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Rationale and Objectives: This study investigated what factors radiologists take into account when estimating emphysema severity and

assessed quantitative computed tomography (CT) measurements of low attenuation areas.

Materials and Methods: CT scans and spirometry were obtained on 1519 chronic obstructive pulmonary disease (COPD) subjects, 269
smoker controls, and 184 nonsmoker controls from the Evaluation of COPD Longitudinally to Indentify Surrogate Endpoints (ECLIPSE)

study. CT scanswere analyzed using the threshold technique (%<�950HU) and a low attenuation cluster analysis. Two radiologists scored

emphysema severity (0 to 5 scale), described the predominant type and distribution of emphysema, and the presence of suspected small

airways disease.

Results: The percent low attenuation area (%LAA) and visual scores of emphysema severity correlatedwell (r = 0.77,P < .001).%LAA, low

attenuation cluster analysis, and absence of radiologist described gas trapping, distribution, and predominant type of emphysema were

predictors of visual scores of emphysema severity (allP < .001). CT scans scored as showing regions of gas trapping had smaller lesions for
a similar %LAA than those without (P < .001).

Conclusions: Visual estimates of emphysema are not only determined by the extent of LAA, but also by lesion size, predominant type, and

distribution of emphysema and presence/absence of areas of small airways disease. A computer analysis of low attenuation cluster size
helps quantitative algorithms discriminate low attenuation areas from gas trapping, image noise, and emphysema.
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T
he introduction of computed tomography (CT) has

changed the way that clinicians diagnose and quantify

the extent of emphysema in living individuals. It was
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recognized early on that the frequency distribution of x-ray

attenuation values in a CT image of the lung (CT densitom-

etry) could produce an estimate of the extent of emphysema

(1–3). Even though there has been a great deal of attention

given to densitometric assessment of emphysema (4–8), the

daily clinical routine is still to visually grade disease extent

and severity.

Both densitometry (1,3,4) and visual grading of

emphysema extent (9–11) have been shown to correlate

well with the extent of emphysema on histology specimens.

However, the estimations produced by densitometry have

been reported to be similar to the extent of emphysema in

histology specimens, whereas visual estimations tend to

overestimate the extent of emphysema (12,13). Visual

scores, on the other hand, have been reported to show

stronger associations with spirometry data (14), the core diag-

nostic test to detect and stage chronic obstructive pulmonary

disease (COPD) (15).

Another advantage of visual scoring is the ability of radiol-

ogists to distinguish emphysema from other causes of lowered

attenuation such as image noise and hyperinflated regions
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consistent with ‘‘gas-trapping’’ caused by small airways

disease. Although densitometry can quantify the spatial distri-

bution of low attenuation voxels, it cannot discriminate other

features within the CT scan that may help decide the cause of

the low attenuation areas. For these reasons, investigators have

attempted to develop new techniques using multiple features

within a CT image (16). The most simple of these approaches

examines how the low attenuation voxels are clustered

together (17,18). Low attenuation areas consistent with gas-

trapping and image noise are typically characterized by small

clusters of voxels with decreased attenuation, whereas emphy-

sema often results in larger clusters, especially in the advanced

stages. Radiologists tend to look for those larger areas of low

attenuation areas and use the size of destroyed areas in their

estimation of the extent of emphysema, but the use of cluster

analysis in computer based quantification of emphysema is

limited (17,19,20). Although low attenuation cluster (LAC)

analysis alone has been shown not to be able to estimate

extent of emphysema (19), we hypothesized that the LAC

analysis may be able to help to understand the relationship

between densitometry results and visual scores.

The purpose of the current analysis is to investigate the rela-

tionship between densitometry results and visual scores by

assessing factors that determine estimations of emphysema

extent as seen by radiologists. To accomplish this we used the

baseline CT scans from the Evaluation Of COPD Longitudi-

nally To Identify Predictive Surrogate Endpoints (ECLIPSE)

