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    Chapter 15   
 Pulmonary Function in Survivors 
of Bronchopulmonary Dysplasia                     

       Jennifer     S.     Landry       and     Simon     P.     Banbury     

          Introduction 

    Bronchopulmonary dysplasia (BPD) and the long-term respiratory consequences of 
 prematurity   are unfamiliar and under-recognized entities to adult clinicians. Well 
described by the  pediatric scientifi c community  , these young adults who were born 
prematurely and suffered respiratory complications are joining the ranks of a grow-
ing population of adults with chronic lung disease. 

 BPD is a  chronic respiratory disease   that develops as a consequence of neonatal 
lung injury and is one of the most important sequelae of preterm birth [ 1 ]. It occurs 
most commonly in preterm infants who have needed mechanical ventilation and 
oxygen therapy for respiratory distress syndrome of the newborn (RDS) [ 2 ]. BPD 
was fi rst described four decades ago in children born slightly preterm with severe 
 RDS   who were exposed to aggressive mechanical ventilation and high concentra-
tions of inspired oxygen [ 3 ]. Over time, this has been largely replaced by a new 
form of the condition occurring in more extreme preterm infants, often with less 
 severe   RDS following pulmonary surfactant administration [ 4 ]. 
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 Despite notable advances in prenatal and neonatal care, BPD remains an important 
complication of preterm births, frequently resulting in mortality as well as short-term 
and long-term morbidities, including  airfl ow limitations   and  bronchial hyperrespon-
siveness      [ 5 ]. With high rates of preterm birth worldwide, and more notably in North 
America [ 6 ], and with the improved survival associated with  preterm birth, numerous 
young adults who were born prematurely and suffered respiratory complications are 
now manifesting chronic obstructive lung disease at a much younger age than their 
contemporaries with smoking-related chronic obstructive pulmonary disease 
(COPD). Their relative contribution to the growing adult populations with chronic 
pulmonary diseases has clinical and healthcare resources implications. 

 After the initial description of BPD in 1967 by Northway [ 7 ], many advances 
have been made in our understanding of the pathophysiology of this disease. With 
advances in neonatal care over the last three decades, a greater proportion of pre-
term infants are surviving the initial complications of prematurity and are now 
reaching adulthood in ever increasing numbers. Furthermore, the improved survival 
of very preterm infants has led to increasing incidence of pulmonary complications 
among these infants [ 2 ] and increased numbers of adolescents and young adults 
with sequelae of BPD [ 8 ]. This has clinical implications because their course, prog-
nosis, and treatment are largely unknown and health system implications because of 
increased resource utilization.  

    Old BPD Versus New  BPD   

 The form originally described in 1967 by Northway is now commonly referred to as 
“old BPD.” Lung histology of “old BPD” showed prominent signs of barotraumas 
with fi broproliferative reaction. These fi ndings were reminiscent of the histopathol-
ogy observed in adults suffering from the  acute respiratory distress syndrome 
(ARDS)   when high ventilatory pressures were used during mechanical ventilation 
[ 9 ,  10 ] for the management of acute lung injury. 

 However, the form of BPD seen nowadays (“new BPD”) often develops in more 
extreme preterm or  very low birth weight (VLBW)   newborns who received surfac-
tant and needed less initial ventilator support or supplemental oxygen in their early 
days for the treatment of respiratory distress or apnea of prematurity [ 6 ]. It is 
increasingly recognized that the new BPD has a different underlying pathology and 
clinical course than was fi rst described three decades ago. The lung histology of 
“new BPD” shows signs of truncated lung growth with abnormal alveolarization 
and dysmorphic vascular growth with a dysregulated pulmonary microvasculature. 
There is more uniform infl ation, less fi brosis, little or no metaplasia of small and 
large airways, and only minimal smooth muscle hypertrophy [ 11 ]. These changes in 
histology may refl ect the routine use of exogenous surfactants and the advances in 
mechanical ventilation techniques that were introduced in order to prevent baro-
trauma. It is to be expected that both forms of BPD will result in different pheno-
types in the long-term and that they cannot be expected to behave the same way and, 
thus, should be considered as different  entities  .  

J.S. Landry and S.P. Banbury



283

          Defi nition of BPD 

 In 2000, the  National Institute of Child Health and Human Development (NICHD)   
sponsored a workshop to arrive at a consensus defi nition of BPD [ 12 ]. The fi nal defi -
nition was that an infant requiring at least 28 days of supplemental oxygen should be 
considered to have BPD and that infants should be reassessed at 36 weeks postmen-
strual date (or 56 days of life if born after 32 weeks) to establish the disease severity.     

