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Respiratory disease is one of the most common complications of preterm birth. Survivors of prematurity have increased risks of
morbidities and mortalities independent of prematurity, and frequently require multiple medications, home respiratory support,
and subspecialty care to maintain health. Although advances in neonatal and pulmonary care have improved overall survival,
earlier gestational age, lower birth weight, chorioamnionitis and late onset sepsis continue to be major factors in the development
of bronchopulmonary dysplasia. These early life events associated with prematurity can have respiratory consequences that persist
into adulthood. Furthermore, after initial hospital discharge, air pollution, respiratory tract infections and socioeconomic status may
modify lung growth trajectories and influence respiratory outcomes in later life. Given that the incidence of respiratory disease
associated with prematurity remains stable or increased, there is a need for pediatric and adult providers to be familiar with the
natural history, manifestations, and common complications of disease.
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INTRODUCTION

Over 13 million infants were born prematurely worldwide in 2020.
Of those, 15% were born less than 32 weeks gestation [1]. Preterm
infants are subject to a number of complications or sequelae as a
result of their prematurity including post-prematurity respiratory
disease [2]. There are number of respiratory phenotypes
associated with preterm birth, the archetype being bronchopul-
monary dysplasia (BPD) [3]. BPD includes elements of alveolar,
airway, and pulmonary vascular disease, and is associated with
significant morbidity and mortality [4]. Increased morbidity and
mortality risks associated with BPD may persist into early
adolescence [5] and adulthood [6]. Infants and young children
with BPD can require supplemental oxygen or ventilatory support
in the home setting, and often require multiple daily medications,
and/or frequent medical appointments [7]. Despite advances in
neonatal care, the incidence of BPD has remained stable or
increased, thus respiratory disease associated with prematurity
will remain a condition that pediatric and adult providers will need
to be familiar with [8].

Longstanding and emerging evidence suggests that in utero
and early life events have life-long respiratory consequences [9]. In
a study of men born during 1911-1930, men with low birth
weights were more likely to die from Chronic Obstructive Lung
Disease (COPD) [10]. Moreover, a study of young adults found
lower measures of lung function by spirometry in individuals with
a prior history of radiological confirmed pneumonia prior to 3
years of age compared to peers without such a history [11]. In
offspring born preterm, maternal tobacco smoke exposure during
pregnancy was a risk factor for BPD development and later onset
respiratory disease during childhood [12]. Studies of individuals
born prematurely also demonstrate lower lung function in those

with a history of BPD compared to those born prematurely
without a history of BPD [13]. Congenitally and/or remodeled
small airways may encompass a pediatric origin of COPD in adults
[14]. In a study of adults aged 30-45 years, gestational age was
inversely proportional with mortality, with the authors defining
preterm birth as a chronic condition that requires long term care
and treatment of health sequelae such as cardiovascular and
respiratory diseases [15].

However, the extent of respiratory disease associated with
prematurity that persists into adulthood is poorly understood,
owing to a paucity of longitudinal studies, no consensus
definitions for preterm respiratory disease after 36 weeks cor-
rected age, and continual advances in lung-protective neonato-
logical care [16].

Despite recognition of the fact that BPD carries a risk for life-
long respiratory consequences, there is limited knowledge about
the natural history of the disease, particularly in adults, an absence
of biomarkers or clinical definitions to predict which individuals
may be at risk for worse outcomes as older children or adults, and
an absence of proven interventions to optimize long-term
outcomes. This review will summarize existing data on long-
term pulmonary sequelae and management in patients with BPD.

NATURAL HISTORY OF BPD

Gestational age is the major driver of BPD development in
preterm infants, with earlier gestational age associated with a
higher likelihood of BPD and long-term expiratory airflow
abnormalities [17, 18]. Nevertheless, any degree of prematurity
has been associated with short and long-term pulmonary issues.
BPD is a condition that occurs when normal lung development is
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Table 1.

Preterm birth and gestational age

Birth weight

Genetic variants (susceptibility genes, etc.)
Chorioamnionitis

Intestinal microbiota dysbiosis
Barotrauma/hyperoxia/late onset sepsis
Secondhand smoke and vaping emission exposure
Primary smoking/vaping

Indoor and outdoor air pollution

Lower respiratory tract infections
Pneumonia

Nutrition/somatic growth

Epigenetics

Social determinants of health (poverty, neighborhood deprivation, etc.)

disrupted during the canalicular/saccular stage of development.
Premature disruption of normal lung development contributes to
short-term and long-term cardiopulmonary abnormalities that
can be seen throughout the lifespan. These abnormalities can
manifest as dysanaptic airway growth, alveolar simplification,
airway inflammation and pulmonary vascular dysfunction. Preterm
infants and young children are also more likely to have a higher
burden of RSV-associated disease compared to term children [19].
Minimizing the long-term effects of disrupted lung growth caused
by prematurity continues to be an ongoing challenge.

