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Purpose: Visual assessment of computed tomography (CT) of the lung is routinely
employed in the diagnosis of emphysema. Quantitative CT (QCT) can complement visual
CT but must be well validated. QCT emphysema is defined as >5% of lung volume occupied
by low attenuation areas <—950 Hounsfield units (LAA-950). Discordant visual and QCT
assessments are not uncommon. We examined the association between visual and quantita-
tive chest CT evaluation within a large cohort of subjects to identify variables that may
explain discordant visual and QCT findings.

Materials and Methods: Volumetric inspiratory CT scans of 1221 subjects enrolled in
phase 1 of the COPDGene study conducted at the University of Iowa were reviewed.
Participants included never smokers, smokers with normal spirometry, preserved ratio
impaired spirometry, and Global Initiative for Obstructive Lung Disease (GOLD) stages I-
IV. CT scans were quantitatively scored and visually interpreted by both the COPDGene
Imaging Center and the University of lowa radiologists. Individual-level visual assessments
were compared with QCT measurements. Agreement between the two sets of radiologists
was calculated using kappa statistic. We assessed variables associated with discordant results
using regression methods.

Results: There was a fair agreement for the presence or absence of emphysema between our
center’s radiologists and QCT (61% concordance, kappa 0.22 [0.17-0.28]). Similar compar-
isons showed a slight agreement between the COPDGene Imaging Center and QCT (56%
concordance, kappa 0.16 [0.11-0.21]), and a moderate agreement between both sets of visual
assessments (80% concordance, kappa 0.60 [0.54—0.65]). Current smoking and female
gender were significantly associated with QCT-negative but visually detectable emphysema.
Conclusion: The slight-to-fair agreement between visual and quantitative CT assessment of
emphysema highlights the need to utilize both modalities for a comprehensive radiologic
evaluation. Discordant results may be attributable to one or more factors that warrant further
exploration in larger studies.

Clinical Trial Registration: ClinicalTrials.gov Identifier NCT000608764.

Keywords: chest imaging, chronic obstructive pulmonary disease, interobserver agreement,

Akaike information criterion

Introduction

The diagnosis of chronic obstructive pulmonary disease (COPD) is often deter-
mined by a combination of clinical and radiologic information. The radiologic
features of emphysema and airway wall thickening have historically been deter-
mined by roentgenography and computed tomography (CT) scans. Visual assess-
ments of chest CT scans are routinely employed in the radiologic diagnosis of
emphysema. The advent of quantitative CT (QCT) has complemented visual CT but
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has been mostly utilized in research settings. In clinical
practice, however, it is not uncommon to encounter CT
scans that have been interpreted as normal visually but
revealed emphysema on QCT, defined by the percentage of
lung volume occupied by low attenuation areas (LAA)
using a threshold of <-950 Hounsfield units (HU, LAA-
950). This phenomenon has been described as the presence
of discordant visual and QCT findings for the presence or
absence of emphysema.'~

The objective of this study was to examine the associa-
tion between visual and QCT assessments within a large
cohort of participants. We compared visual readings by
radiologists from an academic center, expert thoracic radi-
ologists from COPDGene and their subsequent emphy-
sema quantification. In addition, we aimed to identify
variables that may explain discordant visual and QCT
findings. We also examined percent emphysema using
quantitative CT in participants with normal visual CT
findings, proportion of participants with >5% LAA-950
without visual CT emphysema, and degree of concordance
between visual (University of lowa radiologist reading)
and quantitative CT scoring. Since QCT relies on lung
density for detection of emphysema, we hypothesize that
lung conditions that increase lung density such as inflam-
mation and pulmonary edema will result in a discordant
phenotype.