       Long-Term Respiratory Outcomes of BPD Survivors 

 In the last 10 years, several studies have described the long-term sequelae of survi-
vors of preterm births as these subjects reach adolescence and young adulthood 
[ 1 ,  13 – 20 ]. Most of these studies focused on pulmonary and neurological outcomes, 
the two systems most affected by prematurity and low birth weight [ 21 ,  22 ]. 

       Early Childhood 

 Respiratory morbidity is common in infants and young children who were born 
prematurely, especially if they had developed BPD. Up to 50 % of children with 
BPD are readmitted in their fi rst year of life for respiratory illnesses [ 18 ]. Lower 
respiratory tract infections contribute to this high rate of readmission. Rates of read-
mission and episodes of respiratory distress fall after the fi rst year of life, as lung 
growth and remodeling of the airway take place, resulting in progressive improve-
ment of pulmonary function [ 23 ]. Few children remain dependent on oxygen after 
2 years of age [ 24 ]. 

 BPD is associated with persistent pulmonary function abnormality in preschool 
children. In a cohort of 28 children diagnosed with BPD during their infancy, lung 
function testing before the age of 3 in a subset of seven asymptomatic children 
showed mild to moderate obstruction and air trapping [ 25 ]. In this same study, the 
21 symptomatic children (with wheezing) had moderate to severe expiratory fl ow 
limitation, hyperinfl ation, and airway  hyperresponsiveness  .  

    Late Childhood and Adolescence 

 In most children who survive BPD, pulmonary function will improve, permitting 
normal activities, although increased airway resistance and hyperreactivity can 
remain present until adolescence [ 26 ]. Compared to controls matched for age and 
size, children with BPD have reduced absolute and size-corrected fl ow rates, a fi nd-
ing consistent with poor airway growth and persistent airfl ow limitation [ 27 ]. 
Among school age children, those who were born prematurely, particularly if they 
had BPD, were more likely to be symptomatic than their classroom colleagues who 
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had been born at term. In a cohort of 125 children aged 7–8 years old, wheezing was 
present in 30 % of those who had had preterm birth and BPD, 24 % of those with 
preterm birth but did not develop BPD, and only 7 % of children born at term. This 
study ascertained symptoms, but did not measure lung function [ 23 ]. In a second 
study composed of 300 children, those who had had  VLBW   and who were aged 8–9 
years old were signifi cantly more likely to use inhalers, have school absences, or 
have a history of hospital admission for respiratory illness than 590 classroom con-
trols with a normal birth weight. This study did not comment on the presence or 
absence of BPD among those born with VLBW [ 28 ]. 

 One other study has reported 10 % lower forced expiratory volume in 1 s (FEV 1  % 
predicted) in 12 survivors of moderate to severe BPD (mean age: 17.7 years) when 
compared to preterm infants with either mild or no BPD [ 29 ].  

       Adulthood 

 There are few published data from comprehensive longitudinal studies of patients 
followed into adulthood and few data on pulmonary function of adults with a history 
of preterm birth and BPD. One case–control study included 26 subjects with a his-
tory of preterm birth and BPD born between 1964 and 1973 and two control groups 
[ 15 ]. The fi rst group was composed of 26 controls matched for gestational age and 
weight at birth that did not undergo mechanical ventilation, and the second group 
was composed of 53 age-matched subjects who were born at term. In this study, 
76 % of 26 young adults with prior BPD had measurable pulmonary dysfunction 
(increased bronchial resistance, bronchial hyperreactivity, and hyperinfl ation) com-
pared to none of the 53 controls that had been born at term. The cases also had sig-
nifi cantly  more   frequent wheezing and need for long-term medication than subjects 
born prematurely ( p -value: 0.047) and normal controls ( p -value: 0.0001) [ 15 ]. 

    A second study compared 690 19-year-old subjects, all of whom were born pre-
maturely (prior to 32 weeks of gestation) and  with   VLBW (less than 1 500 g), to a 
control group of Dutch participants in the European Community  Respiratory Health 
Survey  . In this study, females with a history of BPD were more likely to report 
shortness of breath on exertion (43 vs. 16 %) and wheezing without a cold (35 vs. 
13 %) and have doctor-diagnosed asthma (24 vs. 5 %) The prevalence of symptoms 
in the males with prior BPD was comparable to the  control  s [ 30 ].   