(NCT00292552; GSK Study Code SCO104960) cohort,

which is a large cohort of smoking and nonsmoking subjects

with and without airflow limitation (21–23).
MATERIAL AND METHODS

Subjects

The ECLIPSE Study is a 3-year noninterventional longitu-

dinal study designed to discover and validate novel and robust

metrics of disease and disease progression (23). The trial was

approved by the ethics and review boards at participating

centers and written informed consent was obtained from all

subjects. A list of all participating centers can be found in

Appendix 1. Individuals ages 40 to 75 years were recruited

to the COPD study group if they had a smoking history of

$10 pack-years, a postbronchodilator forced expiratory

volume in 1 second (FEV1) less than 80% predicted, and

a postbronchodilator ratio between FEV1 and forced vital

capacity (FVC) #0.7. Smoking ($10 pack-years) and

nonsmoking (<1 pack-year) control subjects were enrolled

if they were ages 40 to 75 years and had normal lung function

(postbronchodilator FEV1>85% predicted and FEV1/FVC

>0.7). Individuals recruited to the study were genotyped

for a1-antitrypsin deficiency and six homogenous protease

inhibitor variant Z (PiZZ) and 11 heterozygous variants SZ

(PiSZ) individuals were identified and excluded from the

analysis (24).
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Pulmonary Function Testing

Postbronchodilator spirometry (ie, FEV1 and FVC) was per-

formed following the American Thoracic Society guidelines.

Subjects were asked to withhold bronchodilator medication for

at least 6 hours before testing. For descriptive purposes,

COPD subjectswere staged according toGOLDguidelines (15).

CT and Quantitative Analysis (Densitometry)

CT scanning was performed without bronchodilatation

within 1 day of lung function testing. All CT scans were

acquired using multidetector-row CT scanners (GE Health-

care, Milwaukee, WI or Siemens Healthcare, Erlangen,

Germany) with a minimum of four rows at suspended full

inspiration without administration of intravenous contrast.

Exposure settings were 120 kVp and 40 mAs; images were

reconstructed using 1.0 mm (Siemens) or 1.25 mm (GE)

contiguous slices and a low spatial frequency reconstruction

algorithm (GE: standard; Siemens: b35f) at a 512 � 512

matrix. All CT scans were analyzed using Pulmonary Work-

station 2.0 software (VIDA Diagnostics, Iowa City, IA). Lungs

were segmented from the thoracic wall, the heart, and main

pulmonary vessels, followed by segmentation of the individual

lobes and the airways (25). The extent of emphysemawas esti-

mated using the threshold technique quantifying the percent

of voxels with an apparent x-ray attenuation value below

�950HU (%LAA) (5). The size of the emphysematous lesions

was estimated using a LAC analysis (17,18). In short, the

cumulative size of the lesion (the number of connected low

attenuation voxels) is plotted against the cumulative number

of lesions (clusters of a given size) on a log-log scale. The slope

of this relationship, the power law exponent (D), is an indica-

tion of average lesion size: The steeper the slope, the smaller

the lesions.

Qualitative Analysis (Visual Scoring)

All images were displayed on a standalone medical imaging

workstation (eFilm 3.0, Merge Healthcare, Milwaukee,

WI), enabling the readers to view the images in different

planes and using a standard window width of 1000 and

a window level of�700 HU. The qualitative analysis was per-

formed on images obtained using high spatial frequency

reconstruction algorithm (GE: bone; Siemens: b60f). Emphy-

sema was visually scored by two experienced chest radiolo-

gists, who independently scored all CT scans as follows:

0 = no emphysema, 1 = <5% (trivial), 2 = 5–25% (mild),

3 = 26–50% (moderate), 4 = 51–75% (severe), and

5 = >75% involvement of both lungs (very severe). In case

of disagreement, the mean score of the two readers was used

as the final score (0.5, 1.5, 2.5, 3.5, or 4.5) unless the results

differed more than one category. For those cases consensus

was reached in a separate reading session and that score was

used. The distributions of emphysema, if present, was

described as upper lobe predominant, lower lobe predomi-

nant or diffuse emphysema; and the predominant type of



TABLE 1. Demographic Data by Study Group (A) and GOLD Stage (B)

Table 1A

P Values

COPD Subjects Smoker Controls Non-smoker Controls Overall

COPD vs Smoker

Controls

COPD vs. Nonsmoker

Controls

Smoker Controls vs.