Materials and Methods

Data Collection

We conducted the study using data from the Genetic
Epidemiology of COPD study (COPDGene). COPDGene is
an ongoing multicenter observational study (http:/www.copd
gene.org/, ClinicalTrials.gov Identifier NCT000608764).
Details of the
previously.> We included all participants enrolled in phase 1
of COPDGene conducted at the University of lowa. This study
was conducted in accordance with the amended Declaration of
Helsinki. The University of lowa Institutional Review Board
approved the study protocol (IRB# 200710717), and written
informed consent was obtained from all participants.

study protocol have been published

Participants underwent volumetric CT scans using
multi-detector CT scanners per protocol.’ Volumetric CT
scans were obtained at full inspiration (total lung capacity,
TLC) and at end-expiration (functional residual capacity,
FRC) per protocol as previously described.® Participant
coaching was performed with several practice breathing
maneuvers demonstrated prior to obtaining scans at both

fixed volumes.* Acquired images were reconstructed with
the standard kernel.

QCT assessments were performed on segmented lung
images, using VIDA software (VIDA, Coralville, Iowa,
USA).® Visual assessments were performed by the
COPDGene Imaging Center according to the Fleischner
Society classification system,' which was collapsed into
a binary emphysema outcome by combining all grades of
centrilobular and panlobular emphysema into a single vari-
able. The University of lowa radiologists also performed
independent visual assessments as part of a routine work-
flow for research imaging studies. These local visual
assessments were abstracted from the electronic medical
record to determine binary presence or absence of emphy-
sema. We excluded participants who did not undergo CT
scanning. We included all participants who had QCT ana-
lysis and visual assessments by both the COPDGene
Imaging Center and a University of Iowa radiologist.
Participants included never smokers, smokers with pre-
served ratio-impaired spirometry (PRISm),’ 6 smokers
with normal spirometry Global Initiative for Obstructive
Lung Disease (GOLD) stage 0, and smokers with COPD
GOLD stages I-IV.

Definitions and Outcomes

Quantitative emphysema was defined as >5% of the lung
volume with LAA-950 on inspiratory CT.” Visual assess-
ment of emphysema by the COPDGene Imaging Center
was based on the Fleischner Society classification system.'
To allow for comparison of both sets of visual assess-
ments, we collapsed all grades of centrilobular emphysema
and panlobular emphysema into a single category (par-
enchymal emphysema). Both mild paraseptal emphysema
and substantial paraseptal emphysema were also grouped
into a single “paraseptal emphysema” category. Given the
variability in the degree and detail of interpretation, visual
CT assessments by University of Iowa radiologists were
abstracted in binary form as either present or absent for the
presence of parenchymal emphysema (centrilobular and
panlobular emphysema) and paraseptal emphysema. The
“parenchymal emphysema” and “paraseptal emphysema”
categories were not mutually exclusive as both types were
identified in some participants. We also assumed the
absence of any of these outcomes where a “normal scan”
was reported, and we did not make any inferences (no
response) regarding paraseptal emphysema when no com-
ment was made. Gas trapping was quantified as the per-
centage of lung volume at FRC with attenuation values
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less than —856 HU.> Chronic bronchitis was defined as
productive cough for at least three consecutive months in
the last two years.

Participants performed a spirometry that included two
puffs of albuterol metered-dose inhaler using a spacer
according to ATS-ERS guidelines.® We used the National
Health and Nutrition Examination Survey (NHANES) III
spirometric reference values to calculate percentage of
predicted values.” Functional residual capacity or FRC
was measured at end expiration. FRC and TLC percentage
of predicted were calculated based on predicted values.'®

Statistical Analysis

We first calculated the degrees of concordance between
visually identified emphysema by the University of Iowa
radiologists and QCT using the kappa statistic. Similar
comparisons were also made between COPDGene radiol-
ogists and QCT, between both sets of radiologists for
visual emphysema, and the subset of participants with
paraseptal emphysema.

Participants were then categorized by QCT and visual
CT assessments performed by University of lowa radiolo-
gists into four groups: 1) concordant emphysema, 2) con-
cordant no emphysema, 3) quantitative-only emphysema,
and 4) visual-only emphysema. The latter two groups were
also referred to as the discordant groups. We compared
baseline characteristics between discordant groups using
Student’s #-test or Wilcoxon rank-sum test for normal and
non-normal continuous variables, respectively, and
Fisher's exact or Chi-squared test for categorical variables.

