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Background: In CT scans of smokers with COPD, the subsegmental airway wall area percent
(WA%) is greater and more strongly correlated with FEV, % predicted than WA% obtained in the
segmental airways. Because emphysema is linked to loss of airway tethering and may limit airway
expansion, increases in WA% may be related to emphysema and not solely to remodeling. We
aimed to first determine whether the stronger association of subsegmental vs segmental WA%
with FEV, % predicted is mitigated by emphysema and, second, to assess the relationships among
emphysema, WA%, and total bronchial area (TBA).
Methods: We analyzed CT scan segmental and subsegmental WA% (WA% = 100 X wall area/TBA)
of six bronchial paths and corresponding lobar emphysema, lung function, and clinical data in
983 smokers with COPD.
Results: Compared with segmental WA%, the subsegmental WA% had a greater effect on FEV,% pre-
dicted (—0.8% to —1.7% vs —1.9% to —2.6% per l-unit increase in WA%, respectively; P <.05 for
most bronchial paths). After adjusting for emphysema, the association between subsegmental
WA% and FEV, % predicted was weakened in two bronchial paths. Increases in WA% between
bronchial segments correlated directly with emphysema in all bronchial paths (P <.05). In multi-
variate regression models, emphysema was directly related to subsegmental WA% in most bron-
chial paths and inversely related to subsegmental TBA in all bronchial paths.
Conclusion: The greater effect of subsegmental WA% on airflow obstruction is mitigated by
emphysema. Part of the emphysema effect might be due to loss of airway tethering, leading to a
reduction in TBA and an increase in WA%.
Trial registry: ClinicalTrials.gov; No.: NCT00608764; URL: www.clinicaltrials.gov
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Abbreviations: GOLD = Global Initiative for Chronic Obstructive Lung Disease; LB1 = left upper lobe apicoposterior
bronchus; LB4 = superior lingular bronchus; LB10 =left lower lobe posterior basal bronchus; RB1 = right upper lobe
apical bronchus; RB4 = right middle lobe lateral bronchus; RB10 = right lower lobe posterior basal bronchus; TBA = total
bronchial area; WA% = wall area percent

COPD is incompletely reversible expiratory airflow diameter.”s Although direct examination of these

obstruction attributed to a combination of emphy-
sema and airway disease.! CT imaging is increasingly
being used to characterize and quantify these processes
for genetic, epidemiologic, and therapeutic investiga-
tions with the premise that their relative balance may
define unique subsets of disease.2 Although the quan-
tification of emphysema by CT imaging has been well
established and now validated in multiple histopatho-
logic investigations,*> the quantification of airway dis-
ease has proven to be a greater challenge.
Itis believed that the site of expiratory airflow obstruc-
tion in COPD is the small airways that are <2 mm in
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structures is beyond the resolution of clinical CT scan-
ning techniques, work by Nakano and colleagues®
demonstrated that dimensions (ie, wall area percent
[WA%]) of the central airways and their degree of
remodeling on CT scan are correlated with the bur-
den of distal small airways disease. It was subse-
quently discovered that the correlation between
FEV, % predicted and WA% is greater in subseg-
mental (and more peripheral) airways than in seg-
mental airways.!*!! It has since become the standard
in quantitative CT image analyses to study the most
peripheral airways.12-14
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Previously, we and other groups demonstrated that
with increasing disease severity and increasing burdens
of emphysema, airways become less distensible.!516
There may be several reasons for this observation,
including mural fibrosis, which prevents dilation, and
the disruption of the airway-parenchymal interdepen-
dence in emphysematous lungs,'> which may reduce
radial traction on the airway.'” In either case, an incom-
pletely expanded airway may appear to have an ele-
vated WA% on CT scan that could be falsely attributed
to a greater burden of airway disease. Because the
increase in WA% beyond the segmental airways is the
basis of the increased correlation between lung func-
tion and airway disease, it is important to uncover
whether this measure is related to emphysema. Using
CT imaging, epidemiologic, and functional data from
a large cohort of smokers in the COPDGene Study,
we aimed to (1) examine the effect of emphysema on
the relationship between WA% and FEV, % predicted
and (2) assess the relationships among lobar emphy-
sema, segmental and subsegmental WA%, and total
bronchial area (TBA) along six bronchial paths.