Nonsmoker Controls

n 1519 269 184

Age (y) 63.2 (6.9) 54.8 (8.9) 54.1 (9.1) <.001 <.001 <.001 .329

Sex (M/F) 960/559 151/118 65/119 <.001 .028 <.001 <.001

Height 169.5 (8.9) 172.1 (9.1) 167.9 (8.8) <.001 <.001 .027 <.001

Weight 74.7 (17.3) 78.8 (14.9) 76.9 (16.1) <.001 <.001 .093 .238

Body mass index 25.9 (5.2) 26.5 (4.2) 27.2 (4.9) .001 .055 .001 .175

Pack-years 48.0 (26.3) 31.5 (22.6) 0.0 (0.1) <.001 <.001 <.001 <.001

Current smoker (%) 38% 63% 0 <.001 <.001 <.001 <.001

Never smoked (%) 0 0 96%

FEV1% predicted 48.8 (15.8) 109.0 (11.5) 115.6 (13.6) <.001 <.001 <.001 <.001

FEV1/FVC 44.4 (11.5) 79.1 (5.1) 81.4 (5.2) <.001 <.001 <.001 .022

% LAA 18.1 (12.5) 2.3 (3.0) 4.2 (4.2) <.001 <.001 <.001 .076

Table 1B

P Values

GOLD II GOLD III GOLD IV Overall GOLD II vs GOLD III GOLD II vs GOLD IV GOLD III vs GOLD IV

n 692 635 190

Age (y) 63.2 (7.1) 63.5 (6.8) 61.6 (6.9) .005 .486 .005 .001

Sex (M/F) 404/288 423/212 132/58 .001 .002 .006 .461

Height 169.0 (9.1) 169.7 (8.7) 170.2 (8.9) .202 .184 .119 .509

Weight 76.7 (17.3) 73.7 (16.6) 70.9 (18.5) <.001 .002 <.001 .044

Body mass index 26.7 (5.1) 25.5 (5.1) 24.3 (5.3) <.001 <.001 <.001 .004

Pack-years 47.0 (28.1) 49.1 (24.3) 48.5 (25.9) .335 .146 .467 .807

Current smoker (%) 39% 38% 29% .047 .825 .016 .025

FEV1% predicted 63.2 (8.4) 40.2 (5.8) 24.5 (3.7) <.001 <.001 <.001 <.001

FEV1/FVC 52.3 (8.8) 39.6 (8.5) 31.5 (7.5) <.001 <.001 <.001 <.001

% LAA 12.3 (9.7) 21.0 (11.8) 29.5 (12.6) <.001 <.001 <.001 <.001

Results are given as mean � standard deviation.

FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; %LAA, percent low attenuation area.
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TABLE 2. Radiologist Graded Emphysema Extent Scores by Study Group (A) and GOLD Stage (B)

Table 2A

EmphysemaExtent Emphysema Grade COPD Subjects n (%) Smoker Controls n (%) Nonsmoker Controls n (%)

No emphysema 0 72 (4.7) 19 (7.1) 68 (37.0)

0.5 3 (0.2) 0 2 (1.1)

<5%, trivial 1 283 (18.6) 227 (84.4) 110 (59.8)

1.5 105 (6.9) 9 (3.3) 3 (1.6)

5–25%, mild 2 216 (14.2) 9 (3.3) 0

2.5 100 (6.6) 1 (0.4) 1 (0.5)

26–50%, moderate 3 195 (12.8) 4 (1.5) 0

3.5 109 (7.2) 0 0

51–75%, severe 4 184 (12.1) 0 0

4.5 105 (6.9) 0 0

>75%, very severe 5 147 (9.7) 0 0

Table 2B

Emphysema Extent Emphysema Grade GOLD II n (%) GOLD III n (%) GOLD IV n (%)

No emphysema 0 52 (7.5) 18 (2.8) 2 (1.1)

0.5 2 (0.3) 1 (0.2) 0

<5%, trivial 1 197 (28.5) 76 (12.0) 10 (5.3)

1.5 59 (8.5) 41 (6.5) 4 (2.1)

5–25%, mild 2 126 (18.2) 74 (11.7) 15 (7.9)

2.5 45 (6.5) 42 (6.6) 13 (6.8)

26–50%, moderate 3 88 (12.7) 86 (13.5) 21 (11.1)

3.5 37 (5.3) 58 (9.1) 14 (7.4)

51–75%, severe 4 43 (6.2) 108 (17.0) 33 (17.4)

4.5 20 (2.9) 55 (8.7) 30 (15.8)

>75%, very severe 5 23 (3.3) 76 (12.0) 48 (25.3)

Computed tomography scans were graded using a 6-point grading scale: 0 = no emphysema, 1 = <5% (trivial), 2 = 5–25% (mild), 3 = 26–50%

(moderate), 4 = 51–75% (severe), and 5 = >75% involvement of both lungs (very severe). In case of disagreement, the mean score of the two

readers was used as the final score (0.5, 1.5, 2.5, 3.5, or 4.5). Values are shown as the number of subjects in each grade and as the percent of

total number of subjects in the group.

