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by the National Institute of Child Health and Development 
National Research Network is, as with most previous defi-
nitions, based on supplemental oxygen requirement and 
respiratory support at 36 weeks’ postmenstrual age (PMA) 
[2]. This definition assessed at 36 weeks’ post-menstrual 
age defines Grade 1 as nasal cannula supplemental oxy-
gen with a flow of ≤ 2 L/minute; Grade 2 as nasal cannula 
supplemental oxygen with flow of > 2 L/minute or a require-
ment for non-invasive positive airway pressure; and Grade 
3 as need for invasive mechanical ventilation regardless of 
need for supplemental oxygen [2]. Although this definition 
is being increasingly used, its use is inconsistent across cen-
tres, leading to difficulties in comparing BPD rates between 
regions and countries.

Although advances in perinatal care have significantly 
increased survival, rates of BPD have remained largely 
unchanged or, indeed, increased in many regions, especially 
for the most immature infants [3, 4].

Research has been devoted to developing evidence-
based strategies which optimise postnatal management of 
BPD, however, due to its complex and multifactorial nature, 

Introduction

Bronchopulmonary dysplasia (BPD), also called chronic 
lung disease of prematurity (CLD), is a very common com-
plication of extreme prematurity. Since BPD was origi-
nally described by Northway et al. [1] almost 60 years ago, 
advances in perinatal care have led to significant changes in 
its presentation, clinical course and management of preterm-
born infants. Since then, various definitions of BPD have 
been promoted, none ideal due to the nature of the under-
lying disease process. The most recent definition promoted 
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Abstract
Purpose of review Bronchopulmonary dysplasia (BPD) remains a very common complication of extreme prematurity and 
has significant adverse long-term consequences. Specific treatments to prevent the development of BPD or to treat estab-
lished BPD are very limited. We have reviewed recent advances in the management of preterm-born infants at risk of devel-
oping BPD and in those with established BPD as well as potential future emerging treatment options.
Recent findings Strategies to prevent iatrogenic lung trauma, such as non-invasive respiratory support and administration 
of exogeneous surfactant in a less invasive manner have now become embedded in clinical practice, but further studies are 
ongoing with the POLAR and SURFSUP trials aiming to refine these interventions. Strategies, other than postnatal systemic 
corticosteroids, to suppress lung inflammation have also been evaluated. However, both the early use of azithromycin and 
administration of endotracheal budesonide mixed with exogenous surfactant have not shown benefits for survival without 
development of BPD. Later in life, survivors of BPD at school-age show significant improvement in lung function with 
combined inhaled corticosteroids and long-acting beta2 adrenoreceptor agonists, but therapeutic options to improve long 
term lung function are urgently required.
Summary Further detailed understanding of the underlying mechanisms for the development of BPD are required so tar-
geted treatments can be developed.
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prevention and treatment of BPD is extremely challeng-
ing and cannot be achieved with a single intervention [5]. 
Risk factors associated with development of BPD following 
preterm birth include antenatal factors such as intrauterine 
growth restriction, chorioamnionitis, maternal smoking and 
pregnancy-induced hypertension, as well as postnatal fac-
tors including mechanical ventilation, sepsis, patent ductus 
arteriosus and hyperoxia; all contributing to pulmonary 
inflammation during the early stages of development of 
BPD [6].

Increasingly, it is recognised that there are likely to be 
several different phenotypes of BPD. Such phenotypes could 
possibly involve the interstitium, parenchyma, pulmonary 
vasculature, peripheral and central airways. Arguably dif-
ferentiating these subgroups, each with different underlying 
pathophysiological mechanisms or endotypes, could lead to 
development of more targeted therapies [7–9].

In this review, we describe historical and current manage-
ment as well as recent and emerging advances in the man-
agement of preterm-born infants at risk of developing BPD 
and those with established BPD both on the neonatal unit 
and beyond. Antenatal management or strategies to prevent 
preterm birth or interventions such as antenatal maternal 
corticosteroid administration to prevent respiratory disease 
after birth are not addressed. Table 1 summarises historical, 
current and possible future treatments for BPD.

