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Abstract
Background: Computed tomographic (CT) measures of emphysema and airway disease have
been correlated with lung function in cohorts of subjects with a range of chronic obstructive
pulmonary disease (COPD) severity. The contribution of CT-assessed airway disease to
objective measures of lung function and respiratory symptoms such as dyspnea in severe
emphysema is less clear.
Methods: Using data from 338 subjects in the National Emphysema Treatment Trial (NETT)
Genetics Ancillary Study, densitometric measures of emphysema using a threshold of—950
(%LAA-950) Hounsfield Units and airway wall phenotypes of the wall thickness (WT) and the
square root of wall area (SRWA) of a 10mm luminal perimeter airway were calculated for each
subject. Linear regression analysis was performed for outcome variables FEV, and percent
predicted value of FEV, (FEV, % predicted) with CT measures of emphysema and airway
disease.
Results: In univariate analysis, there were significant negative correlations between %LAA-950
and both the WT (r=-0.28, p =0.0001) and SRWA (r=-0.19, p = 0.0008). Airway wall
thickness was weakly but significantly correlated with post-bronchodilator FEV % predicted (R=

-0.12, p=0.02). Multivariate analysis showed significant associations between either WT or

SRWA (B=-5.2, p=0.009, B=-2.6, p=0.008), and %LAA-950 (B=-10.6, p=0.03) with the post-

bronchodilator FEV % predicted. Male subjects exhibited significantly thicker airway wall

phenotypes (p=0.007 for WT and p=0.0006 for SRWA).
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Conclusion: CT airway disease and emphysema are inversely related in severe COPD. Airway
wall phenotypes were influenced by gender and associated with lung function in subjects with

severe emphysema.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by incompletely reversible
expiratory airflow obstruction ' related to pathologic changes found in both the lung parenchyma
and airways 2, Computed Tomography (CT) is a minimally invasive tool employed to
characterize these structural changes in-vivo ? and has been demonstrated repeatedly to be
correlated with measures of airflow obstruction *’. CT imaging has also been employed to
objectively classify an individual as having either emphysema or airway-predominant disease 810

and there is some suggestion that a subject’s relative burden of airway and airspace disease may

not be the result of totally independent processes.''

The National Emphysema Treatment Trial (NETT) consisted of subjects with severe emphysema
randomized to lung volume reduction surgery (LVRS) or optimal medical therapy. At the time of
study randomization, a CT scan of the chest was obtained in addition to standard measures of
lung function and assessments of dyspnea. In the NETT cohort, some of the relationships
between emphysema, health status, and lung function correlation have been reported previously
213 but quantitative airway phenotypes have not been investigated. Using CT-based measures
of airway disease, the epidemiological associations between CT phenotypes and clinical metrics
of disease including physiological and functional measures as well as frequency of exacerbations

could be assessed.
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Recently, Patel and colleagues reported that while there were independent functional correlations
between both emphysema and airway disease with FEV, there was a weak but statistically
significant negative correlation between measures of these two disease processes''. Using the
NETT data, we sought to examine the functional contribution of CT measures of emphysema
and airway disease to clinical metrics of disease and the frequency of acute exacerbations of
COPD. Further, the CT emphysema and airway disease measurements could be examined to
determine if the inverse correlation previously reported between these two metrics could be
replicated in a cohort of subjects selected for having severe bilateral emphysema with presumed

parenchymal predominant disease.

Methods

Clinical Characterization of Study Subjects

The current analysis included 338 non-Hispanic, white subjects from the Genetics Ancillary
Study of NETT ' Selection of this cohort of subjects was based upon CT scan availability and
subsequent intended correlations of genetic information and CT measures of disease. Subjects
enrolled in NETT had CT evidence of severe emphysematous destruction of the lung
parenchyma and an FEV| <45% predicted 1, Spirometry was performed according to American
Thoracic Society (ATS) standards 'S before and after albuterol administration. A subject’s
bronchodilator response was calculated as the difference between their FEV, prior to and after
the administration of 2 puffs of albuterol (180 mcg total). This value was expressed as a percent

