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Abstract 

 

Improved survival following extreme preterm birth complicated by bronchopulmonary dysplasia (BPD) is 

resulting in an increasing number of affected infants surviving to adulthood. The aim of this pilot study 

was to describe the functional and structural pulmonary sequelae of moderate and severe BPD in a 

population of adult survivors. 

All babies were cared for at one institution. Subjects born 1980-1987 with birthweight less than 1500g 

and requiring supplementary oxygen at 36 weeks post-menstrual age were identified from a complete 

neonatal database and recruited prospectively. Local physicians were concurrently asked to refer suitable 

patients. Demographics, respiratory symptoms and examination, pulmonary function tests and computed 

tomography images were acquired.  

21 subjects (12 female, median age 19, range 17-33) were studied. 15 (71%) had persistent respiratory 

symptoms. Median FEV1 z-score was -0.77 (-8.20 – 1.37), FEF25-75 -1.81 (-6.00 – 0.75) and DLCO -5.04 (-

13.17 – -1.24). 19 subjects underwent CT and all had abnormal findings, with emphysema being the most 

common, present in 84% of subjects. The extent of radiologic emphysema was inversely related to FEV1 

z-score (R2=0.50, p < 0.01). 

Young adult survivors of moderate and severe BPD may be left with residual functional and characteristic 

structural pulmonary abnormalities, most notably emphysema.  
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Main Text 

INTRODUCTION 

Bronchopulmonary dysplasia (BPD; formerly termed chronic lung disease of infancy), defined as 

continued dependence on supplemental oxygen for at least 28 days post-partum[1] is the most common as 

well as the most significant long-term pulmonary complication of preterm birth[2]. The incidence of live 

spontaneous preterm birth is increasing[3] and concomitantly, postpartum survival of preterm babies has 

increased over the last 3 decades due to advances in neonatal care[4]. BPD now affects as many as 35% 

of very low birth weight (VLBW) infants (<1500 grams).[5] Many of the first infants to benefit from 

these improvements in neonatal care are now reaching adulthood. 

 

There is good evidence that BPD is associated with both increased respiratory symptoms and reduced 

lung function during childhood.[6][7][8][9] Lung function abnormalities commonly described include 

both gas trapping and reduced forced expiratory flow rates. While some investigators have found that 

lung function improves during childhood [10], most have found persistent abnormalities[11][12][13]. 

Few studies have carefully examined lung structural abnormalities in older children, but it would appear 

that most have residual structural pulmonary abnormalities and that these abnormalities are associated 

with impaired pulmonary function.[14] 

 

There is very little data concerning the pulmonary sequelae of BPD as survivors enter adulthood. Since 

Northway described airway obstruction, airway hyperreactivity, and hyperinflation in some of the first 

adult survivors of BPD[15], other investigators have found similar lung function abnormalities in late 

childhood, adolescence and early adulthood[16][17][18][19]. Few studies have assessed lung structure in 

adult survivors of preterm birth[14] [20] [21], and none have examined lung function or CT exclusively in 

adult survivors of more severe BPD. 

 

The aim of this observational pilot study was to make an initial assessment of the functional and 

structural consequences of moderate and severe BPD during adult life to guide future larger studies. We 
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hypothesised that lung functional and structural abnormalities would persist into adulthood and that 

abnormalities in lung structure would correlate with abnormalities in lung function.  

 

MATERIALS AND METHODS 

Study Population 

Western Australia (population 2100000) is the largest state by area in Australia, covering the western 

third of the continent. Its capital Perth is the most isolated large city in the world. All infants with BPD in 

Western Australia are cared for at a single institution (King Edward Memorial Hospital) in Perth with 

uniform diagnosis and treatment protocols. Surfactant and post-natal corticosteroid treatments were not 

included in management protocols until 1990 and 1992 respectively. A prospective BPD database has 

been maintained with complete records since 1980. At the time the database was established the diagnosis 

was based on the pre- NIH consensus definition of birthweight <1500g and continued dependence on 

supplemental oxygen after 36 weeks post-menstrual age, hence the subjects included would today all 

meet the NIH consensus criteria for moderate or severe BPD.[1] We obtained recent contact details for 

subjects born between 1980 and 1987 inclusive, aged between 18 and 26 at the time of the study, from 

contemporary hospital databases. These details were cross-checked with the Registry for Births, Deaths 

and Marriages before a letter of invitation to participate in the study was mailed. A second letter was 

mailed if no response had been received within 3 weeks. Concurrently, all adult respiratory physicians in 

Western Australia were contacted by mail, and encouraged to refer subjects who may meet the study 

inclusion criteria.  