Prevention and early management of 
patients at risk of BPD

Delivery room management

A significant proportion of extreme and very preterm-born 
infants require respiratory support with positive airway 
pressure and supplemental oxygen. Historically, endotra-
cheal intubation and positive pressure mechanical ventila-
tion has been used. However, due to its association with 
volu-/barotrauma and subsequent increased risk of develop-
ing BPD, non-invasive ventilation (NIV) has become the 
method of choice to decrease volu-/barotrauma [5]. Dur-
ing initial stabilisation in the delivery room at birth, con-
tinuous positive airway pressure (CPAP) is a feasible and 
effective alternative to more invasive tracheal intubation 
and mechanical ventilation even for the most extremely pre-
term- born infants if they are breathing spontaneously [14]. 
The use of early NIV reduces risk of composite outcome 
of death or development of BPD and duration of invasive 
ventilation when compared with immediate tracheal intuba-
tion and exogenous surfactant administration in extremely 
preterm-born infants, with decreased risk of developing a 
pneumothorax or other significant adverse events [5, 14].

The POLAR clinical trial (Positive end-expiratory pres-
sure levels during resuscitation of preterm infants at birth; 
Clinicaltrials.gov NCT04372953) is an international, 
multi-centre, randomised controlled trial comparing the 
effect of positive end-expiratory pressure (PEEP) dynami-
cally adjusted for clinical need, with a static PEEP of 5–6 
cmH2O during stabilisation at birth of extremely preterm-
born infants to assess if survival without development of 
BPD improves. The results should inform the airway man-
agement of extreme preterm infants in the delivery room to 
prevent subsequent lung injury.

Lung protective respiratory support

Whilst CPAP is the most extensively studied mode of ven-
tilation in preterm-born infants, other newer modes of NIV 
have become available for use in this population. Nasal 
intermittent positive pressure ventilation (NIPPV) has 
been shown to be more effective than CPAP in preventing 
respiratory failure in the first few days of life in preterm-
born infants with respiratory distress. However, convincing 
reductions in subsequent rates of developing BPD have not 
been shown [40].

High flow nasal cannula (HFNC) is the most recently 
introduced method of NIV. It has potential advantages over 
CPAP including reduced nasal trauma, greater infant com-
fort, ease of use for staff, and, therefore, has quickly become 
established in neonatal care [41]. However, as a primary 
method for respiratory support, HFNC is not recommended 
for infants born at < 28 weeks’ gestation. Evidence from 
large international, multi-centre randomised controlled tri-
als showed that HFNC is inferior to CPAP as a tool for early 
respiratory support to prevent treatment failure [42].

For infants who require invasive mechanical ventilation, 
research has been undertaken to study the effect of different 
ventilation strategies such as volume guarantee and neurally 
adjusted ventilatory assist (NAVA), on the development of 
BPD and strategies to reduce lung damage. Barotrauma has 
been identified as the major contributor of lung inflamma-
tion in preterm infants, and the benefit of volume targeted 
ventilation over pressure targeted ventilation is now well 
recognised [15].

Surfactant administration

Exogenous surfactant is routinely used to treat preterm-
born infants with respiratory distress syndrome (RDS) and 
is associated with improved outcomes including decreased 
death rates [43]. Traditionally, exogenous surfactant has been 
administered via an endotracheal tube to already intubated 
and mechanically ventilated infants, or infants were briefly 
intubated and ventilated specifically for administration of 
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exogenous surfactant (INSURE). With the increasing intro-
duction of NIV, alternative methods for surfactant admin-
istration have been explored. In Less Invasive Surfactant 
Administration (LISA) or Minimally Invasive Surfactant 
Therapy (MIST), exogenous surfactant is administered 

using a thin catheter which is inserted into the trachea using 
direct laryngoscopy, whilst the infant is supported by NIV. 
Such delivery avoids tracheal intubation, thus avoiding the 
associated risk of lung injury and associated risk of develop-
ing BPD [16].