Although gestational age is the primary driver of BPD, there are
a number of antenatal and postnatal determinants that contribute
to the development and severity of BPD and its long-term
respiratory outcomes (Table 1) [20]. Antenatal determinants of
BPD may include maternal exposures such as infection and
smoking, intrauterine growth restriction, genetic factors, sex, and
degree of prematurity [21]. A meta-analysis of over 240,000
preterm infants reported that maternal chorioamnionitis was
associated with a 2.32-fold increased risk of bronchopulmonary
dysplasia as defined by a supplemental oxygen requirement at
28 days of life and a 1.29-fold risk of moderate or severe BPD at
36 weeks postmenstrual age [22]. Similarly, a meta-analysis of over
340,000 infants reported that intrauterine growth restriction or
small for gestational age status was associated with a 1.56-fold
increased risk of moderate or severe BPD at 36 weeks post-
menstrual age [23]. Influences within the first few months of life
play a substantial role as well, including ventilator-related trauma,
lung inflammation from infectious and non-infectious sources,
oxidative stress, and aberrant lung repair [21, 24]. Genetic factors
have also been implicated in the development of BPD and more
recently, an association between gut dysbiosis and BPD has been
found [25-27].

The formal diagnosis of BPD is most commonly made at 36
weeks corrected gestational age based on respiratory support
needs in the NICU, however there are varied definitions that are
commonly used for clinical or research purposes [28-30]. While
several of these definitions are associated with respiratory
outcomes in early childhood [31-33], as well as spirometry at
4-8 years of age [34, 35], their utility in predicting longer-term
outcomes is unknown. Additionally, it should be recognized that
BPD is a highly heterogenous disease with varying components of
several phenotypes present, which include the components in the
original published description for BPD (i.e., alveoli, small airways,
pulmonary vascular), as well as other phenotypic elements
associated with prematurity (e.g., large airway malacia) [36, 37].
There are also numerous patients who may not meet one of the
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Antenatal and postnatal factors that may impact pulmonary outcomes across different ages.
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formal definitions of BPD [28-30] who have chronic respiratory
disease associated with their prematurity, that may be more
accurately described as post-prematurity respiratory disease.

Alveolar disease in BPD

Alveolar disease is frequently manifested as diminished pulmon-
ary reserve with limitations in gas exchange. Infants with
hypoplastic alveoli commonly have abnormal lung compliance
with tachypnea and poor growth. Although national statistics are
not readily available, it is estimated that as many as 12,000 infants
with BPD are discharged to home on supplemental oxygen
annually in the US., with a smaller subset on home ventilation
[36]. Although home supplemental oxygen is frequently discon-
tinued by 1 year of age [38, 39], and home ventilation by 2 years of
age [40], reductions in lung function can persist into school-age,
adolescence, and adulthood [13]. Infants and children with severe
BPD may have cystic disease readily visible on thoracic imaging
that may resemble features of COPD [41]. However, it is unknown
whether this cystic disease translates into early onset COPD or a
similar disease in later life, given the absence of longitudinal data
over decades. Given the different pathophysiologies contributing
to the cystic disease in BPD versus COPD, the natural history of
disease and response to therapies is likely to vary.

Airway disease in BPD

Multiple studies have documented increased incidences of
obstructive lung disease in individuals born prematurely [42].
Small airways disease in BPD often resembles asthma with a
component of airway hyperreactivity [43], but its pathophysiology
may also be linked to developmental dysanapsis as observed on
infant pulmonary function testing (Fig. 1) [44]. Dysanapsis refers to
a mismatch between airway tree caliber and lung size, which may
affect airway resistance and ventilation of dead space [45]. In a
child with a history of prematurity and airway obstruction it is
often difficult to differentiate the contributions of airway
inflammation, airway hyperactivity and developmental lung
abnormalities caused by premature birth and early lung injury. It
is not unusual in BPD for typical pharmaceutical therapies for
asthma management to be not as efficacious for treating airflow
obstruction, given the higher likelihood of dysanapsis, which has
been theorized to persist into adulthood [46]. Furthermore,
dysanapsis, has been associated with a greater risk for COPD in
adults [47]. Nevertheless, children with BPD are also commonly
diagnosed with asthma during early childhood. Diagnosis of
asthma is more common in children with a family history, likely
due to genetic or shared environmental factors [48]. The causes of
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Causes of Airflow Obstruction