Variables with significant differences between the dis-
cordant groups in the univariate analysis were considered
for a multivariable stepwise logistic regression model
using QCT emphysema >5% LAA-950 as the independent
variable. The regression model included pack years in 10-
year increments and forced expiratory volume in 1 second
(FEV1) in 10% increments. We assessed variable multi-
collinearity using a variance inflation factor analysis."'

We also examined the sensitivity and specificity of
various QCT thresholds (5% to 20% LAA-950) to diag-
nose visual emphysema with visual assessment by the
University of lowa radiologist serving as the “gold
standard”.

To examine the association of various definitions of
emphysema with symptoms and exercise capacity, we
created multivariable linear regression models with
a modified Medical Research Council (mMRC) dyspnea

score, St. George’s Respiratory Questionnaire (SGRQ)

score, and six-minute walk distance (6MWD) as the
dependent variables (outcomes). To examine the associa-
tion of various definitions of emphysema with exacerba-
tions, we created zero-inflated negative binomial models
which included age and current smoking status at enroll-
ment, sex, race, pack-years smoked, and body mass index
(BMI). Follow-up time was included as an offset in the
models as previously described.'> We used a Cox propor-
tional hazard regression analysis to examine the associa-
tion of various definitions of emphysema with mortality.
Age, sex, race, smoking status, smoking pack-years, and
BMI were included as covariates. We used the Akaike
information criterion (AIC) to compare the performance
of the various models (various definitions of emphysema).
Lower AIC by 7 indicates better model performance.'*'
We used R software for all statistical analyses.

Results

A total of 1245 participants were enrolled in phase 1 of the
COPDGene study at the University of lowa. Eight enrolled
participants did not undergo CT scanning, 14 had no
quantitative interpretation of their CT scans and 2 did not
have visual interpretations by University of Iowa radiolo-
gists. After exclusions, 1221 participants were included.
Supplementary Table 1 describes the entire cohort. Mean

age of the entire cohort was 64.2 years, 49.4% were
female, and 98.6% were Caucasian. Mean BMI was 29.8,
and average smoking pack-years were 44.3 with 29.5%
current smokers. Mean percent emphysema was 6.26 and
mean percent gas trapping was 18.31. Mean FEV1% pre-
dicted was 83.1 and mean forced vital
(FVC) percent predicted was 90.71.

There was fair agreement for the presence or absence

capacity

of emphysema between visual assessment by University of
Iowa radiologists and QCT (61% concordance, kappa
0.22; Table 1). Similar comparisons showed a slight agree-
ment between the COPDGene Imaging Center and QCT
(56% concordance, kappa 0.16, Supplemental Table 2A).

Comparisons of visual assessments by both sets of radi-
ologists yielded an 80% concordance (kappa 0.60) for
emphysema (Supplemental Table 2B) and 90% concor-

dance (kappa 0.31) for participants also identified as hav-
ing paraseptal emphysema (Supplemental Table 2C).

Given the modest concordance between both sets of visual
assessments, we then determined whether there was any
similarity in the discordant groups arising from both sets
of visual assessments. We found an overlap of 285 (of 320
for our assessments or 407 for COPDGene assessments) in

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

https:

1233

Dove:


http://www.dovepress.com/get_supplementary_file.php?f=284477.docx
http://www.dovepress.com/get_supplementary_file.php?f=284477.docx
http://www.dovepress.com/get_supplementary_file.php?f=284477.docx
http://www.dovepress.com/get_supplementary_file.php?f=284477.docx
https://www.dovepress.com
https://www.dovepress.com

Amaza et al

Dove

Table | Comparison of University of lowa Radiologists’ Readings with QCT

Visual Emphysema (University of lowa Radiologists) Total
No Emphysema Emphysema
QCT (25% LAA-950) No emphysema 438 320 758
Emphysema 157 306 463
Total 595 626 1221

Notes: % concordance: observed 0.61, expected 0.50. Kappa estimate: 0.22 (0.17,0.28). McNemar’s Chi-squared test with continuity correction = 55.02, p <0.0001.
Abbreviations: LAA-950, low attenuation area <950 Hounsfield units; QCT, quantitative computed tomography.

visual-only emphysema (Figure 1A) and 107 (of 157 for
our assessments or 133 for COPDGene assessments) in
quantitative-only emphysema (Figure 1B).