Table 1 Historical, current and future treatments for BPD
Treatment Mechanism Stage Key evidence
Historical treatments
Prolonged mechanical ventilation Supportive Prevention, 

Established 
BPD

Now minimized due to iatrogenic lung injury (baro-
trauma, volutrauma)

Early (< 7 days) postnatal 
dexamethasone

Anti-inflammatory Prevention Reduced BPD incidence but high risk of neurodevelop-
mental impairment [10]

Diuretics Reduce pulmonary oedema Established 
BPD

Short-term improvement, no proven long-term benefit 
[11]

Vitamin A Alveolar development, epithe-
lial integrity

Prevention Not universally adopted due to intramuscular administra-
tion [12]; enteral supplementation not efficacious [13]

Current treatments
Non-invasive ventilation Avoid mechanical ventilation Prevention (Early) NIV reduces BPD incidence [5, 14]
Lung protective ventilation 
strategies

Minimize barotrauma Prevention Volume-targeted ventilation reduces BPD incidence [15]

Surfactant therapy Surfactant deficiency Prevention Lower incidence of BPD when intubation is avoided for 
surfactant administration [16]

Early low dose hydrocortisone Anti-inflammatory Prevention Increased survival without BPD (PREMILOC trial) [17]
Later hydrocortisone Anti-inflammatory Prevention No significant improvement in survival without BPD [18]
Later (> 7 days) dexamethasone Anti-inflammatory Prevention Improved odds of survival without BPD [19]
Early inhaled corticosteroids Local anti-inflammatory Prevention Borderline reduction in composite death or BPD (NEU-

ROSIS trial) [20]
Intratracheal budesonide with 
surfactant

Local anti-inflammatory Prevention No effect on survival without BPD (PLUSS trial) [21]

Caffeine Apnoea prevention, neuro-
respiratory stimulation

Prevention Widely used, reduces BPD and improves neurodevelop-
ment (CAP trial) [22]

Azithromycin Ureaplasma and pulmonary 
inflammation

Prevention Mixed evidence but recent AZTEC trial did not show 
benefit [23]

Early ibuprofen for PDA Induce PDA closure to reduce 
pulmonary over circulation

Prevention Not superior to expectant management for composite 
death or BPD [24]

Inhaled nitric oxide Vascular remodelling Prevention No significant effect on mortality or BPD, may benefit 
specific subgroups [25]

Family involvement in care Reduce infant stress, improve 
stability

Prevention Associated with lower BPD rates in some programs [26]

RSV prevention Reduce RSV infections Prevention Palivizumab and nirsevimab reduce lower respiratory 
tract infections and hospitalizations due to RSV [27–29] 
Maternal RSV vaccination

Home oxygen therapy Maintain adequate oxygen 
saturation, supportive

Established 
BPD

Improves growth and reduces pulmonary hypertension 
risk

Inhaled corticosteroids Local anti-inflammatory Established 
BPD

Modest improvement in FEV1 (PICSI trial) [30]

Inhaled corticosteroids + long-
acting beta 2 receptor agonist

Local anti-inflammatory and 
bronchodilator

Established 
BPD

Significant improvement in FEV1 (RHiNO trial) [31]

Future treatments
Extended CPAP Promote lung growth via 

mechanical stretch
Prevention Larger functional residual capacity [32, 33]

IL-1RA Targeted pulmonary inflamma-
tion, fibrosis

Prevention Early phase development, preclinical and small pilot 
studies only [34]

Recombinant human IGF-1/
IGFBP-3

Vascular, alveolar development Prevention Phase II trials show promise in reducing severe BPD [35, 
36]

