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Background: Appropriateness for lung volume reduction surgery is often determined based on
the results of high-resolution CT (HRCT) scanning of the chest. At many centers, radiologists and
pulmonary physicians both review the images, but the agreement between readers from these
specialties is not known.
Methods: Two thoracic radiologists and three pulmonologists retrospectively reviewed the HRCT
scans of 30 patients with emphysema involved in two clinical studies at our institution. Each
reader assigned an emphysema severity score and assessed upper lobe predominance, using a
methodology similar to that of the National Emphysema Treatment Trial. In addition, the
percentage of emphysema at -910 Hounsfield units was objectively determined by density mask
analysis.
Results: For the emphysema severity scores, (Spearman) correlation between readers ranged
from 0.59 (p = 0.0005) to 0.87 (p < 0.0001), with generally stronger correlations among readers
from the same medical specialty. Emphysema severity scores were significantly correlated with
prebronchodilator and postbronchodilator spirometry findings, as well as with density mask
analysis. In the assessment of upper lobe predominance, k statistics for agreement ranged from
0.20 (p = 0.4) to 0.60 (p = 0.0008). Examining all possible radiologist-pulmonologist pairs, the
two readers agreed in their assessments of emphysema distribution in 75% of the comparisons.
Readers agreed on upper lobe-predominant disease in 9 of the 10 patients in which regional
density mask analysis clearly showed upper lobe predominance.
Conclusions: In a group of patients with varying emphysema severity, interobserver agreement in
the determination of upper lobe-predominant disease was poor. Agreement between readers
tended to be better in cases with clear upper lobe predominance as determined by densitometry.
(CHEST 2007; 131:424—431)
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Abbreviations: HRCT = high-resolution CT; HU = Hounsfield units; LVRS = lung volume reduction surgery;
NETT = National Emphysema Treatment Trial

B ased on the results of the National Emphysema
Treatment Trial (NETT)! and other clinical
trials,23 lung volume reduction surgery (LVRS) has
emerged as a therapeutic option for selected patients
with severe emphysema. In the NETT,! patients
with upper lobe-predominant emphysema and a low
baseline exercise capacity were found to have a
survival benefit from LVRS, while those with upper
lobe-predominant disease and a high baseline exer-
cise capacity showed an improvement in symptoms
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and exercise tolerance following LVRS. The benefits
of LVRS in subjects without upper lobe-predomi-
nant disease were marginal or nonexistent. While the
high-exercise capacity and low-exercise capacity sub-
groups in the NETT were retrospectively defined
based on the objective results of cardiopulmonary
exercise testing, upper lobe-predominant emphy-
sema was determined by an expert radiologist’s
interpretation of a patient’s high-resolution CT
(HRCT) scan of the lungs. During the NETT, the
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radiologist also assigned a semi-quantitative assess-
ment of emphysema severity based on HRCT
scans,*” but this severity score was not included in
the determination of upper lobe-predominant dis-
ease.

During a patient’s evaluation for LVRS at our
institution, a thoracic radiologist reads the HRCT
scan of the chest, indicating the distribution and
severity of emphysema, either with a categoric de-
scription (ie, mild, moderate, or severe) and/or with
a semi-quantitative severity score. The HRCT scan is
reviewed by a pulmonary physician and by a thoracic
surgeon before a patient is recommended for sur-
gery. The subjective assessment of upper lobe-pre-
dominant emphysema is a major determinant for
surgical referral, but the NETT! and the other LVRS
trials>? generally relied on a single radiologist’s
determination of upper lobe-predominant disease.
This methodology implies that emphysema distribu-
tion is an unambiguous feature of a CT scan and that
multiple readers should agree in this assessment,
when using a standardized grading system. In order
to test this hypothesis, we investigated the agree-
ment between multiple readers in two specialties
(chest radiology and pulmonary medicine) in the
description of emphysema distribution and severity
on HRCT scans of patients with COPD. We then
compared the readings to an objective determination
of emphysema distribution based on computerized
density mask analysis.
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MATERIALS AND METHODS

Study Subjects

CT scans and pulmonary function data were collected on 30
subjects who were enrolled in two ongoing studies of COPD at
Brigham and Women’s Hospital. Twenty-one subjects were from
the Boston Early-Onset COPD Study; subject recruitment has
been described previously.® Briefly, eligible probands (1) carried
physicians” diagnoses of COPD, (2) were < 53 years old, (3) had
an FEV, of <40% predicted, (4) did not have severe o;-
antitrypsin deficiency, and (5) did not have other lung diseases.
Twenty probands and one sibling from the Boston Early-Onset
COPD Study were included in the study. The remaining nine
subjects were enrolled in a study of chest wall physiology and
obstructive lung disease in patients being evaluated for lung
transplantation or LVRS.” In both studies, subjects provided
written informed consent. Both studies were approved by the
institutional review board at Brigham and Women’s Hospital.