 

Pregnant subjects were excluded until after delivery and subjects with neurosensory impairments severe 

enough to impede the acquisition of study data were also excluded. 
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Methods 

After written informed consent was obtained, participants completed the symptom questionnaire prepared 

for the Respiratory Disease Committee of the International Union Against Tuberculosis and Lung Disease 

(IUATLD). A medical history covering past admissions, diagnoses, medications, allergies, smoking, drug 

and family history was taken. Subjects were also questioned regarding their educational and employment 

histories, marital and relationship status and use of social services. 

 

A respiratory physical examination was performed, focusing on height, weight, respiratory rate, pulse, 

blood pressure and oxygen saturation after 5 minutes of rest. Chest deformity and the presence of wheeze 

and crepitations were assessed. 

 

Comprehensive pulmonary function tests (forced expiratory flows, lung volumes by helium dilution and 

diffusing capacity for carbon monoxide (DLCO)) were then performed by a senior respiratory technician 

following American Thoracic Society guidelines. Respiratory technicians were blinded to clinical details 

and inhaled β2-agonists were withheld on the day of the tests. DLCO was haemoglobin corrected if there 

was a history of anaemia. Exercise testing was not performed. The z-scores for FEV1 and FEF25-75 were 

calculated using the Knudson equations[22], the z-scores for lung volumes were calculated using the 

Crapo equations[23], while the z-scores for DLCO were calculated using the Cotes equations[24]. z > 1.96 

or <-1.96 defined an abnormal test result.  

 

CT images were acquired in both the inspiratory and expiratory phase. Thin section selective CT was 

performed using a 64 slice CT machine (Philips Brilliance 64™) with the production of 0.63mm images 

at 10mm intervals and 3 expiratory images performed at evenly spaced intervals above, at and below the 

tracheal carina. This corresponded to a maximum radiation dose of 1mSv. The CT images were acquired 

on the same day as pulmonary function tests were performed. The CT data was viewed on high resolution 

monitors (DomeTM C3i 1536 x 2048 pixel grayscale flat panel) and analysed with commercially available 
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soft copy reporting tools (Agfa IMPAXTM). The scans were evaluated in consensus by two subspecialist 

thoracic radiologists who were blinded to the patient’s clinical details. 

 

The images were evaluated for the presence and extent of gas trapping, bronchial dilatation, bronchial 

wall thickening, architectural distortion and emphysema. Emphysema was defined as it was by Aquino et 

al as “areas of very low attenuation containing no perceptible parenchymal anatomy. This pattern was 

distinguished from areas of decreased density in which parenchymal structures (eg lobular anatomy) 

could still be identified”.[14] The voxel index, the proportion of lung voxels of low density below a 

threshold of –950 Hounsfield units (HU) (expressed as a %), provides a quantitative assessment of 

emphysema severity which has been validated in cross sectional pathologic [25] [26] and longitudinal 

clinical studies[27]. The voxel index was derived utilising the Philips 64 Brilliance Extended Workspace 

Lung™ assessment package (lung emphysema), set at a maximum threshold of -950 HU. 

 

Follow-up of significant abnormalities was offered on an on-going basis via the adult BPD clinic at Royal 

Perth Hospital. The study was reviewed and approved by both the Royal Perth Hospital and King Edward 

Memorial Hospital Human Research and Ethics Committees and the Western Australian Radiation 

Protection Council. 

 

Analysis 

Data are presented as median and range. The Kruskal-Wallis one-way analysis of variance by ranks test 

was used to compare the demographic and perinatal data by participation. Linear regression was used to 

compare continuous variables and the coefficient of determination was calculated. P < 0.05 was taken to 

indicate statistical significance.  

 

 

 

 



 7

RESULTS 

138 babies were born in Western Australia between 1980 and 1987 weighing <1500g and requiring 

supplemental oxygen beyond 36 weeks post-menstrual age. Of these, 5 had died and 47/133 (35%) were 

contactable. 20/47 (42.6%) agreed to participate. 1 subject was excluded due to sensorineural impairment 

secondary  to cerebral palsy. 2 additional subjects (a 17 year-old male and a 33 year-old female) were 

referred by respiratory physicians. Therefore in total 12 females and 9 males, aged 17-33 (median 19), 

including one set of triplets, were studied. Spirometry was unattainable in 1 subject and diffusing capacity 

in 2. 