Mesenchymal stem cells regenerative Established 
BPD

Preclinical, translational studies ongoing [37–39]
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a spacer connected to the ventilator circuit. Treatment was 
started within 24 h of age and continued until the patients 
reached 32 weeks’ gestation or no longer required posi-
tive pressure respiratory support and supplemental oxy-
gen. A borderline reduction in the composite outcome of 
death or development of BPD at 36 weeks’ gestation was 
noted in the budesonide group when compared to the pla-
cebo group (95% CI 0.75–1.0, p = 0.05). However, inhaled 
budesonide was associated with increased mortality, which 
was unexplained. A Cochrane review noted no significant 
effect on the incidence of BPD, but, equally, did not iden-
tify increased mortality, for inhaled budesonide in VLBW 
infants commenced within the first 2 weeks of life [47]. Fol-
low up of infants recruited to the NEUROSIS trial did not 
find differences for neurodevelopment, hospital readmission 
rates or use of pulmonary medications at 18–22 months of 
age, despite the decreased rates of BPD at 36 weeks’ gesta-
tion [48].

An initial pilot study demonstrated feasibility, poten-
tial benefits and safety of intratracheal administration of 
budesonide combined with exogenous surfactant when 
compared with exogenous surfactant alone in ventilated 
very low birthweight infants with severe RDS [49]. Further 
larger trials have since been undertaken. The recently pub-
lished PLUSS (Preventing Lung disease Using Surfactant 
and Steroid) trial was an international, double-blind, ran-
domised controlled trial which recruited 1059 extremely 
preterm-born infants who were mechanically ventilated or 
received NIV and a clinical decision had been made to treat 
with exogenous surfactant within the first 48 h of life [21]. 
Infants were randomised to receive intratracheal budesonide 
(0.25 mg/kg) mixed with exogenous surfactant or to receive 
exogenous surfactant only. The primary outcome of survival 
without BPD assessed at 36 weeks corrected gestational age 
was no different between the two groups (adjusted risk dif-
ference, 2.7% [95% CI, − 2.1% to 7.4%]).

Other interventions

Caffeine

A common condition in preterm-born infants which might 
necessitate intubation and mechanical ventilation is apnoea 
of prematurity. Caffeine is the standard treatment for this 
condition. Although the mechanism of action for caffeine is 
not fully understood, it is successfully used in combination 
with NIV to reduce the need for invasive ventilation [50]. 
The Caffeine for Apnoea of Prematurity (CAP) trial [22] 
was an international multi-centre, randomised, placebo-con-
trolled trial which demonstrated beneficial effects of caffeine 
on infants with a birth weight of 500-1250 g. Short-term 
benefits included shorter duration of mechanical ventilation, 

Whilst LISA has now widely been adopted, it involves 
direct laryngoscopy. Therefore, alternative methods which 
negate the use of direct laryngoscopy have been explored. 
Nebulised exogeneous surfactant administration has been 
reported as being as effective as bolus intratracheal instil-
lation in improving oxygenation in surfactant deficient ani-
mals [44]. However, trials in preterm infants to date have 
not demonstrated significant efficacy for improving short- 
or long-term outcomes, including the development of BPD 
[45].

The ongoing SURFSUP trial (Surfactant admin-
istration by supraglottic airway; ANZCTR trial ID 
ACTRN12620001184965) is an international, randomised 
controlled trial studying the safety and efficacy of early 
administration of surfactant via a supraglottic airway 
compared with administration via LISA/MIST in preterm 
infants < 1250 g to prevent development of BPD. Supraglot-
tic airways are increasingly used in neonatal resuscitation 
and are a safe, reliable method for providing a temporary 
secure airway. The results of the SURFSUP study could 
potentially introduce supraglottic airways as the preferred 
method for exogenous surfactant administration in non-
ventilated patients, altogether avoiding the need for direct 
laryngoscopy.

