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Quantitative Assessment of
Bronchial Wall Attenuation With
Thin-Section CT: An Indicator

of Airflow Limitation in Chronic
Obstructive Pulmonary Disease

OBJECTIVE. The purpose of this study was to evaluate the relation between bronchial
wall attenuation on thin-section CT images and airflow limitation in persons with chronic ob-
structive pulmonary disease.

SUBJECTS AND METHODS. One hundred fourteen subjects (65 men, 49 women;
age range, 5674 years) enrolled in the National Lung Screening Trial underwent chest CT
and prebronchodilation spirometry at a single institution. At CT, mean peak wall attenuation,
wall area percentage, and luminal area were measured in the third, fourth, and fifth genera-
tions of the right B, and B, segmental bronchi. Correlations with forced expiratory volume in
the first second of expiration (FEV,) expressed as percentage of predicted value were evalu-
ated with Spearman’s rank correlation test.

RESULTS. The peak wall attenuation of each generation of segmental bronchi correlated
significantly with FEV, as percentage of predicted value (B, third, r = -0.323, p = 0.0005;
B, fourth, r =-0.406, p < 0.0001; B, fifth, r =-0.478, p < 0.0001; B, third, r = -0.268, p =
0.004; B, fourth, r = -0.476, p < 0.0001; B, fifth, r = —0.548, p < 0.0001). The correlation
coefficients were higher in peripheral airway generations. Wall area percentage and luminal
area had similar significant correlations. In multivariate analysis to predict FEV, as percent-
age of predicted value, the coefficient of determination of the model with the combination of
percentage of low-attenuation area (< 950 HU) and peak wall attenuation of the fifth genera-
tion of the right B, was 0.484; the coefficient of determination with percentage of low-atten-
uation area and wall area percentage was 0.40.

CONCLUSION. Peak attenuation of the bronchial wall measured at CT correlates sig-
nificantly with expiratory airflow obstruction in subjects with chronic obstructive pulmonary

disease, particularly in the distal airways.

the airway wall in persons with

chronic obstructive pulmonary disease
(COPD) has been the subject of numerous in-
vestigations [1-10]. Some of the most com-
mon imaging-based indexes of airway dis-
ease used in those studies are wall area
percentage, which is the percentage of the to-
tal cross-sectional area of the airway occu-
pied by the airway wall, and luminal area,
which is the cross-sectional area of the air-
way lumen. Both of these metrics are be-
lieved to reflect the chronic remodeling pro-
cess characterized by airway wall thickening
and luminal occlusion occurring in the distal
small airways. The evidence to support this
belief is based on the direct relation of these
indexes to airway remodeling found at histo-

he clinical application of CT-
based quantitative assessments
of the morphologic features of

logic examination [3, 11] and their relation to
spirometric measures of expiratory airflow
[1-3, 6, 10]. Hasegawa and colleagues [1] re-
fined such observations by finding that wall
area percentage and luminal area from the
distal airways, typically the fifth or sixth
generations of the bronchial tree, have stron-
ger correlations with airflow limitation than
those from the proximal airways. Replica-
tion of such findings has led to the consensus
that quantitative assessment of the wall area
percentage and luminal area of the distal
fifth and sixth airway generations results in
the strongest correlation with lung function
in persons with COPD [6, 10].

In a previous study [12] we found that
mean peak attenuation of the airway wall,
defined as the peak attenuation on the den-
sity curve, can also be used as a CT-based
airway index of COPD. Measurements of the
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luminal area from the segmental bronchi in
the right upper lobe yielded significant corre-
lations with forced expiratory volume in the
first second of expiration (FEV, expressed
as percentage of predicted value [hereafter,
FEV,%]). In thin-walled structures, such as
the distal bronchi, peak wall attenuation is
expected to represent both wall density and
wall thickness and to be a sensitive CT air-
way index for predicting airflow limitation,
which is similar to wall area percentage. The
investigation did not, however, explore gen-
eration-based measurements of peak wall
attenuation and their tendency to correlate
with lung function. We therefore hypothe-
sized that peak wall attenuation of the dis-
tal bronchi would show stronger correlation
with FEV % than peak wall attenuation of
the proximal bronchi in a manner similar to
wall area percentage and luminal area. The
aims of the current study were, first, to com-
pare peak wall attenuation with other airway
indexes, including luminal area and wall
area percentage, in evaluating airflow limita-
tion across multiple airway generations and,
second, to investigate whether airflow limi-
tation is more closely related to peak wall at-
tenuation of the distal airways than to peak
wall attenuation of the proximal airways.

