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Purpose:

Materials and
Methods:

Results:

Conclusion:

To test the hypothesis—given the increasing emphasis on
quantitative computed tomographic (CT) phenotypes of
chronic obstructive pulmonary disease (COPD)—that a
relationship exists between COPD exacerbation frequency
and quantitative CT measures of emphysema and airway
disease.

This research protocol was approved by the institutional
review board of each participating institution, and all par-
ticipants provided written informed consent. One thou-
sand two subjects who were enrolled in the COPDGene
Study and met the GOLD (Global Initiative for Chronic
Obstructive Lung Disease) criteria for COPD with quan-
titative CT analysis were included. Total lung emphysema
percentage was measured by using the attenuation mask
technique with a —950-HU threshold. An automated pro-
gram measured the mean wall thickness and mean wall
area percentage in six segmental bronchi. The frequency
of COPD exacerbation in the prior year was determined by
using a questionnaire. Statistical analysis was performed
to examine the relationship of exacerbation frequency with
lung function and quantitative CT measurements.

In a multivariate analysis adjusted for lung function, bron-
chial wall thickness and total lung emphysema percentage
were associated with COPD exacerbation frequency. Each
1-mm increase in bronchial wall thickness was associated
with a 1.84-fold increase in annual exacerbation rate (P =
.004). For patients with 35% or greater total emphysema,
each 5% increase in emphysema was associated with a
1.18-fold increase in this rate (P = .047).

Greater lung emphysema and airway wall thickness were
associated with COPD exacerbations, independent of the
severity of airflow obstruction. Quantitative CT can help
identify subgroups of patients with COPD who experience
exacerbations for targeted research and therapy develop-
ment for individual phenotypes.

©RSNA, 2011

Clinical trial registration no. NCT00608764

Supplemental material: http://radiology.rsna.org/lookup
/suppl/doi:10.1148/radiol. 11110173/-/DC1
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cute exacerbations of chronic ob-

structive pulmonary disease (COPD)

are increasingly being recognized
as a major and increasing burden to
both patients with COPD and society
in general. These exacerbations are asso-
ciated with impaired quality of life (1,2),
a more rapid decline in lung function
(3,4), and higher mortality (5). The major-
ity of the estimated $49.9 billion spent
to address COPD in the United States
in 2010 was directed toward the treat-
ment of exacerbations—those necessi-
tating hospitalization, in particular (6).
Being able to predict which patients are
at the greatest risk for acute COPD ex-
acerbations will enable health care pro-
viders to better target these individuals
for preventive therapy. COPD tradition-
ally has been clinically staged by using
spirometry, which yields a gross mea-
sure of overall lung function. While the
frequency of COPD exacerbations in-
creases with spirometrically measured
airflow obstruction (35), spirometry is
inadequate as the sole procedure for
risk assessment of COPD exacerba-
tions. For example, there are subsets of
patients who have a severely reduced
percent predicted forced expiratory
volume in the first second of expiration
(FEV,) but do not experience frequent
exacerbations (7).

Through advances in multidetector
computed tomographic (CT) technology
that permit whole-lung imaging in a sin-
gle breath hold and the application of
quantitative metrics, CT is becoming an
increasingly important tool for evaluat-
ing smoking-related lung disease. Quanti-
tative CT metrics of COPD include mea-

Advance in Knowledge

B [ndependent of the severity of
airflow obstruction, a 5% increase
in total lung emphysema in those
with 35% or greater emphysema
is associated with a 1.18-fold
increase in chronic obstructive
pulmonary disease (COPD) exac-
erbation frequency; a 1-mm
increase in segmental airway wall
thickness is associated with a
1.84-fold increase in COPD exac-
erbation frequency.

sures of emphysema severity, airway wall
thickness, and airtrapping. These mea-
surements can be performed globally
for both lungs together or refined to an
individual lung or lung region.