Corticosteroids

Pulmonary inflammation is an important contributing fac-
tor to the development of BPD; therefore, corticosteroids 
have been used with the aim to suppress the pulmonary 
inflammatory response. The PREMILOC study (Early 
low-dose hydrocortisone to improve survival without BPD 
in extremely preterm infants) was a large multi-centre, 
randomised, placebo-controlled trial conducted in France, 
assessing the effect of early low dose hydrocortisone on 
rates of survival without development of BPD in infants 
born between 24 + 0 and 27 + 6 weeks’ gestation [17]. 
Results showed significant increase in survival without 
development of BPD in the treated group when compared 
with the placebo group, without increased severe adverse 
outcomes including gastrointestinal perforation.

Both later use of hydrocortisone and early use of dexa-
methasone are not recommended, whilst later use of dexa-
methasone may be beneficial [10, 19, 46].

Alternative delivery of glucocorticoids has also been 
investigated. The effect of early inhaled budesonide on BPD 
in extremely preterm infants was studied in the NEURO-
SIS trial (The neonatal European study of inhaled steroids, 
2015), a large international, randomised trial that recruited 
863 extremely preterm-born infants [20]. Trial participants 
received either budesonide or placebo (hydrofluoroalkane 
propellant) administered with a metered-dose inhaler via 
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been introduced in many countries. Nirsevimab has shown 
to reduce lower respiratory tract infections and hospitalisa-
tion due to RSV in healthy preterm born (≥ 29 weeks) and 
term infants throughout the RSV season [28, 29]. In addi-
tion, it is important to follow the comprehensive national 
immunisation schedules.

Follow-up and later management of patients 
with BPD

Guidelines for follow-up

Once discharged from the neonatal unit there is significant 
variation in the follow-up that is provided for infants with 
established BPD. Whilst domiciliary oxygen programs excel 
in many high-income countries, at least for the first year or 
two of life, follow up of BPD graduates discharged home 
breathing air is very variable, despite it being well estab-
lished that interdisciplinary follow up is associated with 
better neurodevelopmental outcomes and less rehospitalisa-
tion [54]. However, clear guidance for optimal follow up is 
currently lacking. Both the European Respiratory Society 
(ERS) [55] and the American Thoracic Society (ATS) [56] 
have published guidelines for the outpatient management 
of established BPD, although these were based largely on 
expert opinion due to the severe lack of evidence-based 
studies. Whilst the ERS guideline recommends monitoring 
with lung function, the ATS guideline does not comment 
on this. On the other hand, the ATS guideline recommends 
polysomnography, video fluoroscopic swallow study and 
airway endoscopy in specific preterm-born patient groups, 
which were not addressed by the ERS guideline. Both guide-
lines recommend imaging for subgroups only. Regarding 
treatment options, there is more consistency with both the 
European and American guidelines not recommending the 
routine use of bronchodilators nor inhaled corticosteroids 
but suggesting a trial of inhaler treatment with monitoring 
of the effects in symptomatic patients. They both advise 
against the use of diuretics and to wean these off on any 
patient discharged on these drugs. The ERS guideline sug-
gests using a 90–95% saturation target when discharged on 
supplemental oxygen, individual advice regarding daycare 
attendance and highlights in the text that exposure to smok-
ing should be discouraged. For a summary of both guide-
lines see Table 2.

Although no single diagnostic test or medication is 
indicated for every patient with BPD, it is important that 
standardised multidisciplinary follow-up is provided from 
discharge from the neonatal unit, throughout childhood and 
into adulthood. Appropriate treatment of lung function defi-
cits and respiratory symptoms is imperative as those with 

positive airway pressure and supplemental oxygen. Greater 
benefits were seen in infants who commenced their caffeine 
early (< 3 days of age). Long term benefits of caffeine use 
during the first 10 days of life included decreased risk of 
death and survival without neurodevelopmental disability 
at a corrected age of 18–21 months, together with reduced 
rates of developing BPD [51, 52]. Early use of caffeine has 
become established in the management of extremely pre-
term born infants [52].