COPD, chronic obstructive pulmonary disease.
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emphysema was described as paraseptal, centrilobular or pan-

acinar (26). Regions of the lung exhibiting decreased attenu-

ation and vascularity that are suggestive of ‘‘small airways

disease’’ or gas-trapping were also noted and are referred to

as gas-trapping throughout this report. CT scans were visually

checked for other causes of airflow limitation, such as intersti-

tial lung disease or severe bronchiectasis and, if present, the

subjects were excluded from further analysis.
Statistics

Data evaluation were performed using the SAS statistical soft-

ware package version 9.1 (Cary, NC). P values < .05 were

considered significant. Pearson’s correlation coefficients and

Fisher’s z transformation were calculated to investigate the

correlation between lung function and CT parameters. Kappa

statistics were used to assess inter-observer agreement (27).

Analyses of variance were conducted to compare LAC values.

For COPD subjects only, regression analysis was carried out to

determine the predictors of visually scored extent of emphy-

sema from among the following variables: %LAA, LAC,

distribution of emphysema, type of emphysema, and presence
664
of gas-trapping. Because the visual score was a categorical

variable and the proportional odds assumption did not hold

for all covariates, we used a partial proportional odds model

to assess predictors of visual scores (28). Odds ratios and their

associated 95% confidence intervals were calculated for each

predictor. For comparison purposes, we have included the

proportional odds model estimates.
Ethics Approval

The trial was approved by the ethics and review boards at

participating centers and written informed consent was

obtained from all subjects.
RESULTS

Demographics

The subject demographics are shown in Table 1. In total, 2290

subjects completed spirometry and had their CT scans

analyzed by the software and read by both observers. A total

of 233 CT scans were excluded from analysis because of the



Figure 1. This figure shows three individuals with the low attenuation cluster analysis of emphysema shown in (a,b,c). The colored regions

represent connected regions of the lung voxels below�950 HU. Each color represents a different lobe. Corresponding computed tomography
(CT) images from the carina (d,e,f) and the inferior pulmonary vein (g, h, i) are also shown. Subject A is considered to have trivial emphysema by

radiologists and %LAA assessment as indicated by the lack of colored regions in the three-dimensional reconstruction of the LAC analysis (a)
and the lack of low attenuating regions in CT images. Subject B has severe emphysema indicated by the large colored regions (b) and the large

low attenuating areas indicated by arrows ( ) (e,h). Subject C hasmild emphysemawith small lesions indicated individual colored regions in
the upper lobes (c) and marked by arrows ( ) (f) and large diffuse areas of decreased attenuation suggesting ‘‘gas-trapping’’ from small

airways disease (arrowhead ) (i).
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following reasons: respiratory motion artifacts (n = 189) and

parts of the lungs not included on the scan (n = 44). An addi-

tional 62 were excluded because of severe bronchiectasis and

23 remaining subjects were excluded because of protocol

violations, leaving 1972 CT scans available for analysis. The

resulting study group consisted of 1519 COPD subjects,
269 smoker controls, and 184 nonsmoker controls. A total

439 scans (22%) had a visual score, which was one category

different for the two observers. Twenty (1.0%) scans showed

more than one category difference in the visual scores of the

two observers. The readers showed excellent agreement

(weighted k = 0.83 [95% confidence interval 0.81–0.84]).
665
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The radiologists scored 1813 (92%) CT scans as showing

emphysema and 159 (8%) as showing no emphysema. The

vast majority of smoker controls (91%) and nonsmoker

controls (98%) were scored as having no or at most trivial

emphysema. Table 2 shows the visual scores for each study

group and GOLD stage.
Figure 2. Box plot of radiologist-assessed emphysema grade vs.

quantitative estimation (%LAA) of emphysema severity. Note that

visual scores tend to overestimate extent of emphysema compared

to %LAA. Computed tomography scans were graded using a six
point grading scale: 0 = no emphysema, 1 = <5% (trivial), 2 = 5–

