased risk; however, the effect estimates were not significant for
either beclomethasone or fluticasone.44

Systemic Corticosteroids

Early Systemic Steroids (Started ≤7 Days) | Moderate COE showed that
early systemic steroids (dexamethasone or hydrocortisone) were as-
sociated with decreased risk of BPD or mortality (RR, 0.88 [95% CI,
0.83-0.93]; AMSTAR 2 rating, high).46

High COE showed that early systemic dexamethasone was as-
sociated with decreased risk of BPD or mortality at 36 weeks’ PMA
(RR, 0.87 [95% CI, 0.80-0.94]; AMSTAR 2 rating, high).46 The dexa-
methasone regimens used, including the day of initiation, cumula-
tive dose, and the duration of therapy, varied between the in-
cluded RCTs. The comparisons on different dexamethasone dosage
regimens did not show significant differences.

High COE suggested that hydrocortisone initiated within the
first week for varying reasons, such as prophylaxis for adrenal insuf-
ficiency, catecholamine resistant shock, and high respiratory sup-
port, was associated with decreased risk of BPD or mortality in
infants born at less than 32 weeks (RR, 0.90 [95% CI, 0.82-0.99];
AMSTAR 2 rating, high)46 and in neonates with extremely low gesta-
tional age exposed to chorioamnionitis (RR, 0.52 [95% CI, 0.34-
0.79]; AMSTAR 2 rating, low).163 Furthermore, high COE from an
individual-patient meta-analysis indicated that early low-dose
hydrocortisone as a prophylactic intervention to prevent adrenal
insufficiency was associated with decreased risk of BPD or mortality
at 36 weeks (RR, 0.69 [95% CI, 0.52-0.91]; unable to assign
AMSTAR 2 score).132

Late Systemic Steroids (Started >7 Days) | Moderate COE showed that
late systemic steroids (dexamethasone or hydrocortisone) was as-
sociated with less risk of BPD or mortality (RR, 0.77 [95% CI, 0.69-
0.85]; AMSTAR 2 rating, high).47 Of the RCTs synthesized in this
meta-analysis, only 1 RCT evaluated systemic hydrocortisone.

Ventilation Strategies

Avoiding Endotracheal Intubation for Surfactant Administration | High
COE showed that avoiding intubation for prophylactic surfactant ad-
ministration by stabilizing preterm newborns less than 30 weeks’ ges-
tation receiving CPAP in the delivery room and using LISA instead of
INSURE for selective surfactant administration was associated with
decreased risk of BPD or mortality (RR, 0.90 [95% CI, 0.82-0.99];
AMSTAR 2 rating, low).52

Volume-Targeted Ventilation vs Pressure-Limited Ventilation | When
compared with pressure-limited ventilation, volume-targeted ven-
tilation was associated with decreased risk of BPD or mortality at 36
weeks’ PMA with a high COE (RR, 0.73 [95% CI, 0.59-0.89];
AMSTAR 2 rating, high).78 This effect estimate was a synthesis of 2
subgroups analyzed by the meta-analysis: (1) strict studies in which
both the groups received invasive ventilation using similar modes
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and ventilators, with volume-targeted ventilation being the only dif-
ference, and (2) hybrid studies where different ventilators and modes
were used for the 2 groups with volume-targeted ventilation being
one of the parameters that was different.

Elective High-Frequency Oscillatory Ventilation vs Conventional
Mechanical Ventilation | Low COE suggested that elective high-
frequency oscillatory ventilation was associated with decreased risk
of BPD or mortality at 36 weeks’ PMA when compared with con-
ventional mechanical ventilation (RR, 0.90 [95% CI, 0.84-0.97];
AMSTAR 2 rating, high).34 Although the event rate and the sample
size were adequate, COE of the effect estimate was downgraded by
1 level each for risk of bias and inconsistency.

High-Dose Caffeine
High-dose caffeine (40-80 mg/kg loading dose + 20 mg/kg main-
tenance dose) compared with standard dose (20 mg/kg loading
dose + 5-10 mg/kg maintenance dose) in neonates less than 32
weeks’ gestation and older than 14 days of life was associated with
decreased risk of BPD or mortality at 36 weeks’ PMA (RR, 0.76 [95%
CI, 0.59-0.98]; AMSTAR 2 rating, high).154 The COE was low, down-
graded by 1 level each for imprecision and indirectness related to the
classification of intervention.