Subjects and Methods

The study and manuscript were reviewed and
approved according to the procedures outlined in
the NLST/LSS Publications, Presentations, and
Associated Studies Working Group’s Review Pro-
cedures and Authorship Guidelines. This study
also received approval from the institutional re-
view boards at our institutions.

Subjects

Subjects were eligible to participate in the Na-
tional Lung Screening Trial, which is a multicenter
randomized trial in which annual chest radiographs
are compared with CT scans for early detection of
lung cancer among current and former smokers. A
full description of the trial is available at the Na-
tional Lung Screening Trial Website [13]. In brief,
approximately 50,000 subjects were enrolled in the
trial, provided they were 55-74 years old and had
a minimum cigarette smoking history of 30 pack-
years. Detailed exclusion criteria from the National
Lung Screening Trial are shown at the Website. For
example, persons who had a history of lung resec-
tion, lung cancer, or an acute respiratory infection
requiring treatment with antibiotics in the previous
12 weeks were not included in the trial.

At a single institution, 304 subjects, who pro-
vided additional informed consent, performed op-
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tional prebronchodilation spirometry according to
the American Thoracic Society standards [14]. The
spirometric results were expressed as percentage of
predicted value and used to classify the subjects’
conditions according to the modified Global Initia-
tive for Chronic Obstructive Lung Disease criteria
for disease severity [15, 16]. All subjects were as-
signed to one of five groups (smokers with normal
lung function and those with Global Initiative for
Chronic Obstructive Lung Disease stage I, stage 11,
stage III, or stage IV disease). According to the Na-
tional Lung Screening Trial protocol, subjects with
stage IIT or IV disease were eventually assigned to
one group (stage III and IV) because of the small
number of subjects with stage I'V disease.

To standardize the scanning protocol for this
study, 46 subjects who underwent CT with differ-
ent tube currents were initially excluded. Among
the other 258 subjects, 129 subjects, or one half of
the eligible cohort, were randomly selected with-
out investigators’ knowledge of clinical informa-
tion. Fifteen subjects were secondarily excluded
from the study for the following reasons: severe
image noise caused by obesity (eight subjects),
pulmonary fibrosis (three subjects), image artifact
due to subject’s motion or previous surgical proce-
dure (two subjects), and atelectasis in the target-
ed lobe (two subjects). Consequently, 114 subjects
(65 men, 49 women; age range, 56—74 years) were
included in the study.

Thin-Section CT

All 114 subjects underwent imaging with a
4-MDCT scanner (Light Speed QX/i, GE Health-
care) at full inspiration without receiving contrast
medium. Images were obtained at 120 kV and 60
mA. The scanning field of view ranged from 27 to
42 cm, depending on the subject’s body habitus.
The exposure time was 0.9 seconds and the matrix
size was 512 x 512 pixels. Images were contigu-
ously reconstructed with a 2.5-mm slice thickness
and the standard algorithm.

Airway Analysis

Airway analysis was performed on transverse
images with free open-source software (Airway
Inspector, Brigham and Women’s Hospital) as de-
scribed previously [12]. Using a lung window set-
ting (width, 1,000 HU; level, —450 HU), one chest
radiologist (8 years of experience) identified the
upper apical segmental bronchus (B,) and the pos-
terior basal segmental bronchus (B,,) in the right
lung, where a segmental bronchus is defined as the
third-generation airway. These bronchi were cho-
sen because in the long axis they are generally per-
pendicular to the imaging plane and circular in ap-
pearance in the standard axial imaging plane. After
identification of the third-generation airway, the

