
Systematic Review

Bronchopulmonary dysplasia (BPD) remains a serious and 
common complication among preterm neonates, 
especially those born at ≤32 weeks of gestation or with 
birth weights less than 1500 grams [1]. Despite advances in 
neonatal care, BPD continues to impact neonatal survival 
and long-term respiratory and neurodevelopmental 
outcomes signi�cantly [2]. Preterm infants with BPD often 
experience extended hospital stays, increased healthcare 
costs, and higher risks of chronic lung disease, making its 
prevention a priority in neonatal intensive care settings [3, 
4]. Over recent years, various strategies have been 
investigated to prevent or reduce the severity of BPD. 
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These include non-invasive respirator y suppor t 
modalit ies,  pharmacological  agents,  nutrit ional 
supplementation, and early developmental interventions 
[5]. While multiple individual studies and previous 
systematic reviews have explored these options, most 
have focused on isolated interventions or a narrow subset 
of strategies [6]. Furthermore, many existing reviews are 
outdated and do not incorporate �ndings from the most 
recent randomized controlled trials or observational 
studies. Importantly, the available evidence often lacks 
consistency in recommendations,  par tly  due to 
heterogeneity in study design, outcomes assessed, and 
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Bronchopulmonary dysplasia (BPD) remains a major complication in preterm neonates, 

affecting long-term respiratory health and quality of life. Despite advances in neonatal care, 

identifying consistently effective preventive strategies remains a clinical challenge. 

Objectives: To evaluate recent evidence on interventions used to prevent BPD in preterm 

neonates, focusing on identifying effective strategies and addressing current research gaps. 

Methods: A structured literature search was conducted using PubMed, Embase, Cochrane 

Library, and Web of Science for studies published between January 2016 and March 2025. 

Eligible studies included randomized controlled trials, prospective cohorts, and observational 

studies evaluating interventions in neonates born before 32 weeks of gestation or weighing 

under 1500 grams. Screening and data extraction were performed independently. 

Methodological quality was assessed using standard tools. Results: Eighteen studies met the 

inclusion criteria. Interventions evaluated included non-invasive ventilation, minimally invasive 

surfactant therapy (MIST), pharmacologic agents (melatonin, corticosteroids, intra-tracheal 

budesonide), and nutritional supplementation (vitamins A and D, fatty acids). MIST, melatonin, 

budesonide with surfactant, and early vitamin D supplementation consistently reduced BPD 

incidence. In contrast, vitamin A, maternal DHA supplementation, and systemic hydrocortisone 

showed limited or inconsistent bene�t. Conclusions: Several interventions, particularly MIST, 

budesonide with surfactant, melatonin, and vitamin D, appear effective in preventing BPD in 

preterm infants. However, inconsistencies in outcomes from other therapies underscore the 

need for further high-quality trials to guide clinical practice.
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population characteristics. For example, while some 
reviews report the bene�ts of non-invasive ventilation, 
others fail to demonstrate a clear advantage over 
conventional methods. Similarly, studies investigating 
pharmacological therapies like corticosteroids or 
antioxidants like melatonin vary widely in methodology and 
outcomes. Thus, there remains a lack of consolidated and 
up-to-date evidence to guide clinicians in selecting the 
most effective preventive measures. By analysing recent 
evidence from randomized controlled trials, cohort 
studies, and prospective observational studies, this review 
seeks to identify evidence-based interventions that show 
promise in reducing the incidence and severity of BPD. 
Interventions covered include non-invasive ventilation, 
m i n i m a l l y  i n v a s i v e  s u r f a c t a n t  t h e r a p y  ( M I S T ) , 
pharmacologic therapies (such as corticosteroids and 
melatonin), nutritional approaches (including vitamin and 
fatty acid supplementation), and early developmental care 
strategies. This review synthesizes current evidence and 
highlights knowledge gaps and areas for future 
investigation, supporting evidence-based clinical 
decision-making in neonatal care.
This study aims to evaluate original research studies 
published between 2016 and 2025 that assess various 
preventive strategies for BPD in preterm neonates. 

form, including the author's name, year, study design, 
sample size, intervention type, outcomes, and key �ndings. 
Eighteen studies met the inclusion criteria. Risk of bias was 
assessed using the Cochrane Risk of Bias Tool for RCTs and 
the Newcastle-Ottawa Scale for cohort and observational 
studies. Due to heterogeneity in interventions and 
outcome measures, data were synthesized narratively 
rather than through meta-analysis. The PRISMA 2020 �ow 
diagram summarises the selection process (Figure 1).