The 21 subjects in the Boston Early-Onset COPD Study
completed spirometry, both prebronchodilator and postbron-
chodilator. The number of pack-years of smoking were derived
from the study questionnaire.® For the other nine subjects,
spirometry was performed during their clinical evaluation; post-
bronchodilator values were not available in all patients. Smoking
history was obtained from a review of the medical record. The
spirometry prediction equations of Crapo et al® were used for all
30 subjects.

Radiographic Analysis

Chest CT scans had been obtained in all patients for clinical
indications. Examinations were performed using overlapping
generations of scanners from the same manufacturer (Siemens
Volume Zoom, Sensation 4, and Somatom Plus 4; Siemens
Medical Solutions; Forchheim, Germany) with a full diagnostic
chest CT scan protocol (eg, 120 to 140 kVp, typically at 237 mA,
and B50 kernel reconstructions for edge enhancement). A min-
imum of 3 HRCT scan (1 to 2 mm) images were provided; HRCT
scan images were available for many patients at 10-mm to 20-mm
intervals throughout the lungs. Thick-section images (5-mm to
10-mm sections) were available in all cases. For subjects with
multiple CT scans, the examination performed closest to study
enrollment was used.

The 30 HRCT scan studies were independently reviewed by
two thoracic radiologists (FL] and RG) and three pulmonary
physicians (CPH, GRW, and EKS). Emphysema severity was
graded using a modification of the NETT scoring system,>!¢
assigning a score from 0 to 4 for the upper portion (apex to aortic
arch), the mid portion (aortic arch to right inferior pulmonary
vein), and lower portion (right inferior pulmonary vein to dia-
phragm) of each lung (see “Appendix,” question A). A score of 0.5
was reserved for trivial emphysema (with <5% of the lung
affected). The craniocaudal distribution of emphysema was cat-
egorized using the NETT protocol (see “Appendix,” question B).
All readers were trained by one of the thoracic radiologists (FLJ),
who had served as a reader in the NETT study, using separate
HRCT scan studies. CT scans were interpreted using lung
windows (width, —1,500 Hounsfield units [HU]; level, 600 HU)
on a workstation (AGFA-Gevaert; Mortsel, Belgium). Emphy-
sema scores were assigned primarily using the HRCT scan
images; use of the thick-section images was at the discretion of
the reader. Readers were aware that all patients had COPD but
were blinded to other clinical characteristics.

Density mask analysis of the lung parenchyma was performed
with an open-source modular software package (3D Slicer;
www.Slicer.org), based on the contiguous thick-section images.
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In the software, automatic extraction of the lung is achieved by
performing thresholding using the Otsu method," which finds
the optimal threshold to separate the image into two classes by
analyzing the image histogram. After that, the centroids of the
lower intensity regions are used to identify the connected
components and to extract the left and right lungs. Gaps in the
lung mask are removed by means of morphologic operations.
Finally, vessels are extracted by applying the Otsu method in the
lung area and removing those pixels corresponding to the upper
threshold. The resulting lung mask is divided into three regions of
equal volume to enable regional density mask analysis. This
method for the extraction of the lung mask is comparable to other
methods reported in the literature'?; the main difference is
related to use of the Otsu method for the automatic definition of
the thresholds used to separate the image into two classes. No
attempt was made to exclude airways from the mask and
therefore from the density mask analysis.

Density mask analysis was used to calculate the fraction of
emphysematous lung on the CT scan at a threshold of 910 HU'3
for the upper, middle, and lower third of each lung. A subject was
defined as having definite upper lobe-predominant emphysema if
the percentage of emphysema in the upper third of the lung
(averaged across both lungs) was at least 10% greater than the
percentage of emphysema in both the middle and lower thirds of
the lung in order to ensure a clear distinction. Non-upper
lobe-predominant disease was present if the percentage of
emphysema in the upper third of the lung was less than that in
the middle or lower third. If the percentage of emphysema in the
upper third of the lung was greater than that in both the middle
and lower thirds, but not at least 10% greater, then the distribu-
tion was called borderline. A density mask threshold of —950 HU
was used in a secondary analysis.