25% (mild), 3 = 26–50% (moderate), 4 = 51–75% (severe), and 5 =

>75% involvement of both lungs (very severe). In case of disagree-

ment, the mean score of the two readers was used as the final score
(0.5, 1.5, 2.5, 3.5, or 4.5).
Quantitative versus Qualitative Analysis and Impact of
Lesion Size

An example of the quantitative analysis and qualitative assess-

ment of emphysema is shown in Figure 1. These data show

that although there is an association between %LAA and visual

scores (r= 0.77, P< .001; Fig 2) there is considerable variation

in how the radiologists score emphysema compared with the

quantitative approach. In the less severe categories (ie, less

than a score of 2), radiologists tend to underestimate the

extent of CT emphysema compared with the quantitative

analysis, whereas in the more severe categories they tend to

overestimate the extent of CTemphysema. Some hyperinfla-

tion was reported for 621 (31%) CT scans and of these, 327

(53%) CT scans were scored as showing no or trivial emphy-

sema. Table 3 shows the frequency of presence of gas-trapping

for each visual score and the mean %LAA for each study

group. For CT scans without hyperinflation, the correlation

coefficient for %LAA and visually estimated emphysema

severity increased (P < .001) to r = 0.81 (P < .001). For the

total population, both %LAA and visual scores correlated

well with FEV1%predicted (r = �0.63 and r = �0.61 respec-

tively, both P < .001). For COPD subjects alone, both associ-

ations were weaker (P < .001): the associations between %

LAA and FEV1%predicted (r = �0.52, P < .001), and

between visual scores and FEV1% predicted (r = �0.44,

P < .001) were moderate.

The LAC analysis was associated with %LAA (r = 0.73,

P < .001), indicating increasing emphysematous lesion size

with increasing extent of CTemphysema. The LAC was also

associated with visual emphysema scores (r = 0.73, P < .001).

The associations between LAC and emphysema were virtually

the same when subjects were divided into those with and those

without gas-trapping (r=0.75;P< .001 and r=0.76;P< .001).

To determine if subjectswith gas-trapping affect the correlation

between the LAC and the qualitative and quantitative assess-

ments of emphysema these subjectswere removed and the anal-

ysis repeated. Significant increases in the correlations for visual

emphysema scores (0.73‒0.76;P= .022), and for%LAA (0.73‒
0.75; P = .046) were noted upon the removal of the subjects

exhibiting signs of gas-trapping.

Table 4 demonstrates type of emphysema by study group

and GOLD stage; Table 5 demonstrates distribution of

emphysema. Subjects with panacinar emphysema had the

largest lesions (D = �1.63 � 0.22) compared with subjects

with centrilobular emphysema (D = �1.99 � 0.47;

P < .001) and paraseptal emphysema (D = �2.12 � 0.46;

P < .001). Subjects with lower lobe predominance and diffuse

emphysema had smaller lesions (D =�1.80� 0.35 and�1.82
666
� 0.34) compared with subjects with upper lobe predomi-

nance (D =�2.05� 0.48; P< .001). After adjusting for visual

scores, CT scans scored as showing regions suggesting

gas-trapping had on average 3.6% (�0.4%) greater %LAA

than those without gas-trapping. CT scans scored as showing

some gas-trapping showed a higher frequency of lower lobe

predominant emphysema (39% vs 27%; P < .001) but no

difference in the average LAC (difference in slopes =

�0.039 � 0.02; P = .101) was seen. There was also no differ-

ence in hole size distribution, upper lobe vs lower lobe,

between those with and without gas-trapping (difference in

slopes = 0.035 � 0.02; P = .090).
Factors Predicting Radiologists’ Results

In the COPD subjects, regression analysis that included

predictors %LAA, distribution of emphysema, presence/

absence of gas-trapping, LAC (D) (surrogate for lesion size

as seen by radiologists), and type of emphysema yielded

a model with all parameters being predictors of visual scores

(all P < .001). The odds ratios for each predictor in a partial

proportional odds model are shown in Table 6A, whereas

the odds ratios for a proportional odds model are presented

in Table 6B. For each percentage point increase in %LAA,

the odds of a higher visual score versus a lower score are

1.11 (95% CI: 1.09, 1.12) times. Lack of evidence of gas-

trapping was associated with increased odds of a higher visual

score (OR 5.02; 95% CI: 3.95, 6.38), whereas noncentrilob-

ular emphysemawas associatedwith decreased odds of a higher

visual score (OR 0.24; 95% CI: 0.17, 0.34). The odds of

a visual score 5 are 1.81 (95% CI: 1.24, 2.64) greater for

subjects with diffuse rather than upper lobe emphysema, but

the odds of a score of 4 or greater are 2.26 (95% CI: 1.59,

3.21) for subjects with diffuse rather than upper lobe

emphysema.