 

For the study group the median gestational age at birth was 27 weeks (24-30 weeks) and birthweight 895g 

(635-1355g). The median days requiring supplemental oxygen was 93 (50-374) and days requiring 

mechanical ventilation was 38 (9-135). The median post-menstrual age of last day of supplemental 

oxygen was 39.1 weeks (36.1-78.4). Although the group studied were slightly younger, there were no 

statistically significant differences in any perinatal variables between those studied, those who declined or 

were excluded and those who were not contactable (Table 1). 

Table 1: Demographics and perinatal data (median & range) for study participants, those who 

declined and those who were not contactable. 

 Participants (n=21) Declined to 

participate (n=28) 

Not  contactable 

(n=89) 

p 

Age (years) 19 

(17-33) 

21 

(19-26) 

21 

(18-26) 

0.03 

Females 12 (57%) 10 (36%) 43 (48%) 0.21 

Gestation (weeks) 27 

(24-30) 

28 

(24-33) 

27 

(23-32) 

0.29 

Birthweight (g) 895 

(635-1355) 

980 

(565-1465) 

895 

(525-1480) 

0.55 

Days on Mechanical 38 34 38 0.81 
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ventilation (9-135) (0-90) (0-86) 

Days on 

supplemental 

oxygen 

93 

(50-374) 

77 

(35-196) 

84 

(32-354) 

0.27 

 

2 subjects had a history of asthma, one was taking inhaled salbutamol, fluticasone, salmeterol and 

tiotropium and the other required salbutamol and fluticasone. In the remainder (19) there was no history 

of a current respiratory diagnosis, however 1 patient was taking over the counter inhaled salbutamol for 

dyspnoea. 2 patients had a past history of resolved childhood asthma. 3 patients had been hospitalised for 

pneumonia beyond early childhood at ages 16, 17 and 32. Only one subject had received follow-up for 

BPD beyond childhood. 

 

Two subjects were current smokers each of 1 pack-year total history, with the remainder having no past 

smoking history. The smoking patients did not have a comorbid respiratory diagnosis and had milder 

disease on CT and lung function testing. Some level of passive smoke exposure was present in 50% of 

subjects. A personal history of atopy was present in 38% and 48% had a family history of atopy. 71% 

reported persistent respiratory symptoms (Table 2) including wheeze, cough, and dyspnoea.  

 

Table 2: Selected IUATLD Respiratory Symptoms Questionnaire Results (n = 21) 

Question % who 

answered 

“YES” 

‘Have you, at any time in the last 12 months, been woken at night 

by an attack of coughing?’ 

43% 

‘Have you, at any time in the last 12 months, had wheezing or 

whistling in your chest?’ 

33% 

‘Have you, at any time in the last 12 months, had an attack of 38% 
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shortness of breath that came on during the day when you were not 

doing anything strenuous?’ 

‘Are you currently taking any medicines (including inhalers, 

aerosols or tablets) for asthma?’ 

14% 

 

Physical examination findings were abnormal in five patients. The median height was 165 cm (150-

187cm) and median weight 63kg (36-99kg). Hypertension was present in two patients – 140/90 and 

130/100 mmHg. Chest deformity was evident in three patients – pectus excavatum, Harrison’s sulcus and 

one subject with both signs. Wheeze was auscultated in one patient and reduced air entry in two patients. 

There were no other abnormal auscultatory findings. The median oxygen saturation was 99% (95-100%) 

while breathing room air.  

 

2 subjects did not consent to CT. The CT findings were abnormal in all 19 subjects. The most prominent 

structural finding was emphysema present in 16/19 (84%) subjects (Figures I, II, III). While all types of 

emphysema were evident, centrilobular emphysema was most common, present in 14/19 (74%) of the 

subjects. Four of these subjects demonstrated other emphysema types in addition to centrilobular (2 

panacinar, 1 bullous, and 1 paraseptal). The remaining two subjects had exclusively panacinar 

emphysema. The median voxel index was 13.1% (2.5 – 68%). α-1-antitrypsin deficiency was excluded in 

all individuals with significant emphysema. 

 

Other CT features detected included architectural distortion in 8 (42.1%) subjects, bronchial wall 

thickening in 8 (42.1%) subjects, gas trapping in 7 (36.8%) subjects, and bronchiectasis in 1 (5.2%) 

subject. No subject displayed a reduced broncho-arterial ratio.  