Other Interventions
The effect estimates for BPD or mortality at 36 weeks’ gestation were
not significant for other interventions. Figure 1 depicts the various
comparisons where interventions had a significant impact on de-
creasing BPD or mortality at 36 weeks’ PMA, organized according
to the COE of the effect estimates.

Primary Outcome: BPD at 36 Weeks’ PMA
The interventions that had a statistically significant impact on BPD
at 36 weeks’ PMA are depicted in Figure 2. Most of the interven-
tions that were effective in decreasing the risk of the combined out-
come of BPD or mortality, such as practices related to CPAP, surfac-
tant administration, inhaled or systemic corticosteroids, ventilation
strategies, and caffeine therapy had moderate to high COE in de-
creasing the risk of BPD at 36 weeks’ PMA as well.

The interventions that were associated with significant de-
crease in BPD at 36 weeks’ PMA (Figure 2) with moderate to high
COE but not the combined outcome of BPD or mortality with mod-
erate COE (eFigure 2 in the Supplement) included vitamin A supple-
mentation, targeting lower oxygen saturation targets (85%-89%),
and inhaled nitric oxide (iNO) use (routine use or within 3 days
for hypoxic respiratory failure or after 3 days for decreasing the risk
of BPD).16,17,40,160

Number Needed to Treat for Benefit or Harm
We calculated the number needed to treat for benefit (NNTB) and
number needed to treat for harm (NNTH) (with 95% CI) post hoc
for interventions that showed significant reduction in BPD or mor-
tality and BPD at 36 weeks’ PMA. These are depicted in Figure 1 and
Figure 2.

Interventions That Did Not Show a Significant Effect Estimate
Those comparisons where the interventions did not show a signifi-
cant effect estimate in decreasing the risk of BPD or mortality at 36

weeks’ PMA and BPD at 36 weeks’ PMA with moderate COE are
shown in eFigures 2 and 3 in the Supplement. Moderate COE showed
some of the commonly used interventions such as INSURE at birth
followed by extubation to CPAP within 1 hour vs CPAP alone, non-
invasive ventilation vs CPAP for primary respiratory support, non-
invasive ventilation or heated humidified high-flow nasal cannula for
postextubation respiratory support when compared with CPAP,
opioids for neonates receiving invasive ventilation, prophylactic
methylxanthines, low (�30%) vs high (�60%) fraction of in-
spired oxygen (FIO2) to initiate resuscitation, exclusive human milk
feeding, prophylactic intravenous indomethacin, cord blood trans-
fusion strategies, and restrictive transfusion thresholds were not as-
sociated with reduced risk of BPD at 36 weeks’ PMA.

BPD and BPD or Mortality at 28 Days
The effect estimates and the COE for the various comparisons that
showed a significant impact on the secondary outcomes of BPD at
28 days and BPD or mortality at 28 days are depicted in eFigures 4
and 5 in the Supplement.

Discussion
This umbrella review evaluated published systematic reviews with
meta-analyses that studied the effectiveness of multiple interven-
tions for decreasing the risk of BPD or mortality at 36 weeks’ PMA
and BPD at 36 weeks’ PMA. To our knowledge, this is the only um-
brella review on the prevention of BPD.

High COE indicated that delivery room CPAP, early selective sur-
factant therapy, inhaled corticosteroids initiated within 2 weeks, early
systemic dexamethasone or hydrocortisone, avoiding endotra-
cheal intubation by using delivery room CPAP and administering
surfactant with LISA, and volume-targeted ventilation were asso-
ciated with decreased risk of BPD or mortality at 36 weeks’ PMA.
However, early dexamethasone has been shown to be associated
with long-term adverse neurological outcomes.164 Hence, there is
international consensus against its use in neonates during the first
week of life.165-167 Similarly, among the inhaled steroids, budes-
onide has been associated with a possible increased risk of mor-
tality in a 2021 network meta-analysis.168 The Canadian Pediatric
Society 2020 guidelines also gave a moderate strength of recom-
mendation against the use of early inhaled budesonide.167 The
network meta-analysis indicated a moderate COE suggesting that
early inhaled fluticasone might be a safer alternative option.
Future trials should evaluate inhaled fluticasone as a BPD preven-
tion strategy.

