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Abstract

Bronchopulmonary dysplasia (BPD) is a condition of neonatal chronic lung disease due to
disruption or dysregulation of pulmonary development. However, the pathophysiology of BPD in
the larger conducting airways is not yet fully understood. The objective of our study was to
determine if the area of the central airways are altered in patients with a history of BPD. We
hypothesized that compared to age- and sex-matched controls, BPD patients would have decreased
area of the central conducting airways. Twenty-two BPD patients (n=10 male, n=12 female;
median age=10 [range:1-49] yrs) and n=22 matched controls (n=10 male, n=12 female; median
age=10 [range:1-48] yrs) who had undergone a chest computed tomography (CT) scan were
retrospectively identified. Measurement and analysis was performed using software that
reconstructs the airways into 3D. Measurements of airway area were conducted at three points
based on anatomic bifurcations for each of the following structures: trachea, left main bronchus,
left upper lobe, left lower lobe, right main bronchus, intermediate bronchus, and right upper lobe.
The luminal area for each airway was calculated based on the averages of the three measures.
Airway luminal area was not different between BPD patients and matched controls for any of the
measured airways (p>0.05). Total lung volume detected in the CT scans was not different between
BPD patients and matched controls (median [range]; 2775 [522-6215] vs 2969 [851-5612] cm3,
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p>0.05). Our results suggest the luminal areas of the large conducting airways in patients with
BPD are not different from matched controls.
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Introduction

Methods

Bronchopulmonary dysplasia (BPD) is a condition of chronic disease of the airways and
lung parenchyma beginning in the neonatal period due to disruption or dysregulation of
pulmonary development. BPD affects ~10,000-15,000 infants annually in the United States
and ~17-75% of infants born <28 weeks globally [1, 2]. The notable risk factors for BPD
are postnatal mechanical ventilation, supplemental oxygen, low birth weight, and
increasingly preterm birth before 32 weeks [3, 4]. Patients with BPD have increased
mortality, however existing treatments such as intratracheal surfactant and antenatal steroids
have alleviated the burden for some infants.

BPD is associated with decreased alveolar septation, alveolar hypoplasia, altered
proliferation and aging of alveolar epithelial cells, and abnormal disruption of pulmonary
alveolar capillaries resulting in increased airway resistance [5]. Small airways pathology is
extensive, as observations of infants with BPD revealed severe bronchiolitis, bronchiolar and
alveolar fibrosis, and damage to the bronchial ciliary apparatus [6]. These issues do not
resolve in adulthood [7]. However, the pathophysiology of the large conducting airways in
BPD is not fully understood, despite their importance as the major determinant of airway
resistance [8]. Previous studies have shown that infants with BPD have greater airway
resistance [9]. The objective of our study was to determine if the luminal area of the central
airways, as measured by computed tomography imaging (CT), are altered in patients with a
history of BPD. We hypothesized that compared to age- and sex-matched controls, BPD
patients would have decreased luminal area of the central conducting airways.

This retrospective study was approved by the Institutional Review Board at Mayo Clinic
(IRB# 17-008537) and conformed to Declaration of Helsinki. Inclusion criteria: CT images
and a history of admission to the neonatal ICU needing high fraction oxygenation. A total of
n=43 subjects met the initial study criteria and a manual chart review was conducted by a
physician to evaluate the history of BPD and apply exclusion criteria. BPD was defined as
requiring oxygen at 28 days of life and/or 36 weeks postmenstrual age [10]. Exclusion
criteria: airways could not be visualized due to poor-quality imaging, or having any severe
complicating respiratory ailments (e.g. cystic fibrosis, bronchiectasis). Of the remaining 28
eligible patients, n=22 (10 males, 12 females) were analyzed because they had an available
control matched for age, sex, height, and body mass index. Controls (10 males, 12 females)
were obtained from previously published data [11, 12].
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Measurement and analysis were performed by a single investigator using commercially
available software (Aquarius, TeraRecon Inc.) that reconstructs airways in three dimensions.
Luminal airway areas were measured at three points based on anatomic bifurcations for the
following structures: trachea, left main bronchus, left upper lobe, left lower lobe, right main
bronchus, bronchus intermedius, and right upper lobe. Airway luminal area was calculated
as the average of the three measures obtained, and was height-controlled by dividing luminal
area by height. The non-parametric Mann-Whitney U test was used to determine any
difference between the groups. Significance was set at P<0.05 and values are presented as
mediantrange.