Fig. 1 Causes of Airway obstruction. A Normal lung. B Compared with healthy bronchioles (top right), those from individuals with asthma
(middle right) and BPD (lower right) are significantly narrowed. While asthma is driven primarily by inflammatory airflow obstruction, the
origins of airway obstruction in BPD likely include a combination of developmental differences (dysanapsis) and lung injury-related factors

(dysregulated repair/remodeling).

A.

Fig. 2 Airway obstruction in BPD across the lifespan. A Infants born very premature or with very low birthweight often display impaired
alveolar growth and small airway abnormalities. B In older children and adults alveolar catch-up growth often occurs but obstructive airway
disease can persist, reducing airway function potential, and increasing risk for COPD.

an asthma-like phenotype in children with BPD is likely multi-
factorial, but may include exposure to respiratory viruses,
gastroesophageal reflux and early life sensitization to environ-
mental factors [49]. Those with asthma-like symptoms often are
prescribed bronchodilators and inhaled corticosteroids and are
burden with greater acute care usage, particularly during the first
few years of life. In a single center study, children with BPD who
had a family history of asthma were more likely to have respiratory
symptoms and greater acute care usage in the first three years of
life, versus those without a family history of asthma [48].
Although, clinical symptoms of airway obstruction in BPD may
resolve or lessen during childhood [50], spirometry may detect
obstructive disease into adulthood (Fig. 2) [51]. Additionally,
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formerly preterm children and adults with and without BPD have
reported an increase in exercise induced intolerance and short-
ness of breath with activities associated with lower peak oxygen
consumption measurements [52-55]. A recent meta-analysis of 11
studies (935 patients) reported expiratory flow outcomes for
individuals born premature in the pre-surfactant era and aged
beyond 16 years. Very preterm or very low birthweight infants did
not reach their airway growth potential in adolescence or early
adulthood, with lowest lung function in patients with a diagnosis
of BPD [56]. Moreover, longitudinal data from 297 individuals born
in the modern surfactant era who survived to age 25 demon-
strated reduced airway function for those born very premature or
very low birth weight compared with 260 controls [57]. One study
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Pulmonary hypertension due to BPD
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Fig. 3 Pulmonary hypertension in BPD. A Normal lung and vascular development. B Dysregulation of vascular development in BPD leads to
increased pulmonary vasculature resistance with potentially long-lasting cardiac effects in formerly preterm individuals.

examined three population-based cohorts from 10 to 35 years of
age and found that extremely preterm individuals had parallel
lung function trajectories compared to term individuals but
trajectories in the preterm individuals were significantly lower
than those born at term. Other studies however reported an
accelerated loss in lung function in preterm and preterm children
with BPD compared to term controls [58, 59]. A meta-analysis of
cohorts including both preterm survivors and term individuals
found that with increasing age, preterm survivors had lower FEV,/
FVC values; with BPD survivors having the greatest decline in
FEV,/FVC compared to term controls [58, 60]. Differences in lung
function between preterm and term individuals, however was less
in cohorts born more recently, in the post surfactant era [61].
Other prospective longitudinal studies of lung function have
reported associations between lower lung function trajectories in
adult life and risk factors, including secondhand smoke and
pneumonia during early life [9, 11, 62]. Additional studies are
needed to identify individuals at risk for early onset COPD and to
introduce interventions and treatments that can minimize this risk
and optimize lung growth potential in children and adolescents
with BPD [63].