Moderate COE suggested that surfactant administration by
LISA, use of porcine surfactant, intratracheal administration of cor-
ticosteroids, and late systemic steroids (dexamethasone or hydro-
cortisone) are beneficial in decreasing the risk of BPD or mortality
at 36 weeks’ PMA. Of these interventions, late initiation of hydro-
cortisone had no benefit in a large multicentric RCT.169 Although late
dexamethasone (beyond the first week of life) has been associated
with decreased risk of BPD or mortality, the appropriate day of ini-
tiation, cumulative dosage, and the treatment duration could not be
assessed with good certainty in this umbrella review. International
advisory bodies suggest a cumulative dose of 1 to 2 mg/kg of dexa-
methasone administered over 7 to 10 days; however, further RCTs
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are warranted.166,167 There was low COE to suggest that high-dose
caffeine might decrease the risk of BPD or mortality at 36 weeks’
PMA.154 Further trials are required to improve the COE for this in-
tervention.

We calculated NNTB/NNTH post hoc for the interventions that
showed significant reduction in BPD or mortality and BPD at 36
weeks’ PMA. Intratracheal steroids (using vehicle) within 2 weeks
and late systemic steroids initiated beyond 7 days of life had the low-
est NNTB with narrow 95% CIs. However, the NNTB/NNTH values
need to be interpreted in the light of various factors such as ad-
verse effects, cost of the intervention, and others.

iNO, lower oxygen saturation targets (85%-89%), and vitamin
A supplementation were associated with decreased risk of BPD but
not the competing outcome of BPD or mortality at 36 weeks’
PMA.16,17,40,160 This suggests that they might be associated with an
increased risk of mortality. Of these, there are existing recommen-
dations against the use of iNO and lower saturation targets by vari-
ous advisory bodies.170-172 Although the American Academy of
Pediatrics gave a strong recommendation based on level A evi-
dence against the use of iNO in preterm neonates younger than 34
weeks’ gestation, some authors make a valid argument that a sub-
set of preterm neonates who are born at less than 34 weeks and
have pulmonary hypertension, a history of prolonged rupture of
membranes, and received antenatal corticosteroids might benefit
from iNO use.172 However, the evidence for the beneficial effect of
iNO are based on nonrandomized studies only and these sub-
groups of preterm neonates have not been evaluated separately in
RCTs. Neonatal vitamin A supplementation has also been a subject
of controversy.173 The World Health Organization sponsored multi-
centric RCTs enrolling 99 938 term newborns from low- and
middle-income countries in whom high-dose vitamin A (50 000 IU
within 72 hours of life) was administered showed mixed
results.174-176 While RCTs from India showed a survival benefit
for this strategy,174 those from Tanzania and Ghana indicated a
possibility of increased risk of mortality.175,176 The dosage of vita-
min A used in preterm neonates was different from that used in
these studies. However, because the COE indicating the possibil-
ity of increased risk of mortality was moderate to high for this
intervention, its use for BPD prevention cannot be recommended
at this time.

Moderate COE suggested little difference between some
interventions in decreasing the risk of BPD or mortality at 36
weeks’ PMA. Of these, CPAP with early INSURE was not different
from CPAP alone followed by delayed rescue surfactant. It should
be noted that the RCTs included in this meta-analysis used vary-
ing threshold levels for deciding on early INSURE as well as for the
comparator delayed rescue surfactant in the case of CPAP
failure.73 The appropriate threshold FIO2 or CPAP level for early
rescue surfactant administration among preterm newborns with
RDS who are stabilized while receiving CPAP is yet to be deter-
mined with reasonable certainty. Reflecting the paucity of evi-
dence, threshold recommendations of international advisory
bodies also vary.166,177

The other important aspect of respiratory care in preterm new-
borns with RDS is the type of noninvasive respiratory support. We
found moderate COE to suggest that noninvasive positive pressure
ventilation was not significantly different from CPAP for BPD or
mortality at 36 weeks’ PMA. However, a recent network meta-

analysis showed that noninvasive positive pressure ventilation as
primary respiratory support was associated with lower risk of the
combined outcome of BPD or mortality when compared with CPAP,
with the COE being low.178 This discrepancy between the findings of
the present umbrella review and the network meta-analysis might
be owing to the fact that this umbrella review derived its effect esti-
mates for the primary outcome measures from traditional pairwise
meta-analyses. In addition, the network meta-analysis had included
some recent trials evaluating noninvasive positive pressure ventila-
tion vs CPAP as primary respiratory support that had not been
included in the meta-analysis included in this review.