more peripheral fourth and fifth generations were
identified on the same trunk of the bronchus. In
each generation, a measured point (bronchus) was
selected on the image that was peripherally next to
the branching point of the generation. Ultimately,
three generations (third to fifth) on both the right
B, and B, were measured in all subjects. Only air-
ways in which the ratio of the long and short axes
was less than 2 were included in this investigation.
Airway measurement was performed semiau-
tomatically with the software, and peak wall at-
tenuation, wall area percentage, and luminal area
were measured with the full-width at half-maxi-
mum method [11, 17, 18]. Peak wall attenuation is
defined as the mean value of the peak attenuation
values on the density curves used in the full-width
at half-maximum method. Figure 1 shows an ex-
ample of the measurement of peak wall attenuation.
All analyses were performed without investigators’
knowledge of the subjects’ clinical information.

Reproducibility of Airway Analysis

Intraobserver error was tested by having the ra-
diologist measure peak wall attenuation, wall area
percentage, and luminal area of the right B, twice
in 15 subjects, who were randomly selected from
among the 114 subjects. The second measurement
was performed 2 months after the first session. To
evaluate interobserver error, the radiologist and
another chest radiologist (18 years of experience)
independently measured the same indexes of the
right B, in 15 randomly selected subjects. Intra-
observer and interobserver reproducibility were
assessed by Bland-Altman analysis [19].

CT Densitometry

Emphysema was evaluated on the basis of low-
attenuation area (< —950 HU). The software used
for the airway analysis was used to segment the
lung parenchyma from the chest wall and the hi-
lum, and the volumes of both the lung parenchyma
and low-attenuation area were automatically cal-
culated [12, 16]. The percentage of low-attenua-
tion area of the whole lung was obtained by divid-
ing the total low-attenuation area volume by the
total parenchymal volume.

Statistical Analysis

All statistical analyses were performed with JMP
7.0 software (SAS Institute). Data were expressed
as mean *= SD. Linear regression analysis and
Spearman’s rank correlation analysis were used to
estimate the relation between measured CT index-
es and FEV,%. Multiple regression analysis with
FEV,% as the dependent outcome was performed
to evaluate the relative contributions of the airway
and emphysema indexes. Values of p < 0.05 were
considered statistically significant.
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Results
Subject Characteristics

A summary of the subjects’ clinical in-
formation is shown in Table 1. Smoking in-
dex had an inverse correlation with FEV, % (r
=-0.304, p = 0.001). According to the modi-
fied Global Initiative for Chronic Obstructive
Lung Disease staging, the 114 subjects were
in the following four groups: 37 smokers with
normal lung function, 19 patients with stage |
disease, 40 patients with stage II disease, and
18 patients with stage III and I'V disease.

Prevalence of Emphysema

The mean percentage of low-attenuation area
was 7.0% =+ 7.3%. Percentage of low-attenuation
area had significant negative correlation with
FEV,% (r =-0.460, p < 0.0001) (Table 1).

Reproducibility of Airway Measurements

The results of the reproducibility of airway
analysis are shown in Table 2. Plots of the av-
erage of and difference between the measure-
ments of peak wall attenuation are shown in
Figure 2. These values were used to evaluate
intraobserver and interobserver reproducibil-
ity. For each plot, the mean difference did not
appreciably deviate from zero, and the limits
of agreement were small. In addition, no rela-
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tion was observed between measurement er-
ror and the value of peak wall attenuation.

Airway Measurements and Correlations
With Lung Function

The results of the CT measurements of
the airways, including peak wall attenuation,
wall area percentage, and luminal area, are
shown in Table 3. Mean peak wall attenua-
tion decreased with peripheral progression of
the generations of bronchial segments. Cor-
relations between measured airway indexes

Fig. 1—64-year-old woman with chronic obstructive
pulmonary disease (Global Initiative for Chronic
Obstructive Lung Disease stage IlI; FEV, %, 38% of
predicted value).

A, CTimage shows fourth generation of right upper
apical segmental bronchus (B,) (arrow, A).