 

Lung function data are presented graphically in figure IV. Only 5 subjects had normal lung function. 5/20 

(25%) had an abnormal FEV1 and all of these had an abnormal FEF25-75. An additional 4 subjects had an 

abnormal FEF25-75 despite a normal FEV1. 16/19 (84%) had a reduced diffusing capacity, and while most 
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had associated airflow limitation, 7 of these 16 subjects had no spirometric evidence of airflow limitation. 

6/21 (28%) had a raised RV while only 1 subject had an abnormal TLC. 

 

There was a significant correlation between radiologic emphysema severity (voxel index (%)) and FEV1 

with worse radiologic emphysema predicting lower FEV1 (R2=0.50, p=0.001, Figure V), lower mid-

expiratory flow rates (R2=0.41, p=0.003) and higher residual volume (R2=0.44, p=0.002). However there 

was no significant correlation between DLCO and radiologic emphysema severity (R2=0.08, p=0.26). 

 

Outcomes were also compared with perinatal data, but overall there was no perinatal factor that strongly 

predicted adverse adult outcome. There was a significant correlation between the number of supplemental 

oxygen days and adult FEV1 (R2 =0.28, p=0.02), however there was no correlation between supplemental 

O2 days and radiologic emphysema severity (R2=0.02, p=0.58). Adult lung function was not associated 

with either birthweight (R2=0.12) or gestational age (R2=0.07). Radiologic emphysema severity was also 

unassociated with gestational age (R2=0.14). Birthweight did predict radiologic emphysema severity, but 

not as expected, with increasing birthweight predicting worse emphysema (R2=0.24, p=0.038). Results 

were not different if the 2 individuals with a cigarette smoking history were removed from analysis.  

 

DISCUSSION 

 

In this observational pilot study we have identified emphysema as a principle radiologic abnormality in a 

cohort of adult survivors of pre-surfactant era moderate and severe BPD. Radiologic emphysema 

correlated with abnormal pulmonary function, including reduced forced expiratory flow rates and gas 

trapping irrespective of smoking status. All 19 subjects who underwent CT had abnormal radiologic 

findings, and 16/19 (84%) had areas of emphysema. A similar number of subjects had an abnormal 

diffusing capacity. While the total burden of adult disease in survivors of BPD will need to be determined 

from larger studies, our findings carry potentially significant implications for these individuals and the 

physicians and healthcare systems which care for them as they move into later adulthood. 
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The lung function abnormalities in our adult cohort closely reflect previously published work, 

summarised in Table 3. In Northway et al’s 1990 study of 26 adolescent and young adult survivors (mean 

age 18.3 years), 25% of subjects had significant pulmonary symptoms (greater number of wheezing 

episodes, pneumonias, and use of respiratory medications), compared with age-matched controls born 

prematurely with no need for mechanical ventilation and a group born at term.[15] 17 of the 25 (68%) 

subjects had airway obstruction. While airway obstruction was classified as mild or moderate in most 

subjects, 24% of subjects had fixed airway obstruction.[15] In a Norwegian population-based study, 

Halvorsen et al studied 46 ex-preterm adolescents and young adults (mean age 17.7 years), 12 of whom 

had moderate or severe BPD.[17] For this group of BPD subjects the pulmonary function tests indicated 

an obstructive picture and bronchial hyper-reactivity tended to increase with worsening BPD.[17] In a 

hospital-based Dutch study of ex-preterm 19 year olds which included lung function in 8 patients with 

BPD (not further defined as mild/moderate or severe), Vrijlandt et al[18] also showed that lung function 

was obstructive in nature however lung function was similar between the BPD and preterm non-BPD 

group.[18] In a 2003 study by Doyle et al[16] of 20 year-old survivors of extremely low birthweight 

(<1000 grams), lung function data for 18 patients with BPD was included. While 20.5% of the entire 

group had evidence of airflow limitation (FEV1/FVC ratio <75%), the prevalence of airflow limitation 

was not higher in the patients who met the criteria for BPD.[16] In a 2006 study by the same investigators 

of 147 very low birthweight babies, 33 patients of mean age 19.4 met the criteria for BPD. Lung function 

was significantly lower for BPD vs non-BPD subjects and was obstructive with FEV1/FVC < 75% in 

42.4% of patients and FEV1 < 75% predicted in 30.3%. In accordance with the present study, neither 

birthweight nor gestational age predicted adult pulmonary function.[19] When lung function was 

compared between 8 and 18 years of age, the decline in FEV1/FVC was significantly greater for BPD vs 

non-BPD cases (-5.6% vs -3.4%; P = 0.04).[19] Taken together, the current study and existing published 

literature strongly suggest that adult survivors of BPD have residual pulmonary function abnormalities 

consistent with obstructive airways disease.  
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Table 3: Lung function data for adult survivors of BPD 

Data presented as mean (range) unless otherwise specified. 