Table 2 shows the cohort grouped by the agreement of
QCT with visual assessments by University of Iowa radi-
ologists. Mean percent emphysema was 15.64 in the con-
cordant emphysema group and 2.01 in the concordant no
emphysema group. Mean percent gas trapping was 36.34
in the concordant emphysema group and 9.14 in the con-
cordant no emphysema group. No participant within the
concordant emphysema group was a non-smoker while
7.3% of the concordant no emphysema group were non-
smokers. GOLD severity was mostly spread across groups
0-3 in the concordant emphysema group while 65% of the
GOLD 0.
a higher FRC percent predicted and

concordant no emphysema group was
Furthermore,
TLC percent predicted were seen in the concordant
emphysema group while a higher FEV1 was seen in the
concordant no emphysema group.

A total of 477 participants (39% of the cohort)
belonged to discordant groups (157 in the quantitative-
only group and 320 in the visual-only group).
Representative CT images of a participant with quantita-
tive-only emphysema and another with visual-only emphy-
sema are shown in Figure 2. Table 1 shows univariate
p-values when comparing Quantitative-only emphysema
with visual-only emphysema. In the multivariable analysis,
current smoking, tobacco use, and female gender were
significantly associated with visual-only emphysema
while every 10% predicted increase in FEV1 was signifi-
cantly associated with quantitative-only emphysema
(Figure 3).

A diagnostic threshold of 5% LAA-950 yielded
12.5% LAA-950 yielded

a sensitivity of 92.7% with less steep increase in sensitiv-

a sensitivity of 66.1%,

ity at higher thresholds (Figure 4). The specificity of visual
assessments for emphysema ranged from 52.25 to 57.8%
for all tested diagnostic thresholds.

In the multivariable linear regression models, the
detection of emphysema by the diagnostic modalities
under comparison (exposure) was strongly associated
with all tested dependent variables (outcomes) (Table 3).
Among the mMRC dyspnea, SGRQ, 6MWD models, the
models using Visual Emphysema (University of lowa)
performed better (lower AIC). In addition, the predictive
values of the mortality models were similar regardless of
whether the diagnosis of emphysema was based on quan-
tification or visual assessment.

Discussion

We sought to identify the degree of agreement between
visual and quantitative CT analysis for the diagnosis of
emphysema in a large cohort of participants. We found
a slight-to-fair agreement between the visual assessments
by the University of lowa radiologists and QCT. A similar
measurement of agreement was also observed between the
COPDGene radiologists and QCT while the degree of
concordance between the independent sets of visual
assessments was much higher at 80%. Our observations
are at variance with a prior effort in which a visual CT
versus QCT concordance for emphysema of 75% was
reported.” However, there are some important methodolo-
gical considerations in the study by Lynch et al as it
involved 294 participants with 9-11 scorers per scan and
a QCT diagnostic threshold defined as the 90th percentile
value for % LAA-950 emphysema.” Notably, Lynch et al
also reported higher kappa values for agreement between
visual readers.” The similarity in these observations sug-
gests a greater agreement between independent visual
assessments than between QCT and visual scoring.