Statistical Analysis

Agreement between readers for emphysema scores was as-
sessed using Spearman correlation coefficients. Emphysema
distribution was classified as upper lobe-predominant or non-
upper lobe-predominant, as in the NETT. Agreement between
readers was assessed by k statistics, using exact p values. Based on
the nonnormal distribution of emphysema scores and quantita-
tive image analysis results, the relationships with clinical charac-
teristics were calculated using nonparametric statistics (ie, Spear-
man correlation, Wilcoxon rank sum test, or Kruskal-Wallis test,
as appropriate). A p value of < 0.05 defined statistical signifi-
cance. Analyses were performed using a statistical software
package (SAS, version 9.1; SAS Institute; Cary, NC).

RESULTS

All 30 subjects had a history of cigarette smoking.
Airflow obstruction ranged from mild (prebron-
chodilator FEV,, 73% predicted) to very severe
(prebronchodilator FEV,, 10% predicted) [Table 1].
Emphysema scores, averaged across five readers,
ranged from 5.9 to 20.6 (possible maximum score,
24). In the 21 subjects from the Boston Early-Onset
COPD Study, the mean emphysema score ranged
from 6.8 to 20.6; 8 of 21 subjects had a score of < 12,
signifying mild-to-moderate emphysema.

Interobserver correlations for emphysema severity
scores ranged between 0.59 and 0.87 (Table 2); all
correlations were statistically significant. In general,
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Table 1—Characteristics of Study Subjects*

Characteristics Values

Sex

Female 16 (53.3)

Male 14 (46.7)
Age 52.3 + 8.2
Smoking intensity, pack-yr 474+ 270
FEV,, % predicted

Prebronchodilator 231+ 119

Postbronchodilatort 254 *+ 14.7
FEV,/FVC ratio

Prebronchodilator 0.29 = 0.08

Postbronchodilatort 0.29 = 0.08
Emphysema score (average of five readers) 14.0 = 4.3
Emphysema % — 910 HU 57.1 =123

*Values are given as No. (%) or mean = SD. n = 30, except as noted.
tn = 22 (eight subjects did not undergo postbronchodilator spirom-
etry).

agreement was stronger among readers in the same
specialty; correlation between the two thoracic radi-
ologists was 0.76 (p < 0.0001), and among the three
pulmonary physicians ranged from 0.82 to 0.87 (all
p < 0.0001).

K statistics for agreement between readers in the
assessment of upper lobe-predominant emphysema
ranged from 0.20 (p =0.4) to 0.60 (p = 0.0008)
[Table 3]. Agreements were slightly better among
observers in the same specialty. The « statistic for
the two radiologists was 0.34 (p = 0.1), and among
the three pulmonologists ranged from 0.44
(p=0.02) to 059 (p=0.002). All five readers
agreed on emphysema distribution in 14 cases
(46.7%). Four of five readers agreed in 11 cases
(36.7%), and three of five readers agreed in 5 cases
(16.7%) [Fig 1].

In order to simulate the clinical assessment of a
patient undergoing LVRS evaluation, we examined
all pairwise combinations of one radiologist’s and one
pulmonary physician’s determinations of emphysema
distribution. Of the 180 possible pairs (two radiolo-
gists and three pulmonary physicians), agreement
was found in 135 pairs (75.0%).

Emphysema scores averaged across all five readers
were not significantly related to sex or age (Tables 4,
5); there was a trend for correlation with number of
pack-years of smoking (Spearman r = 0.33;
p = 0.07). Emphysema scores were inversely corre-
lated with FEV, and FEV,/FVC ratio, although the
correlations were moderate (—0.35 to —0.49). De-
spite the smaller sample size, the correlations were
greater for postbronchodilator spirometry than for
prebronchodilator spirometry.

In 25 subjects, at least four of the five readers
agreed in the assessment of emphysema distribution
(Table 5). Eighteen of the 25 subjects had upper
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Table 2—Correlations Between Readers for Emphysema Severity Scores™

Readers R1 R2 P1 P2 P3

R1 0.76 (< 0.0001) 0.76 (< 0.0001) 0.84 (< 0.0001) 0.66 (< 0.0001)
R2 0.59 (0.0005) 0.65 (0.0001) 0.59 (0.0006)
P1 0.82 (< 0.0001) 0.87 (< 0.0001)
P2 0.84 (< 0.0001)
*Values are given as Spearman correlation coefficients (p values). R1 = radiologist 1; R2 = radiologist 3; P1 = pulmonary physician 1;

P2 = pulmonary physician 2; P3 = pulmonary physician 3.

lobe-predominant emphysema, and 7 subjects had
non-upper lobe-predominant emphysema. Average
emphysema severity scores were significantly higher
in the 25 subjects in whom a consensus emphysema
distribution could be determined (consensus distri-
bution, 14.9; no consensus, 9.3; p = 0.01).