    Pulmonary Lung Function  and   Bronchial 
Hyperresponsiveness 

 In a more recent prospective cohort study, young adults (mean age of 22 years) born 
between 1987 and 1993 and who were living in the province of Quebec at the time of 
the study were included in one of four groups based on  their   hospital discharge 
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diagnosis at birth: (1) preterm subjects (born at less than 37 weeks of gestation) with 
no respiratory complications (preterm), (2) preterm subjects with RDS but without 
BPD (RDS), (3) preterm subjects with BPD (with or without preceding RDS) (BPD), 
and (4) subjects born at term without respiratory complications following birth (term). 

 In the majority of subjects,  the   hospital discharge diagnosis data at birth were 
obtained from the Régie de l’assurance maladie du Québec (RAMQ) using the 
ICD-9 diagnostic codes for preterm birth (765.**) & RDS (769.*), and BPD (770.7). 
These data were obtained as part of a previously published cross-sectional study 
that surveyed the population of BPD and RDS and a portion of the preterm subjects 
born in the province of Quebec during the same period of time [ 31 ,  32 ]. The cohort 
study took place between 2011 and 2014 and consisted in two distinct visits at a 
research center (Montreal, Canada). 

 A study questionnaire was used to assess medical and smoking history,  Medical 
Research Council (MRC) dyspnea score     , and education level. The  SF-36v2      and 
Saint George’s Respiratory (SGRQ)  questionnaires      were completed by participants 
to respectively evaluate their quality of life and their  respiratory health  . 

 Full  pulmonary function tests   were performed following the  American Thoracic 
Society (ATS) guidelines   [ 33 – 35 ]. Reversibility to bronchodilator was tested inde-
pendently of the lung function test results, and a methacholine challenge test was 
also performed using the 2-min tidal breathing dosing protocol [ 36 ]. 

    The BPD group was composed of 31 subjects, whereas the RDS group had 31, 
the preterm group had 26, and the term group had 35 subjects. Table  15.1  summa-
rized  the   demographic and clinical information as well as the medical history across 
the four groups.

   The mean age of the cohort participants was between 21 and 22 years and male 
subjects composed 35 % of the BPD and the term groups. The degree of dyspnea 
and the highest level of education achieved did not differ across the four groups. 
There were signifi cantly more diagnoses of asthma,  attention defi cit hyperactivity 
disorder (ADHD)  , and learning disabilities in the preterm subjects who suffered 
respiratory complications at birth (RDS and BPD) compared to preterm and 
term controls. 

       Lung Functions, Bronchodilator Response,  and   Bronchial 
Hyperresponsiveness to Methacholine 

    BPD participants had mild but signifi cant  airfl ow obstruction   compared to the others, 
defi ned using a FEV 1 /forced vital capacity (FVC)  ratio      of 70 or less. The group 
with BPD also had signifi cantly more gas trapping with a mean residual volume of 
158 % of predicted. The diffusion capacity was also diminished compared to 
the other groups but was still within the lower limit of  normal   (Table  15.2 ). These 
fi ndings are similar to those reported in another study looking at young adults, 
aged between 18 and 25 years, following a preterm birth complicated by BPD, 
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which revealed a signifi cant reduction in FEV 1  when compared to control subjects 
born at term [ 37 ].

      Forty-six percent of the  BPD   subjects had a signifi cant bronchodilator 
response compared to RDS (18 %), preterm (12 %), and term (6 %) participants 
( p -value < 0.0001). 

   Table 15.1     Demographic and clinical information of   participants in a cohort study comparing 
four groups of young adults (preterm with BPD, preterm with RDS, preterm with no respiratory 
complications, and term subjects)   

 BPD 
( n  = 31) 

 RDS 
( n  = 31) 

 Preterm 
( n  = 26) 

 Term 
( n  = 35)   p -value 

  Demographic and clinical information  
 Age, mean (SD)  22 (2)  21 (2)  22 (2)  22 (2)  0.041 
 Male,  n  (%)  11 (35)  18 (58)  6 (23)  11 (31)  0.037 
 BMI, mean (%)  24 (6)  23 (3)  24 (5)  23 (3)  0.223 
 Current smoker,  n  (%)  5 (16)  2 (6)  1 (4)  3 (9)  0.450 
 MRC dyspnea score, 
mean (SD) 

 1.45 (0.68)  1.32 (0.54)  1.46 (0.71)  1.11 (0.32)  0.054 

 Education (completed 
high school level) 

