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Introduction
Chronic respiratory morbidity is a common 
adverse outcome of premature birth, particularly 
in infants who developed bronchopulmonary dys-
plasia (BPD).

BPD occurs most frequently in infants born very 
immaturely and of very low birthweight. Forty-
one per cent of infants born before 29 weeks of 
gestation from the UK Oscillation Study (UKOS) 
developed BPD defined as oxygen dependency 
beyond 36 weeks postmenstrual age (PMA) irre-
spective of the mode of ventilation used in the 
newborn period [Johnson et al. 2002] and in 
another series 22% of infants with birth weights 
of between 501 and 1500 g were affected using 
the same definition [Fanaroff et al. 2007]. The 
differences in BPD incidence between the two 
populations likely reflect the inclusion of larger 
birth weights and, therefore, less at risk infants, in 
the second series [Fanaroff et al. 2007]. The diag-
nosis of BPD is based on the need for supplemen-
tary oxygen beyond 28 days after birth [Jobe and 
Bancalari, 2001] and, for infants born at gesta-
tional ages of less than 32 weeks, the severity of 
BPD is graded according to the level of respira-
tory support required at 36 weeks PMA [Jobe and 
Bancalari, 2001].

Northway first described ‘classical’ BPD in 1967 
in a group of relatively mature infants following 
severe respiratory failure in the neonatal period 
and, at postmortem, fibrosis and airway smooth 
muscle hypertrophy were prominent [Northway 
et al. 1967]. Nowadays, BPD occurs commonly 
in very prematurely born infants who may have 
had minimal or even no initial respiratory dis-
tress, the airways are spared and inflammation is 
less prominent [Coalson, 2006]; this has been 
called ‘new’ BPD. It has been suggested that 
new BPD is mainly a developmental disorder in 
which the lungs fail to reach full structural 
complexity and there is reduction of the surface 
area for gas exchange [Jobe, 1999]. This review 
describes the long-term respiratory outcomes 
of prematurely born infants, particularly those 
who developed BPD.

Supplementary oxygen at home
Prematurely born infants who had BPD may 
require supplementary oxygen at home (home 
oxygen) for many months. However, there is 
usually progressive improvement in pulmonary 
function such that few infants remain oxygen 
dependent beyond 2 years of age [Greenough  
et al. 2006]. Although use of home oxygen allows 
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infants to be discharged earlier from the neonatal 
unit, it can adversely impact on the quality of life 
of their families [Mclean et al. 2000]. Infants 
can be discharged even earlier on home oxygen 
if there is support in the community for them 
to also be nasogastrically fed. Such a policy  
has not been associated with an increase in re-
hospitalization, but rather with a reduced total 
health-related cost of care due, on average, to 2 
weeks less neonatal unit stay [Greenough et al. 
2004b]. Nevertheless, overall, infants who 
require home oxygen compared with other 
infants who had BPD require twice the number 
of hospital readmissions in the first 2 years 
[Greenough et al.2002] and at preschool age 
they have more outpatient attendances, are more 
likely to wheeze and require an inhaler 
[Greenough et al. 2006]. Even at school age, 
those who required home oxygen only during 
the first 2 years have greater respiratory-related 
outpatient attendances than infants who did not 
require home oxygen [Greenough et al. 2011]. 
The greater healthcare utilization of infants who 
had BPD and require home oxygen is likely due 
to the greater severity of their respiratory illness, 
but it is important that appropriate planning is 
made for the follow-up of such patients, even 
when they no longer require home oxygen.

Rehospitalization
Readmission to hospital in the first 2 years is 
common in prematurely born infants, particu-
larly for those with BPD. In one series, 73% of 
infants with BPD required at least one readmis-
sion and 27% had three or more readmissions 
[Greenough et al. 2001]. The majority of admis-
sions are for respiratory disorders and rehospi-
talization is particularly increased in infants 
who have a respiratory syncytial virus (RSV) 
lower respiratory tract infection [Broughton  
et al. 2005]. Amongst 159 prematurely born 
infants who were prospectively followed in the 
first year after birth, BPD, younger gestation 
and lower birth weight significantly increased 
the risk of hospitalization with RSV infection 
[Drysdale et al. 2011]. Hospitalization rates 
decline after the second year [Greenough et al. 
2004a] and were found to be infrequent in 
14-year-old children born prematurely, regard-
less of their BPD status [Doyle et al. 2001]. In a 
population-based case–control study, however, 
adults aged between 18 and 27, with a history  
of very low birth weight or moderately low birth 
weight, were at increased risk of hospitalization 

for respiratory illness. The odds ratio for hospi-
talization for respiratory illness was 1.83 for very 
low birth weight [95% confidence interval (CI) 
1.28–2.62; p = 0.001[ and 1.34 for moderately 
low birth weight (95% CI 1.17–1.53; p < 0.0005) 
[Walter et al. 2009].