The association between COPD ex-
acerbation frequency and quantitative
CT metrics has been preliminarily ex-
plored. We previously reported, for a
small cohort of 34 patients, that a visual
semiquantitative measurement of bron-
chial thickness was associated with in-
creased COPD exacerbation frequency,
after adjustment for FEV, percent pre-
dicted (8). However, it is unclear how
these measures perform in a larger more
diverse population of patients with COPD.
Given the increasing emphasis on quan-
titative CT COPD phenotypes, we sought
to test the hypothesis that a relationship
exists between COPD exacerbation fre-
quency and quantitative CT measures
of emphysema and airway disease.

Materials and Methods

Patient Selection

This research protocol was approved by
the institutional review board at each
participating institution, and all partic-
ipants provided written informed con-
sent. The study population was re-
cruited from among participants in the
COPDGene Study (http://www.copdgene
.org/), an ongoing National Heart Lung
and Blood Institute-funded multicenter
observational study designed to iden-
tify the genetic factors associated with
COPD and involving 21 centers in the
United States (clinical trial registration
no. NCT00608764) (9). Subjects aged
45-80 years with a 10 or greater pack-

Implications for Patient Care

B CT might be able to help identify
subgroups of the population at
greatest risk for acute COPD
exacerbations.

B Subgroups identified by using
quantitative CT may enable tar-
geted research and development
of individualized preventive
therapies.

year history of cigarette smoking under-
went spirometry and whole-lung vol-
umetric multidetector CT. The study
group consisted of all subjects from
the first 2500 subjects documented in
the April 2010 COPDGene data set who
(a) were former or current smokers,
(b) met the Global Initiative for Chronic
Obstructive Lung Disease criteria (10)
for stage 1 or higher fixed airflow obstruc-
tion with a postbronchodilator FEV -to-
forced vital capacity ratio lower than
0.7, and (c) had complete quantitative
CT measurements of emphysema and
airway wall thickness. All subjects were
required to have experienced the COPD
exacerbation 1 month or longer before
enrolling in the study or undergoing
imaging.

Data Collection and Exacerbation
Determination

Demographic data and the smoking and
medical histories were collected by using
self-administered questionnaires. Self-
reported acute exacerbation frequency
was quantified with the following question:
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“Have you had a flare-up of your chest
trouble in the last 12 months?” Zero
exacerbations were recorded if the an-
swer was no. If the answer was yes,
the subject was prompted with the ques-
tion, “How was the flare-up treated?”
If the respondent reported that any of
the following had occurred during an
episode, this was counted as one ex-
acerbation: “Took additional antibiotic
or steroid medication which you keep
at home, “Consulted your doctor who
prescribed additional antibiotic and/or
steroid treatment, but did not admit
you to the hospital,” or “Admitted to
hospital.” Respondents were allowed
to describe between one and six such
episodes.

Physiologic Testing

Patients underwent spirometry, which was
performed by using the EasyOne spirom-
etry system (NDD, Zurich, Switzerland)
before and after the administration of
albuterol, a short-acting bronchodilat-
ing medication (9). Quality control was
performed for all spirometric tests by
using both an automated system and
manual review.

CT and Quantitative Analysis

Whole-lung volumetric multidetector CT
was performed at full inspiration by
using a standardized protocol (9), and
the lower-spatial-resolution smooth re-
construction algorithm was used for
quantitative analysis. Complete details
of the CT protocol are outlined in Tables
E1-ES (online). Quantitative analysis of
emphysema severity was performed on
segmented lung images by using the
Slicer software package (http://www
.slicer.org/). By using a region-growing
approach, the tracheobronchial tree
was extracted from a seed point auto-
matically placed in the lumen of the tra-
chea. After segmentation of the central
airways, the left and right lungs were
automatically identified and segmented
from the chest (11). The total emphy-
sema percentage was defined as all lung
voxels with a CT attenuation value of
less than —950 HU. Automated airway
analysis was performed by using the
VIDA Pulmonary Workstation, version
2.0 (Vida Diagnostics, Coralville, lowa,

http://www.vidadiagnostics.com/), with
use of segmentation methods that have
been validated with manual techniques
(11). Morphologic measurements were
obtained along the center line of the
lumen, in the middle third of the air-
way segment. Airway wall thickness and
wall area percentage (100 X |[wall area/
total bronchial area]) were used as the
quantitative CT measures of airway
wall thickness (12). Each parameter was
measured in one segmental airway of
each lung lobe, with the lingula included
as a separate lobe: apical segment,
right upper lobe; lateral segment, right
middle lobe; posterior basal segment,
right lower lobe; apicoposterior seg-
ment, left upper lobe; superior lingula
segment; and posterior basal segment,
left lower lobe (13). The mean value
across all six lobes was used for analy-
sis. The CT images used in this study
were anonymized in compliance with the
Health Insurance Portability and Account-
ability Act.

