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Definition

BPD was first described in 1967 by Northway., et al. in an era 
when the mortality from respiratory distress syndrome (RDS) 
was >50% [1]. There has been an ongoing evolution in the 
understanding of BPD and also the profile of BPD is changing due to 
changes in neonatal management strategies like use of surfactant, 
non invasive mechanical ventilation and corticosteroids. This has 
led to development of numerous definitions for BPD. The most 
commonly used definition for BPD has been the one proposed in 
2001 by Jobe AH., et al. who proposed severity-based diagnostic 
criteria for BPD that included oxygen need for 28 days and an 
assessment of respiratory support at 36 weeks’ postmenstrual 
age [2]. However, numerous pitfalls have been reported with this 
definition of BPD and modifications proposed over the years. 
New criteria have been proposed to include infants dying of 
severe respiratory failure prior to 36 weeks’ PMA (severe BPD), to 
categorize infants on different flows of nasal cannula oxygen, and 
provide specific guidance for including only infants with significant 
parenchymal lung disease [3,4].

Bronchopulmonary Dysplasia (BPD) is a leading cause of morbidity and mortality in neonates especially with rising preterm 
deliveries across the world due to advancements in obstetric medicine and neonatal care. Multiple risk factors are known to contribute 
to development of BPD in premature neonates which have opened multiple potential targets to develop innovative preventative and 
treatment strategies for BPD in the recent decades.

Strategies for prevention of BPD

The current review will be restricted to the postnatal strategies 
in prevention of BPD, detailed as under;

Use of corticosteroids

•	 Mechanism of action: The anti-inflammatory action of 
corticosteroids is complex. At a cellular level, they cause 
redistribution of granulocytes, resulting in increased 
circulating granulocytes and reduced tissue pools. They 
also cause lymphopenia. They cause adrenergically 
mediated vasoconstriction and non-competitive antagonism 
of vasodilation due to prostaglanin E and bradykinin. 
Prostaglandin formation is inhibited by corticosteroids. 

Corticosteroids stabilize the lysosomal membrane preventing 
release of lysosomal enzymes in vitro but the significance of this 
in vivo is debatable [5].

•	 Basis of use in BPD: As BPD is considered to be a result 
of inflammation, the use of corticosteroids to suppress 
inflammation has been proposed to prevent BPD.

•	 Route of administration: Intravenous.

•	 Preparations: Dexamethasone/hydrocort.

•	 Adverse Effects: Short term (hyperglycemia, hypertension, 
gastrointestinal bleeding, gastrointestinal perforation, 
hypertrophic cardiomyopathy, increased risk of infection) and 
long term (neuro-developmental especially cerebral palsy) 
[6].

•	 Current Status: American Academy of Pediatrics (AAP) 
Committee on Fetus and Newborn and the Canadian Paediatric 
Society (CPS) recommend that postnatal corticosteroid 
therapy not be used routinely in preterm infants at risk for 
BPD (extremely preterm (EPT) infants <28 weeks gestation as 
known adverse effects overweigh potential benefits especially 
association with increased risk of cerebral palsy (CP) and 
abnormal neurologic examination at long-term follow-up [7]. 

Similar findings were reported in a recent systemic review 
wherein the authors concluded that despite the fact that some 
studies reported a modulating effect of treatment regimens 
in favor of higher dosage regimens on the incidence of BPD 
and neuro-developmental impairment, recommendations 
on the optimal type of corticosteroid, the optimal dosage, or 
the optimal timing of initiation for the prevention of BPD in 
preterm infants cannot be made based on the current level of 
evidence [8].
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Caffeine
Non-invasive ventilation strategies