Azithromycin

Data from several meta-analyses have shown that pulmo-
nary colonisation with Ureaplasma spp. at birth is associated 
with an increased subsequent risk of development of BPD in 
preterm-born infants [53]. Due to their antibiotic properties 
against Ureaplasma spp. and anti-inflammatory activities 
with particular potency in the lungs, the efficacy of macro-
lide antibiotics in preventing the development of BPD has 
been assessed in multiple randomised controlled trials and 
systematic reviews although previous studies were largely 
single centre based thus lacking adequate statistical power. 
The recently published AZTEC trial (Azithromycin therapy 
for prevention of chronic lung disease of prematurity) was 
an adequately powered, multicentre, double-blinded, ran-
domised placebo-controlled trial which assessed the effect 
of an early (commencing within the first 72 h of life) 10-day 
course of azithromycin on survival without development 
of BPD [23]. 796 infants born < 30 weeks’ gestation, who 
received at least 2 h of NIV or invasive ventilation within 
the first 72 h of life, were included. The results of this study 
showed no difference between the intervention and placebo 
groups for the composite outcome of survival without devel-
opment of moderate/severe BPD at 36 weeks’ gestation nor 
for rates of BPD, death, and number of days of respiratory 
support, therefore, did not provide evidence to support the 
use of early azithromycin in early life.

Prevention of respiratory syncytial virus (RSV) infection

Immunisation schedules are comprehensive in most coun-
tries but infection with RSV is an important cause of hospi-
talisation in infants, especially those with established BPD. 
Since 1998, palivizumab has been used as RSV prophylaxis 
in infants with BPD and has significantly reduced RSV hos-
pitalisation in these patients. This humanised mouse immu-
noglobulin monoclonal antibody is administered monthly 
during the winter period via intramuscular injection [27]. 
Recently, both maternal vaccination against RSV (from 28 to 
32 weeks’ gestation of pregnancy) and nirsevimab, a mono-
clonal antibody with extended half-life administered as a 
single intramuscular injection before the RSV season have 
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born preterm, 108 of these with BPD, and 195 born at term) 
and described their phenotypes based on forced expiratory 
volume in one second (FEV1) and FEV1/forced vital capac-
ity (FVC) ratio: prematurity-associated obstructive lung dis-
ease which is bronchodilator responsive (POLD-reversible), 
prematurity-associated obstructive lung disease which is not 
bronchodilator responsive (POLD-fixed), prematurity-asso-
ciated preserved ratio of impaired spirometry (pPRISm), 
and prematurity-associated dysanapsis (pDysanapsis). See 
Table 3 for lung function parameters for each phenotype. It 
is likely that each phenotype has specific underlying mecha-
nisms e.g. the POLD group has increased fractional expired 
nitric oxide (FENO) but the other phenotypes do not, thus 
will permit development of specific targeted interventions.

Treatment of PLD

Evidence regarding treatment of children with PLD remains 
limited. The preterm inhaled corticosteroid intervention 
(PICSI) trial randomised 170 preterm born (≤ 32 weeks’ 
gestation at birth) children aged 6 to 12 years to either 
inhaled corticosteroid (fluticasone propionate) or placebo 
for 12 weeks. The study showed modest improvement for 
FEV1 (0.30 z scores, equalling to a 4% change) and FEV1/
FVC ratio in the treatment group compared to placebo [30]. 
The respiratory health outcomes in neonates (RHiNO) study 
randomised 53 preterm-born children (≤ 34 weeks’ gesta-
tion at birth) at 7 to 12 years of age to a 12-week treatment 
period with inhaled corticosteroid alone (fluticasone propi-
onate), inhaled corticosteroid (fluticasone propionate) with 
long-acting beta2 receptor agonist (salmeterol) or placebo. 
In the inhaled corticosteroid group, they reported a non-sig-
nificant 7.7% improvement in FEV1 when compared with 
the placebo group. However, the improvement was 14.1% 
for FEV1 in the combined inhaled corticosteroid and long 
acting beta2 adrenoreceptor agonist group [31]. The effect 
of monotherapy with long-acting beta2 agonist has not been 
evaluated due to safety concerns in both adults and children 
[60]. Interestingly, both trials reported a reduction in FENO 
values in the treatment arms including corticosteroids, sug-
gesting that inflammation may play a role in a subgroup of 
children with PLD [30, 31, 60]. The RHiNO trial studied 
exercise capacity but did not show an improvement despite 
a reduced post-exercise bronchodilator response in the 
treatment groups [31]. Until additional evidence becomes 
available, it would be reasonable to trial combined inhaled 
corticosteroid and long acting beta2 adrenoceptor agonist for 
12 weeks then to assess if any improvement has occurred.