The mean %LAA-950 within the concordant emphy-
sema group was 15.64% and much higher than the
diagnostic threshold of 5%. Conversely, the mean %
LAA-950 within the concordant no emphysema group
was 2.01%. These findings are similar to the nationwide
cohort of COPDGene participants (13.7% and 2.8%,
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Figure | Overlap of discordant groups from comparisons of University of lowa radiologists versus quantitative computed tomography (QCT) and COPDGene radiologists

versus QCT. (A) Visual-only emphysema. (B) Quantitative-only emphysema.

respectively) as reported by Park et al.'> A discordant
phenotype was more prevalent in our study when the %
LAA-950 was between 2% and 15%, and participants
with mild visual emphysema were more likely to have
discordant assessments. This served as the basis for the
exploratory analyses using different arbitrary thresholds
with the finding that a 12.5% detection threshold was
associated with a 92.7% sensitivity. This calls into ques-
tion whether a diagnostic threshold for quantitatively
detected emphysema should be revisited to improve
specificity.

We observed a higher percentage of gas trapping in
both groups with >5% LAA-950, with 36.34% and
21.03% in the concordant emphysema and quantitative-
only emphysema groups, respectively. A similar degree of
gas trapping would have been expected in participants
with visually detected emphysema, given the loss of elas-
ticity of the small airways arising from emphysematous
destruction.! This may be illustrative of the heterogeneity
of COPD with multiple identified pathways.’

It is worth noting that 107 of 116 (92.2%) participants
with PRISm did not have quantitative emphysema
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Table 2 Demographics and Baseline Assessments Grouped by the Agreement of Visual Assessments by University of lowa
Radiologists with QCT

Concordant Concordant No Quantitative-Only Visual-Only P-value®
Emphysema Emphysema (N = 438) Emphysema (N= 157) Emphysema
(N =306) (N = 320)
Mean age (SD) 66.86 (7.44) 62.82 (8.74) 63.62 (7.55) 63.85 (8.78)
Female sex, n (%) 110 (35.9) 254 (58.0) 60 (38.2) 179 (55.9) <0.001
Non-white race, n (%) 4 (1.3) 7 (1.6) 1 (0.6) 5(1.6) 0.67
BMI, mean (SD) 27.76 (5.22) 31.13 (6.57) 30.40 (6.15) 29.58 (5.71) 0.35
Smoking intensity, pack years, 56.75 (26.62) 35.33 (24.36) 37.32 (21.09) 48.17 (25.05) <0.001
mean (SD)
Current smoker;, n (%) 74 (24.2) 109 (24.9) 25 (15.9) 152 (47.5) <0.001
Comorbidities n (%)
Chronic bronchitis 62 (20.3) 34 (7.8) 11 (7.0 53 (16.6) <0.0l
Asthma 39 (12.7) 33 (7.5) 9(5.7) 36 (11.2) 0.08
CHF 2 (0.7) 10 (2.3) 0 (0.0) 14 (4.4) 0.01
Rheumatoid arthritis 15 (4.9) 8 (1.8) 5(3.2) 17 (5.3) 0.36
Quantitative CT
Assessments, mean (SD)
% Emphysema 15.64 (10.26) 2.01 (1.39) 8.36 (4.00) 2.07 (1.40) <0.001
% Gas trapping 36.34 (17.75) 9.14 (6.36) 21.03 (11.54) 11.95 (8.62) <0.001
Subsegmental wall area % 63.47 (2.16) 62.39 (1.84) 62.46 (1.75) 63.51 (1.91) <0.001
FRC, % predicted 114.41 (30.67) 86.89 (14.44) 92.22 (18.72) 97.93 (19.10) <0.001
TLC, % predicted 120.03 (15.22) 107.41 (13.81) 113.20 (12.70) I11.17 (12.98) 0.10
COPDGene Visual
Assessments n (%)
Any emphysema 280 (91.5) 122 (27.9) 50 (31.8) 285 (89.1) <0.001
Centrilobular emphysema 273 (89.2) 98 (22.4) 42 (26.8) 260 (81.2) <0.001
Paraseptal emphysema 176 (57.5) 53 (12.1) 22 (14.0) 208 (65.0) <0.001
Spirometric Indices and
Patterns
FEV,, % predicted (SD) 66.81 (25.29) 91.23 (l6.11) 93.20 (18.96) 82.43 (16.85) <0.001
FVC, % predicted (SD) 90.28 (17.31) 90.11 (13.96) 96.08 (14.23) 89.31 (15.40) <0.001
GOLD Stage, n (%)
Never smoker (control) 0 (0.0) 32 (7.3) 1 (0.6) 3 (0.9)
PRISm 5(1.7) 60 (13.7) 4 (2.5) 47 (14.7)
GOLD 0 66 (21.8) 286 (65.4) 113 (72.0) 134 (41.9)
GOLD | 42 (13.9) 15 (3.4) 15 (9.6) 48 (15.0)
GOLD 2 104 (34.3) 40 (9.2) 19 (12.1) 76 (23.8)
GOLD 3 64 (21.1) 4 (0.9) 4 (2.5) 11 (3.4)
GOLD 4 22 (7.3) 0 (0.0) 1 (0.6) 1 (0.3)