TABLE 3. Extent of Low-attenuation Areas for Each Emphysema Score

Emphysema Extent Emphysema Grade %LAA (�950 HU) 5‒95% Confidence Intervals Decreased Attenuation n (%)

No emphysema 0 6.3 (6.5) 0.4–20.9 92 (57.9)

0.5 7.0 (3.7) 1.4–10.1 4 (80.0)

<5%, trivial 1 5.4 (5.9) 0.2–18.2 231 (37.3)

1.5 9.7 (8.1) 0.5–25.8 61 (52.1)

5–25%, mild 2 10.8 (7.6) 1.5–25.8 99 (44.0)

2.5 14.5 (7.4) 2.5–27.3 38 (37.3)

26–50%, moderate 3 17.4 (7.7) 5.0–30.6 47 (23.6)

3.5 21.9 (9.7) 7.9–39.3 22 (20.2)

51–75%, severe 4 27.1 (10.4) 12.6–45.9 15 (8.2)

4.5 31.9 (9.4) 15.3–46.8 11 (10.5)

>75%, very severe 5 35.8 (9.4) 20.3–50.7 1 (0.7)

The last column represents the frequency of computed tomography scans scored as showing areas of decreased attenuation consistent with

‘‘gas-trapping’’ from small airways disease for each emphysema score. Results are shown as means and standard deviation (SD) except the

decreased attenuation column which is the number of subjects and the percent of the group. The same grading system is used as described in

Table 2.

HU, Hounsfield units; %LAA, percent low attenuation area.

TABLE 4. Frequencies of Types of Emphysema by Study Group (A) and GOLD Stage (B)

Table 4A

Emphysema Type COPD Subjects n (%) Smoker Controls n (%) Nonsmoker Controls n (%)

Centrilobular 1252 (82.4) 177 (65.8) 100 (54.3)

Paraseptal 151 (9.9) 73 (27.1) 16 (8.7)

Panacinar 44 (2.9) 0 0

Not applicable 72 (4.7) 19 (7.1) 68 (37.0)

Table 4B

Emphysema Type GOLD II n (%) GOLD III n (%) GOLD IV n (%)

Centrilobular 530 (76.6) 549 (86.5) 171 (90.0)

Paraseptal 103 (14.9) 43 (6.8) 5 (2.6)

Panacinar 7 (1.0) 25 (3.9) 12 (6.3)

Not applicable 52 (7.5) 18 (2.8) 2 (1.1)

Results are shown as the number of subjects and the percent (%) of the total number of subjects in each group. For those who did not show

emphysema, type is ‘‘not applicable.’’ If emphysema was present, but the radiologists were not sure about the type of emphysema, type was

scored as ‘‘unknown.’’

Academic Radiology, Vol 18, No 6, June 2011 QUANTIFYING EMPHYSEMA IN THE ECLIPSE COHORT
DISCUSSION

In this radiologic study of a large cohort of subjects we

demonstrate there is a good association between quantitative

and qualitative assessments of emphysema. We also report

that visual scores are not only determined by the extent of

low attenuation voxels, used in this analysis as surrogate for

the extent of ‘‘dark areas’’ seen by radiologists, but also by

how these low attenuation areas are spatially arranged in the

lung. The data in this study show that a quantitative analysis

of how these LACs have the highest proportional odds ratio

to predict an increase in the visual score assigned by the radi-

ologist (Table 6A, B). Furthermore, the emphysema type

(centrilobular or noncentrilobular), distribution (upper,

lower, or diffuse) and the radiologist’s judgment as to whether

the decreased attenuation is caused by ‘‘emphysematous

destruction’’ or what is considered to be ‘‘small airways
disease’’ (Table 6, Fig 1) also predicts the severity score

assigned by the radiologist. These results indicate that esti-

mating the extent of emphysema is a far more complicated

task than just detecting low attenuation areas.