Respiratory symptoms
Recurrent respiratory symptoms are common in 
prematurely born children, particularly those 
who had BPD. Follow up of 492 of infants born 
before 29 weeks of gestation from the UKOS 
highlighted that 27% were coughing and 20% 
wheezing at 6 and 12 months [Greenough et al. 
2005b]. Risk factors for increased respiratory 
morbidity were BPD, male gender, having older 
siblings aged less than 5 years and living in rented 
accommodation [Greenough et al. 2005b]. In 
another series, 47 of 224 infants born prematurely 
wheezed in the first year after birth compared 
with 18 of 224 infants born at term [Koivisto et al. 
2005]. It is not just very prematurely born infants 
or those who developed BPD who are at increased 
risk of respiratory morbidity in infancy. In a study 
which monitored infants born between 34 and 42 
weeks of gestation from birth to 18 months, those 
born between 34 and 36 weeks of gestation had 
significant increases in a persistent asthma diag-
nosis [adjusted odds ratio (aOR) 1.66] and num-
bers of acute respiratory visits (aOR 1.44) [Goyal 
et al. 2011].

Respiratory symptoms remain common at pre-
school age. In a cohort of 190 patients with BPD, 
28% coughed more than once a week and 7% 
wheezed more than once a week [Greenough et al. 
2006]. A greater proportion of those who required 
home oxygen wheezed, wheezed more than once a 
week and used inhaler medications [Greenough  
et al. 2006]. 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. Twenty-five per cent of 11 year olds 
born at or less than 25 completed weeks of gesta-
tion had a diagnosis of asthma which was twice 
that reported in classmate controls [Fawke et al. 
2010]. Northway and colleagues reported more 
wheezing, episodes of pneumonia and long-term 
medication use in young adults who survived BPD 
than in controls [Northway et al. 1990]. However, 
it is not only those who had BPD who are more 
likely to be symptomatic as adults. In another 
series, 27% of prematurely born young adults with 
a median age of 21.7 years had cough or wheeze 
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compared with only 8% of controls [Narang  
et al. 2008].

Lung function at follow up
Significantly lower lung volumes at 36 weeks 
PMA have been reported in chronically oxygen-
dependent infants compared with similarly aged 
prematurely born infants without BPD and term 
born infants [Greenough et al. 2005a]. It is  
possible that those results were due to poor gas 
mixing resulting in an underestimation of the 
lung volumes because a helium gas dilution 
technique was used. However, the results could 
also be explained by abnormal antenatal lung 
growth. Prematurely born infants, particularly 
those who were symptomatic, have been demon-
strated to have evidence of airways obstruction 
(high airways resistance and gas trapping) in the 
first 2 years after birth [Yuksel and Greenough, 
1991]. In the present population of very pre-
maturely born infants similar abnormalities 
have been reported and the number of days of 
wheeze significantly correlated with the degree 
of gas trapping [Broughton et al. 2007]. Lung 
function abnormalities, however, are not 
restricted to infants born very prematurely, as a 
group of healthy infants born at 32–34 weeks of 
gestation and without respiratory complications 
were shown to have decreased forced expira-
tory flows at 2 months of age [Friedrich et al. 
2006]. Worryingly, longitudinal measurements 
of forced expiratory flows by the raised volume 
rapid thoracic compression technique obtained 
in the first and second year after birth in infants 
born between 30 and 34 weeks of gestation 
demonstrated persistently reduced flows in the 
presence of normal forced vital capacity and the 
absence of catch up growth in airway function 
[Friedrich et al. 2007].

Small airway function in infants who had BPD 
with a mean birthweight of 850 g was reported to 
deteriorate between 6 and 12 months of age, but 
only in those who had been supported by conven-
tional ventilation in the neonatal period [Hofhuis 
et al. 2002]. Use of high-frequency oscillation 
ventilation (HFOV) compared with conventional 
ventilation was associated with a smaller decline 
in lung function over the time period. The alloca-
tion of ventilation mode, however, was not rand-
omized, but the infants who received HFOV had 
more severe lung disease and might have been 
expected to have the worse outcome. Follow up 
at school age of infants entered in to the UKOS 

study [Johnson et al. 2002] is currently underway 
to determine whether HFOV might protect small 
airway function. Inhaled nitric oxide given in a 
randomized trial to prematurely born infants 
with severe respiratory failure, however, was not 
associated with better lung function at follow up 
[Hoo et al. 2009].