MATERIALS AND METHODS

The COPDGene Study has been previously described in detail.!s
Briefly, the goal of the study was to determine the genetics and
epidemiologic determinants of COPD in non-Hispanic white and
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African American smokers aged 45 to 80 years. Subjects with
active lung disease other than asthma, emphysema, and COPD
were excluded. An interim data analysis was planned following
enrollment of the first 2,500 of 10,000 subjects. In this analysis, we
included subjects from the first 2,500 enrolled who had Global
Initiative for Chronic Obstructive Lung Disease (GOLD) stage 1
to IV COPD" and complete data on airway WA% measures. The
COPDGene Study was approved by the institutional review boards
of all participating centers. The current analysis was approved by
the Partners Healthcare Research Committee (2007P-000554).

Demographic and clinical data with standardized questionnaires,
including a modified Adult Respiratory Questionnaire, were col-
lected.!s Spirometric measures of lung function were performed
using the EasyOne spirometer (ndd Medical Technologies Inc)
before and after the administration of a short-acting inhaled bron-
chodilator according to American Thoracic Society recommenda-
tions.? Postbronchodilator FEV, and FVC were expressed as
% predicted values.?!

CT Scans

Standardized volumetric CT scans of the chest were performed
at both full inspiration and relaxed exhalation.' The CT image
acquisition protocol used was 120-kVp, 200-mAs, and 0.5-s rota-
tion time for GE LightSpeed 16 and VCT 64 (General Electric),
Siemens Sensation 16 and 64 (Siemens AG), and Philips 40-slice
and 64-slice (Koninklijke Philips Electronics NV) scanners. Images
were reconstructed using a standard algorithm at 0.625-mm slice
thickness and 0.625-mm intervals for the GE scanners. Siemens
CT images were reconstructed using a B46f algorithm at 0.75-mm
slice thickness and 0.5-mm intervals. Reconstruction of Philips
images was performed by using a B algorithm at 0.9-mm slice
thickness and 0.45-mm intervals. Image analysis was performed on
inspiratory CT scans using the dedicated CT image analysis soft-
ware Pulmonary Workstation 2 and Plus (VIDA Diagnostics, Inc)?
at the core imaging center for the COPDGene Study. Whole-lung
volume on the full inspiration CT scans was expressed as a % pre-
dicted total lung capacity* Emphysema was defined as the percent
low-attenuation area <—950 Hounsfield units.3 To better under-
stand the relationship between emphysema and airways at the
lobar level, we used emphysema and volume measurements from
the lobes where the airway measurements were obtained.

Details about airway measurements using VIDA Diagnostics
software are described elsewhere.2t We used all available data for
the segmental and subsegmental airways that were collected
in the following six bronchial paths: (1) right upper lobe apical
bronchus (RB1), (2) right middle lobe lateral bronchus (RB4),
(3) right lower lobe posterior basal bronchus (RB10), (4) left
upper lobe apicoposterior bronchus (LB1), (5) superior lingular
bronchus (LB4), and (6) left lower lobe posterior basal bronchus
(LB10). These bronchi were chosen based on the consensus of
COPDGene Study investigators and prior studies.*!013 Addition-
ally, this airway selection allowed for an airway assessment of all
lung lobes. The average segmental and subsegmental measures
of WA% (WA% = 100 X wall area/TBA) were calculated for each
bronchial path. The relative difference in WA% between bronchial
segments (hereafter, referred to as the increase in WA%) was cal-
culated as follows: [(subsegmental WA% — segmental WA%)/
segmental WA%] X 100.

Statistical Analysis

The difference between the effects of segmental and sub-
segmental WA% on FEV, % predicted was assessed for each
bronchial path by regression analysis. A Z test was used to com-
pare B values between two different regression models.? The
effect of lobar emphysema on the relationship between segmental
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or subsegmental measures of WA% and FEV, % predicted for each
bronchial path was assessed with multivariate regression. We also
analyzed the relationships among lobar emphysema, the increase
in WA%, segmental or subsegmental WA%, and TBA by multivar-
iate regression analysis. The multivariate models included variables
with expected a priori relationships to the outcome, including
lung volume. To account for differences in Hounsfield units among
CT scanner brands/makes, we grouped the CT scanners into five
groups according to a COPDGene physicist’s opinion of their per-
formance in phantom studies. In this study, the Siemens Definition
and Siemens Definition AS+ (Siemens AG) scanners were used
as the reference. Because of the differences in the pathophysi-
ology of airway disease in COPD and asthma, additional analyses
incorporating asthma history were also reported. Prior asthma was
defined as a self-reported physician diagnosis of the disease. A
P <.05 was considered statistically significant. Analyses were per-
formed using SAS, version 9.2 (SAS Institute Inc).