BPD are at significant risk for early onset chronic obstruc-
tive pulmonary disease (COPD) in adult life [55–57].

Prematurity-associated lung disease (PLD)

Increasingly it is recognised that risk factors other than 
BPD, including intrauterine growth restriction and gesta-
tional age, significantly contribute to development of lung 
disease in childhood and beyond. To encompass additional 
risk factors to BPD, the concept of prematurity-associated 
lung disease or PLD has been developed [58]. To extend this 
concept, several specific phenotypes of PLD were recently 
reported by Cousins et al. [59]. They reported spirometry 
results and early/current life factors of 739 children (544 

Table 2 Summary of ERS [55] and ATS [56] guidelines on outpatient 
management of children with BPD

ERS 2020 ATS 2021
Investigations
Imaging Subgroup only Subgroup only
Lung function Recommended
Polysomnography Subgroup
Video fluoroscopic swallow 
study

Subgroup

Airway endoscopy If unexplained 
symptoms

Management
Bronchodilators Optional for 

subgroup
Trial in 
subgroup

Inhaled corticosteroids Trial in subgroup Trial in 
subgroup

Diuretics Natural weaning Discontinua-
tion in a judi-
cious manner

Supplemental oxygen Saturation target 
90–95%

Daycare attendance Individual advice

Table 3 Spirometry phenotypes in PLD [59]
Phenotype FEV1 FEV1/FVC 

ratio
Bron-
chodi-
lator 
response

POLD—reversible  < LLN  < LLN  ≥ 10%
POLD—fixed  < LLN  < LLN  < 10%
pPRISm  < LLN  ≥ LLN
pDysanapsis  ≥ LLN  < LLN
FEV1 forced expiratory volume in one second, FVC forced vital 
capacity, LLN lower limit of normal, POLD prematurity-associated 
obstructive lung disease, pPRISm prematurity-associated preserved 
ratio of impaired spirometry, pDysanapsis prematurity-associated 
dysanapsis of prematurity
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suggest that extended use of CPAP could be a strategy to 
support lung growth and future lung function, but further 
studies are needed especially to assess if such an interven-
tion increases lung volume alone or in parallel, as desired, 
improves lung growth including alveolar development.

Emerging treatments

There are several emerging treatment options targeting the 
underlying mechanisms underpinning the development of 
BPD on the horizon, all at different stages of development. 
Some are described below.

Recombinant human interleukin 1 receptor antagonist

Interleukin 1 (IL-1) is a potent pro-inflammatory cytokine 
that binds to its receptor to mediate the inflammatory pro-
cesses leading to BPD. By binding to the IL-1 receptor, inter-
leukin 1 receptor antagonist (IL-1RA) competitively inhibits 
the pro-inflammatory actions of IL-1. Anakinra, recombi-
nant human IL-1RA, has been studied in animal models. It 
has been safely used in humans, including in infants and 
children, for other inflammatory pathologies. Therefore, it 
has the potential for treating pulmonary inflammation asso-
ciated with the development of BPD. A phase I/IIa safety 
and feasibility dose-escalation clinical trial recruiting 24 
extremely preterm infants to receive anakinra intravenously 
over the first 21 days of life is planned (clinicaltrials.gov 
NCT05280340) [34].