B, CTimage shows airway measurement performed
with sector measurement method to exclude
adjacentvascular and interstitial component (yellow).
C, Single intensity curve based on full-width at half-
maximum (blue line, B) shows peak wall attenuation
is—262 HU. Final mean peak wall attenuation is
different from this value and automatically calculated
by averaging values from all rays in sector.

and FEV % are shown in Table 4. The peak
wall attenuation of all generations showed
significant correlation with FEV,% (B, third
generation, r = —0.323, p = 0.0005; B, fourth
generation, r = —0.406, p < 0.0001; B, fifth
generation, r = —-0.478, p < 0.0001; B, third
generation, r = —-0.268, p = 0.004; B, fourth
generation, r = —0.476, p < 0.0001; B, fifth
generation, r = —0.548, p < 0.0001). Further-
more, the correlation coefficients increased
with distal progression from the third through
fifth generations in both the right B, and the
right B, (Figs. 3 and 4). Like peak wall at-
tenuation, wall area percentage and luminal
area had significant correlation with FEV, %
(Table 4). The correlation coefficients of wall
area percentage and luminal area also were
greater with distal progression of the airways
from the third through the fifth generations in
both the right B, and the right B, .

Correlations Among Airway Indexes

Table 5 shows the correlations among peak
wall attenuation, wall area percentage, and lu-
minal area in both B, and B, . Overall, strong
correlations were found between wall area per-
centage and luminal area. Weak or insignificant
correlations were found between peak wall at-
tenuation and luminal area and between peak
wall attenuation and wall area percentage.

TABLE |I: Summary of Clinical Information and Pulmonary Function Results

Correlation With FEV,
as Percentage of
Characteristic Mean = SD Range Predicted Value

Age (y) 62+5 56-74 -0.331P
Smoking index (pack-years) 64+32 30-207 —-0.304¢
Forced vital capacity (L) 3.7+0.9 1.8-5.9 0.245¢
FEV, (L) 2.3+0.8 0.7-4.3 —
FEV, as percentage of predicted value 75+21 30-119 —
FEV,/FVC ratio (%) 64+14 27-92 —
Percentage of low-attenuation area (< —950 HU) 7.0+7.3 0.6-35.9 —-0.4602
Note—FEV, =forced expiratory volume in the first second of expiration. Dash [—] indicates not applicable.
2p<0.0001.
®p<0.001.
¢p<0.01.
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TABLE 2: Reproducibility of Airway Measurements

Measurement Mean Difference + SD Limits of Agreement
Intraobserver error
Peak wall attenuation (HU) 1.90+12.76 —23.63t027.43
Wall area percentage 0.13+1.55 -2.96t03.22
Luminal area (mm2) 0.35+1.15 -1.94t02.64
Interobserver error
Peak wall attenuation (HU) 9.31+14.95 —20.581039.20
Wall area percentage 0.72+1.68 —2.63t04.07
Luminal area (mm?) -0.13+1.44 -3.03t02.77
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Mean of Peak Wall Attenuation (HU) Mean of Peak Wall Attenuation (HU)

A

Fig.2—Intraobserver and interobserver error for measurement of peak wall attenuation.

A and B, Scatterplots show intraobserver (A) and interobserver (B) error for measurement of peak wall
attenuation with Bland-Altman analysis. Means and differences of two measurements are plotted. Mean
difference does not appreciably deviate from zero, and limits of agreement are small. There is no obvious
relation between measurement error and peak wall attenuation.

TABLE 3: CT Measurements of the Airways

Airway Peak Wall Attenuation (HU) Wall Area Percentage Luminal Area (mm?)
Segment
and

Generation | Mean+SD Range Mean + SD Range Mean + SD Range
B‘I

Third -240+£122 | -525t097 727 53-84 16.1+7.3 3.8-40.2
Fourth —410+132 -712to-15 77+6 62-87 74+3.3 1.9-21.9
Fifth -545+104 —711 to 249 84+4 68-92 3619 1.2-12.0
By

Third -303+£120 | -623t038 73+6 54-89 15.8 +7.2 4.6-40.5
Fourth —457+121 | —676to —165 78+6 62-90 8.1+33 2.0-17.9
Fifth -541+119 —737 to -164 83+5 68-94 42+20 1.1-10.6