Statistical Analyses

The three-dimensional smoothed sur-
face plot of the raw data was created
with SAS, version 9.2, statistical soft-
ware (SAS Institute, Cary, NC) by us-
ing the PROC G3GRID procedure, with
which spline interpolation is used as
the smoothing algorithm. Visual inspec-
tion of the surface plot was used to ex-
plore cutoff points for emphysema per-
centage and wall thickness. Multivariate
analysis was used to evaluate the rela-
tionship between quantitative CT met-
rics and number of exacerbations in the
prior year, with a zero-inflated Poisson
distribution used to account for excess
zeros. All models were adjusted for the
scanner model by using dummy variable
representation for scanner type. This
adjustment was performed with recog-
nition of the comparable but not iden-
tical nature of the CT images acquired
by using different brands of scanners.
We also adjusted for patient age, sex,
smoking status, and FEV, percent pre-
dicted. The forward selection regression
technique was used to determine the
significance of emphysema percentage,
wall area percentage, and wall thick-
ness in the multivariate model. Student

t tests for continuous variables and x>
tests for categorical variables were per-
formed with SAS, version 9.1, statisti-
cal software (SAS Institute) to compare
groups; the results are given in Tables 1
and 2. Zero-inflated Poisson regression
analyses were performed by using the
R 2.8.1 statistical computation system
(http://www.r-project.org/).

Baseline demographic data on the 1002
participating subjects from the COPD-
Gene Study are presented in Table 1.
These data are stratified by exacerba-
tion frequency (zero to one vs two or
more exacerbations), as data from the
ECLIPSE (Evaluation of COPD Longitu-
dinally to Identify Predictive Surrogate
Endpoints) Study suggest that a history
of two or more annual exacerbations
represents a stable frequent exacerba-
tion phenotype (14). The mean overall
exacerbation frequency was 0.68 exac-
erbation per year. One hundred ninety-
two subjects reported experiencing one
exacerbation; 84 subjects, two exacer-
bations; and 85 subjects, three or more
exacerbations. Two or more exacerba-
tions in the prior year were reported by
169 (17%) of the 1002 subjects. Com-
pared with the 833 subjects who ex-
perienced zero to one exacerbation in
the prior year, these 169 subjects were
younger (mean age, 62.8 vs 64.7 years;
P =.009), more frequently women (59%
vs 46%, P = .002), and less frequently
current smokers (25% vs 36%, P =
.003), and they had a lower FEV, percent
predicted (mean, 44.4% vs 57.2%; P <
.001). In addition, the subjects with two
or more exacerbations had a higher total
lung emphysema percentage (mean,
16.7% vs 13.9%; P=.009), thicker airway
walls (mean thickness, 1.62 vs 1.58 mm;
P =.03), and a greater segmental wall
area percentage (mean, 63.2% vs 62.2%;
P < .001). There were no significant dif-
ferences in smoking history (in num-
ber of pack-years) (mean, 52.3 vs 51.5
pack-years, P = .70) or body mass index
(mean, 28.3 vs 27.8 kg/m?; P = .34) be-
tween the groups.