Pulmonary vascular disease in BPD

Pulmonary vascular disease manifesting as pulmonary hyperten-
sion (PH) is common in BPD (Fig. 3), affecting 17-43% of those
with BPD [64] and is one of the most common causes (21.7%) of
pulmonary hypertension in children [65]. It is associated with
substantial morbidity and mortality, with up to 14-38% of infants
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with BPD and pulmonary hypertension dying even with care in
tertiary care centers [64]. For most patients, however echocardio-
graphic resolution of PH occurs during infancy [66]. Multi-
disciplinary BPD care, including respiratory support optimization,
has been shown to be associated with pulmonary hypertension
resolution in infants with BPD [67]. However, longer term case
series have reported the presence of residual cardiac findings at
8-14 years of age, including right-sided cardiac strain and
elevated pulmonary pressures [68, 69]. Also, a case series of
former preterm individuals in their 20s found the presence of early
pulmonary vascular disease, including elevated pulmonary
pressures and right ventricular dysfunction [70]. In one study,
overt pulmonary vascular disease was found in 18% of preterm
adults who had an average gestational age of 28 weeks [70].
These studies suggest that preterm adults are at higher risk of
pulmonary vascular disease compared to term adults, likely due
to developmental disruption of lung and pulmonary vascular
growth during infancy. How significant this risk is for developing
pulmonary hypertension and other premature cardiovascular
conditions is unknown, necessitating the need for longitudinal
studies and guidelines for followup and treatment in this
population.

Tracheobronchomalacia in BPD

Large airway malacia involving the trachea and/or bronchi is
perhaps less common than the classic triad of manifestations of
BPD, but may be underdiagnosed, as only some patients undergo
procedures involving direct visualization of the lower airways [71].
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Large airway malacia is estimated to affect only up to 2% of
infants born less than 28 weeks gestation, but up to 30% of these
may require tracheostomy placement [72]. It is presumed to
improve for most patients by 2 years of age as the airway cartilage
matures and with airway growth [73], but it is unknown
whether early life airway malacia predisposes to the development
of airway malacia in adult life, which can be seen with COPD [74].
Longitudinal airway evaluations are needed to answer this
question.

FOLLOW-UP CARE

The initial transition for most patients with BPD is discharge or
transfer from the neonatal intensive care unit; however, the
trajectories may vary widely depending on local and institutional
resources and may include locations such as the pediatric
intensive care unit, general inpatient floor or step-down unit,
subacute facility, community hospital, or to home. These
transitions can create significant stress for caregivers. A thematic
review of familial experiences with transitions for ill infants
revealed that not being informed or involved in decisions to
transition between settings, poor communication, and percep-
tions about care between settings, resulted in parental stress [75].
Similarly, the initial discharge to home may be associated with
parental feelings of both hope and inadequacy [76]. However,
coordination between inpatient and outpatient interdisciplinary
teams may improve outcomes for infants with BPD during critical
transitions [7].

Care models for the follow-up of respiratory disease vary widely
depending on local institutional practices. Some infants and
young children may receive care through NICU follow-up clinics
staffed with neonatologists for the first 24-36 months of life prior
to being transitioned to other providers. In other areas, pediatric
pulmonologists may assume care after discharge from the NICU or
later at the time of transition from NICU follow-up clinics. In areas
where subspecialty resources are scarce, pediatricians or other
primary care providers may take responsibility for management
after NICU discharge. These providers may also assume all aspects
of respiratory care when patients are discharged from subspecialty
care as their disease improves. There are no current guidelines to
inform healthcare providers when to refer to subspecialty care or
when to transition patients to primary care providers, although a
recent expert consensus suggested that “infants with moderate-
severe BPD and those discharged on oxygen should be targeted
for in-person pulmonary follow-up within 1T month of hospital
discharge” [77].

Once discharged from the NICU, many infants and children with
BPD will need multiple medications, require frequent primary care
and subspecialty care appointments, may be technology depen-
dent and will likely have more acute care use compared to the
general population. This creates a large burden of responsibility
for families and caregivers [7]. This burden of care may have
negative effects on quality of life for both caregivers and the
patients themselves. While quality of life is at its lowest in the
immediate post-discharge period, it does improve over time [78].

There is emerging evidence that respiratory outcomes in the
outpatient setting do not always correlate with BPD severity
scores in the NICU [39, 79]. This means that some children with
mild, moderate or severe BPD severity scores from the NICU will
have significant respiratory morbidities as outpatients, while
others will not, making it difficult to predict outpatient outcomes
in this population. As such, better outpatient phenotyping could
help with better assignment of appropriate therapies, identifica-
tion of children at higher risk for adverse outcomes and improved
prediction of long-term outcomes. Phenotypic characterization
could include respiratory medication use, chronic and acute
respiratory symptoms, spirometry measurements and exercise
tolerance, radiographic imaging, and family history. As of yet, no
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biomarkers exist that predict respiratory outcomes in BPD children
following initial hospital discharge. Outpatient phenotyping may
also help guide the need for subspecialty management, follow-up
care and timing of longitudinal testing of respiratory function in
this population.