Study Perinatal inclusion 

criteria 

Minimum 

BPD 

severity  

Number of 

subjects  

Birthw

eight 

(g) 

Gestationa

l age 

(weeks) 

Age when 

tested 

(years; 

mean) 

FEV1 

%pred 

FEF25-75 

%pred 

RV 

%pred 

TLC 

%pred 

Wong et al 

(2007) 

Birthweight <1500g 

and dependant on 

supplementary O2 

>36 weeks PMA 

Moderate  21 (all with BPD) 914 

(635-

1355)† 

27 

(24-30)† 

20.3 (17-

33)†  

89.0 

(22.6 -

121.9) 

† 

63.7 (6.1-

117.2) † 

95.8 

(41.9-

294.4) 

† 

106 

(82.9-

136.3) 

† 

Vrijlandt et 

al 

(2006)[18]  

Birthweight <1500g 

&/or gestation <32 

weeks. 

Mild 42 (9 with BPD – 

the following data 

are for the entire 

cohort) 

1246 

(720-

1750) 

30 (26-36) 19 90.1 75.3 122.7 102.2 

Doyle et al 

(2006)[19]  

Birthweight < 1500g Mild 147 (33 with BPD 

– the following 

data are for the 

BPD group only) 

909 26.8 18.9 81.6 57.5 108.7 99.4 

Halvorsen 

et al 

(2004)[17]  

Birthweight < 1000g 

or gestation < 28 

weeks 

Moderate 46 (36 with BPD, 

12 moderate or 

severe – the 

folowing data are 

for the moderate 

or severe BPD 

group only) 

887 27 18.3 87.8 71.8 123.5 108.3 

Northway 

et al 

(1990)[15]  

Respiratory distress 

with continued 

dependence on 

supplementary O2 > 

28 days post-partum 

& CXR changes 

Mild 26 (all with BPD) 1894 33.2 18.3 74.8 46.5 121.9‡ 108.6 

PMA: postmenstrual age; CXR: chest X-ray 

† Median (range) 

‡ RV/TLC 

 

Only 2 previous studies have assessed DLCO in adult survivors of BPD. Howling et al included a 

heterogeneous group of 5 subjects with birthweights ranging from 990-2268grams and gestations from 

28-35 weeks, all of whom had a normal DLCO[21], while in Vrijlandt’s 8 subjects with BPD, the mean 
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DLCO was 91.4%[18]. In contrast 84% of our 19 subjects who were tested had a low DLCO. The median z-

score was -5.04 (-13.17 – -1.24), possibly reflecting more severe perinatal disease in our cohort. 

Surprisingly the DLCO correlated poorly with the severity of emphysema as assessed by voxel index 

(Figure VI), and only 7 of these 16 subjects had accompanying airflow limitation. Since BPD is 

characterised by arrested airspace and pulmonary vascular development[28], the possibility of established 

or emerging pulmonary vascular disease is of concern in this group and is currently being evaluated[28] 

[29]. 

 

All of the subjects in our study had abnormal lung structure as assessed by CT and 84% had areas of 

emphysema. There is limited information regarding lung structural abnormalities in adult survivors of 

BPD available from the published literature since only 3 previous studies have included CT imaging.[14] 

[20] [21] The only study to exclusively examine adults with a history of BPD was a retrospective study of 

hard copy CT images in 5 subjects (aged 20-26) whose birthweights (990-2268 grams) and gestations 

(28-35 weeks) suggested heterogeneous aetiologies for neonatal respiratory distress.[21] This study 

described widespread reduced lung attenuation and perfusion, bronchial wall thickening, decreased 

bronchus-to-arterial diameter ratios, linear opacities and bullae. Reduced lung attenuation was attributed 

to gas trapping.[21] In a 1999 study, Aquino et al prospectively studied hard copy inspiratory and 

expiratory CT films in 26 children aged 5-18 (median 10 years). 20 (77%) had areas of reduced lung 

attenuation involving 5-70% of the lung, however only one case was attributed to emphysema. 24 (92%) 

had evidence of gas trapping on expiratory images.[14] In a more recent and larger Norwegian study 

using soft copy inspiratory and expiratory CT images in ex-preterm children and adults (2 birth cohorts 

with mean ages 10 and 18 years) 87.5% had abnormal radiologic findings, particularly linear and 

triangular opacities, gas trapping (in 26.4% of cases) and mosaic perfusion. No patients had radiological 

emphysema.[20] 