 15 (48)  17 (55)  18 (69)  25 (71)  0.179 

 Birth weight, kg (SD)  1.06 (0.37)  1.96 (0.78)  2.17 (0.80)  3.45 (0.42)  <0.001 
 ELBW (≤1 kg),  n  (%)  15 (48)  3 (10)  4 (15)  –  <0.001 
 VLBW (≤1.5 kg),  n  (%)  27 (87)  12 (39)  5 (19)  –  <0.001 
 GA, days (SD)  192 (18)  224 (25)  230 (23)  277 (10)  <0.001 
 APGAR score 1′ (SD)  5 (2)  5 (3)  7 (2)  8 (1)  <0.001 
 APGAR score 5′ (SD)  6 (2)  7 (2)  8 (1)  9 (1)  <0.001 
 Multiple gestations,  n  (%)  1 (3)  1 (3)  –  1 (3)  – 
 Cesarean section,  n  (%)  18 (58)  14 (45)  9 (35)  6 (17)  0.006 
 Maternal smoking during 
pregnancy,  n  (%) 

 6 (19)  3 (10)  –  1 (3)  0.027 

  Medical history  
 Childhood asthma,  n  (%)  12 (39)  10 (32)  6 (23)  10 (29)  0.641 
 Asthma,  n  (%)  9 (29)  5 (16)  3 (12)  1 (3)  0.024 
 Anxiety disorder,  n  (%)  3 (10)  4 (13)  3 (12)  1 (3)  0.433 
 Obesity a ,  n  (%)  3 (10)  1 (3)  4 (15)  3 (9)  0.468 
 ADHD,  n  (%)  9 (29)  4 (13)  –  1 (3)  0.001 
 Learning disability b ,  n  (%)  6 (19)  6 (19)  –  –  0.001 
 Atopy c ,  n  (%)  9 (29)  7 (23)  12 (46)  8 (23)  0.175 
 Familial asthma d ,  n  (%)  8 (26)  8 (26)  7 (27)  15 (43)  0.349 
 Maternal  asthm  a,  n  (%)  2 (6)  2 (6)  3 (12)  2 (6)  0.850 

   a Obesity refers to a BMI > 30 
  b As reported by participant 
  c Atopy refers to respiratory allergies: dust, animals, pollen, seasonal allergies, etc. 
  d Familial asthma if brother/sister, father, mother, or grandparents suffer from asthma 
  BPD  bronchopulmonary dysplasia,  RDS  respiratory distress syndrome,  BMI  body mass index, 
 MRC  medical research council,  ELBW  extremely low birth weight,  VLBW  very low birth weight, 
 GA  gestational age,  ADHD  attention defi cit hyperactivity disorder,  SD  standard deviation  
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    Results of  methacholine challenge   can be seen in Table  15.3 . Seventy-one per-
cent of the BPD subjects had evidence of bronchial hyperresponsiveness, but it was 
not found to be signifi cantly different than the RDS group and the preterm group 
with 62 % and 69 %, respectively, although 25 % of the BPD subjects could not 
undergo the challenge because of a FEV 1  that was less than 60 % of predicted.

   With regard to  their   respiratory health and quality of life, the symptoms, activity, 
and impact scores of the SGRQ were not found to be signifi cantly different across 
the four groups or different when compared to the general population. The total 
score on the SGRQ was 11 [standard deviation (SD): 12], 8 (SD: 8), 10 (SD: 12), and 
5 (SD: 5) for the BPD, RDS, preterm, and term subjects, respectively ( p -value: 0.06). 

   Table 15.2       Results of pulmonary function tests of participants in a cohort study comparing four 
groups of young adults (preterm with BPD, preterm with RDS, preterm with no respiratory 
complications, and term subjects)   

 BPD 
( n  = 31) 

 RDS 
( n  = 31) 

 Preterm 
( n  = 26) 

 Term 
( n  = 35)   p- value 

 FEV 1 , % predicted (SD)  80 (18)  94 (12)  94 (14)  98 (9)  <0.001 
 FVC, % predicted (SD)  100 (15)  99 (9)  104 (14)  109 (10)  0.006 
 FEV1/FVC  70 (12)  81 (9)  79 (7)  79 (7)  <0.001 
 FEF 25–75 , % predicted (SD)  68 (26)  92 (19)  89 (26)  96 (18)  <0.001 
 IC, % predicted (SD)  108 (20)  97 (14)  109 (16)  108 (20)  0.04 
 FRC, % predicted (SD)  121 (22)  119 (18)  114 (15)  120 (16)  0.447 
 TLC, % predicted (SD)  114 (13)  107 (9)  111 (9)  113 (12)  0.069 
 VC, % predicted (SD)  97 (13)  96 (10)  101 (15)  107 (13)  0.002 
 RV, % predicted (SD)  158 (43)  138 (31)  134 (34)  125 (26)  0.001 
 RV/TLC  157 (43)  137 (31)  133 (34)  123 (26)  0.001 
 D L CO, % predicted (SD)     86 (11)  93 (19)  98 (18)  99 (10)  0.002 
 VA, % predicted (SD)  95 (11)  93 (11)  96 (11)  98 (8)  0.24 
 DLCO/VA, mean (SD)  5.54 (0.31)  5.45 (0.33)  5.59 (0.27)  5.49 (0.29)  0.328 
 RAW, % predicted (SD)     186 (93)  124 (45)  130 (45)  124 (34)  <0.001 