Pulmonary function does improve with age but at 
2 years of age BPD survivors were reported to still 
have airway function impairment, lower forced 
expiratory flows [maximal flow at functional 
respiratory capacity (Vmax FRC)] with individual 
values below 40% of predicted values in 70% of 
the children [Baraldi et al. 1997]. A significant 
correlation between Vmax FRC at 2 years of age 
and the forced expiratory volume in 1 s at school 
age (mean age 8.8 years) was reported and suggests 
children with BPD may suffer ongoing airflow 
limitation [Filippone et al. 2003]. Other follow-up 
studies indicate air flow obstruction may persist 
[Lum et al. 2011; Baraldi and Filippone, 2007]. 
Follow up from the EPICURE study demon-
strated that, at 11 years of age, 56% of children 
born at or less than 25 completed weeks of gesta-
tion had abnormal baseline spirometry and 27% 
had a positive bronchodilator response, the abnor-
malities being most marked in those with prior 
BPD [Fawke et al. 2010]. A study of young  
adolescents reported that those of very low birth 
weight had reduced forced expiratory flow at 25–75 
of the forced vital capacity ( FEF25-75), suggesting 
distal airflow obstruction compared with controls 
[Anand et al. 2003]; the association was with 
premature birth rather than low birthweight, the 
level of respiratory support or BPD. Doyle and 
colleagues reported that those who had had BPD 
had airflow limitation in late adolescence, and 
worryingly, the airflow limitation had worsened 
between 8 and 18 years [Doyle et al. 2006]. Even 
in young adulthood, evidence of airways obstruc-
tion has been found in those who suffered severe 
BPD, 52% had reactive airway disease as evi-
denced by a positive response to bronchodilator 
or metacholine and 24% had fixed airway obstruc-
tion [Northway et al. 1990]. Prematurely born 
school children [Hakulinen et al. 1996] and young 
adults [Vrijlandt et al. 2006] have also been shown 
to have reduced diffusing capacities compared 
with term born controls. A recent study high-
lighted that infants and toddlers with chronic lung 
disease in infancy have decreased pulmonary dif-
fusing capacity, but normal alveolar volume, sug-
gesting an impairment of alveolar development 
after very premature birth [Balinotti et al. 2010].
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Pulmonary abnormalities on imaging
The severe chest radiograph abnormalities 
described in infants with classical BPD are now 
uncommon. Nevertheless, a review of chest radio-
graphs taken at 28 days and 36 weeks PMA from 
60 infants born prior to 29 weeks of gestation 
revealed that only three were without abnormali-
ties [Greenough et al. 2000]. Interstitial changes 
and hyperinflation but not cystic abnormalities 
were common [Greenough et al. 2000]. The pres-
ence of interstitial abnormalities at 28 days and  
36 weeks PMA was predictive of wheeze in the 
first 6 months after birth [Thomas et al. 2003].

Computed tomography (CT) of the chest may 
give useful information at follow up of patients 
who had BPD with ongoing respiratory prob-
lems. The CT scans of the chest at follow up of 
children and young adults who had BPD demon-
strate the majority have abnormalities. In one 
series, all 23 children with a mean age of 4 years 
had an abnormal CT scan appearance with mul-
tifocal areas of hyperaeration, linear opacities 
and triangular subpleural opacities [Oppenheim 
et al. 1994]. Eighty-six percent of patients born 
prior to 28 weeks of age or with a birth weight 
equal to or less than 1000 g studied at 10 or 18 
years had lung parenchymal abnormalities on 
CT scan [Aukland et al. 2009]. A prolonged neo-
natal requirement for oxygen treatment predicted 
poor outcome and there was a positive associa-
tion of the severity of pulmonary function test 
abnormalities and the extent of the CT abnor-
malities [Aukland et al. 2009]. Abnormalities on 
CT scan in young adults who had had BPD were 
reduced lung attenuation, bronchial wall thick-
ening and decreased bronchus to pulmonary 
artery diameter ratio [Howling et al. 2000]. 
Emphysematous changes in young adults who 
had severe BPD have been reported [Wong et al. 
2008]. Interestingly, however, some of the some 
individuals with markedly abnormal CT scan 
appearances had normal lung function test 
results and minimal respiratory symptoms. CT 
changes in 41 infants with BPD aged between 10 
and 20 months born in the era of the new BPD 
were found to be similar to those described in 
older children born in the presurfactant era 
[Mahut et al. 2007]. New advances in magnetic 
resonance imaging techniques, including the use 
of arterial spin labelling and hyperpolarized gas 
[Hopkins et al. 2007], may help to provide useful 
functional information about lung ventilation 
and perfusion [Wilson, 2010].
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