These data also show that for moderate to severe emphy-

sema visual estimations tend to overestimate the extent of

emphysema compared with a quantitative assessment of low

attenuation areas, whereas for smaller amounts of CT

emphysema (ie, a score <2) radiologists tend to underestimate

the extent of CTemphysema. A possible explanation for these

results could be that small isolated low attenuating voxels are

easily missed by a reader, or attributed to some other cause

such as image noise. Furthermore, it is likely that radiologists

interpret certain low attenuation areas as from gas trapping or

small airway disease, whereas the computer can only detect

that the voxel has a low attenuation value. Although our

data are not conclusive because the radiologists did not try
667



TABLE 5. Distribution of Emphysema as Scored by the Radiologists by Study Group (A) and GOLD Stage (B)

Table 5A

Emphysema Distribution COPD Subjects n (%) Smoker Controls n (%) Nonsmoker Controls n (%)

Upper lobe 1083 (71.3) 232 (86.2) 110 (59.8)

Lower lobe 83 (5.5) 5 (1.9) 4 (2.2)

Diffuse 281 (18.5) 13 (4.8) 2 (1.1)

Not applicable 72 (4.7) 19 (7.1) 68 (37.0)

Table 5B

Emphysema Distribution GOLD II n (%) GOLD III n (%) GOLD IV n (%)

Upper lobe 521 (75.3) 432 (68.0) 128 (67.4)

Lower lobe 25 (3.6) 46 (7.2) 12 (6.3)

Diffuse 94 (13.6) 139 (21.9) 48 (25.3)

Not applicable 52 (7.5) 18 (2.8) 2 (1.1)

Results are shown as the number of subjects and the percent of the total number of subjects in each group. For those who did not show

emphysema, distribution is ‘‘not applicable.’’ If emphysema was present, but the radiologists were not sure about the distribution of emphy-

sema, distribution was scored as ‘‘unknown.’’

TABLE 6. Odds Ratios (95% CI) for Each Cumulative Logit in Partial Proportional Odds Model (A) and Odds Ratios (95% CI) for
Proportional Odds Model (B)

Table 6A

Score = 5 Score $4 Score $3 Score $2

%LAA 1.11 (1.09‒1.12) 1.11 (1.09‒1.12) 1.11 (1.09‒1.12) 1.11 (1.09‒1.12)

Trapping: no vs. yes 5.02 (3.95‒6.38) 5.02 (3.95‒6.38) 5.02 (3.95‒6.38) 5.02 (3.95‒6.38)

Diffuse vs. upper 1.81 (1.24‒2.64) 2.26 (1.59‒3.21) 3.58 (2.37‒5.42) 4.38 (2.42‒7.96)

Lower vs. upper 2.35 (1.01‒5.51) 6.25 (3.22‒12.15) 4.45 (2.32‒8.56) 3.46 (1.33‒9.00)

Low attenuation cluster analysis 4.38 (1.86‒10.33) 14.96 (7.54‒29.69) 17.43 (9.95‒30.52) 24.88 (13.55‒45.67)

Centrilobular: no vs. yes 0.24 (0.16‒0.34) 0.24 (0.16‒0.34) 0.24 (0.16‒0.34) 0.24 (0.16‒0.34)

Table 6B

Proportional Odds Model

%LAA 1.10 (1.08‒1.11)

Trapping: no vs. yes 4.73 (3.74‒5.99)

Diffuse vs. upper 2.68 (2.06‒3.48)

Lower vs. upper 4.15 (2.58‒6.67)

Low attenuation cluster analysis 18.91 (12.13‒29.48)

Centrilobular: No vs. yes 0.24 (0.17‒0.34)

%LAA, percent low attenuation area.
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to quantify the extent of gas trapping, this suggestion is sup-

ported by the observation that half of the CT scans scored

as showing some gas trapping were also scored as showing

no or trivial emphysema.

It should also be noted that many of the ‘‘nonsmoking

control’’ subjects showed radiologist scored emphysema.

These findings may be at odds with what a reader would

expect to see in nonsmoking subjects but it should be noted

that there could be many reasons for these findings. First,

the CT scans used in this analysis were ‘‘low-dose’’ CT scans

and because the radiologist knew that this was an emphysema

study may have over called the presence of emphysema if any

low attenuating voxels were seen. Second, these subjects were

in there sixth decade (and older) and it should be expected that
668
some age related changes would be observed. Third, intrapar-

enchymal ‘‘cysts’’ have been seen in normal nonsmoking older

subjects (29) and may have been interpreted as emphysema.