Note: *Comparing discordant groups (quantitative-only emphysema vs visual-only emphysema).

Abbreviations: BMI|, body mass index; CHF, congestive heart failure; COPDGene, Genetic Epidemiology of COPD study; CT, computed tomography; FEVI, forced
expiratory volume in | second; FRC, functional residual capacity; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; PRISm,
preserved ratio impaired spirometry; QCT, quantitative computed tomography; SD, standard deviation; TLC, total lung capacity.
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voxels below -950HU

Figure 2 Continued.

(51.7% with concordant no emphysema and 40.5% with
visual-only emphysema). A study of PRISm participants
(defined using fixed spirometric thresholds) within the
nationwide COPDGene cohort revealed a higher propor-
tion of females and current smokers.® While our study did
not examine this subset of participants, we did observe
a similar demographic pattern within the concordant no
emphysema and visual-only emphysema groups relative
to the other two groups studied. Similarly, there was
a higher proportion of PRISm participants within the
visual-only emphysema group than in the quantitative-
has

only emphysema group, as been previously

described."?

Density

Té% &%
BSY

Lvﬁ_'a

Functional

79%

VIDA LungPrint tMPR

Within the concordant groups, we observed higher
FRC and TLC in the concordant emphysema group,
which is consistent with an obstructive physiology. As
expected, a higher FEV1 was seen in the concordant no
emphysema group, which is indicative of a less severe
obstructive physiology.

The variables that persisted after modeling in the discor-
dant groups were current smoking, female sex, and FEV1%

predicted. Consistent with the findings by Park et al,'

parti-
cipants with visual-only emphysema were more likely to be
current smokers. A prevailing theory is that smoking-induced
lung inflammation increases lung density, which can artifi-

cially decrease the LAA-950 on QCT, while visual
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Figure 2 Examples of discordant assessments. (A) The computed tomography was visually interpreted as negative for emphysema but emphysema was identified quantitatively;
axial multiplanar reformat (MPR) (upper left), low attenuation area (LAA) percentages by lung lobe (upper right), axial MPR with LAA overlay (lower left), and topographic MPR
(lower right) provided. Quantitative measures correlated with spirometry in this participant. (B) Visual-only identified emphysema. Small areas identified quantitatively but were not
above the LAA <950 Hounsfield units 5% threshold; axial MPR (upper left), LAA percentages by lung lobe (upper right), axial MPR with LAA overlay (lower left), and topographic
MPR (lower right) provided. Quantitative measures also correlated with spirometry. Images courtesy of VIDA, Coralville, lowa, USA.

emphysema can still be appreciable despite a lower %LAA-
950." Similarly, a significant effect of smoking intensity, as
measured in increments of 10 pack-years, was associated with
visual-only emphysema.

In addition to smoking status and consistent with the
findings by Park et al,'” participants with visual-only emphy-
sema were more likely to be female. This gender-specific
discordance can be attributed to anatomic differences with
males having a more extensive airway tree (and thus an

increased airway volume), which can reach the lung periph-
ery and contribute to a decreased lung density on QCT.'®
Furthermore, estradiol has been implicated in potentiating
the oxidative stress and airway injury caused by cigarette
smoking.!” This could result in more lung inflammation
which will have a similar effect than smoking alone.