RESULTS

Of the first 2,500 subjects, 1,272 had COPD in
GOLD stages I to IV. Of these, 983 had complete
segmental and subsegmental airway WA% data. Study
population demographics as well as clinical, lung func-
tion, and CT scan emphysema data are shown in
Table 1. Subjects with the most severe disease (GOLD
stage IV) had lower BMI, were more likely to be former
smokers, and had a higher % predicted total lung
capacity and burden of emphysema as measured by
CT scan. Among the 983 subjects, 202 reported a phy-
sician diagnosis of asthma. There were no significant
differences in the characteristics listed in Table 1
between subjects with COPD alone and those with
COPD and prior asthma, except that the latter subjects
were more likely to be women and African American.
Segmental and subsegmental airway WA% for each
bronchial path and corresponding lobar emphysema
and lobar volume data are provided in Table 2. Com-
pared with segmental airway WA%, subsegmental air-
way WA% was higher in all bronchial paths (P <.0001
for each bronchial path). The relative increase in WA%
ranged from 4.4% (RB1) to 8.1% (LB10). TBA was

lower in subsegmental than segmental airways in all
bronchial paths (P <.0001 for each bronchial path).
Compared with subjects with complete data on both
segmental and subsegmental WA %, those with miss-
ing data (n = 289) were more likely to be women (45%
vs 54%, P=.004) and to have COPD GOLD stages III
or IV (37% vs 58%, P <.0001). Subjects with missing
data also had lower FEV, % predicted (59% = 23%
vs 46% * 22%, P < .0001) and more emphysema on
CT scan (median [interquartile range], 9.3% [3.6%-
19.7%] vs 12.1% [4.0%-26.2%]; P = .01).

Influence of Emphysema on the Relationship
Between FEV, % Predicted and WA %

The effects of both segmental and subsegmental
WA% on FEV, % predicted were significant in all
bronchial paths, although the effect of subsegmental
WA% was stronger (the difference in B value was
significant in all bronchial paths but LB10) (model 1
in Table 3). When lobar emphysema was included
in these models, the effects of segmental and subseg-
mental WA% on FEV, % predicted remained sig-
nificant in all bronchial paths. Adjusting for emphysema
strengthened the association between segmental WA %
and FEV, % predicted, whereas it weakened the rela-
tionship between subsegmental WA% and FEV, % pre-
dicted in all bronchial paths but RB10. Change in the
effect of subsegmental WA% on FEV, % predicted
was = 10% and statistically significant (P <.05 for
lobar emphysema) only in LB1 and LB4 (model 2 of
Table 3).

Relationship Between Lobar Emphysema and WA%

Lobar emphysema was directly related to the
increase in WA% in all bronchial paths as follows:
RB1, r=0.17, P<.0001; RB4, r=0.08, P=.02; RB10,
r=0.08, P=.01; LB1, r=0.13, P<.0001; LB4, r=0.08,
P =.008; and LB10, r=10.09, P =.003. In models

Table 1—Characteristics of the 983 Subjects With COPD Included in the Analysis by GOLD Stage

Characteristic GOLD I (n=189) GOLD II (n=434) GOLD III (n=252) GOLD IV (n=108)
Age.y 64+ 10 63+8 65+8 65+8
Female sex, % 38 47 48 42
White race, % 87 81 86 81

BMI, kg/m2 27+5 29+ 6 28+ 6 26+ 6
Smoking history, pack-y 45+25 52 +25 57 +29 57+29
Smoking status, % 47 41 30 12
Asthma history, % 12 29, 25 21

FEV,, % predicted 92+ 10 65+9 40*6 23*5
FVC, % predicted 109 + 14 87+ 13 72+ 12 5613
FEV/FVC ratio 0.64 +0.05 0.57+0.08 0.43*+0.08 0.31 £0.07
TLCcT, % predicted 101+ 16 96+ 16 103+ 17 112+ 14
Whole-lung emphysema, % 5.4(2.5-8.9) 6.1 (2.6-13.7) 16.9 (7.7-26.9) 30.0 (19.4-40.2)