R E S U L T S

This systematic review included 18 studies assessing 
interventions to prevent bronchopulmonary dysplasia 
(BPD) in preterm neonates. The interventions comprised 
non-invasive ventilation, nutritional and pharmacological 
therapies, and early developmental support. Non-invasive 
ventilation strategies showed varied effectiveness. Foglia 
et al., compared nasal intermittent positive-pressure 
ventilation (NIPPV) to nasal continuous positive airway 
pressure (NCPAP) in infants ≤28 weeks of gestation and 
found no signi�cant reduction in BPD or mortality [7]. In 
contrast, Rachana et al., demonstrated that non-invasive 
h i g h -f re q u e n cy  o s c i l l ato r y  ve n t i l at i o n  ( N H FOV ) 
signi�cantly reduced BPD incidence and need for 
mechanical ventilation compared to non-invasive 
intermittent mandatory ventilation (NIMV). Nutritional 
interventions had mixed results [8]. Wendel et al., and 
Abiramalatha et al., investigated arachidonic acid (ARA) 
and docosahexaenoic acid (DHA) supplementation, but 
neither study showed signi�cant bene�ts [9, 10]. Similarly, 
Ndiaye et al., found that SMOF lipid emulsion failed to 
improve BPD-free survival [11]. Marc et al., also reported no 
bene�t from maternal DHA supplementation. Vitamin 
supplementation yielded inconsistent outcomes [12]. Ge et 

M E T H O D S

A comprehensive search was performed in four major 
databases: PubMed, Embase, Web of Science, and 
Cochrane CENTRAL, covering studies published between 
January 2016 and March 2025. This systematic review 
evaluated recent evidence on interventions to prevent 
bronchopulmonary dysplasia (BPD) in preterm neonates. 
Keywords and MeSH terms included: bronchopulmonary 
dysplasia, BPD, preterm neonates, prevention, non-
invasive ventilation, surfactant therapy, vitamin 
supplementation, corticosteroids, and melatonin. Boolean 
operators such as “AND” were used to improve search 
speci�city. Reference lists of selected studies were also 
checked to identify additional eligible articles. Studies 
were included if they involved preterm infants (≤32 weeks' 
gestation or ≤1500g birth weight) and evaluated 
interventions aimed at preventing BPD. These included 
non-invasive ventilation strategies (NIPPV, NCPAP, NHFOV, 
MIST), pharmacological agents (e.g., budesonide, 
melatonin, corticosteroids), nutritional supplements (e.g., 
vitamin A, vitamin D, DHA), and early developmental care. 
O n l y  ra n d o m i s e d  co n t ro l l e d  t r i a l s ,  p ro s p e c t i ve 
/retrospective cohort studies, and observational studies 
reporting BPD-related outcomes were included. Exclusion 
criteria included studies on term infants, animal models, 
reviews or editorials, and non-English publications. Two 
independent reviewers screened the identi�ed studies' 
titles, abstracts, and full texts. A third reviewer resolved 
disagreements. Data were extracted using a standardised 
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Figure 1: Process of Study Selection for This Systematic Review, 
Including Identi�cation, Screening, Eligibility Assessment, and 
Final Inclusion of Studies
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Table 1: Study Involved for This Research