   FEV  1  forced expiratory volume in 1 s,  FVC  forced vital capacity,  FEF  25–75  forced expiratory fl ow 
25–75 %,  IC  inspiratory capacity,  FRC  functional residual capacity,  TLC  total lung capacity,  VC  
vital capacity,  RV  residual volume,  DLCO  diffusing capacity of the lung for carbon monoxide,  VA  
alveolar volume,  RAW  airway resistance  

   Table 15.3    Results  of   methacholine challenge a  in participants in a cohort study comparing four 
groups of young adults (preterm with BPD, preterm with RDS, preterm with no respiratory 
complications, and term subjects)   

 BPD 
( n  = 21) 

 RDS 
( n  = 29) 

 Preterm 
( n  = 26) 

 Term 
( n  = 33)   p -value 

 PC 20 , mean (in mg/ml) (SD)  2.68 (2.72)  2.54 (2.85)  3.65 (3.15)  4.11 (3.76)  0.369 
 PC 20  ≤ 8 mg/ml,  n  (%)  15 (71)  18 (62)  18 (69)  15 (45)  0.169 
  Not   done FEV 1  < 60 %,  n  (%) b   7 (25)  –  –  –  <0.001 

  PC 20  = concentration of methacholine required to decrease FEV 1  by 20 % 
  a Methacholine challenge was only performed in subjects with a FEV 1  > than 60 % predicted 
  b Percentage calculated over number of participants that performed the methacholine challenge +
number of participants that could not do it because FEV 1  was <60 % predicted  
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 Similar fi ndings were found with the SF-36v2 health survey questionnaire where 
the physical component summary and mental component summary scores were not 
different across the four groups. 

    In this study, the presence of  mild   airfl ow obstruction and a mean FEV 1  value at 
the lower limit of normal in the BPD subjects at the age of 21–22 is somewhat of a 
worrisome fi nding, especially since 25 % of subjects in the BPD group were found 
to have an FEV 1  less than 60 % of predicted, placing them in the category of  moder-
ate   airfl ow obstruction. It is well known that the FEV 1  value peaks at age 25 and 
then assumes a steady decline over time, ranging between 30 ml per year in non-
smokers to 60 ml per year in susceptible smokers [ 38 ,  39 ]. 

 The annual rate of decline of the FEV 1  in BPD subjects over time has still not yet 
been clearly defi ned, and there is a theoretical risk that the BPD subjects will have 
an accelerated loss of lung function with time, similar to what is seen in the COPD 
population. 

       The high prevalence of bronchial hyperresponsiveness in all preterm subjects 
that was found in this study is well supported by population studies that describe a 
fourfold increase in the incidence of asthma in preterm populations [ 40 – 42 ]. This 
raises an interesting issue of delineating the phenotypic features of a preterm lung 
from true asthma and a possible overlap between the two conditions. 

 Despite the abnormalities found in the pulmonary function, it is encouraging to 
see that  the   respiratory health and health-related quality of life do not differ signifi -
cantly among the four groups, despite higher incidence of ADHD and learning dif-
fi culties in the BPD and RDS  groups     .   

    The  Initial   Severity of BPD and Its Impact on Long-Term 
Lung Function 

 BPD has undergone a radical change in  its   pathogenesis and its presentation over 
the past three decades since it was initially described. This prompted a consensus 
conference in order to better defi ne the disease in 2000, as mentioned earlier. It 
combined two existing BPD defi nitions— oxygen dependency   at 28 days of life 
and at 36 weeks of postmenstrual age. The new defi nition divided BPD into three 
forms: mild, moderate, and severe and clearly delineated criteria for judging sever-
ity. However, these criteria to differentiate mild from moderate disease or moder-
ate from severe disease were chosen arbitrarily and were not based on analysis of 
factors associated with differences in outcome [ 12 ]. Knowing that the severity 
of BPD is associated with long-term outcomes would greatly add to the validity of 
the defi nition. 