Data are presented as mean = SD and median (interquartile range) for continuous variables and % for binary variables. GOLD = Global Initiative
for Chronic Obstructive Lung Disease; TLCcT = CT scan-based total lung capacity.
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Table 2—WA% and TBA by Airway Segment Along Six Bronchial Paths, Lobar Emphysema, and Lobar Volume
in 983 Subjects With COPD

WA %+ TBA, mm2
\ T \

Bronchial Path Segmental Subsegmental Segmental Subsegmental Lobe Lobar Emphysema, % Lobar Volume, mLP
RB1 61.86 =4.55 64.36 + 3.27 55.8+18.8 32.8*+10.1 RUL 9.2 (2.8-22.2) 1,333 £ 380
RB4 62.47 +3.96 65.10 = 3.06 42.8+15.1 24.1*+6.8 RML 9.2 (3.7-18.4) 479 + 169
RB10 60.77+4.16 64.55 + 3.26 55.0+15.3 32.9+9.2 RLL 6.5(2.2-17.4) 1,430 £401
LB1 64.11 =3.62 66.32 +3.15 41.9+12.7 272+79 LUL 9.8 (3.8-21.2) 1,501 =399
LB4 62.20 = 3.86 64.86 + 3.48 429+158 24.6+8.2 LLL 6.6 (2.6-16.3) 1,361 £414
LB10 59.73 £4.22 64.41 +3.37 61.0£16.6 35.9+10.3

Data are presented as mean * SD or median (interquartile range). LB1 =left upper lobe apicoposterior bronchus; L.B4 = superior lingular
bronchus; LB10 = left lower lobe posterior basal bronchus; LLL = left lower lobe; LUL = left upper lobe; RB1 = right upper lobe apical bronchus;
RB4 = right middle lobe lateral bronchus; RB10 = right lower lobe posterior basal bronchus; RLL = right lower lobe; RML = right middle lobe;
RUL = right upper lobe; TBA = total bronchial area; WA% = wall area percent.
aP<.0001 for segmental vs subsegmental WA% and segmental vs subsegmental TBA in each bronchial path. P values were calculated with paired ¢ test.

"Lobar volume data were missing in 33 subjects.

adjusted for sex, age, height, pack-years of smoking,
CT scanner brand/make, and lobar volume, lobar
emphysema was directly related to subsegmental WA%
in all bronchial paths but RB4. These associations were
weak but statistically significant (P =.02 to <.0001).
Lobar emphysema was inversely related to segmental
WA% only in RB4 (P =.03) (Table 4). In all six bron-
chial paths, lobar volume was inversely related to
segmental and subsegmental WA%. In multivariate
analyses looking at subjects with COPD alone (ie, no
history of asthma), the relationships between lobar
emphysema and segmental or subsegmental WA%
for most bronchial paths were similar (e-Table 1) to
those observed in the entire cohort. In the group of
subjects with COPD and prior asthma, the relation-
ship between lobar emphysema and segmental or sub-
segmental WA% was statistically significant only in
LB4 (data not shown).

Relationship Between Emphysema and TBA

To assess the impact of emphysema on TBA, we
analyzed the relationship between lobar emphysema
and TBA of subsegmental airways in models adjusted

for sex, age, height, CT scanner brand/make, and lobar
volume. In all bronchial paths but RB10, lobar emphy-
sema had a significant inverse relationship with sub-
segmental TBA (Table 5). The relationship between
lobar emphysema and subsegmental TBA for all bron-
chial paths was similar in the COPD group without
asthma and the entire cohort (e-Table 2). In the COPD
group with asthma history, the relationship between
lobar emphysema and subsegmental TBA reached
statistical significance in only LB4 (data not shown).

Di1scussioN

Measures of central airways by CT scan have been
demonstrated to be related to the burden of distal small
airway disease,® and the more peripheral in the bron-
chial tree these CT image-based measures are made, the
stronger the correlation to clinically significant measures
of COPD severity.1*1? Using data from the COPDGene
Study, we observed that emphysema mitigates the
increasing effect of WA% on FEV, % predicted in
subsegmental compared with segmental airways.
CT scan measures of emphysema and lung volume

Table 3—Effect Estimates (B Values) of Segmental and Subsegmental WA% of Two Models for FEV, % Predicted by
Bronchial Path