Recombinant human insulin-like growth factor 1/
recombinant insulin-like growth factor binding protein 3

Insulin-like growth factor 1 (IGF-1) is an important foetal 
growth factor, with effects on various organs. Until 30 weeks 
of pregnancy, IGF-1 is largely provided through the placenta, 
explaining the low levels of IGF-1 measured in extreme 
preterm-born infants. From 30 weeks gestation onwards the 
foetal liver produces IGF-1 in response to stimulation by 
growth hormone. However, there is a significant time lag 
before extremely preterm-born infants start producing IGF-
1. IGF-1 promotes alveologenesis and IGF-1 reduces lung 
fibrosis by inhibiting transforming growth factor beta. It has 
been reported that plasma IGF-1 levels are lower in infants 
who develop BPD than in those who do not [35].

It is therefore hypothesised that IGF-1 replacement therapy 
may promote lung growth after preterm birth. Animal mod-
els of BPD that have been administered mecasermin rinfa-
bate, a combination of recombinant human IGF-1 (rhIGF-1) 
with recombinant insulin-like growth factor binding protein 3 
(rhIGFBP-3), have shown improved lung structure and func-
tion [35]. In a phase IIa clinical trial assessing the safety and 

Future management options for patients 
with BPD

Evaluation of current strategies

At present there is no specific individual treatment avail-
able for patients with developing BPD or for established 
BPD, although many strategies, such as the use of NIV 
instead of invasive ventilation, to prevent or reduce iatro-
genic trauma to immature lungs resulting in BPD are used in 
clinical practice. The use of NIV has become the standard, 
but it is good practice to evaluate the effectiveness of these 
interventions in reducing rates of BPD. In a retrospective 
data analysis of 2487 extremely low birth weight infants, 
Taha et al. [61]reported that BPD or death was significantly 
higher in the infants who had been managed on only HFNC 
when compared with those managed only on CPAP. Rates 
were also higher in those receiving HFNC with or without 
CPAP, when compared to the CPAP only group. Longer 
period on respiratory support, more need for supplemental 
oxygen, more postnatal corticosteroid use, longer time to 
reach full oral feeds and longer hospitalisation were noted 
in those infants supported with HFNC or HFNC and CPAP 
when compared to those managed only on CPAP [61]. This 
association between the use of HFNC and greater likeli-
hood of developing BPD was confirmed more recently in 
the retrospective cross-sectional study by Legge et al. who 
included 3258 infants born between 24 and 28 weeks’ ges-
tation [3]. HFNC is a form of NIV and, therefore, aimed to 
prevent invasive ventilation and its associated risk of BPD, 
but it may not be optimal for the most immature preterm-
born infants.

CPAP could promote lung growth via mechanical stretch, 
therefore, Lam et al. [32] hypothesised that an extended 
period on CPAP would result in larger lung volumes, pre-
sumably also improved lung growth. Fifty infants born 
at ≤ 32 weeks’ gestation who were stable and ready for 
weaning from CPAP were randomised to either an addi-
tional two weeks on CPAP (extended CPAP group) or to 
discontinuation of their CPAP (usual care group). They 
noted that the extended CPAP group had significantly larger 
functional residual capacity at the end of the additional two 
weeks on CPAP, and it remained higher at discharge when 
compared to the usual care group [32]. The same group per-
formed a similar randomised controlled trial assessing the 
effect of two weeks extended CPAP versus usual care on 
lung growth, but with longer follow up [33]. Longer term 
assessments have shown improved alveolar volume, lung 
diffusion capacity and forced expiratory flow were signifi-
cantly increased at 6 months corrected age in the extended 
CPAP group when compared to those who did not receive 
the additional two weeks of CPAP. These encouraging data 
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pulmonary injury, such as early use of NIV with less inva-
sive administration of surfactant, have become embedded in 
clinical practice, with further refinements planned in clinical 
trials. Emerging treatments are now targeting the underlying 
mechanisms associated with the development of BPD with 
several showing promise.
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