of a subject’s predicted FEV].
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Clinical assessment included dyspnea quantified using the University of California, San Diego
Shortness of Breath Questionnaire (UCSD SOBQ), a validated questionnaire assessing
symptoms of breathlessness'® and 6-minute walk testing (6 MWT). A modified BODE index
(mBODE) was calculated for each subject as performed previously using a subject’s FEV,%
predicted, UCSD SOBQ, 6-minute walk distance, and body mass index (BMI)”. Using the
Centers for Medicare and Medicaid Services Claims data, COPD exacerbations were defined as
one or more COPD-related emergency visits or hospitalizations occurring from one year prior to
study enrollment through the three years following randomization 18,19, Finally, tobacco smoke
exposure (pack year history) was calculated as the average number of packs of cigarettes smoked

per day multiplied by the number of years of smoking.

. The study was approved by institutional review boards at participating centers. All subjects

provided written informed consent.

Quantitative CT analysis

Computed tomographic images of the chest were acquired at full inspiration with a minimum of
200 mAs (greater in large subjects) and reconstructed using a high spatial frequency (bone)
algorithm with a 1 to 2 mm collimation at 20mm intervals. Densitometric measures of
emphysema were performed using Pulmonary Analysis Software Suite (PASS, lowa City, IA) at
a threshold of—950 Hounsfield Units as described previously 1320 and reported as the %L AA.
Per this convention, subjects with greater %LLAA were observed to have greater parenchymal
destruction manifested as emphysema on their CT scan. Airway wall thickness (WT) and the

square root of wall area (SRWA) were assessed using Airway Inspector

7
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(www.airwayinspector.org) at Brigham and Women’s Hospital. Individual airways that

appeared round on visual inspection were manually selected in the right and left upper lobes and
right lower lobe. The full width at half-maximum (FWHM) method was used to measure the
WT and SRWA of each airway. From these discrete measures, the WT and SRWA of a 10 mm

luminal perimeter airway (Pil0 mm) was calculated *' *

. In this way, a subject’s CT burden of
airway disease could be expressed as a single metric where larger derived measures of the WT

and SRWA of the Pil10 mm represented greater CT burdens of airway disease.

Statistical Analysis

The CT phenotypes tested included the percent emphysema (%LAA-950), wall thickness (WT)
and square root wall area (SRWA) of a derived 10 mm luminal perimeter airway. For univariate
analysis, Pearson correlation coefficients were calculated between CT phenotypes, and gender
differences were evaluated using t-tests. Multivariate analysis was performed using linear
regression models for post-bronchodilator percent predicted values of FEV, adjusting for
subject’s weight, pack-years of smoking, and the clinical center at which study enrollment
occurred. To assess the influence of CT measures of airway disease on COPD exacerbations,
exacerbations were defined as one or more COPD-related emergency visits or hospitalizations
using Centers for Medicare and Medicaid Services claims data and analyzed adjusting for age,
gender, FEV |, pack-years of smoking and surgery status. The influence of emphysema and

airway wall thickness in this dichotomized cohort was then assessed using logistic regression. P

Downloaded from www.chestjournal.org on June 12, 2009
Copyright Copyright © American College of Chest Physicians


http://www.airwayinspector.org/
http://www.chestjournal.org/

Page 9 of 35

values less than 0.05 were considered statistically significant. Statistical analyses were

performed using SAS (SAS Institute, Cary, NC).
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Results

Epidemiologic Data with Quantitative CT correlations

The demographic characteristics of the study cohort are provided in Table 1. Three hundred and
thirty eight subjects were included in this analysis with a mean pre and post-FEV; of 25.0 and
28.2% predicted, respectively. The mean age of the cohort was 67.5 years and approximately
64% of the subjects were male. Densitometric measures of emphysema and CT measures of
airway disease were available on 317 of the 338 subjects and within this group the mean % of
emphysematous lung was 16.6. The mean WT and SRWA of the entire cohort were 1.53mm and

4.6 mm* respectively.