Current Status: AA systematic review and meta-analysis of 
Association of Noninvasive Ventilation Strategies With Mortality 
and Bronchopulmonary Dysplasia Among Preterm Infants 
compared seven ventilation strategies including nasal continuous 
positive airway pressure (CPAP) alone, intubation and surfactant 
administration followed by immediate extubation (INSURE), less 
invasive surfactant administration (LISA), noninvasive intermittent 
positive pressure ventilation, nebulized surfactant administration, 
surfactant administration via laryngeal mask airway, and 
mechanical ventilation concluded that the use of LISA was 
associated with the lowest likelihood of the composite outcome of 
death or BPD at 36 weeks' postmenstrual age (low quality evidence) 
[23]. Restricted ventilation has also been associated with reduced 
neurodevelopmental impairment in preterm infants assessed at 24 
months corrected age [24]. Avoidance of endotracheal mechanical 
ventilation (eMV) (nine RCTs, 3486 infants) reduced the risk of 
death or BPD, with a risk ratio of 0.90 (95% CI 0.84-0.97) and a 
number needed to treat of 35 in a meta-analysis done by Fischer 
HS., et al. [25] Sustained inflations of pressure during mechanical 
ventilation in very preterm infants had no effect and may even 
increase mortality in very preterm infants in comparison to 
intermittent pressure ventilation strategies. A recent multicentric 
RCT was halted for increased early mortality in the sustained 
inflations arm [26]. A review based on recent metanalysis reported 
that 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 

•	 Other Routes of administration: inhaled corticosteroids 
have not been found to be beneficial in prevention of BPD 
and hence not recommended [9]. A systematic review and 
meta-analysis including two clinical trials concluded that 
intra-tracheal administration of budesonide-surfactant 
combination was associated with decreased incidence of BPD 
alone or composite outcome of death or BPD in VLBW infants 
[10]. Another meta-analysis with trial sequential analysis 
included twenty five RCTs (n=3249) and estimated a lower 
risk of the primary outcome of BPD and composite outcome 
of death or BPD in airway administration of corticosteroids 
(AACs) group (inhalation or instillation) than placebo. 
The authors reported that AACs (especially instillation of 
budesonide using surfactant as a vehicle) is equivalent to 
systemic corticosteroids for preventing BPD [11]. However, 
unless the results are corroborated in larger trials, this route 
is not recommended for use for prevention of BPD.

•	 Restrictive use of corticosteroids: Restrictive use of 
systemic corticosteroids in extremely premature infants 
(EPT) who remain ventilator/oxygen dependent at postnatal 
age 3 to 4 weeks or late preterm infants with established BPD 
who are ventilator/oxygen dependent is successfully used at 
some centers based on limited data.

•	 Mechanism of action: Caffeine is a methyxanthine which 
mainly acts as a competitive adenosine receptor antagonist 
resulting in stimulation of medullary respiratory center, 
increased sensitivity to carbon dioxide and stimulation of 
diaphragmatic contractility [12].

•	 Basis of use in BPD: In addition to shortening of ventilation 
time by stimulation of respiratory center, caffeine is known 
to exert diuretic effects [13], provides neuronal injury 
protection [14] and induces surfactant protein B (SP-B) 
transcription [15]. Recently, growing evidence has suggested 
that caffeine can inhibit the secretion of proinflammatory 
cytokines, especially IL-1β, to reduce inflammation in 
hyperoxia and lipopolysaccharide (LPS)-induced rodent 
models [16]. Dumpa V., et al. have proposed that postnatal 
caffeine modulates angiogenic gene expression early 
in lung development in male mice following hyperoxia 
induced lung injury and that it may restore the pulmonary 
microvasculature and alveolarization in adult lung [17]. 
Recently, nucleotide-binding domain and leucine-rich 
repeat protein 3 (NLRP3) inflammasome activation has 
been demonstrated to be essential for the pathogenesis 
of BPD and in a study by Zhao W., et al. it was concluded 
that caffeine inhibits NLRP3 inflammasome activation 
in lipopolysaccharide (LPS) induced human monocyte 
leukemia cell line (THP-1) macrophages [18]. Lung function 
is improved in infants born under 31 weeks of gestation 
when treated with caffeine. Results from a recent study by 
Sanchez-Solis M., et al. show that there is an early beneficial 

effect of caffeine treatment on lung function (FVC and FEV0.5) 
in infant born under 31 weeks of gestation who did not suffer 
from BPD [19].

•	 Route of administration: Intravenous or orally.

