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IR 28R BETF DR OEAEIRIEEMEE 431 AZA&R5T U7z, ICC (£.ALR 0.91, TAC 0.79, AFD 0.72, SA/V
0.56, Tapering index 0.55 £BIRE (FLIEERIF CH D1z,
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TAC EDHEEE(E r=0.41, 0.13 T D. TAC & AFD ED#EBE(r=0.64)K DM >z, &Filis. 4Rl BR. F
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D. EE
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I, Hirai T. Physiological impacts of computed tomography airway dysanapsis, fractal dimension, and
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Abstract

Dysanapsis, a mismatch between airway tree caliber and lung size, contributes to a large variation in lung function on spirometry
in healthy subjects. However, it remains unclear whether other morphological features of the airway tree could be associated
with the variation in lung function independent of dysanapsis. This study used lung cancer screening chest computed tomogra-
phy (CT) and spirometry data from asymptomatic never smokers. Dysanapsis and the complexity of airway tree geometry were
quantified on CT by measuring airway to lung ratio (ALR) and airway fractal dimension (AFD). Moreover, total airway count (TAC),
ratio of airway luminal surface area to volume (SA/V), longitudinal tapering and irregularity of the radius of the internal lumen
from the central to peripheral airways (Tapering index and Irregularity index) were quantified. In 431 asymptomatic never smok-
ers without a history of lung diseases, lower ALR was associated with lower forced expiratory volume in 1s (FEV;) and FEVy/
forced vital capacity (FEV,/FVC). The associations of ALR with AFD and TAC (r = 0.41 and 0.13) were weaker than the association
between TAC and AFD (r = 0.64). In multivariable models adjusted for age, sex, height, and mean lung density, lower AFD and
TAC were associated with lower FEV; and FEV4/FVC independent of ALR, whereas SA/V and Tapering index were not. These
results suggest that the smaller airway tree relative to a given lung size and the lower complexity of airway tree shape, including
lower branch count, are independently associated with lower lung function in healthy subjects.

NEW & NOTEWORTHY This study showed that fractal dimension and total airway count of the airway tree on computed tomog-
raphy are associated with lung function on spirometry independent of a smaller airway for a given lung size (dysanapsis) in
asymptomatic never smokers without a history of lung diseases. In addition to dysanapsis, the morphometric complexity of the

airway tree and the airway branch count may cause a substantial variation of lung function in these subjects.

airway fractal dimension; airway morphology; dysanapsis; lung function; total airway count

INTRODUCTION

Assessment of the maximum expiratory flow-volume
curve on spirometry is essential in the diagnosis and man-
agement of lung diseases such as chronic obstructive pulmo-
nary disease (COPD) and asthma (1, 2). Forced expiratory
volume in 1 s (FEV)) and forced vital capacity (FVC) are
obtained on spirometry and normalized according to the ref-
erence values based on age, sex, height, and ethnicity (3, 4).
However, despite normalization, FEV; and FVC show sub-
stantial variation even in healthy subjects (5). This has raised
the hypothesis that other factors, including genetic varia-
tions and abnormal lung growth, affect airway morphology
and cause heterogeneity in lung function; however, this hy-
pothesis remains to be elucidated.

Dysanapsis, defined as a mismatch between airway tree
caliber and lung size, was first introduced by Green et al. (5)
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to account for the heterogeneity of lung function on spirom-
etry. A smaller airway caliber for a given lung size is associ-
ated with lower lung function (6, 7). Dysanapsis exhibited by
computed tomography (CT) is associated with lower FEV;
and FEV,;/FVC in patients with COPD and healthy subjects
(8, 9) and increases the risk of future development of COPD
in smokers (10). Moreover, dysanapsis based on central air-
ways on CT reflects smaller-sized peripheral airways (11).
However, it is unclear whether CT-assessed dysanapsis fully
reflects the complex morphological patterns of the entire air-
way tree and the variation of lung function in healthy
subjects.

Morphological features of the airway tree have been
described from various perspectives using CT, such as fractal
geometry, count of airway branch segments, ratio of airway
luminal surface area to volume (SA/V), longitudinal tapering
and irregularity of lumen size. Fractal geometry allows for
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