Given the expected course of disease, there is also a need to
establish guidelines for an ongoing care plan throughout the
lifespan. For example, patients with cystic fibrosis are recom-
mended to have quarterly spirometry after 6 years of age [80],
but for BPD, only a conditional recommendation exists to
monitor lung function with no guidance on specific tests or
intervals [81]. Care models for long-term followup of cancer
survivors also exist [82].

Lifelong BPD care models could help with timely identification
of children and adults with clinically significant cardiopulmonary
abnormalities, allowing more personalize therapy to help mitigate
cardiopulmonary morbidities and other complications associated
with preterm birth. One potential model could include ongoing
respiratory subspecialty follow-up every 1-12 months as long as
the patient requires supplemental oxygen, invasive or non-
invasive ventilatory support, or daily respiratory medications.
Respiratory subspecialty follow-up could be transitioned to every
2-5 years if the patient did not meet those criteria or had minimal
or no respiratory symptoms. Screening for pulmonary hyperten-
sion should also be done, especially in extremely premature, low
birth and IUGR infants. The optimal intervals for screening are
unknown, however frequency of screening should be personalized
based on clinical history but should also include asymptomatic
children during periods of growth spurts and during early adult
life. Additional, screening for systemic hypertension should be
performed since preterm birth is associated with a higher
likelihood of high blood pressure during adolescence [83]. There
are also no specific models for transitioning patients from
pediatric to adult care as young adults. A lifelong BPD care model
should also involve a carefully orchestrated hand-off between
pediatric and adult providers similar to that in cystic fibrosis care
centers, acknowledging health, developmental and psychosocial
challenges in patients with complex chronic disease [84, 85]. It is
important to emphasize that respiratory care should not occur in
a vacuum; given the complexity of preterm respiratory disease,
ideally patients should have access to comprehensive care,
including therapists, nutritionists, cardiologists, otolaryngolo-
gists, gastroenterologists, etc., depending on individual needs
[7]. In terms of testing, basic spirometry, pulse-oximetry, and
6-minute walk test should be considered every 1-5 vyears
depending on follow-up intervals, with consideration for imaging
if any of these tests are abnormal. In terms of imaging, computed
tomography of the chest could be considered to identify
heterogenous lung disease, cystic disease, etc. Novel techniques
in magnetic resonance imaging can identify airway malacia,
pulmonary hypertension, and regional hypoventilation and may
represent a future way to monitor lung structure without
radiation [86]. Polysomnography is indicated if signs or symp-
toms of sleep disordered breathing are present, or supplemental
oxygen needs persist past 2 years of age [87]. Sleep disordered
breathing has been shown to be higher in children born
premature [88]. Surveillance airway endoscopy is indicated in
infants with tracheostomy to reduce outpatient mortality in this
population [89].

ALTERING TRAJECTORIES

As individuals born prematurely frequently have lower lung
function, it is critical to undertake interventions that have the
potential to improve overall lung function trajectories. There have
been advances in understanding altered lung development in
BPD, including the roles of growth factors and other molecular
mediators of lung growth, inflammation, oxidative stress, injury
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from proteases, aberrant repair and extracellular matrix deposi-
tion, and epithelial cell plasticity [90], and these features will guide
future therapy development. Interventions can take the form of
enhancing the potential for catch-up lung growth, preventative
guidance against potentially detrimental environmental expo-
sures, prophylaxis against infectious agents and associated
pulmonary inflammation, avoidance of other inflammatory
processes such as chronic aspiration, or therapies to improve
lung function and respiratory health. Interventions undertaken
earlier in life may have greater benefits than in later life when lung
function trajectories are established [91].

In contrast to many other lung diseases, the development of
BPD during infancy implies that there is a long period of somatic
growth for the individual whereby potentially lung repair and
catch-up growth may occur. Ensuring adequate nutrition and
growth is essential for premature infants and children; many of
them continue to have growth failure at 3 years of age [92].
Unfortunately, metrics for lung growth during infancy and early
childhood are frequently not readily available at many centers (i.e.,
infant pulmonary function testing or forced oscillometry), leaving
spirometry at 6 years of age as often the first measure of lung
growth. Growth parameters, such as height and weight, obtained
at 2 and 6 years of age do not necessarily correlate with
spirometry [34], thus somatic growth may not be a perfect proxy
for lung growth in young children. However, improved linear
growth is associated with the ability to wean respiratory support
in patients with BPD [93] and may represent an imperfect measure
of lung growth/ improved lung function.