•	 Side effects of Caffeine: No significant short or long-term 
adverse effects of caffeine therapy in the neonates have 
been reported in the CAP trial and its subsequent reports of 
outcomes when used for apnoea of prematurity [20]. In RCTs 
using high-dose caffeine therapy, the initial slow rate of growth 
and clinically insignificant tachycardia were the only reported 
side effects.

•	 Current Status: Caffeine is recommended for use in prevention 
of BPD among preterm neonates. In a recent systematic review 
and meta-analysis, it was reported that earlier initiation of 
caffeine, compared to later, was associated with a decreased 
risk of BPD (5 observational studies; n = 63,049, adjusted 
OR 0.69; 95% CI 0.64-0.75, GRADE: low quality). High-dose 
caffeine, compared to standard-dose, was associated with a 
decreased risk of BPD (3 randomized trials, n = 432, OR 0.65; 
95% CI 0.43-0.97; GRADE: low quality) [21]. Similar results 
were reported in another systematic review and meta-analysis 
by Park HW., et al. [22].
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endotracheal intubation. Following extubation, synchronised 
nasal ventilation is more effective than continuous positive airway 
pressure in reducing BPD [27].

Vitamin A

Macrolide antibiotics

•	 Basis of use in BPD: Retinoic acid plays a key role in lung 
development improving alveolar septation and preterms 
have been found to be deficient in Vitamin A. Furthermore, 
retinoids have been documented to control surfactant 
phospholipid biosynthesis.

•	 Route of administration: Intramuscular.

•	 Current Status: VA has been identified as a strategy to 
decrease the incidence of BPD. A systematic review and 
meta-analysis by Araki S on the role of Vitamin A (VA) in 
prevention of bronchopulmonary dysplasia in extremely 
low birth weight infants including four studies (total, 1,011 
infants) with VA administered intramuscularly in 3 studies 
and orally in 1 study depicted that VA supplementation 
for ELBWIs had benefited oxygen dependency at the 
postmenstrual age of 36 weeks in survivors (pooled risk 
ratio, 0.88; 95% confidence intervals (CI), 0.77-0.99; 4 
trials, 841 infants, moderate certainty of evidence), which is 
similar to the meta-analysis in VLBWIs. Length of hospital 
stay was reduced in the VA group (mean difference, -49.9; 
95% CI, -88.78 to -11.02; 1 trial, 20 infants, low certainty of 
evidence). The meta-analysis showed no reduction in the 
risk of neonatal death, oxygen use at 28 days in survivors, 
duration of mechanical ventilation, intraventricular 
hemorrhage, retinopathy of prematurity and necrotizing 
enterocolitis [28]. Similar observations were shared in 
another systematic review which included two RCTs. The 
review concluded that there was statistically significant 
reduction in the incidence of BPD (oxygen requirement at 
36 weeks of postmenstrual age (PMA)) (relative risk (RR) 
0.88; 95%CI 0.77-0.99; p=.04; NNTB 14) and borderline 
significant reduction in combined outcomes of mortality/
BPD (oxygen requirement at 36 weeks of PMA) (RR 0.90; 
95%CI 0.82-1.00; p=.05). However, oxygen requirement 
at 28 days of life and combined outcome of mortality/BPD 
(oxygen requirement at 28 days of life) were not statistically 
significant [29]. Initial large-scale prospective evaluations 
have shown clear benefit of VA in reducing the incidence 
of CLD or death. However, changing definitions of BPD and 
implementation of noninvasive ventilation strategies limit 
the application of early studies. During a drug shortage, 
VA supply and use declined dramatically, but BPD rates 
remained stable. With concerns of sepsis and necrotizing 
enterocolitis in small-scale studies, and in light of the limited 
evidence, further evaluations are necessary before VA can be 
recommended as a cornerstone of BPD prevention.

•	 Mechanism of action: Macrolides exert their antibiotic 
effect by binding irreversibly to the 50s subunit of 
bacterial ribosomes thereby inhibiting translocation of 
tRNA during translation. This action is mainly bacteriostatic 
but macrolides can be bactericidal in high concentrations.