In the computerized density mask analysis, the
mean percentage of emphysema at —910 HU was
57.1% (Table 1), with a range from 24.0 to 73.1%.
The density mask results were inversely correlated
with FEV, and FEV,/FVC ratio (Table 4). The
strength of the correlations between these spiromet-
ric traits and densitometry (—0.36 to —0.54) was
similar to the strength of the correlations of emphy-
sema severity scores with spirometry. The percent-
age of emphysema at —910 HU was significantly
correlated with the average semi-quantitative sever-
ity score (r = 0.72; p < 0.0001). Similar to the se-
verity score analysis, the percentage of emphysema
was higher in subjects in whom a consensus descrip-
tion of emphysema distribution could be reached
(Table 5); automated analysis results showed a trend
toward significance.

Based on the regional density mask analysis (—910
HU), 10 of the 30 CT scans showed upper lobe-
predominant emphysema (Table 6). Agreement be-
tween the human consensus readings and the com-
puterized analysis was moderate (k = 0.26;
p = 0.03). Human readers (at least four of five)
agreed on upper lobe-predominant disease in 9 of 10
cases in which densitometry clearly showed upper
lobe predominance, yet readers agreed on upper
lobe predominance in only 8 of 14 cases in which
densitometry was borderline (p = 0.17 [Fisher exact
test]). Based on a less strict definition of upper
lobe-predominant disease that did not require the

10% difference threshold (ie, combining the clearly
upper lobe and borderline categories), 24 cases were
called upper lobe-predominant by densitometry
findings. Readers agreed on upper lobe predomi-
nance in only 17 of these 24 cases.

As a confirmatory analysis, agreement between
human readers was also compared with upper lobe
emphysema, as defined by a —950-HU density mask
threshold. Human readers agreed in 14 of 15 cases in
which densitometry showed upper lobe predomi-
nance using the —950-HU threshold. However,
readers agreed in only 4 of 11 cases in which
densitometry at —950 HU was borderline upper
lobe-predominant (p = 0.003).

DISCUSSION

In a review of HRCT scans in 30 COPD patients,
we found good correlation among two thoracic radi-
ologists and three pulmonary physicians in terms of
semi-quantitative emphysema severity scores, but
found poor agreement in the determination of upper
lobe-predominant emphysema. Among the cases
with clear upper lobe predominance determined by
regional density mask analysis, there was better
agreement among the human readers. The disagree-
ment tended to be found in subjects with marginal
upper lobe predominance (ie, a < 10% difference
between upper and middle/lower thirds of the lung)
according to the densitometry results.

Emphysema severity scores averaged across the
five readers were significantly correlated with spiro-
metric measures of airflow obstruction, with stronger
correlations for postbronchodilator spirometry val-
ues. However, these correlations were only moder-

Table 3—Agreement Between Readers in Assessing Upper Lobe-Predominant Emphysema*

Readers R1 R2 pP1 P2 P3

R1 0.34 (0.1) 0.51 (0.007) 0.33 (0.1) 0.20 (0.4)
R2 0.59 (0.002) 0.60 (0.0008) 0.43 (0.05)
P1 0.49 (0.003) 0.59 (0.002)
P2 0.44 (0.02)

*Values are given as k statistics (p values). See Table 2 for abbreviations not used in the text.
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FIGURE 1. Example of disagreement among readers. Two of five observers interpreted this HRCT scan
as showing upper lobe-predominant emphysema. Representative 1-mm sections from the level of (left,
A) the top of the aortic arch and (right, B) the right inferior pulmonary vein are shown, using lung
windows (width, —1,500 HU; level, 600 HU).

ate. Because of the poor interobserver agreement in
the assessment of upper lobe-predominant disease,
we did not attempt to compare pulmonary function
across the different classes of emphysema location.