 In a study looking at  postnatal risk factors   according to the new BPD defi nition, 
a chart review of 244 cases  of   VLBW preterm infants born between 1999 and 2004 
showed that the frequency of BPD in VLBW neonates was high (76 %) but in the 
majority of cases the disease was mild (67 %). The authors concluded that severe 
BPD was more common in neonates with late onset sepsis and intraventricular 
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hemorrhage grade III or IV and that the BPD risk factors were low gestational age, 
low birth weight, as well as late onset sepsis, late pneumonia, and patent ductus 
arteriosus [ 43 ]. 

    In a  retrospective study   conducted to provide a detailed description of the long- 
term clinical characteristics of a cohort of preterm subjects who developed BPD of 
varying degrees of severity, as defi ned using the  National Institutes of Health (NIH)   
 consensus   criteria, the initial severity of BPD was found to have an impact on the 
long-term lung function [ 41 ]. 

 This cohort consisted of preterm infants admitted to the Montreal Children’s 
Hospital between the year 1980 and 1992 that were identifi ed as suffering from 
BPD using the  NIH consensus   defi nition. The objective of this study was to provide 
a detailed description of the long-term consequences of BPD and to examine the 
association of initial BPD disease severity with these outcomes. 

 The inclusion criteria for the study population was a diagnosis of BPD, as defi ned 
by the  NIH consensus   [ 2 ] in subjects born before 37 weeks gestational age and 
admitted between January 1, 1980 and December 31, 1992 to a tertiary pediatric 
hospital with specialized neonatal care that serves as a referral center for the prov-
ince of Quebec (Canada). 

 The presence of BPD was defi ned as the need for  supplemental oxygen   for at 
least 28 days [ 44 ]. Disease severity was graded based on an assessment done at 36 
weeks postmenstrual age (or 56 days of life if born after 32 weeks).  Mild disease   
was defi ned as breathing room air at that time (FiO 2  of 0.21), moderate disease as 
requiring a FiO 2  less than 0.30, and severe disease was defi ned as needing FiO 2  of 
0.30 or more or requiring positive pressure ventilation. Infants with BPD, who died 
of respiratory causes before the assessment date, were considered to have severe 
disease. These defi nitions are based on the NIH consensus defi nition of BPD estab-
lished in 2000 [ 45 ]. 

    Infants were grouped into three  categories of disease severity   (mild, moderate, 
and severe as defi ned above). Baseline and follow-up characteristics were compared 
between severity categories and/or age groups and differences between these groups 
tested for statistical signifi cance. The statistical signifi cance for trend across levels 
of disease severity was assessed using regression analysis. 

 Three hundred and twenty-two preterm infants with BPD identifi ed during their 
hospital course were admitted over the 12-year study period. Of the 322 infants, 60 
had mild, 123 had moderate, and 107 had severe disease. For 32 subjects (9.9 %), 
their disease severity was not assessed, mostly because they were transferred to 
other medical institutions before the severity assessment date but after having met 
the criterion for diagnosis of BPD of 28 days of oxygen treatment. Fifty-three infants 
died in the hospital. Among all infants discharged alive, 62 (26 %) were discharged 
on oxygen. The mean (± standard deviation) gestational age at discharge was 
334.4 ± 117.7 days. The severity of BPD was associated with 1-min APGAR score, 
gestational age, presence  of   VLBW, and the occurrence of neonatal pneumonia/
sepsis [ 41 ]. The duration of invasive and noninvasive  mechanical   ventilation as well 
as the total duration of oxygen therapy was signifi cantly greater in more severe BPD 
cases, as seen in Table  15.4 .
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      FEV 1 ,    FVC, and their ratio were signifi cantly associated with the initial BPD 
severity as shown in Table  15.5 . Of  all   lung function indices, only the FEV 1  was 
associated with another parameter—the total duration of oxygen therapy ( p -value: 
0.02). No other parameters of lung function were associated with mechanical venti-
lation parameters (maximum pressure, positive end-expiratory pressure (PEEP), use 
of traditional mechanical ventilation versus nasal continuous positive airway pres-
sure (CPAP), or level of FiO 2  used.

   This study described the post-hospitalization course of a  retrospective cohort   of 
infants with preterm birth who suffered the complication of BPD. Its major fi ndings 
were the association of the initial BPD severity with numerous morbidities such as 
hospital readmissions in the fi rst 2 years of life, the presence of developmental 
delay, and lung function abnormalities later in childhood. These fi ndings have 
implications for the care of preterm infants and for planning of healthcare services. 