Model 1: FEV, % Predicted = Segmental or Subsegmental WA%

Model 2: FEV, % Predicted = Segmental
or Subsegmental WA% + Lobar Emphysema

Airway Segment
I 1

Airway Segment

\ I
Subsegmental

Bronchial Path Segmental Subsegmental B-Value Change Segmental B-Value Change
RB1 —=0.78 —2.22 —1.44» —1.13 —2.05 —0.92#
RB4 —1.63 —2.36 —0.742 —1.86 —2.27 —0.41
RB10 —1.47 -2.07 —0.60: —-1.70 —2.14 —0.43¢
LB1 —1.66 —2.55 —0.89: —-1.79 —2.27 —0.48¢
LB4 —1.49 —2.25 —0.762 —1.52 —2.00 —0.48¢
LB10 —1.47 —-1.87 —0.40 —1.58 —-1.75 -0.17

See Table 2 legend for expansion of abbreviations.

aP <.05.
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Table 4—Multivariate Regression Analysis for WA% in

Six Bronchial Paths
Lobar Emphysema
\ 1
Segmental Airway Subsegmental Airway

\ 1 \ 1
Bronchial Regression Regression
Path Coefficient P Value Coefficient P Value
RB1 —-0.02 13 0.03 <.0001
RB4 —0.02 .03 0.02 .054
RB10 0.001 .92 0.02 .02
LB1 0.02 12 0.04 <.0001
LB4 0.009 43 0.04 <.0001
LB10 0.01 28 0.04 <.0001

In these analyses, the sample size was 950; 33 subjects were excluded
because their measurements of lobar lung volume were not available.
In these models, the main predictor was lobar emphysema as measured
by CT scan. Adjustment for sex (female = 1), age, height, pack-y smok-
ing, CT scanner brand/make, and lobar volume was performed. See
Table 2 legend for expansion of abbreviations.

appeared to have opposing effects on subsegmental
WA%: An increasing amount of lobar emphysema was
associated with an increase in WA% in all the bron-
chial paths. Additional analyses showed that a potential
explanation for the effect of CT scan-measured emphy-
sema on WA% is through its influence on TBA.
Consistent with prior investigations,'*12 we observed
that on univariate analysis, the effect of WA% on lung
function was greater in the subsegmental than the
segmental airways. After adjusting for emphysema,
however, this effect was mitigated in two bronchial
paths. The observed increase in correlation between
subsegmental WA% and lung function is complex.
The present analysis suggests that potential mecha-
nisms for this correlation include both airway dilation
with increasing lung volume and reductions in TBA
because of the loss of airway tethering associated with
emphysema. (An illustration of the conflicting effects
of lung volume and emphysema on airway dimensions
is shown in Fig 1.) Of note, the effect of segmental

Table 5—Multivariate Analysis for Subsegmental TBA
in Six Bronchial Paths

Lobar Emphysema

\ \
Bronchial Path Regression Coefficient P Value
RB1 —0.12 <.0001
RB4 —0.06 .002
RB10 —0.04 .10
LB1 —0.09 <.0001
LB4 —0.10 <.0001
LB10 —0.09 .005

In these analyses, the sample size was 950; 33 subjects were excluded
because their measurements of lobar lung volume were not available.
In these models, the main predictor was lobar emphysema as measured
by CT scan. Adjustment for sex (female = 1), age, height, pack-y smok-
ing, CT scanner brand/make, and lobar volume was performed. See
Table 2 legend for expansion of abbreviations.
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WA% on FEV, % predicted was strengthened by lobar
emphysema in three bronchial paths. This opposing
effect of emphysema on the relationship between
subsegmental and segmental WA% and FEV, % pre-
dicted is difficult to explain. One potential explana-
tion is that the degree to which emphysema disrupts
airway-parenchymal interdependence is greater in sub-
segmental than in segmental airways, leading to a
lesser effect of the former airways on lung function.

Another possible explanation for the stronger rela-
tionship between FEV, % predicted and subsegmental
vs segmental WA% is a selection bias toward thicker
airways resulting from inflammation and remodeling
that are likely more identifiable on CT scan. Although
it is true that there is limited resolution in clinical
CT scanning, the range of airways we measured is broad
and suggests that we have a representative sample of
both larger and smaller airways (median [interquartile
range] TBA, 59 [50-70] to 23 [19-28] mm? in L.B10 and
RB4, respectively). Additionally, there is histopatho-
logic evidence suggesting a loss of mural cartilage in
COPD?*?7; in extreme cases, there is frank airway loss
as a result of parenchymal destruction. Therefore, we
agree that the present data are biased to subjects who
had airways to measure, but it is unlikely that there
is additional selection bias because of remodeling of
existing airways.