Males were found to have significantly thicker airway walls than females using either the WT
(p=0.007) or the SRWA (p=0.0006) of a 10 mm LP airway (Table 2). Body mass index (BMI)
was inversely correlated with %LAA-950 (R=-0.26, p<0.0001; Figure 1) and directly related to
both WT and SRWA (R=0.24, p<0.0001 and R= 0.19, p=0.0004 respectively). Further, when
adjusted for gender, BMI remained a significant predictor of the SRWA (P=0.002). Finally,
tobacco pack-year history was modestly but significantly inversely correlated with a subject’s
burden of emphysema (R=-0.12, P=0.04) but its effect on wall thickness did not reach statistical

significance (R=0.09, p=0.09 and R=0.09, p=0.11 for WT and SRWA, respectively).

Quantitative CT and subject symptoms and function
There were no significant associations between measures of airway wall thickness and a

subject’s 6 minute walk distance or modified BODE index; however, there were significant

10
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associations between emphysema severity and 6 minute walk distance (3=-438, p=0.03), and

between emphysema severity and modified BODE index ($=2.3, p=0.02) after adjusting for

pack-years of smoking and clinical center. Similarly, neither CT measures of emphysema nor
airway disease were predictive of a subject’s symptoms as assessed by their UCSD SOBQ.
Finally, there was no association between COPD exacerbations and the WT, SRWA or %LAA-

950 (p=0.2, p=0.5 and 0.5, respectively).

In the cohort of 317 subjects in whom quantitative measures of both emphysema and airway
disease were available, there were significant inverse correlations between the %LLAA-950 and
both WT (r=-0.28, p<0.0001) and SRWA (r=-0.19, p = 0.0008; Figure 2).Airway wall thickness
(WT R=-0.12, p=0.03) but not the SRWA (R=-0.09, p=0.09) or %L.AA-950 (R=-0.07, p=0.19)
was significantly correlated with post-bronchodilator FEV % predicted. After adjusting for
subject’s weight, pack-year tobacco history, and clinical center at which the subject was enrolled,

association of WT with post-bronchodilator FEV1% predicted remained statistically significant

(B=-5.2, p=0.009), and SRWA and %LLAA-950 became statistically significant (3=-2.6, p=0.008,

B=-10.6, p=0.03 respectively).

In a multivariate model including WT and %L AA-950 as well as weight, pack-years, and clinical
center, both WT and %LAA-950 were significantly associated with lung function (p=0.01 and
p=0.01, respectively) (Table 3). Airway wall and emphysema phenotypes were not predictive of
bronchodilator responsiveness (p=0.9, 0.6 and 0.4 for WT, SRWA and %L AA-950, respectively)

after adjusting age, sex, pack-years of smoking and clinical center. These findings were

11
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replicated using the phase congruency method for airway segmentation23 (data not shown) and as

such are less likely to be an artifact of airway measurement technique.

12
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Discussion

Chest CT has been increasingly used to define distinct imaging phenotypes in COPD *”,
including defining subjects as either emphysema or airway predominant disease 810,
Interestingly, there has been a recent suggestion that a subject’s relative burden of airway and
airspace disease may in part be related ! Given these reports, we sought to examine the
functional contribution of CT measures of airway disease in subjects with severe COPD and
further determine if the findings of Patel and colleagues 21 could be replicated in a cohort of
subjects with severe emphysema and presumed parenchymal predominant disease. Detailed
assessments of imaging features with functional parameters in large cohorts of well-defined
COPD patients have been scarce. The NETT Genetics Ancillary Study provided access to a
large cohort of patients who were highly characterized clinically and physiologically, and who
underwent standardized CT imaging. In the current report, CT-based measures of both airway
and airspace disease were performed and correlated to both functional and symptom-based
indices of disease. The derived measures of airway disease analyzed were both the wall
thickness and the square root of the wall area of a theoretical 10mm lumenal perimeter airway.
We found that: 1) airway wall phenotypes were significantly influenced by subject gender; 2)
while the cohort exhibited a preponderance of emphysematous destruction of the lung
parenchyma, measures of airway disease remained predictive of measures of lung function; 3)
Emphysema severity was predictive of six minute walk distance and modified BODE index
while airway wall imaging phenotypes were not correlated with other physiological measures
(six minute walk distance) or functional measures (dyspnea, health status); and 4) imaging was

not able to segregate patients who subsequently did or did not experience COPD exacerbations.

13
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