Multivariate Analysis

Multivariate analysis was performed with
an airway index and percentage of low-atten-
uation area to predict FEV,% (Table 6). In
total, six models were analyzed, each of
which consisted of one of the fifth-generation
airway indexes (peak wall attenuation, wall
area percentage, or luminal area) and percent-
age of low-attenuation area. In each multivari-
ate model, both the airway index and percent-
age of low-attenuation area were significant
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independent predictors of FEV,%. The model
including both the percentage of low-attenua-
tion area and the peak wall attenuation of the
right B, had the highest coefficient of deter-
mination with FEV, % (R = 0.484).

Discussion

In this study, we found that peak wall at-
tenuation can be used as another quantita-
tive CT index for airway disease in persons
with COPD. The correlative strength of these

measurements with airflow limitation in-
creases when the assessment is made in the
more peripheral airway generations. These
observations show that peak wall attenuation
is a useful airway index, similar to more di-
mensional indexes such as wall area percent-
age and luminal area. Peak wall attenuation
also may be more robust than these dimen-
sional indexes, at least for the CT protocol
used in this study.

CT analysis of the bronchi has increasing-
ly been the subject of investigation of respira-
tory diseases such as asthma and COPD [1-
10, 20-22]. In 2000, Nakano and colleagues
[2] reported that wall area percentage, lumi-
nal area, and the ratio of wall thickness to
the total cross-sectional area of the bronchus
were related to FEV, % in a cohort of persons
with COPD. In accordance with this concept,
Hasegawa and colleagues [1] undertook 3D
CT assessment of the morphologic features
of the airways in the third through sixth gen-
erations in persons with COPD. In that re-
port, wall area percentage and luminal area
were predictors of the degree of expiratory
airflow obstruction, and the strength of these
correlations increased with successively pe-
ripheral airway generations. Although such
relations between lung function and the mor-
phologic features of the central airways have
not been consistently observed [4, 8], the
tendency of the more peripheral airway gen-
erations to act as stronger predictors of lung
function has been replicated [6, 10].

The basis for the correlations between
peak wall attenuation and lung function in
persons with COPD remains theoretic, but
it may be attributable to concomitant chang-
es in airway wall thickness and density that
have been observed in persons with chronic
inflammatory conditions involving the air-
ways [23, 24]. Persons with relapsing poly-
chondritis involving the tracheobronchial
tree have been found to have airways with
increased attenuation on CT scans [24]. In
COPD, several pathologic studies have re-
vealed that the mural remodeling process ob-
served is associated with degeneration of the
bronchial cartilage, fibrosis, smooth-mus-
cle hypertrophy, calcification, and epithelial
metaplasia, which can lead to excessive mu-
cus secretion and luminal occlusion [25-27].
Although histopathologic examination was
not performed in our study, we currently hy-
pothesize that these airway changes, includ-
ing mural fibrosis and calcification, would in-
crease airway wall thickness and density in
COPD, which may be detectable on CT im-
ages as a quantifiable change in airway wall
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Fig. 3—Correlation between peak wall attenuation and forced expiratory volume infirst second of expiration expressed as percentage of predicted value (FEV,) in right

B, segment.

A-C, Scatterplots show peak wall attenuation of each generation has significant negative correlation with FEV,. Correlation coefficientincreases with peripheral
progression from third generation (r=0.323, p=0.0005) (A) through fourth generation (r=-0.406, p<0.0001) (B) to fifth generation (r=-0.478, p<0.0001) (C).
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Fig. 4—Correlation between peak wall attenuation and forced expiratory volume infirst second of expiration expressed as percentage of predicted value (FEV,) in right

B,, segment.

A-C, Scatterplots show that as in right B1 measurements, peak wall attenuation of each generation has significant negative correlation with FEV,. Correlation coefficient
increases with distal progression from third generation (r=-0.268, p=0.004) (A) through fourth generation (r=-0.476, p<0.0001) (B) to fifth generation (r=—0.548, p<
0.0001). Peak wall attenuation of fifth generation had highest correlation among overall airway measures in this study.

attenuation. However, because no tissue was
available for histopathologic examination in
our study cohort, these conjectures cannot be
confirmed and the results of this study must
be considered observational.