Greater burdens of CT scan measures of lobar
emphysema were associated with the increase in WA%
between airway segments and with lower TBA, suggest-
ing that increases in subsegmental WA% are partly
due to loss of lung elastic recoil with reductions in air-
way dilation. The present data support the notion of

Normal Emphysema effect Mixed Effect
1
\
\ - y
=
7
-
/ K :
7

r’e

Volume effect

FIGURE 1. Illustration of the conflicting effects of emphysema and
lung volume on airway dimensions. A, Intact airway with attach-
ments to the lung parenchyma. B, On the top, lung attachments
are broken by emphysematous destruction, resulting in a dimin-
ished total bronchial area (TBA) (arrows) and increased wall area
percent (WA%) (gray area). At the bottom, an increase in lung
volume results in increased TBA (arrows) and lower WA%. C, The
likely result of these two processes is an airway with lower TBA
and an increased WA% compared with a normal airway.
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airway-parenchymal uncoupling suggested in prior
investigations.!>!¢ We and others have observed that
reduced airway distensibility (change in airway caliber)
with lung inflation is associated with disease severity!s
and an emphysema-predominant COPD phenotype.'>
We extended these previous observations by demon-
strating that airway dimensions are related to the bur-
den of emphysema as measured by CT scan. A couple
of limitations should be noticed. First, emphysema
had opposing effects on subsegmental vs segmental
airways dimensions. We believe that these opposing
effects reflect the complex interaction among paren-
chyma, airways, and lung volume. One possibility is
that airway tethering is more prominent in subseg-
mental than in segmental airways. Another explana-
tion is that subsegmental airways are less affected by
lung volume than are segmental airways. As a result,
subsegmental airways dilate less, leading to greater
WA%. Second, although the effect of emphysema on
both subsegmental WA% and TBA was weak, it was
consistent across the two subsets of subjects analyzed
(the entire cohort and the subset of subjects with COPD
and no history of asthma) (e-Tables 1, 2). The weak
effect of emphysema may be due to emphysema pref-
erentially affecting airways smaller than those visual-
ized on CT scan. A prior study in subjects with COPD
found that destructive changes in alveolar walls reduce
the number of alveolar attachments on airways, lead-
ing to parenchymal-airway uncoupling, which in turn
diminishes airway dilation.!” This process may be less
prominent in airways capable of being visualized on
CT scan. Despite these limitations, we speculate that
CT scan measures of WA% may not exclusively rep-
resent an airway remodeling process.

The observed direct relationship between subseg-
mental WA% and emphysema in multivariate analysis
is in contrast to prior studies, which demonstrated an
inverse association between wall thickness standard-
ized at a 10-mm-perimeter airway and whole-lung
emphysema.?3 Differences in the airway measure-
ments and regression models used among studies and
the lack of adjustment for lung volume in prior inves-
tigations may partially explain this discrepancy.

There are several limitations to this investigation
that must be noted. The first is that 23% of the sub-
jects with COPD had missing data on either segmen-
tal or subsegmental airways, decreasing the statistical
power of the analysis. Airway segmentation in subjects
with a high burden of emphysema can be challenging
because of distortion or even disappearance of airways
as we previously observed.?! Cardiac and respiratory
motion artifact may also make airway measurement
difficult. Second, the effects of lobar emphysema on
subsegmental WA% or TBA were weak, and more
peripheral bronchial segments were not available for
analysis, preventing a more thorough investigation of
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the effects of emphysema on distal airways. The pre-
sent results, therefore, should be considered as initial
steps in understanding the effect of lung parenchymal
destruction on airway measurements. The finally lim-
itation is the lack of physiologic data characterizing lung
mechanics. In the absence of simultaneous measures
of transpulmonary pressure, the analysis proceeded
on the assumption that emphysematous destruction
of the lung parenchyma is associated with loss of elas-
tic recoil.

In summary, the results suggest an interplay among
emphysema, lung volume, airway dimensions, and lung
function. The standard CT imaging-based assessment
of mural remodeling (ie, WA%) may reflect the com-
bined influences of airway disease, lung volume, and
the mechanical properties of the surrounding lung
parenchyma. Furthermore, these interactions may
partly account for the stronger correlations observed
between subsegmental and segmental WA% and spi-
rometric measures of lung function. Further studies are
needed to elucidate the complex relationship between
emphysema and airway disease in COPD.
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