    In this cohort, 83 % of infants who were discharged alive had at least one admis-
sion in the fi rst 2 years of their life. This is substantially higher than the 50 % read-
mission rate reported previously [ 24 ].  Oxygen therapy   was discontinued after a 

   Table 15.4     Clinical characteristics of BPD   subjects associated with their initial hospitalization—
by BPD severity   

 All BPD  Mild  Moderate  Severe   p -value a  

  Neonatal factors  

  N  (% of total)  322  60 (20.7)  123 (42.4)  107 (36.9)  – 

 Birth weight (kg) (mean, SD)  1.11 (0.46)  1.17 (0.41)  1.14 (0.53)  1.08 (0.43)  0.1 

 Gestational age (days) 
(mean, SD) 

 195.7 (21.1)  196.9 (22.3)  195.6 (19.9)  196.9 (21.6)  0.46 

 Male gender ( n , %)  190 (59.0)  32 (53.3)  66 (53.6)  70 (65.4)  0.04 

 1-min APGAR score 
(mean, SD) 

 4.06 (2.36)  5.17 (2.24)  3.95 (2.24)  3.83 (2.39)  0.001 

 Mortality ( n , %)  53 (16.7)  1 (1.7)  4 (3.3)  48 (44.9)  <0.0001 

 Length of hospital stay 
(median) 

 108  78  117  145  <0.0001 

  Traditional    mechanical     ventilation during initial admission  

 Mechanical ventilation ( n , %)  301 (96.5)  56 (93.3)  112 (94.2)  107 (100)  0.008 

 Maximal FiO 2  (mean, SD)  0.84 (2.3)  0.80 (0.23)  0.83 (0.25)  0.88 (0.22)  0.06 

 Duration (days) (median)  42  27  29  72  <0.0001 

  Noninvasive positive pressure ventilation during initial admission  

 NIPPV ( n , %)  122 (37.9)  34 (56.7)  49 (39.8)  38 (35.5)  0.27 

 Duration (days) (median)  4  4  4  7  0.28 

  Supplemental oxygen therapy  

 Duration (days) b  (median)  56  18  75  96  <0.0001 

 Discharge home  on   O 2  ( n , %)  62 (26.1)  1 (1.7)  33 (27.7)  25 (42.4)  <0.0001 

  Values expressed in:  n  (%) or mean (± standard deviation) 
  a  p -value for trend 
  b The duration of supplemental oxygen consists of the entire duration of therapy, both in and out of 
the hospital 
  BPD  bronchopulmonary dysplasia,  n  numbers,  NIPPV  noninvasive positive pressure ventilation, 
 SD  standard deviation  
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mean duration of 20 weeks, but severe cases were maintained on oxygen for an 
average of 40 weeks, which, when considering their corrected gestational age at 
discharge, meant that subjects with severe BPD were weaned off oxygen after an 
average of 1 year and 2 months. More than half of the children (54 %) received 
inhaled short-acting beta-agonist in their fi rst few years of life, presumed to repre-
sent the occurrence of wheezing episodes. Inhaled corticosteroids were used in 
20.4 % of subjects, but their use was not associated with disease severity. Although 
not associated with disease severity, 68 % of BPD survivors had persistent 
 radiological abnormalities compatible with chronic changes of BPD. Others have 
reported that radiological abnormalities improve with time [ 18 ], which was not 
observed in our dataset, a phenomenon possibly attributable to a selection bias, 
since chest X-rays were available for only a small proportion of subjects. 

    In previous studies, lung function abnormalities were not related to severity of 
 neonatal respiratory illness   [ 18 ,  46 ,  47 ], in contrast to our fi nding of a clear associa-
tion between greater severity of BPD and greater abnormalities of FEV 1 , the 
FEV 1 /   FVC ratio, forced expiratory fl ow from 25 to 75 % of vital capacity (FEF 25–

75 ), and FRC. This fi nding is supported by another study showing a trend toward 
lower FEV (% predicted) in moderate to severe BPD subjects among former pre-
term infants born between 1982 and 1985 [ 29 ]. These fi ndings are in agreement 
with the principle of “disynaptic” or unequal lung  growth   previously described, 
which means normal growth of lung volume but not of airway size [ 18 ]. When 
comparing to Northway’s earlier report of “old” BPD subjects born between 1964 
and 1973, the overall airway obstruction and hyperinfl ation found in our study were 
more severe, likely to represent an evolving phase of the pathophysiology of BPD 
between “old” and “new,” accounting for the effects of greater prematurity and 
lower birth weight [ 15 ]. 