al., found that early vitamin D supplementation (800 IU/day) 
signi�cantly reduced BPD and in�ammatory markers [13]. 
However, Rakshasbhuvankar et al., reported no bene�t of 
enteral vitamin A on BPD incidence or in�ammation. 
Pharmacological therapies produced variable effects [14]. 
Manley et al., and Liu et al., noted that intra-tracheal 
budesonide combined with surfactant signi�cantly 
reduced BPD and mortality [15, 16]. Conversely, systemic 
hydrocortisone administered after the �rst week of life 
showed no effect on BPD or death in a trial by Onland et al 
[17]. As reported by Remy et al., oral betamethasone was 
bene�cial for patent ductus arteriosus (PDA) closure and 
ventilator weaning [18]. Melatonin demonstrated 
signi�cant reduction in BPD, mortality, and hospital stay 
when used with surfactant [19]. Surfactant delivery 
techniques were also explored. Dai et al., suggested that 
optimising surfactant administration angle may reduce 

BPD and intracranial haemorrhage [20]. Dargaville et al., 
showed that minimally invasive surfactant therapy (MIST) 
signi�cantly decreased BPD and mortality compared to 
CPAP alone [21]. Developmental interventions also proved 
valuable. Van et al., found that early behavioural programs 
enhanced long-term motor and cognitive outcomes in 
preterm infants with BPD [22]. In summary, the most 
promising interventions were MIST, intra-tracheal 
budesonide with surfactant, melatonin, and early vitamin D 
supplementation. Other therapies, particularly nutritional 
supplements and systemic steroids, showed limited or 
inconsistent bene�ts (Table 1).

Study Design
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Sr. No References

1
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14

Sample Size Intervention Primary Outcome (s)

NIPPV was not superior to
 NCPAP in reducing BPD

 or mortality.

NHFOV is more effective
 in reducing BPD and 

ventilation need.

No signi�cant impact on 
BPD or other neonatal 

morbidities.

Reduced ROP risk, but no 
effect on BPD, sepsis, or IVH.

No improvement in BPD-free
survival among very preterm

 infants.

No signi�cant improvement
 in BPD-free survival.

Early vitamin D reduced BPD
 and in�ammatory markers.

No signi�cant change in BPD 
or in�ammation biomarkers.

Signi�cantly reduced BPD
 and mortality in preterm 

neonates.

Improved ventilation
 outcomes without steroid

-related complications.

No signi�cant reduction 
in BPD or mortality.

Improved PDA closure and
 ventilator weaning; aided 

BPD recovery.

Melatonin reduced BPD, 
mortality, and length of 

hospital stay.

Certain angles reduced 
BPD and intracranial 
haemorrhage rates.
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D I S C U S S I O N

A systematic review highlights multiple strategies for 
preventing bronchopulmonary dysplasia (BPD) in preterm 
neonates. Several interventions demonstrated promising 
clinical bene�ts, while others showed inconsistent or 
limited effects. Existing literature largely supports these 
�ndings, though some discrepancies persist [25, 26]. Non-
invasive ventilation techniques effectively reduced BPD 
incidence, particularly non-invasive high-frequency 
oscillatory ventilation (NHFOV). Rachana et al., reported 
signi�cantly lower rates of BPD and reduced mechanical 
ventilation needs with NHFOV [8]. This aligns with a meta-
analysis by Minamitani et al., which con�rmed superior 
outcomes for high-frequency non-invasive ventilation over 
conventional methods such as NCPAP and NIPPV [27]. 
However, Jensen et al., observed no signi�cant advantage 
of nasal intermittent positive-pressure ventilation (NIPPV) 
over nasal continuous positive airway pressure (NCPAP) 
[25]. This �nding is also supported by earlier systematic 
reviews conducted by Mitra et al., [28]. These mixed 
outcomes suggest that timing, technique, and patient 
characteristics may in�uence the effectiveness of non-
invasive respiratory strategies. Pharmacological agents 
showed variable effectiveness. Melatonin, for example, 
demonstrated consistent bene�t in reducing BPD, 
mortality, and hospital stay duration^10. This is supported 
by Häusler et al., who emphasised melatonin's antioxidant 
and anti-in�ammatory properties as protective against 
neonatal lung injury [29]. Similarly, intra-tracheal 
administration of budesonide mixed with surfactant 
signi�cantly reduced the incidence and severity of BPD 
[14]. These �ndings are consistent with prior meta-
analyses such as Venkataraman et al., which endorsed the 
safety and e�cacy of this combined therapy [30]. Vitamin-
based interventions yielded mixed results. Ge et al., found 
that early vitamin D supplementation reduced BPD 
incidence and in�ammatory markers [13]. This aligns with 
other systematic reviews that support vitamin D's anti-
in�ammatory role in improving respiratory outcomes [31]. 
On the other hand, vitamin A supplementation showed no 
clear bene�t. Rakshasbhuvankar et al., observed no 
improvement in BPD outcomes or faecal in�ammation [14]. 
This mirrors the �ndings by Ding et al., who questioned the 
practical value of routine vitamin A use in this population 
[32]. Maternal supplementation with docosahexaenoic 