Controls and BPD patients did not differ by age (10 [1-49] vs. 10 [1-48] years), height (129
[66-184] vs. 139 [80-185] cm), or BMI (19.1 [14.6-39.8] vs. 16.7 [12.8-35.5] kg/m?, all
p>0.05). Total lung volume (via CT scans) was not different between BPD patients and
healthy controls (2775 [522-6215] vs 2969 [851-5612] cm3, p>0.05). Regardless of whether
we adjusted airway size for height, airway luminal area of the large central airways was not
different between BPD patients and healthy controls (Figure 1). Size of all airways in BPD
patients were 112+4% of controls on average, but BPD patients did not consistently have
larger airways than their respective controls. Airway size of individual BPD patients ranged
from being 179% to 59% of their respective controls. To confirm that this represented
normal biological variation, a healthy cohort of individuals [11,12] was analyzed to find that
individuals’ airway size ranged from 36% to 166% of the cohort’s mean airway size.

Discussion

The major finding from our study is that the luminal area of the large airways is not different
in BPD patients compared to controls. Thus, we suggest that the large airways are not part of
the structural pathology associated with BPD.

BPD is characterized by disrupted pulmonary development, but the pathology is focused in
the small airways, alveoli, and the surrounding vasculature and smooth muscle. Pulmonary
hypertension and impairments of gas exchange result from deficiencies in alveolar and
capillary development, and pulmonary resistance is further increased by small airway
conditions such as bronchiolitis and fibrosis [5, 6]. Pulmonary function tests in infants with
BPD demonstrate severe obstruction of the lower airways, with no recovery in lung capacity
or maximal expiratory flow at 25% FVC in patients who had been mechanically ventilated
for >10 months [13].

By contrast, central airways largely determine total airway resistance but do not seem to play
arole in BPD pathology [8]. The limiting factors in patients with BPD are likely the
impaired gas exchange. The increased airway resistance in BPD patients may be explained
by reduced alveolarization and small airway obliteration [5, 6]. The unaffected central
airways are likely due to the embryonic development timeline, as major airways are fully
developed by 7 weeks [14]. Thus, even severe preterm birth (<29 weeks) and postnatal
mechanical ventilation and supplemental oxygen are too late to impact large airway
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development. However, alveolarization begins at 36 weeks and is highly susceptible to
disruption via premature birth and postnatal interventions.

A limitation is the range of ages of BPD patients which likely resulted in different
treatments along with a lack of severity measures. However, we also split the BPD patients
into the youngest (>20 years) and older groups and both had similar airway morphology as
their respective controls.

In conclusion, this study is the first to directly quantify central airway luminal area in
patients with BPD. Our results suggest the luminal areas of the large conducting airways in
patients with BPD are not different from matched controls.
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The pathophysiology of large airways in Bronchopulmonary dysplasia (BPD)
is unclear

CT derived measures of central airways luminal area in BPD patients

Large conducting airways in patients with BPD are not different from controls
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Figure 1.
Airway luminal areas for BPD patients and their matched healthy controls, with values

presented as absolute airway size (A) and airway size relative to patient height (B). Trach,
trachea; RMB, right main bronchus; RUL, right upper lobe; BrINT, bronchus intermedius;
LMB, left main bronchus; LUL, left upper lobe; LLL, left lower lobe.
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