Although inadequate nutrition is considered one of the caus-
ative factors in the etiopathogenesis of BPD, none of the interven-
tions studied, such as higher amino acids or early lipids in total
parenteral nutrition, inositol, N-acetyl cysteine or iodine supple-
mentation, or use of exclusive human milk feeds were found to be
effective. Adequately powered RCTs on nutritional interventions
to assess the outcome of BPD or mortality are required. Similarly,
there is a paucity of evidence for interventions related to oxidative
stress-induced lung injury such as initial FIO2 for preterm resusci-
tation. Further, although chorioamnionitis and neonatal infection-
induced inflammation may exacerbate lung injury, moderate COE
found no benefit from either antepartum or postnatal antibiotics
in decreasing the risk of BPD. Given the biologic plausibility of
these interventions, modifications of the treatment scheme or
identification of the appropriate subgroup of preterm newborns
who may benefit needs to be explored further. We could not
evaluate interventions that had not been studied in the context of
a systematic review of clinical trials, many of which are either in
the early phases of use in human trials or have not been studied at
all for their potential role in BPD prevention. One emerging inter-
vention that seems to be promising is stem cell therapy. A recent
meta-analysis of 25 preclinical studies showed that therapy with
mesenchymal stem cells or their conditioning medium signifi-
cantly improved alveolarization and ameliorated the inflammation
and fibrosis in the lungs in rodent models of hyperoxia-induced
BPD.179 Also, there are multiple ongoing trials on assessing stem
cell therapy in BPD (NCT02443961, NCT03392467, and
NCT03558334). However, many aspects of stem cell therapy such
as the optimal source of stem cells, the dosage regimen, route of
administration, and timing of therapy need to be explored. Further,
the long-term safety of stem cell therapy needs to be proven before
it can be translated to routine clinical use.

Limitations
There were limitations in this umbrella review. We could not include
systematic reviews based on network meta-analyses as the
approach to interpreting the results from a network meta-analysis
alongside the results from pairwise meta-analyses is unclear.
Umbrella reviews are limited by the number of outcomes that could
be assessed. Hence, adverse outcomes related to many of the inter-
ventions that could be beneficial in decreasing the risk of BPD could
not be assessed. Specifically, although the combined outcome of
BPD or mortality at 36 weeks’ PMA was assessed, the critical out-
come of mortality alone was not assessed in this umbrella review.
Further, the interventions that had not been evaluated in a system-
atic review and meta-analysis could not be appraised in this
umbrella review.
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Conclusions

High COE indicated that delivery room CPAP, early selective surfac-
tant therapy, inhaled corticosteroids initiated within 2 weeks, early sys-
temic hydrocortisone, avoiding endotracheal tube placement, and vol-
ume-targeted ventilation were associated with decreased risk of the
primaryoutcomeofBPDormortalityat36weeks’PMA.ModerateCOE
suggested that surfactant administration by LISA, use of porcine sur-
factant, intratracheal administration of corticosteroids, and late sys-

temic steroids are associated with decreased BPD or mortality at 36
weeks. Moderate to high COE suggest iNO, low oxygen saturation tar-
gets (85%-89%), and vitamin A supplementation are associated with
decreased risk of BPD at 36 weeks’ PMA but not the combined out-
come of BPD or mortality, suggesting that they might be associated
with an increased risk of mortality. Future multicenter trials that are ad-
equately powered to assess the outcome of BPD or mortality at 36
weeks’ PMA for interventions such as noninvasive respiratory sup-
port modes, initial FIO2 for preterm resuscitation, infection control, and
nutrition-related interventions are required.
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