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Abstract
Chronic respiratory morbidity is common following prema-
ture birth, particularly if complicated by the development of
bronchopulmonary dysplasia (BPD). Affected infants can re-
main oxygen dependent for many months and frequently
require hospital readmission in the first 2 years after birth.
Troublesome, recurrent respiratory symptoms requiring
treatment are common in prematurely born children, espe-
cially those who had BPD. The most severely affected may
remain symptomatic and have evidence of airway obstruc-
tion even as adults. The studies examining adolescents and
adults usually report patients who had ‘classical’ BPD, that is
they often had had severe respiratory failure in the neonatal
period with chronic pulmonary fibrosis and airway smooth
muscle hypertrophy. Nowadays, infants are described as
having ‘new’ BPD, developing chronic oxygen dependence
despite initially minimal or even no respiratory distress. Af-
fected patients, however, have reduced alveolarisation and
experience deterioration in lung function over the 1st year
after birth. It is essential to determine if they have ‘catch up’
and identify which strategies impair and most importantly
promote lung growth in this very-high-risk population.
Copyright © 2008 S. Karger AG, Basel

Introduction

Chronic respiratory morbidity is a common adverse
outcome of premature birth, particularly in infants who
develop bronchopulmonary dysplasia (BPD). Unfortu-
nately, BPD occurs frequently in infants born very pre-
maturely, affecting in one series more than 40% of infants
born prior to 29 weeks of gestation [1] and in another 77%
of 4,866 infants born prior to 32 weeks of gestation with
a birth weight of less than 1 kg [2]. Various criteria have
been used to diagnose BPD, but at a National Institute of
Child Health and Human Development sponsored work-
shop [3] a consensus was reached that BPD should be di-
agnosed if an infant remained oxygen dependent for at
least 28 days. In addition, infants are reassessed at a later
date according to their maturity at birth to determine
whether they had mild, moderate or severe BPD [3]. In-
fants so diagnosed have been demonstrated to be at high
risk of adverse pulmonary and neurodevelopmental out-
comes in infancy [2].

This review describes the long-term pulmonary out-
come of preterm infants, particularly those who devel-
oped BPD. The reports of older children and adults in-
clude patients who had ‘classical’ BPD, who often had had
severe respiratory failure in the neonatal period with pul-
monary fibrosis and airway smooth muscle hypertrophy.
Nowadays, infants may become chronically oxygen de-
pendent despite minimal or even no respiratory distress
immediately after birth and are described as suffering
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from ‘new’ BPD [4]. Such infants have less inflammation
and fibrosis but at postmortem have dilatation of the dis-
tal gas exchange units and reduced alveolarisation [5],
perhaps resulting from interference/interruption of the
normal signalling for terminal maturation of alveolarisa-
tion of the lungs [4]. Impaired angiogenesis during BPD
may lead to decreased alveolarisation [6]. Whether affect-
ed children experience catch-up growth is not known; if
they do not, then their long-term outcome could poten-
tially be worse than that of those who had classical BPD.

Pulmonary Outcomes

Chronic Oxygen Dependence

Preterm infants with BPD may require supplementary
oxygen for many months or even years [7], although few
remain oxygen dependent beyond 2 years of age [8]. Pro-
vision of supplementary oxygen at home allows earlier
discharge from hospital but can adversely affect a family’s
quality of life [9]. Infants requiring supplementary oxy-
gen at home have the most severe lung disease, as evi-
denced by their need for hospital readmission in the first
2 years after birth being twice that of those with BPD who
are not home oxygen dependent [7]. In addition, even
when they are no longer home oxygen dependent, they
still have more outpatient attendances and are more like-
ly to wheeze and require an inhaler between 2 and 5 years
of age [8].

Rehospitalisation

In the first 2 years after birth, readmission to hospital
is common, particularly in infants with BPD. In one se-
ries, 73% of infants with BPD required at least one read-
mission and 27% had three or more readmissions [10].
The majority of admissions are for respiratory disorders
and rehospitalisation is particularly increased in infants,
regardless of BPD status, who have a respiratory syncytial
virus lower respiratory tract infection [11]. Hospitalisa-
tion rates decline after the 2nd year being infrequent in
14-year-old children who had been born preterm, regard-
less of their BPD status [12].