Previous authors have examined the agreement
between multiple readers in the assessment of em-
physema distribution. Slone and colleagues'# retro-
spectively reviewed the CT scans of 50 patients who
had undergone LVRS. Four chest radiologists
graded emphysema heterogeneity and severity on a
scale of 0 to 4. Correlation between readers was
strong for both measurements (Pearson r = 0.82 for
heterogeneity; r = 0.75 for severity). In a study by
Weder et al,’ five “clinicians” and one radiologist
retrospectively evaluated preoperative CT scans
from 50 LVRS patients. Emphysema distribution
was defined as markedly heterogeneous, intermedi-

ately heterogeneous, or homogeneous. On average,
5.4 of the 6 readers agreed on the assessment of
markedly heterogeneous disease, which included
upper lobe-predominant disease. In two other stud-
ies, differences in emphysema severity scores be-
tween lung regions were used to describe heteroge-
neity. Wisser and coauthors'¢ found interobserver
statistics ranging from 0.54 to 0.79 among three
readers, while Pompeo and colleagues'” reported «
coefficients of 0.67 to 0.92 for pairwise comparisons
between two radiologists and a surgeon.

In these published analyses, the agreement among
multiple readers in different specialties was better
than we found in the present study. However, the
previous studies were all retrospective reviews of
preoperative CT scans in patients who had under-
gone LVRS. These patients are likely to have more

Table 4—Correlations (Spearman) of Emphysema Severity Scores and Density Mask Analysis With Clinical
Characteristics and Pulmonary Function Test Results*

Severity Score

Emphysema % — 910 HU

Characteristics ICorrelation Coefficient p Value I ICorrelation Coefficient p ValueI

Age 0.29 0.1 0.36 0.05
Pack-yr of smoking 0.33 0.07 0.09 0.7
FEV, % predicted

Prebronchodilator —0.40 0.03 - 0.36 0.05

Postbronchodilatort — 047 0.03 - 0.54 0.01
FEV,/FVC ratio

Prebronchodilator - 0.35 0.06 - 0.39 0.03

Postbronchodilatort —0.49 0.02 —0.51 0.01
Emphysema % — 910 HU 0.72 < 0.0001

*n = 30, except as noted.

tn = 22 (eight subjects did not undergo postbronchodilator spirometry).
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Table 5—Mean Emphysema Severity Scores and Percentage of Emphysema (—910 HU) Across Categoric Variables

Severity Score Emphysema % — 910 HU

Patients, | | | |
Characteristics No. Mean + SD p Value Mean * SD p Value
Sex 0.5% 0.06*
Female 16 13.2 =52 52.7 £ 144
Male 14 14.8 = 3.1 62.1+7.1
Emphysema distribution} 0.03t 0.1%
Upper lobe-predominant 18 15.5 £ 34 59.5 +10.4
Non-upper lobe-predominant 7 13.3+49 59.1 = 10.8
No consensus 5 9.3 +3.2 45.6 = 16.5
Emphysema distribution} 0.01* 0.05*
Consensus 25 149 £ 39 59.4 = 10.3
No consensus 5 9.3 +3.2 45.6 = 16.5

*Wilcoxon rank sum test,
{Kruskal-Wallis test.
{Based on agreement among at least four of five readers.

severe emphysema, with upper lobe predominance,
based on commonly accepted indications for LVRS
prior to the completion of the NETT.!S With less
variability between patients, interobserver agree-
ment should be improved. However, in our study, we
reviewed HRCT scans of patients who did not
necessarily undergo LVRS. There was more variabil-
ity between patients, which is likely to explain the
greater divergence in the assignment of upper lobe-
predominant disease. Our patient cohort may reflect
more accurately the patient population undergoing
initial LVRS evaluation, at the point where the
subjective classification of emphysema distribution
and severity may greatly impact eventual surgical
referral. There are other anatomic features assessed
by HRCT scan that may also impact a patient’s
appropriateness for LVRS, such as the extent of
destruction in the portions of the lungs that will not
be resected. However, without a standardized scor-
ing system, we were unable to assess these factors.
Despite the wider range of emphysema severity,
correlation among the five readers in our study was
generally good. In general, interobserver agreement,
using several different methods of emphysema se-
verity scoring, has not been as good in studies of
COPD patients who were not being evaluated for