 

Emphysema has long been recognised pathologically and radiologically in infants and young children 

with BPD[30] and is likely the result of arrested or disturbed alveolar and vascular development.[28] 



 14

Despite this, our finding of predominant emphysema in adult survivors of moderate and severe BPD is at 

odds with the current published literature. This may well reflect the more severe perinatal disease in our 

cohort, since other studies have included subjects without BPD and subjects with mild BPD[14] [20] [21], 

subjects who may have received surfactant or glucocorticoids[14] [20], and children [14] [20]. 

Additionally, the use of modern CT scanning equipment, soft copy imaging[31] and expiratory images 

allowed us to confidently identify areas of reduced lung attenuation as emphysematous.  

 

A number of study limitations require highlighting. Since the data presented here are from a small 

observational pilot study, the findings can not be extrapolated to all survivors of moderate to severe BPD 

before larger population-based studies are completed. Although perinatal details were similar amongst 

those who participated and those who did not (Table 1), the method of recruitment and relatively low 

participation rate does invite selection bias. Additionally, the outcomes described here are likely to be 

specific for the 1980s birth cohort, since changes in perinatal care (particularly the introduction of 

surfactant and glucocorticoid treatment) in the 1990s may significantly alter future adult outcomes. 

Further, the association between abnormal lung function, emphysema and BPD in this study is descriptive 

rather than quantitative due to the possibility of selection bias and so no comment can be made regarding 

the overall burden of lung disease. 

 

This study does, however, provide enough data to suggest that larger, controlled, population-based studies 

are urgently required to fully define and guide the management of adult lung disease associated with 

extreme preterm birth. The data presented herein are the most extensive linking structural and functional 

outcomes in adult survivors of moderate and severe BPD. Other strengths include the prospective, 

population-based nature of the study, the availability of accurate and complete perinatal data, and the 

uniformity in perinatal treatment protocols. 

  

The poor correlation between perinatal data and the severity of emphysema and lung function in adult 

survivors of BPD is intriguing. Although it could relate to the relatively small number of subjects 
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sampled in this study, two other studies also noted a lack of significant correlations between perinatal 

variables (birthweight and gestational age) and degree of airflow limitation in their cohorts of adolescents 

and young adults.[15] [19] Future larger studies will aim to identify modifiable perinatal factors that 

predict adult outcomes of BPD. 

 

Overall, our data suggest that a significant number of adult survivors of moderate and severe BPD may be 

left with residual functional and characteristic structural pulmonary abnormalities. Although the total 

burden of disease remains to be determined, BPD associated adult lung disease is likely to be seen more 

frequently and this disease should be included in the differential diagnosis of young adults presenting 

with emphysema. Adult physicians will need to become increasingly prepared to enquire about the 

perinatal history, recognise lung disease potentially associated with extreme prematurity, and offer 

smoking cessation advice and long term follow-up to these cohorts of young adults as they move past 

maximum lung growth and into their late 20s and 30s.  

 

FIGURE LEGENDS 

 

Figure I Thin section CT of a 20 year old non-smoking male born 1355g at 28 weeks gestation, 

dependent upon supplementary oxygen to 321 days postpartum. FEV1 z-score is -8.20. There is severe 

emphysema and almost complete replacement of the right upper lobe with a large bulla (voxel index 

68%). 
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Figure II Thin section inspiratory (left) and expiratory (right) CT of a 19 year old non-smoking female 

born 740g at 25 weeks gestation, dependent upon supplementary oxygen to 99 days postpartum. FEV1 z-

score is -1.59. There is minimal emphysema (voxel index 3.3%) and moderate multilobular air-trapping 

seen on the expiratory film.  
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Figure III Thin section inspiratory (left) and expiratory (right) CT of a 25 year old non-smoking male 

born 1100g at 29 weeks gestation, dependent upon supplementary oxygen to 60 days postpartum. FEV1 z-

score is -4.75. There is moderate to severe emphysema (voxel index 46.7%). 

 

 

Figure IV Lung function results in study participants (n=21). The dashed horizontal lines represent z = 

+1.96 and -1.96. 
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Figure V FEV1 z-score versus radiologic emphysema severity (voxel index (%)[26]). 

 

 

Figure VI Pulmonary diffusing capacity (DLCO) z-score versus radiologic emphysema severity (voxel 

index (%)[26]). 
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