The three-dimensional surface plot
in Fig la illustrates the relationship
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Table 1

Demographic Data and Spirometric and Radiologic Measurements Stratified by COPD
Exacerbation Frequency in Year before Study Enroliment

Zero to One Two or More
Exacerbation® Exacerbations*

Parameter (n=833) (n=169) PValuet
Age (y) 64.7 = 8.5 62.8 + 8.8 .009
Age of male subjects (y) 64.5 8.3 63.5 = 9.1 .35
Age of female subjects (y) 64.9 + 8.8 62.3 + 8.4 .009
Smoking history (pack-years) 51.5 = 26.9 52.3 £23.7 .70
No. of female subjects 383 (46) 100 (59) .002
No. of current smokers 304 (36) 42 (25) .003
Body mass index (kg/m?) 278 £59 283+7.0 .34
FEV, percent predicted 57.2 = 22.7 444 + 195 <.001
Emphysema percentage 13.9 +123 16.7 = 14.3 .009
Segmental bronchial wall thickness (mm) 1.58 = 0.21 1.62 +0.22 .03
Segmental wall area (%) 62.2 = 3.1 63.2 = 3.2 <.001

* Unless otherwise noted, data are means =+ standard deviations of the mean. Numbers in parentheses are percentages of

subjects.

T P values from Student t test (for continuous variables) or x? test (for categorical variables) comparisons between the

exacerbation groups.

between bronchial wall thickness, em-
physema percentage, and COPD exacer-
bation frequency. As Figure la shows,
the relationships are not completely lin-
ear, and both emphysema and bronchial
wall thickness appear to influence exac-
erbation frequency. Rotating the same
plot (Fig 1b) reveals that high levels of
emphysema are associated with greater
exacerbation frequency and that wall
thickness is more important at lower
levels of emphysema. Further rotation
of the plot (Fig 1c) reveals that exac-
erbation frequency is generally higher
with greater wall thickness and that the
severity of emphysema becomes impor-
tant at low bronchial wall thickness lev-
els. These data suggest that the factors
driving exacerbations in patients with
severe emphysema may be different from
those driving exacerbations in patients
with severe airway disease.

The appearances of the surface
graphs were used to define two CT phe-
notypes of subjects who experienced in-
creased exacerbations: an emphysema-
predominant group (=35% emphysema,
<1.75-mm bronchial wall thickness) and
an airway-predominant group (<35%
emphysema, =1.75-mm bronchial wall
thickness). A segmental wall thickness
of 1.75 mm was chosen on the basis of

the inspection of the surface graph. CT
scans obtained in subjects representa-
tive of the two CT phenotype groups are
shown in Figure 2, and the characteris-
tics of these two groups are presented
in Table 2. Both groups demonstrated a
higher COPD exacerbation frequency
than did the subjects with less than
35% emphysema and a wall thickness
of less than 1.75 mm, who reported
experiencing a mean of 0.62 exacerba-
tion per year compared with means of
1.1 exacerbations per year reported
by the emphysema-predominant group
(P < .0001) and 0.8 exacerbation per
year reported by the airway-predomi-
nant group (P = .07). The BODE (body-
mass index, degree of airflow obstruc-
tion, dyspnea, and exercise capacity as
measured in a 6-minute walk test) index
is a mortality index, with higher scores
indicating increased risk of death (15).
The emphysema-predominant group had
much lower percent predicted FEV, val-
ues and significantly higher BODE indexes
(15) than did the airway-predominant
group owing to significant differences
in all BODE components. It is interest-
ing that there were also differences in
comorbidities between the two groups,
with a lower prevalence of diabetes
but higher prevalence of osteoporosis in

the emphysema-predominant group and
equivalent prevalences of self-reported
histories of coronary artery disease.

A multivariate model for the total
number of exacerbations in the prior
year was constructed (Table 3) to ex-
plore several cutoff points for emphyse-
ma percentage and wall thickness based
on visual inspection of the surface plot
in Figure 1 and adjusted for FEV, per-
cent predicted. Increasing wall thick-
ness was significantly associated with
increased exacerbation frequency, with
a 1.84-fold change per 1-mm increase.
For subjects with an emphysema per-
centage of greater than or equal to 35%,
increasing emphysema was also asso-
ciated with a significant increase in ex-
acerbation frequency, with a 1.18-fold
change for each 5% increase in emphy-
sema. The influence of emphysema on
exacerbation frequency at lower levels
of emphysema, when adjusted for lung
function and wall thickness, was less
clear. For patients with less than 10%
emphysema, no significant relationship
between emphysema and exacerbation
frequency was observed. Decreased ex-
acerbation frequency was seen for sub-
jects with 10%-35% emphysema. These
results echo the patterns noted in the
three-dimensional surface plot. In addi-
tion, female sex, younger age, and current
nonsmoking status were significantly as-
sociated with increased exacerbation
frequency. Wall area percentage was
tested in this model and found not to be
significantly associated with exacerba-
tion frequency (P = .91). With FEV, re-
moved from the model, however, a trend
of significance for wall area percentage
was observed (P = .12).