    In one earlier study, infants with BPD had higher risk of cerebral palsy and delays 
in cognitive and motor function compared with controls matched for gestational age 

   Table 15.5     Lung function measurements of BPD subjects  —by BPD severity   

 Mild BPD  Moderate BPD  Severe BPD   p -value a  

  n   6  10  9  – 
 Mean age (SD)  14.0 (2.8)  13.8 (1.9)  13.7 (1.8)  0.62 
 FEV 1  (%) (SD)  93.5 (9.7)  53.0 (19.0)  52.2 (12.5)  0.006 
 FVC (%) (SD)  103.0 (2.5)  72.0 (15.8)  64.5 (12.1)  0.19 
 FEV 1 /FVC (SD)  83.8 (12.8)  68.8 (23.7)  76.3 (19.0)  0.06 
 FEF 25–75  (%) (SD)  83.3 (17.0)  43.2 (33.6)  34.2 (18.5)  0.001 
 TLC (%) (SD)  105.7 (23.8)  113.3 (35.3)  110.5 (9.2)  0.37 
 FRC (%) (SD)  104.0 (71.2)  148.0 (76.9)  163.0 (24.0)  0.07 
 RV (%) (SD)  121.3 (96.8)  248.5 (73.6)  294.0 (59.4)  0.29 
  D L C  O (%) (SD)  –  78.0 (5.0)  55.5 (6.4)  – 

  Values expressed in mean or % predicted (± standard deviation) 
  a Comparison between values across severity categories 
  FEV  1  force expiratory capacity at 1 s,  FVC  forced vital capacity,  FEF  25–75  forced expiratory fl ow 
25–75 %,  SD s tandard deviation,  TLC  total lung capacity,  FRC  functional residual capacity,  RV  
residual volume,  D   L   CO  diffusing capacity of the lung for carbon monoxide,  n  numbers  
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at birth [ 24 ]. A  NICHD review   on neurological developmental outcome of extreme 
low birth weight infants reported abnormal outcomes in 50–60 % of infants with 
BPD. Findings in these reports are comparable to our BPD cohort, of whom 52 % 
were found to have development delay and 20 % had neurological impairment dur-
ing childhood [ 24 ]. Poor developmental outcomes were previously associated with 
prolonged hospital admissions and prolonged mechanical ventilation [ 24 ]. In our 
study, we found an association between the presence of a developmental delay and 
the following variables: length of the initial hospital admission, duration of mechani-
cal ventilation, and birth weight when correcting for BPD severity. Other associa-
tions were found between neurological impairment and the presence of neonatal 
seizures or a history of anoxic encephalopathy. In another study, the risks of impaired 
neurological development, cerebral palsy, and/or low intellectual quotient were more 
than doubled in infants with severe BPD compared with infants with mild BPD [ 48 ]; 
however, this trend of neurological impairment with BPD of increased severity was 
not found in our study. The prevalence of  ADHD   in our BPD population was also 
signifi cantly different than the general population (6.5 vs. 5.3 %) [ 49 ,  50 ], an obser-
vation previously reported in preterm infants [ 51 ] but never linked to chronic lung 
disease or its treatment. In our study, ADHD was associated with smaller gestational 
age and the use of steroids postnatally, but not with the degree of BPD severity. 

  T  his study described an association between the initial BPD severity and hospital 
readmission rate, long-term lung function, and developmental delay. Severity of 
BPD was not associated with greater long-term use of inhalers or with persistent 
radiological abnormalities. In addition, the duration of  mechanical ventilation and 
oxygen therapy   was associated with developmental delay during childhood, and the 
use of postnatal corticosteroids was associated with the development of ADHDs. 
Initial BPD severity was an important predictor of pulmonary function abnormality 
and healthcare utilization during childhood. These fi ndings contribute to a better 
description of the impact of BPD and its severity on long-term outcomes and will 
help sensitize the adult caregivers to the long-term consequences of preterm birth.     

    Conclusion 

 The impact of preterm birth and its respiratory complications have lasting conse-
quences  on   respiratory health. Clinicians have to be better informed of its manifes-
tation and the long-term consequences in order to better assist their young patients 
in maintaining their health and lung function. Prevention and education focusing on 
smoking avoidance or smoking cessation, health lifestyle, and physical activity will 
be key factors in ensuring that our young patients born prematurely will maintain an 
 optimal   respiratory health and quality of life. 

 The long-term effect of BPD on the evolution of FEV 1  is unclear, particularly 
whether adults who had BPD as children will have normal, early, or accelerated 
decline in respiratory function [ 21 ]. Some investigators have expressed concern that 
survivors of preterm birth and BPD may be susceptible to COPD in later life, under-
lying the need for longer follow-up data [ 15 ,  18 ,  20 ,  21 ,  29 ,  52 ].     
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