An alternative explanation for visual-only emphysema is
the presence of alveolar fluid increasing lung density as seen

in pulmonary edema. This possibility is evident given that,
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Figure 3 Factors associated with discordance (multivariable stepwise logistic regression) Adjusted analysis comparing quantitative-only emphysema and visual-only
emphysema (University of lowa). Variables tested but not retained in the final model: functional residual capacity percent predicted and chronic bronchitis.
Abbreviations: FEVI, forced expiratory volume inl second; OR, odds ratio; QCT, quantitative computed tomography.
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Figure 4 Sensitivity of visually-detected emphysema at various quantitative com-
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among the discordant groups, congestive heart failure was
reported only in participants with visual-only emphysema.
While a suboptimal inspiratory effort during CT image acqui-
sition could also confound QCT detection of emphysema, the
study protocol aimed at minimizing this factor by coaching
participants in breathing maneuvers.

A higher FEV1% predicted was associated with dis-
cordance favoring quantitative-only emphysema. This
could reveal early emphysema that is not readily appre-
ciated visually, thus highlighting a potential clinical uti-
lity of QCT in the early diagnosis of emphysema and
facilitating needed lifestyle changes. Conversely, this
form of discordance could have been a false positive as
air trapping from small airway disease can result in a low
attenuation area on CT.'® This is evident in the higher
percentage air trapping observed in the quantitative-only
emphysema group. This highlights a potential utility of
parametric response mapping (PRM), which can distin-
guish between emphysematous from nonemphysematous
air trapping.'®%°

The predictive value of visual emphysema for mMRC
dyspnea score, SGRQ score, exercise capacity, and exacer-
bations was superior to that of quantitative emphysema.
While the scope of this study primarily relates to the diag-
nosis of emphysema, it is also important that there is a link
to important clinical outcomes, although this result should
be interpreted with caution. Furthermore, visual emphysema
assessment has the relative advantage of identifying para-
septal emphysema and distinguishing it from centrilobular
emphysema, as presence of the former might have clinical

implications. Historically thought to be of uncertain clinical
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Table 3 Multivariable Regression Models with AIC
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Abbreviations: 6MWD, six-minute walk distance; AIC, Akaike information criterion; COPDGene, Genetic Epidemiology of COPD study; LAA-950, low attenuation area <—950 Hounsfield units; mMRC, modified Medical Research

Council; QCT, quantitative computed tomography; SGRQ, St. George’s Respiratory Questionnaire.

significance,?'** paraseptal emphysema has been associated
with substantial disease progression,'> interstitial lung
abnormalities,”® and adenocarcinoma of the lung”* although
the possibility of a confounding effect of co-existing centri-
lobular emphysema needs to be considered."

Our study has some important strengths: a good female
representation with 49% females and our center’s unique-
ness in having an additional set of routine visual assess-
ments of chest CT scans. It does have important
limitations: First, it is a single-center study with a lack of
generalizability as our cohort is 98.6% non-Hispanic
Caucasian. Secondly, CT technology continues to evolve,
and the equipment used 10 years ago to obtain these
images is not necessarily the same and applicable to
newer CT imaging technologies. This analysis does not
integrate inspiratory and expiratory images as employed in

18-20.25 thys areas of

parametric response mapping (PRM),
low lung density presumed to be emphysema may be
a result of air-trapping due to small airway disease.
Finally, the absence of a “true” gold standard for diagnos-
ing emphysema such as a lung biopsy precluded measure-
ments of accuracy of the diagnostic methods assessed in

this study.

Conclusion

Visual and quantitative CT analyses are complementary
tools in the radiologic identification of emphysema. The
slight-to-fair agreement between visual and quantitative
CT assessment of emphysema highlights the need to utilize
both modalities for a comprehensive radiologic evaluation.
Discordant results may be attributable to one or more
factors that warrant further exploration in larger studies.
Awareness of the factors potentially affecting discordant
results is necessary in making a clinical judgement about
the presence or absence of emphysema.
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