acid (DHA) also produced a limited bene�t. Marc et al., 
reported no signi�cant improvement in BPD-free survival 
[33]. This result corresponds with �ndings from Tanaka et 
al., who also noted negligible respiratory advantages in 
preterm infants whose mothers received DHA [34]. These 
outcomes highlight the need for more targeted nutritional 
interventions and larger studies to con�rm clinical 
e�cacy. Minimally invasive surfactant therapy (MIST) 
consistently showed positive results. Dargaville et al., 
reported a signi�cant reduction in BPD [21] and mortality 
when MIST was used compared to standard CPAP [23]. 
These outcomes align with earlier systematic reviews, 
such as Rigo et al., which emphasised the effectiveness of 
MIST in spontaneously breathing preterm infants [35]. 
Postnatal corticosteroid therapy produced contrasting 
outcomes. Oral betamethasone aided ductus arteriosus 
closure and supported ventilator weaning [13]. Systemic 
hydrocortisone therapy did not signi�cantly affect BPD or 
survival outcomes^23. This is consistent with a meta-
analysis by De et al., who advised caution in using systemic 
corticosteroids due to their limited bene�ts and potential 
risks [36]. Lastly, developmental care strategies also 
warrant consideration. Van et al., demonstrated that early 
behavioural intervention programs signi�cantly improved 
motor and cognitive outcomes in infants with BPD^24. 
These �ndings support previous systematic reviews that 
promote early neurodevelopmental support for high-risk 
preterm infants [22].

[21]

[22]

[23]

[24]

MIST vs. CPAP

Early behavioural 
program

Combined perinatal 
interventions

Inhaled nitric oxide
 (iNO)

485

176

2693

800

Death or BPD at 36 weeks PMA

Motor and cognitive outcomes

Severe BPD or death

Neurodevelopmental 
outcomes

RCT

RCT

Prospective 
Cohort

RCT

15

16

17

18

MIST signi�cantly lowered 
rates of death or BPD.

Improved long-term 
development in infants

with BPD.

Synergistic interventions
 reduced the risk of severe 

BPD or death.

No signi�cant bene�t on
 long-term outcomes at

 7 years.

C O N C L U S I O N S

This systematic review identi�es several preventive 
strategies that show meaningful potential in reducing the 
incidence and severity of bronchopulmonary dysplasia 
(BPD) in preterm neonates. Among the most consistently 
effective interventions were minimally invasive surfactant 
therapy (MIST), intra-tracheal budesonide with surfactant, 
melatonin, and early vitamin D supplementation. These 
strategies demonstrated favourable outcomes across 
multiple high-quality studies and may serve as reliable 
options in neonatal clinical practice. On the other hand, 
interventions such as systemic hydrocortisone, vitamin A, 
and maternal DHA supplementation showed limited or 
inconsistent bene�ts. While they hold theoretical and 
biological plausibility, current evidence does not support 
their routine use without further validation through large-
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