In a large prospective cohort of current
and prior smokers with COPD based
on GOLD (Global Initiative for Chronic
Obstructive Lung Disease) criteria, our
study results, obtained by using quan-
titative CT metrics, demonstrated that
the frequency of COPD exacerbations
is related to both emphysema severity
and airway disease. In a multivariate
model adjusted for FEV, percent pre-
dicted, increased segmental bronchial
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Figure 1:  Three-dimensional surface plots demonstrate relationships
2.00 1 between emphysema percentage, wall thickness, and COPD exacerbation
frequency (vertical axis). Different panels show the plot rotated to allow ap-
preciation of different aspects. (a) Surface view of entire relationship shows
1.38 the largely independent effects of emphysema percentage and segmental
wall thickness. (b) Horizontal view emphasizes the increased exacerbation
frequency at greater levels of emphysema. Also note the very strong effect
075 4 of bronchial wall thickness at low levels of emphysema. (c) Depth view
emphasizes relationship between increasing wall thickness and exacerba-
tion frequency at low levels of emphysema.
013 A
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wall thickness was associated with
greater exacerbation frequency. Simi-
larly, in the same model, incremental
increases in emphysema were associated
with greater exacerbation frequency in
the subjects with 35% or greater em-
physema. Both the multivariate model
results and the surface plot data suggest
that at lower levels of emphysema, the
influence of bronchial wall thickness is
greater than the influence of the quan-
tity of emphysema.

The mean number of annual exac-
erbations in our patient population was
0.68, which is lower than the means
of 0.78-0.85 exacerbation reported in
two large studies (16,17). The lower
frequency in our study is probably due
to the higher mean FEV, percent pre-
dicted that was observed in our pa-
tient population, 56%, compared with
the emphysema percentages of 48%
and 44% reported in the other stud-
ies (16,17). While our findings support

may have frequent exacerbations (7).
Given the strong effect of frequent ex-
acerbations on mortality, health status,
and health care costs (1-6), there is con-
siderable interest in further refining
COPD severity staging by using models
that incorporate variables other than
spirometric values to better predict
health outcomes. Several multidimen-
sional models have been proposed and
include the BODE index (15).

Our findings support the utility of ra-
diologic phenotyping with use of whole-
lung volumetric high-spatial-resolution
CT. While the data in Table 1 indicate
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Figure 2: Axial CT scans in two subjects with different COPD phenotypes (Table 2): emphysema-
predominant COPD (=35% emphysema, <1.75-mm segmental bronchial wall thickness) (left) and
airway-predominant COPD (<35% emphysema, =1.75-mm segmental bronchial wall thickness) (right).

Table 2

Characteristics Compared between Emphysema-Predominant and Airway-

Predominant COPD Subject Groups

Emphysema-Predominant

Airway-Predominant

Characteristic COPD (n=T75)* COPD (n=174)* PValue®
Age (y) 65.4 + 8.0 63.7 + 9.1 13
No. of female subjects 35 (47) 42 (24) 10
Smoking history (pack-years) 53.5 224 53.4 =429 .95
No. of COPD exacerbations per year 11+x14 08+14 10
FEV, percent predicted 29.3 +13.1 51.9 +21.6 <.001
St. George’s Respiratory Questionnaire 492 +16.4 40.7 = 19.6 <.001

total score
MMRC dyspnea scale score 28 +1.2 22+13 <.001
Six-minute walk distance (m) 291.3 = 1151 324.2 +140.8 .03
Body mass index (kg/m?) 22.7 = 4.0 30.7 + 6.4 <.001
BODE score 5118 3.0=x21 <.001
Coronary artery disease (%) 9.3 +29.2 121 + 327 .35
Diabetes (%) 9.3+293 19.5 + 39.8 .03
Osteoporosis (%) 28.0 = 45.2 7.8 +26.4 .001