•	 Basis of use in BPD: Respiratory tract colonization with 
the genital mycoplasma species Urea plasma parvum and 
Ureaplasma urealyticum in preterm infants is reported to 
be a significant risk factor for bronchopulmonary dysplasia 
(BPD) [30]. Azithromycin (AZ) and clarithromycin are 
preferentially concentrated in lung epithelial lining fluid 
and alveolar macrophages. These have immunomodulatory 
function and antimicrobial activity against urea plasma as 
documented in vivo experimental models [31]. Treatment 
with these antibiotics may enhance urea plasma clearance 
in infected infants and inhibit the pulmonary inflammatory 
response possibly contributing to a decreased risk for 
BPD [32]. A new antimicrobial, Solithromycin has shown 
promising efficacy in sheep models [33]. 

•	 Route of administration: Intravenous.

•	 Adverse effects: Arrhythmogenic and hence caution advised.

•	 Current status: In patients with preterm premature 
rupture of membrane (pPROM) between 22 and 27weeks of 
gestation, the administration of azithromycin may improve 
the perinatal outcomes [34]. A meta-analysis including six 
studies involving 469 preterm infants demonstrated that 
macrolides when used prophylactically (4 studies) did not 
show significant reduction in BPD (risk ratio, RR, 0.88, 95% 
confidence interval, CI, 0.75-1.03), death (RR 0.89, 95% 
CI 0.79-1.01) or in the composite outcome of BPD/death. 
Similarly, there was no significant reduction in BPD (RR 
0.64, 95% CI 0.31-1.31) or the composite outcome of BPD/
death (RR 0.41, 95% CI 0.05-3.13), when macrolides were 
used in ureaplasma-positive infants. However, prophylactic 
azithromycin therapy (3 studies) was associated with 
significant reduction in BPD (RR 0.83, 95% CI 0.71-0.97; 
number needed to treat, NNT, 10) and composite outcome 
of BPD/death (RR 0.86, 95% CI 0.77-0.97; NNT 10). The 
review concluded that prophylactic azithromycin therapy 
was associated with statistically significant reduction in 
BPD and the composite outcome of BPD/death in preterm 
infants [35]. A recent retrospective case-control study of 
preterm babies delivered at ≤30 weeks of gestational age 
(GA) from 2012 to 2016 reported that maternal ureaplasma 
colonization was associated with moderate-severe BPD 
despite the use of azithromycin treatment. In addition, if the 
neonatal respiratory tract was colonized, then moderate-
severe BPD developed even with maternal AZ treatment. 
Hence, selective antenatal and postnatal treatment of 
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Conclusion
Bronchopulmonary dysplasia (BPD) is leading cause of 

morbidity and mortality among preterm neonates. With changing 
obstetric care and neonatal management protocols, profile of 
BPD is changing and has led to numerous modifications in BPD 
definition. Interventions with proven effectiveness in reducing 
BPD include the primary use of non-invasive respiratory support, 
early commencement of caffeine citrate and restrictive use of 
intravenous corticosteroids. Intramuscular Vitamin A, intratracheal 
administration of budesonide with surfactant and azithromycin 
especially in ureaplasma colonized neonates look promising but 
need further exploration before being routinely recommended for 
prevention of BPD in premature neonates. Newer therapies like 

Nitric oxide

Fluid restriction and diuretic therapy

Fluid restriction is often recommended as part of the 
management of infants with early or established bronchopulmonary 
dysplasia (BPD). However, there is no evidence to support the 
practice of fluid restriction in infants with early or established 

BPD [42]. A case series studied the usefulness of angiotensin-
converting enzyme (ACE) inhibition by measuring clinical and 
echocardiographic improvements in six consecutive infants with 
severe BPD unresponsive to conventional therapy. Improvements 
were observed for both systolic and diastolic cardiac function 
which was accompanied by increased pulmonary vein flow. 
Right ventricular output increased accompanied by a significant 
lowering of pulmonary vascular resistance [43]. However, further 
larger studies are needed to study the role of ACE inhibition in BPD.