Although peak wall attenuation had the
highest correlations with FEV, % in both uni-
variate and multivariate analyses in our study,
the superiority of peak wall attenuation mea-
surement over wall area percentage or lumi-
nal area measurements was not clearly found.
We believe, however, that peak wall attenua-
tion would be a unique, alternative airway in-
dex and would have potential for future CT-
based airway analysis of COPD. As shown in
Table 5, the correlations between peak wall
attenuation and wall area percentage or lu-
minal area are weaker than the correlation
between wall area percentage and luminal
area. It is already known that the thickness
of thin structures, such as distal airways, of-
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ten is overestimated with the full-width at
half-maximum method, resulting in overes-
timation of wall area percentage and under-
estimation of luminal area [11, 12, 17, 18].
We contend, however, that measurement of
peak wall attenuation represents a combi-
nation of the contrast reduction observed in
thin-walled structures similar in size to the
point spread function of the CT scanner [28]
and possible changes in airway wall density,
such as fibrosis and calcification. Results of
previous studies [12, 29-32] support such a
hypothesis and further suggest the optimal
application of measurement of peak wall at-
tenuation of such small thin-walled struc-
tures because differences in the thickness of
the measured structures would be detected
as differences in peak wall attenuation. Thus
peak wall attenuation is expected to be more
sensitive than wall area percentage in deter-
mining not only true airway wall density but

also wall thickness of the distal airways. In
the current study, because of the lower spatial
resolution of CT, we did not conduct further
airway assessments in the more distal air-
ways, such as the sixth and seventh genera-
tions. Although we believe peak wall attenu-
ation would be a more reliable airway index
than wall area percentage and luminal area
in the peripheral airways, future study focus-
ing on the more distal airways is needed for
evaluating the utility of peak wall attenuation
measurement in comparisons with wall area
percentage and luminal area.

There were limitations to this study. First,
the CT data were not optimal for the quantita-
tive assessments of airway wall structure ow-
ing to both the inherent noise associated with
the low radiation dose and the CT protocol
itself. Compared with the previous analyses
in which isotropic voxel data were used with
a voxel size of 0.625 mm [1, 6, 10], our CT
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TABLE 4: Correlations Between CT Airway Indexes and Forced Expiratory
Volume in the First Second of Expiration Expressed as Percentage

of Predicted Value

Airway Segment and Peak Wall Attenuation Wall Area Percentage Luminal Area
Generation r p r p r p

B,
Third -0.323 0.0005 -0.371 <0.0001 0.284 0.002
Fourth -0.406 <0.0001 -0.399 <0.0001 0.305 0.001
Fifth -0.478 <0.0001 —0.464 <0.0001 0.408 <0.0001

B
Third —0.268 0.004 -0.408 <0.0001 0.282 0.002
Fourth -0.476 <0.0001 —0.451 <0.0001 0.362 <0.0001
Fifth -0.548 <0.0001 —0.475 <0.0001 0.492 <0.0001

TABLE 5: Correlations Among CT Airway Indexes

Combination of Airway Indexes
Peak Wall Attenuation
Airway Segment and and Wall Area Peak Wall Attenuation | Wall Area Percentage
Generation Percentage and Luminal Area and Luminal Area
B,
Third 0.193¢ —-0.094 -0.7432
Fourth 0.238¢ 0.084 -0.8172
Fifth 0.304¢ 0.093 —0.8552
Bio
Third 0.337° 0.143 —0.6742
Fourth 0.4412 -0.321° —-0.836°
Fifth 0.460? -0.3400 —0.854°
ap<0.0001.
®p<0.001.
¢p<0.01.
4p<0.05.

images were reconstructed with a 2.5-mm
thickness, and the measured bronchi were not
always perpendicular on the images. Further-
more, fields of view were not standardized
in this study, resulting in various pixel siz-
es among the subjects. Both the partial vol-

ume effect from the larger slice thickness and
the lower spatial frequency of the reconstruc-
tion algorithm might have biased our airway
measurements, particularly dimensional in-
dexes such as wall area percentage and lumi-
nal area, toward overestimation or underesti-

mation of true wall characteristics. A similar
bias in measurements of peak wall attenua-
tion also is difficult to predict. We cannot
speculate whether our observations would be
reproducible in different CT protocols. Fur-
ther investigation is required to determine the
relative influence of these processes on mea-
surements of peak wall attenuation.