Note.—Emphysema-predominant COPD = 35% or greater emphysema and bronchial wall thickness of less than 1.75 mm.
Airway-predominant COPD = less than 35% emphysema and bronchial wall thickness of 1.75 mm or greater. BODE = body-
mass index, degree of airflow obstruction, dyspnea, and exercise capacity (as measured in a 6-minute walk test). MMRC =

Modified Medical Research Council.

* Unless otherwise noted, data are means + standard deviations of the mean. Numbers in parentheses are percentages of

subjects.

T P values from Student ¢ test (for continuous variables) or x? test (for categorical variables) comparisons between the COPD

groups.

that the absolute differences in wall
thickness and emphysema percentage
between subjects experiencing zero to
one exacerbation and those experienc-
ing two or more exacerbations in the
prior year are small, when substantial
emphysema and wall thickening are pres-
ent, a clear association with exacerba-
tion frequency exists and defines unique
disease phenotypes. These radiologically

defined subgroups of patients who experi-
ence more frequent exacerbations have
clinically distinct symptoms and physi-
ologic and comorbidity profiles that ulti-
mately may lead to a better understand-
ing of the heterogeneity inherent to
COPD (20).

The multivariate model demonstrates
a correlation between exacerbation fre-
quency and bronchial wall thickness.

Our study results corroborate our pub-
lished preliminary findings and the find-
ings of others (8,21). Airway inflamma-
tion, as measured by using wall thickness
at the segmental level, offers additional
potentially important prognostic infor-
mation beyond that assessed with spirom-
etry alone. Wall thickness may be the
macroscopic correlate of mucus gland
hypertrophy and airway inflammation,
which plausibly relate to infection, the
principal cause of COPD exacerbations.
These data, however, cannot be used
to determine whether bronchial wall
thickness is simply the effect of the pre-
vious exacerbations or predates them
and thus possibly has a causal role. Pro-
spective studies are needed to address
this question and determine whether
bronchial wall thickness measurement
is superior to a history of prior exac-
erbations for the prediction of future
exacerbations.

In our analysis, wall thickness—not
wall area percentage—was predictive
of exacerbation frequency in the mul-
tivariate model adjusted for FEV, per-
cent predicted. We believe that this is
because use of the wall area percentage
may mask the presence of airway wall
thickening if the bronchus is both dilated
and thick walled. Hence, a bronchus
that is dilated and has thicker walls may
have the same wall area percentage as
a normal, nondilated airway with nor-
mal wall thickness. This observation
confirms our findings from a prior study,
in which a visual measure of wall thick-
ness, not wall area percentage, was as-
sociated with exacerbation frequency (8).

An important—and in our opinion,
novel—finding was the nonlinear relation-
ship (adjusted for FEV, percent pre-
dicted) that we observed between em-
physema percentage and exacerbation
frequency. This finding expands on the
data reported by the ECLIPSE investiga-
tors, who also observed a relationship
between increasing emphysema severity
and exacerbation frequency but did not
study airway wall thickness (14). Our
analysis results demonstrate that the
relationship between emphysema severity
and exacerbation frequency depends on
both emphysema severity and airway
wall thickness. The reason that emphysema
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Table 3

diary cards during the same period. In ad-
dition, the ECLIPSE Study investigators