Emerging strategies

The growing understanding of BPD pathogenesis is prompting 
researchers to evaluate newer preventive strategies. The use of 
mesenchymal stem cells (MSC) is one such strategy. A first human 
clinical trial of MSC treatment for BPD was performed as a phase I 
dose-escalation trial using umbilical cord blood-derived MSC which 
demonstrated short and long-term safety and feasibility of MSC 
based on significantly reduced inflammatory marker expression 
observed in tracheal aspirates [44]. Currently several clinical trials 
of MSC use for BPD are ongoing to investigate the efficacy of MSC in 
the prevention or treatment of BPD in premature infants [45]. Even 
if clinical trials of MSC for BPD are successful, substantial challenges 
will still exist in translating this therapy into clinical use. One of 
the main factors that complicate the selection of MSC for use is the 
heterogeneity of MSC populations [46]. Other issues related to large-
scale production, logistics, and transport of MSC and development 
of cell-free preparations remains a major problem [47]. Recent 
studies demonstrated that connective tissue growth factor (CTGF) 
is involved in the development of BPD in experimental models. 
Conditional overexpression of CTGF in alveolar epithelial type II 
cells disrupts alveolarization and vascular development, induces 
vascular remodeling, and results in pulmonary hypertension, the 
pathological hallmarks of severe BPD which can be prevented by 
inhibition of CTGF by a monoclonal antibody as demonstrated in 
a rodent model of BPD induced by hyperoxia. CTGF may thus be a 
novel target for BPD therapy in preterm infants [48]. Role of various 
other preventive strategies is being studied by various researchers 
like use of nebulized peroxysome proliferator activated receptor 
gamma (PPARγ) agonists and sildenafil [49,50].

ureaplasma colonization would be needed to control BPD 
development [36]. Another systematic review documented that 
azithromycin significantly reduced the risk of BPD in extremely 
premature neonates (RR=0.83, 95% CI 0.71 to 0.98, p=0.02). 
There was no significant difference in the incidence of elevated 
liver enzymes between the azithromycin and placebo group 
(p=0.76). There were four cases of infantile hypertrophic pyloric 
stenosis (IHPS) [37]. However, before routine use of azithromycin 
is recommended in the neonatal population further studies are 
needed especially related to safety profile and long term neuro-
developmental outcomes.

•	 Mechanism of action: Short-lived free radical that has role 
in macrophage activation in a wound, cytokine synthesis and 
proliferation of fibroblasts, epithelization, collagen synthesis 
and wound healing.

•	 Basis of use in BPD: Inhaled Nitric oxide (iNO) has been 
reported to prevent right ventricle hypertrophy and 
pulmonary vascular remodeling in Bleomycin induced 
BPD like changes in neonatal rat lungs resulting in partial 
improvement of lung structure [38]. It has been reported 
to decrease pulmonary vascular resistance. NO-mediated 
biosynthetic pathways considered to be contributor to the 
pathogenesis of BPD were shown to be corrected by use of 
iNO [39].

•	 Route of administration: Inhalational.

•	 Contraindication: Neonates dependent with ductal-
dependent congenital heart disease.

•	 Adverse effects: Hypotension, withdrawal manifestations 
(e.g., increased pulmonary artery pressure, decreased PaO2, 
increase in or return to right-to-left shunting of blood, 
atelectasis), hematuria, and methemoglobinemia.

•	 Current status: Multiple clinical trials have examined 
the use of iNO in preterm infants to prevent BPD and have 
concluded that iNO does not have unequivocal benefit in 
this at-risk population [40]. It is suggested that inhaled 
ethyl nitrite could be a superior therapeutic agent than iNO 
because it more efficiently S-nitrosylates proteins, does 
not create potentially harmful by-products like peroxy-
nitrite, and improves tissue blood flow and oxygen delivery. 
In 2010, the NIH Consensus Development Conference 
provided therapeutic guidelines for the use of iNO; their 
primary conclusion is that apart from occasional instances 
of pulmonary hypertension or hypoplasia, routine or rescue 
use of iNO cannot be recommended at this time in preterm 
infants [41]. 
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mesenchymal stem cells, inhibition of connective tissue growth 
factor (CTGF) by a monoclonal antibody, nebulized peroxysome 
proliferator activated receptor gamma (PPARγ) agonists and 
sildenafil are currently being studied for their potential role in BPD 
prevention.
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