Respiratory Symptoms

Recurrent respiratory symptoms requiring treatment
are common in prematurely born children, particularly
in those who had BPD. Examination of 492 infants born
prior to 29 weeks of gestational age from the United King-
dom Oscillation Study revealed that 27% were coughing
and 20% wheezing at both 6 and 12 months and 6% were
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coughing and 3% wheezing more than once a week [13].
Fourteen percent had taken bronchodilators and 8% in-
haled steroids [13]. BPD was a significant risk factor for
wheeze (odds ratio 2.7) and medication requirement
(odds ratio 2.4); male gender was a significant risk factor
for all adverse pulmonary outcomes. Recurrent wheezing
illness is also common in the first 2 years after birth in
infants who had respiratory distress syndrome without
subsequent BPD, being at least twice more likely than in
controls [14]. At preschool age respiratory symptoms re-
main common; in one BPD cohort, 28% coughed more
than once a week and 7% wheezed more than once a week
[8]. In another study, approximately one third of prema-
turely born preschool children, regardless of BPD status,
coughed in the last 12 months and more than 10%
wheezed [15]; the BPD children, however, had worse lung
function as assessed by the forced oscillation and inter-
ruption techniques. At school age, prematurely born chil-
dren, particularly if they had BPD, are more likely to be
symptomatic than their classroom colleagues born at
term. Ina cohort of 7- to 8-year-olds, whereas 30% of BPD
children and 24% of prematurely born children without
BPD were wheezing only 7% of term controls were so af-
fected [16]. The most severely affected remain symptom-
atic in adulthood; in one series, 23% of young adults who
had BPD had respiratory symptoms, wheeze and need for
long-term medication [17]. Similarly, in a nationwide fol-
low-up study in the Netherlands, the prevalence of doc-
tor-diagnosed asthma was significantly higher in 19-
year-olds born prior to 32 weeks of gestation than age-
matched controls [18]. There was, however, an effect of
gender. Whereas women who had had BPD had more
asthma (24 vs. 5%; p = 0.001) and shortness of breath dur-
ing exercise (43 vs. 16%; p = 0.008) than the controls, the
prevalence of reported symptoms by men who had had
BPD was similar to the controls [18]. Different patterns of
thoracic growth in term-born children leads at the end of
puberty to approximately 25% improved lung function in
males than females. The authors therefore speculated
that a similar process may take place in the prematurely
born population and explain the differences they found
in symptoms according to gender [18].

Lung Function Abnormalities

Studies of prematurely born infants with BPD at 36
weeks’ postmenstrual age and at term showed they have
lower lung volumes [19, 20]; they also have reduced gas-
mixing efficiency at term [20]. These findings are sugges-
tive of impairment of lung development. Prematurely
born infants, particularly those who were wheezing at
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follow-up, have airway obstruction (a raised airway resis-
tance and gas trapping) in the first 2 years after birth [21].
These findings have been confirmed in a recent study
which additionally highlighted that the number of days
of wheeze significantly correlated with the degree of gas
trapping in very prematurely born infants [22]. As the
children improve clinically with increasing age, their
lung function improves, but even at school age, particu-
larly in those with ongoing recurrent respiratory symp-
toms, evidence of poor airway growth persists. Indeed, at
8-9 years of age, children born before 28 weeks of gesta-
tion and extremely low birth weight (<1,000 g) compared
to controls had substantially diminished respiratory
function reflecting airflow abnormalities [23]. These ab-
normalities are particularly marked in children who had
had BPD; in one series, 83% of those who had BPD and
23% of those born prematurely without BPD had evi-
dence of bronchial obstruction at 8-14 years of age; 79%
of those with bronchial obstruction were symptomatic
[24]. In addition, school age children with BPD have re-
duced absolute and size-corrected flow rates compared
with controls matched for age and size [25]. A strong cor-
relation was demonstrated between the maximum flow
at functional residual capacity at 2 years of age and forced
expiratory volume in 1 s at school age, suggesting persis-
tent airflow limitation in some patients with BPD [25].
Gas transfer is also abnormal in young children who had
BPD, with reduced gas transfer (DLCO) and alveolar vol-
ume (VA) at rest and a lack of increase in DLCO/VA dur-
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