As the lungs are exposed to air constantly, any pollutant or
particulate matter can have significant consequences. As infants
and children spend a significant proportion of their time indoors,
indoor air pollution may have an outsized effect on the
developing lung. Indoor air pollutants that have been associated
with acute care use or chronic respiratory symptoms for infants
and young children with BPD include secondhand tobacco smoke
[94, 95], and other sources of indoor air pollution such as gas
stoves [96]. There are no published data on the effects of
emissions from electronic cigarettes and other vaping devices on
infants and children with BPD, but household use of these devices
is often associated with conventional cigarette use [97]. Outdoor
air pollution in general or that specifically associated with traffic
may also affect infants and young children with BPD [98, 99]. It
should be noted that while preventative counseling leading to
decreased exposure may have benefits for short-term respiratory
morbidities, long-term benefits for avoidance to air pollutants
have not been established for BPD.

Socioeconomic status may also influence outpatient respiratory
outcomes in children with BPD.

One study found that after initial hospital discharge, children with
BPD who resided in areas of high deprivation were more likely to be
re-hospitalized and have emergency department visits for respira-
tory complaints compared to children from low deprivation areas
[100]. Another study reported that preterm infants with BPD from
disadvantaged areas were more likely to be hospitalized, during the
first year following initial hospital discharge [101]. Early interven-
tions are needed to minimize outcome disparities due to socio-
economic status in children with BPD. Longitudinal studies are also
needed to track the relationship between socioeconomic status and
lung growth trajectories in later life.

As previously mentioned, severe respiratory infections in early
life can have life-long sequela [11], thus prophylaxis against
respiratory infections is highly recommended. Benefits are well
established for RSV and influenza prophylaxis in BPD [102]. RSV
prophylaxis may take place prior to birth with RSV vaccines given
in the third trimester, or postnatally with palivizumab given
monthly through the RSV season or nirsevimab given once at the
beginning of the season. Influenza vaccines are recommended to
be given annually at the beginning of the influenza season. The
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specific benefits for COVID-19 vaccines for BPD are not
established; however, COVID-19 vaccines have been shown to
be efficacious in the general pediatric population [103]. The odds
of contracting viral respiratory infections may be increased with
exposure to additional children either in a daycare setting or living
in the home. Specifically, the odds of emergency department visits
or hospital readmissions may be three-fold for children aged 0-3
years who attend daycare versus those who do not [79, 104].
Similarly, albeit with lower odds ratios, the presence of every
additional child in the household, increases the risk of hospital
readmission, other acute care usage, and chronic respiratory
symptoms by 10-18% depending on the outcome [105].

The evidence for the chronic daily use for therapies to improve
outpatient outcomes in BPD is weak. Routine use of diuretics is
discouraged, and trials of bronchodilators or inhaled corticoster-
oids are recommended to be limited to only those with chronic
cough or wheezing in the recent American Thoracic Society
guidelines for outpatient BPD [87]; the European Respiratory
Society guidelines offer similar guidance [81]. Nevertheless, novel
approaches to therapeutics, such as SMART for asthma [106], may
have some benefits for BPD management. In a similar vein, use of
inhaled therapies in COPD such as salmeterol/fluticasone and/or
tiotropium may slow lung function decline [107]. However, limited
outpatient data exists for commonly used outpatient medications
in BPD such as diuretics or inhaled steroids, let alone novel
therapies such as these.

Lastly, experimental cell-based therapies are poised to alter BPD
development and downstream pulmonary trajectories in prema-
ture infants [108]. Mesenchymal Stem Cells (MSCs) have anti-
inflammatory, antifibrotic, antioxidative, and proangiogenic prop-
erties. Preclinical data and early clinical trials involving MSCs
release bioactive compounds packaged in extracellular vesicles
(EVs) or exosomes are ongoing [109].

CONCLUSIONS

Despite advances in neonatal care, bronchopulmonary dysplasia
remains a common sequela of preterm birth with altered
respiratory trajectories into adulthood. Current interventions to
improve outcomes are largely limited to preventative and
prophylactic measures owing to the paucity of data on outpatient
therapies though benefits of new research in these areas are on
the horizon. Rectifying gaps in therapy and knowledge will require
better understanding of the long-term course of respiratory
disease in people born preterm, including the important devel-
oping of BPD phenotypes, longitudinal studies to define disease
trajectories, care models designed to provide care and support
throughout the lifespan, and clinical trials to assess the efficacy of
novel therapies.
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