Multivariate Model for Annual Reported COPD Exacerbation Frequency .
also reported that the best predictor of

i imate* t . .
Variable Parameter Estimate Fold Change PValue exacerbations that were prospectively
Age (per 10 years) —~120 89 (.79, .99) 04 recorded was the patient’s self-reported
FEV, percent predicted (per 10%) —.156 67 (.80, .91) <.001 history of exacerbations in the year prior
Height —.003 73(.99,1.01) 64 to study entry (14). These data support
Male sex —.333 71 (.56, .92) .01 the robustness of patient exacerbation
Current smoker —.292 75 (.60, .93) .009 frequency recall as an outcome mea-
Mean wall thickness segmental 612 1.84 (1.22,2.79) .004 sure. Furthermore, the frequency of acute
Emphysema (per 5%) for subjects with <10% —.047 .95 (.80,1.14) .60 COPD exacerbations in our study cohort

emphysema was very similar to previously published
Emphysema (per 5%) for subjects with 10%— —.147 .86 (.81,.92) <.001 data. A final limitation of our investiga-

35% emphysema tion was that the number of exacerba-
Emphysema (per 5%) for subjects with =35% 169 1.18 (1.00, 1.40) .047

emphysema

* Regression analysis estimates from multivariate model.
t Numbers in parentheses are 95% confidence intervals.

is independently associated with increased
exacerbation frequency at higher levels
after adjustment for FEV, is unknown,
although other physiologic changes as-
sociated with severe emphysema, such
as hyperinflation and airtrapping, might
play a role. The possibility that signifi-
cant emphysema results from recur-
rent exacerbations is less plausible, given
the available data on the rate of change
of emphysema extent seen on serial CT
scans (22). The three-dimensional sur-
face plot data suggest that the relative
importance of emphysema to exacerba-
tion frequency at lower levels of emphy-
sema is relatively lower than the rela-
tive importance of wall thickness. It is
interesting that the surface plot shows
a slight dip toward the far corner, indi-
cating a possible decrease in exacer-
bation frequency in subjects who have
both high levels of emphysema and air-
way disease. However, our study cohort
included very few subjects with both
35% or greater emphysema and a seg-
mental bronchial wall thickness of 1.75
mm or greater. While it is possible that
these two characteristics represent a
unique phenotype, we do not believe that
any conclusions can be drawn, given the
small numbers of subjects.

Our finding that exacerbations are
more common in women is consistent
with findings in several previous stud-
ies (17,23,24). Whether the sex-based

differences in COPD symptoms reflect
currently undefined biologic, physio-
logic, or psychological factors is unknown
(25). While the current analysis was
focused on segmental airways, histo-
logic examination of more distal airways
(<2 mm in diameter) has revealed that
women have smaller lumina and dis-
proportionately thicker bronchial walls
than do men (26), suggesting that bio-
logic differences may explain the vary-
ing clinical presentation. Given the in-
creased tendency of women to report more
severe dyspnea, cough, and sputum pro-
duction than men (23), they might also
be more likely to report exacerbations.

The limitations of this study include
potential recall bias associated with the
retrospective collection of exacerba-
tion frequency data. However, a recent
analysis (14) revealed no significant dif-
ference when patients’ recall of exac-
erbations in the year prior to recruit-
ment was compared with the number
of exacerbations detected by using di-
ary cards prospectively completed dur-
ing the subsequent year, suggesting that
the retrospective recall used was not
as important as possibly suspected, if
it was important at all. Furthermore,
1 year after recruitment there was no
significant difference between the num-
ber of exacerbations remembered by
patients at the end of that year and the
number of exacerbations recorded on

tions that a subject was allowed to list
in the prior year was truncated to six,
and this might have blunted the associa-
tion between radiologic parameters and
exacerbation frequency.

In summary, these data provide
evidence that the quantitative mea-
sures of lung structural changes identi-
fied with volumetric CT are associated
with COPD exacerbation frequency, a
clinical outcome of public health impor-
tance. When present, both emphysema
and bronchial wall thickness are used
to define subgroups of patients who expe-
rience exacerbations and thereby help
health care providers better understand
the heterogeneity inherent to COPD
among those who experience exacer-
bations. Because these changes can be
detected noninvasively with CT and
their relationship with exacerbation fre-
quency is independent of spirometrically
measured lung function, our results sug-
gest that radiologic characterization has
prognostic value in the selection of more
homogeneous subgroups of patients for
clinical trials and possibly in clinical prac-
tice to help identify patients at risk for
more frequent exacerbations with more
targeted medical therapy.
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