The second limitation was that the anatom-
ic heterogeneity inherent in airway remodel-
ing in persons with airway disease was not
fully investigated in this study. In the earlier
study, large variability and heterogeneity of
the airway dimensions were reported in pa-
tients with asthma and in animal models [20,
33]. Matsuoka and colleagues [9] found that
serial changes in airway dimensions, includ-
ing luminal area and wall area percentage, are
frequently observed in healthy persons. These
findings suggest the potential difficulty in as-
suming that limited point measurements in
the bronchi represent the whole airway tree
and that results of a single measurement are
reproducible in the same patient. Although we
found significant correlations using peak wall
attenuation and other indexes, it is still ques-
tionable whether the observed changes in the
airway wall are uniform throughout the tra-
cheobronchial tree.

Third, in measurement of thin-walled ob-
jects such as the distal airways, peak wall at-
tenuation is influenced by wall thickness (ow-
ing to the point spread function of the CT
scanner) and wall density [12, 31, 32]. Peak
wall attenuation, particularly in the distal air-
ways, therefore differs from the actual densi-
ty of the bronchial wall. Although we believe
that peak wall attenuation is an appropriate
term to represent the peak attenuation of the
density curve in the full-width at half-maxi-
mum method, it should be acknowledged that
measured peak wall attenuation is a theoretic

TABLE 6: Results of Multivariate Analysis of Airway and Emphysema Indexes for Prediction of Forced Expiratory
Volume in the First Second of Expiration Expressed as Percentage of Predicted Value

Parameter Estimate | Parameter Estimate (Percentage
Model R? (Airway Index) of Low-Attenuation Area)

Right upper lobe

Peak wall attenuation (fifth-generation B,) and percentage of low-attenuation area 0.390 -0.09 -117.00

Wall area percentage (fifth-generation B,) and percentage of low-attenuation area 0.369 -1.88 -114.65

Luminal area (fifth-generation B,) and percentage of low-attenuation area 0.346 4.05 -123.06
Right lower lobe

Peak wall attenuation (fifth-generation B, ;) and percentage of low-attenuation area 0.484 -0.09 —124.04

Wall area percentage (fifth-generation B, () and percentage of low-attenuation area 0.400 -1.94 -121.12

Luminal area (fifth-generation B, ;) and percentage of low-attenuation area 0.407 4.68 -118.17

Note—In all models, both airway and emphysema indexes are significant predictors of forced expiratory volume in the first second of expiration expressed as percentage

of predicted value (p<0.0001).
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value and does not solely reflect the density
of the targeted bronchial wall. It can be pre-
dicted that use of an experimental model with
a very small field of view would allow depic-
tion of the distal airway walls with multiple
pixels and direct measurement of the density
of airway walls in each pixel. However, such
an experimental model cannot be applied to
whole-lung CT and is therefore difficult to use
in large CT studies of COPD. Furthermore,
results of previous studies [31, 32] have sug-
gested that the size of the field of view does
not greatly influence peak wall attenuation,
particularly when a standard kernel is used.

The results of this study show that peak wall
attenuation is another airway index for evalu-
ating airway abnormalities in COPD and is
comparable to other airway indexes for pre-
dicting airflow limitation. As is observed with
the use of wall area percentage or luminal area,
FEV,% is more closely related to the peak
wall attenuation of the distal airways, such as
the fifth generation of bronchi, than that of the
proximal airways. In the multivariate analysis,
the combination of percentage of low-attenua-
tion area and peak wall attenuation of the fifth
generation in the right B, showed the highest
correlation with FEV %. Additional investiga-
tion with optimal CT protocols is required to
determine the utility of peak wall attenuation
in prediction of lung function.
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