LVRS (reviewed by Malinen et al'®). This also may
be due to the limited variation in emphysema sever-
ity in LVRS patients. In our study, interobserver
agreement tended to be better in the patients with
more severe emphysema. We also found the agree-
ment in the assessments of both distribution and
severity to be generally better among physicians
from the same specialty. This may reflect different
clinical experience in chest CT scan interpretation,
since all readers in our study were uniformly trained
with our scoring method at the same sessions. De-
spite the variability, the emphysema severity score,
when averaged across the five readers, was strongly
correlated to the results of computerized density
mask analysis, using the threshold of -910 HU
(defined a priori), which is a commonly used thresh-
old for the quantification of emphysema.2°

The average emphysema severity score showed
moderate, but significant, correlation with measures
of airflow obstruction. The correlations we found
with FEV, and FEV,/FVC ratio are similar to the
values found by other investigators.'021-22 The sever-
ity of the emphysema seen on CT scans explains only
a portion of the variability in spirometry results.
Other factors, such as airway disease, are likely to be
important. Even among the subjects from the Boston

Table 6 —Agreement Between Human and Computerized Assessment of Upper Lobe-Predominant Emphysema

Computerized Density Mask Assessmentt

Patients, Non-Upper Upper Lobe-

Emphysema Distribution* No. Lobe-Predominant Predominant Borderline
Non-upper lobe-predominant 7 3 1 3
Upper lobe-predominant 18 1 9 8
No consensus 5 2 0 3

*Based on agreement between at least four of five readers. Emphysema distribution was assessed based on question B in the “Appendix.”

tBased on the percentage of emphysema at -910 HU.
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Early-Onset COPD Study, who had severe airflow
obstruction, there was still substantial variability in
emphysema severity scores.

Since the CT scans in our study were performed
for clinical indications over a period of several years,
the CT scanner models were not the same for all 30
patients. Because of different imaging protocols,
there were variable numbers of HRCT scan images
for each patient. These factors may contribute to the
variability we observed. However, this closely re-
flects the clinical evaluation for LVRS, in which
patients may undergo CT scans at different institu-
tions or on different scanners at the same institution.
Different radiologists and pulmonologists may be
evaluating patients at the same center, a situation
that is reproduced by our study design. Another
limitation of our study was the absence of postbron-
chodilator spirometry results for 8 of the 30 subjects.
Despite the reduced sample size, the correlations
with emphysema score were stronger for postbron-
chodilator variables. Emphysema may contribute
more to the fixed aspect of airflow obstruction,
reflected by the postbronchodilator spirometry re-
sults.

Several groups have proposed quantitative CT
scan methods to define upper lobe-predominant
emphysema, usually based on densitometry differ-
ences between the upper and lower portions of the
lungs.23-26 In two small studies,?”25 the ratio of the
percentage of emphysema (—900 HU) in the upper
half of the lungs to the lower half of the lungs was
found to correlate with improved FEV, following
LVRS. In an analysis of the NETT data,?® quantita-
tive CT scan assessment was at least as good as the
radiologist’s interpretation in predicting the response
to LVRS. We were able to use density mask analysis
to identify a source of variability in the readers’
assessments; namely, the distinction between the
clear upper lobe-predominant cases and the border-
line upper lobe-predominant cases.

Based on the results of the NETT! and other
trials,23 patients with upper lobe-predominant em-
physema may be expected to benefit from LVRS. In
the NETT, the determination of upper lobe-pre-
dominant disease was based on a single radiologist’s
interpretation, without accounting for the variability
in HRCT scan reading that we have demonstrated in
the present study. Using computerized density mask
analysis as a comparison, we have found that inter-
observer agreement was improved in patients with
clear upper lobe-predominant emphysema vs those
with more marginal upper lobe predominance. One
might expect that LVRS may be more beneficial in
the former group of patients than in the latter group.
Further analysis of data from the NETT and other
LVRS trials will be required to answer this question.
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If this were shown to be the case, then formal review
of the HRCT scan by multiple readers might be
recommended before a patient is referred for LVRS.
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APPENDIX

Grading of Emphysema Severity and Distribution on HRCT
Scans

A. Emphysema Severity Scale: Scores were assigned for the
upper, mid, and lower portions (see the “Materials and Methods”
section for definitions) of the right and left lung.

0. Normal (none)
0.5. Trivial (< 5% of lung affected):

1. Mild (5-25%)

2. Moderate (26-50%)
3. Marked (51-75%)
4. Severe (> 75%)

B. Best Description of Craniocaudal Distribution of Emphy-
sema:

1. Upper lobe-predominant

2. Lower lobe-predominant

3. Diffuse

4. Superior segments of lower lobes predominantly involved
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