Furthermore, as discussed above, focal areas of gas-trapping

may have influenced the readers’ interpretation of the low

attenuation region.

Therefore, we think that a LAC has the potential to

discriminate emphysema from decreased attenuation due to

small airways disease (gas-trapping) and image noise. It is

assumed that if a subject has small airways disease these regions

will show gas-trapping on expiration and many of these

regions will have voxels with low attenuation values that are

not ordered in a specific pattern in inspiration. The data

from this study show that the average quantitative lesion size
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(D) is smaller in those subjects with regions that are judged by

the radiologist to exhibit decreased attenuation and vascularity

without obvious tissue destruction (26) (ie, no visible ‘‘hole,’’

suggestive of small airways disease). We report that CT scans

with areas of gas-trapping have on average 3.6% (of total

lung volume) more low attenuation areas than those without,

for a similar extent of emphysema as estimated by radiologists.

These results indicate that the computer ‘sees’ both entities,

but cannot separate them. It also suggests that the decreased

attenuation areas detected in this study were typically small.

Because emphysema and areas of gas-trapping often occur

together, analysis of total lungs using this technique is

a poor discriminator between these entities.

Studies investigating the relation between subjective and

objective (ie, software based) estimations of emphysema

severity are limited. Bankier et al showed moderate to good

associations (r = 0.54 to 0.72) of visual grading with densito-

metric assessments but also showed that human observers tend

to overestimate the extent of emphysema compared with

histology specimens, whereas %LAA demonstrated no signif-

icant differences compared with histology (12). We find

a better association (r = 0.77) between qualitative and quanti-

tative assessments of CT emphysema than Bankier et al

reported, but the reported association is slightly weaker than

those reported by Gurney et al and Park et al (both

r = 0.82) (13,14). All previous studies reported that visual

scores tend to overestimate emphysema severity compared

with %LAA, in accordance with the current report.

However, in the current analysis this overestimation was

only true for moderate to severe emphysema, whereas in

subjects with trivial to mild emphysema an opposite trend

was observed. To the best of our knowledge, no previous

studies have investigated the factors influencing subjective

scores other than the extent of low attenuation areas.

This study has some limitations. First, as in most CT studies

of emphysema, there is no gold standard to compare the

emphysema metrics against. However, there is a significant

body of literature that supports the use of quantitative CT

scanning to measure emphysema (3–5,30) and although

these data are not irrefutable; it is highly supportive of the

use of threshold analysis to assess the extent of emphysema.

Second, we used �950 HU as threshold to quantify the

extent of emphysema. Although Madani et al reported that

�960 HU may be a better cutoff value for CT scans

performed on a multidetector-row CT scanner (7), the

threshold of �950 HU is still commonly used (20,24,31,32)

and any cutoff is arbitrary.

Third, gas-trapping was not strictly assessed in this study,

but included as another feature of the CT scan. By study

design, radiologists assessed the extent and type and distribu-

tion of emphysema as primary metrics but also included some

notes as to the presence or absence of other abnormalities such

as gas-trapping’’, which was scored as a simple ‘‘yes’’ or ‘‘no’’

statement, and no attempt was undertaken to assess the extent

of these low attenuation areas or to make comments on the

regional distribution of these areas. Therefore, subjects anno-
tated as having gas-trapping may in fact have been areas with

early emphysema since emphysematous regions often show air

trapping. Furthermore, expiratory CT scans were not per-

formed within ECLIPSE, so the assumption that these low

attenuation areas actually do correspond to regions of gas-

trapping could not be confirmed. Therefore, the analysis of

LAC analysis for discriminating emphysema from small

airways disease is limited but suggestive and requires further

analysis using proper CT protocols.

In conclusion, several factors influence severity of emphy-

sema as estimated by radiologists other than low attenuation

areas, including lesion size, type and distribution of emphy-

sema. Most of these parameters can be provided by computer

software, and therefore more sophisticated models are

required to estimate emphysema severity than %LAA alone.

Such models may be able to replace or augment radiologists

in estimating emphysema severity. Our data suggest that lesion

size assessed using the LAC analysis is one of these computed

parameters and may be helpful in distinguishing emphysema

from regions of low attenuation and image noise.
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