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Abstract

Introduction: Computed tomography (CT) has been approved for diagnosing 

chronic obstructive pulmonary disease (COPD). The diagnostic accuracy, however, 

has never been examined in a systematic review. Therefore, we conducted a meta-

analysis to evaluate the accuracy of CT in diagnosing COPD. Methods: Articles 

reporting diagnostic accuracy of CT for COPD were searched from seven electronic 

databases and hand searching. Two reviewers independently extracted data and 

assessed methodological quality. Sensitivity (SEN), specifi city (SPE), positive 

and negative likelihood ratios (LR+ and LR–, respectively), and diagnostic odds 

ratios (DOR) were pooled using a bivariate model. The diagnostic performance of 

overall test also was assessed using the visual power of the ROC plot to present 

the bivariate model. Potential between-study heterogeneity was explored using 

subgroup analyses. Results: Data were extracted from 8 studies that met the 

inclusion criteria. All summary measures were grossly heterogeneous and therefore 

would not be appropriately summarized. These studies were further stratifi ed by 

type of imaging technique and test index. The summary estimates of CT for COPD 

were as follows: SEN, 0.83(95% CI, 0.73-0.89); SPE, 0.87(95% CI, 0.70-0.95); LR+, 

6.2(95% CI, 2.5-15.5); LR–, 0.20(95% CI, 0.12-0.34); and DOR, 31(95% CI, 8-116). 

The fi ve summary estimates of CT on the lung density were 0.80 (95% CI, 0.74-

0.84), 0.77(95% CI, 0.58-0.89), 3.5(95% CI, 1.8-6.9), 0.26(95% CI, 0.20-0.34) and 

13(95% CI, 6-32), respectively. Conclusions: The current meta-analyses suggest 

that quantitative measures of CT may be useful to diagnose COPD. Developed 

CT technology may improve the accuracy of diagnosis. Further studies assessed 

diagnostic performance of CT are needed.
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Abbreviations
COPD chronic obstructive pulmonary disease 
PFT pulmonary function tests
CT computed tomography
LDCT low-dose computed tomography
HRCT high-resolution computed tomography
MSCT multi-slice computed tomography
QUADAS quality assessment for studies of diagnostic accuracy
SEN sensitivity
SPE specifi city
DOR diagnostic odds ratio
SROC summary receiver operating characteristic
LR+ positive likelihood ratio
LR– negative likelihood ratio
AUC area under the curve
TP true positive

563

uracy

eristic

C
O

PD
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
Sh

an
gh

ai
 J

ia
o 

T
on

g 
U

ni
ve

rs
ity

 S
ch

oo
l o

f 
M

ed
ic

in
e 

on
 1

1/
12

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Copyright © 2012 Informa Healthcare USA, Inc

564 J.-S. Li  et al.

FP false positive
FN  false negative
TN true negative
ALD ex the full expiration average lung density
EI ex emphysema index in expiration
PI ex pixel index in maximum expiratory
BF blood fl ow
BV blood volume; 
LAA% the percentage of the low attenuation area
LD lung density.

Background

Chronic obstructive pulmonary disease (COPD) is an 
important cause of mortality throughout the world (1). 
It is the fourth-leading cause of death worldwide (2), 
and the prevalence of it has been gradually increasing 
in recent years and is expected to further increase in the 
future, becoming the third leading cause of mortality in 
2020 (3).

To decrease the economic and social burden of 
COPD, an accurate diagnosis and timely treatment in 
the early stages of COPD is very important. Th e diag-
nosis of COPD is conventionally based upon spirometry 
(1), pulmonary function tests (PFT) is a well-established 
method for the diagnosis and assessment of clinical 
stage of COPD. However, COPD is an insidious dis-
ease, with many years between the development of 
pulmonary function abnormalities with an irreversible 
airfl ow limitation and the onset of serious respiratory 
symptoms, such as severe breathlessness. As much as 
30% of the lung may be destroyed by emphysema before 
either symptoms or abnormalities become evident on 
pulmonary function tests (4). So, during the early stage 
of the disease, conventional spirometry may reveal no 
abnormality as the earliest changes in COPD aff ect the 
alveolar walls and small airways (5). Th e pulmonary 
function test is limited as it is only a global measure of 
all the changes occurring in COPD.

During the last few decades, with the advent of high-
resolution computed tomography (HRCT), low-dose 
computed tomography (LDCT), and the development 
of Multi-slice computed tomography (MSCT) scanning 
techniques as a new diagnostic modality, computed 
tomography (CT) has become a very popular tech-
nique for the noninvasive assessment of airway disease 
in COPD (6-9), and has been established as a sensitive 
diagnostic modality for the detection of early symptom-
atic and asymptomatic COPD (10).

Because the role of the CT for diagnosing COPD has 
not been well established, we undertook this systematic 
review and meta-analysis to evaluate the accuracy of CT 
in diagnosing COPD. 

Methods

Study identifi cation and selection
We searched the PUBMED (1966.1∼2011.10), 
EMBASE(1974.1∼2011.10), CNKI(1979.1∼2011.10),VIP
(1989.1∼2011.10), CBM(1978.1∼2011.10), WANFANG

(1983.1∼2011.10) and Th e Cochrane Library (2011; 
Issue 4) with the following search terms: “Chronic 
obstructive pulmonary disease”, “COPD”, “Computed 
Tomography”, “CT”, “diagnosis”, etc; and we also hand-
searched the references of relevant studies without date 
limitation. Th e searches were limited in English and 
Chinese publications on human subjects.

To be included, the study had to meet the following 
criteria: (1) Th e type of research was a diagnostic test 
that assessed the diagnostic accuracy of CT, HRCT, 
LDCT or MDST for COPD; (2) sensitivity and specifi c-
ity were reported or a 2 × 2 contingency table could be 
(re-)constructed; (3) Diagnostic method for evaluation 
of test was CT imaging diagnosis, and reference stan-
dard was PFT; and (4) the publication was a full report. 
When diff erent studies from the same institution used 
the same patients because one author published sev-
eral reports, the article with the most details or the 
most recent article was chosen. Two investigators (W. 
Y. F. and L. S.Y.) independently selected the studies and 
disagreements were resolved by consensus with a third 
reviewer (W. H.F.).

Data extraction and quality assessment
Two reviewers (W. M. H. and Y. X. Q.) independently 
extracted the following information: author, year of 
publication, sample size, mean age, imaging technique, 
text index, and outcome data. We performed the quality 
assessment of included studies using an updated Qual-
ity assessment tool “QUADAS-2” (11), an improved, 
redesigned tool that is based on both experience using 
the original tool and new evidence about sources of bias 
and applicability of primary diagnostic accuracy stud-
ies. Risk of bias is judged as “low,” “high,” or “unclear.” If 
the answers of all questions for a domain are“yes,” then 
risk of bias can be judged low. If any signaling question 
is answered “no,” potential for bias exists. Th e “unclear” 
category should be used only when insufficient data are 
reported to permit a judgment. Concerns about appli-
cability are rated as “low,” “high,” or“unclear” (11). Any 
disagreements were resolved by discussion with a third 
author (B. Y. P.) to reach a consensus.

Statistical analysis and data synthesis
Most of study in the meta-analysis contributed a pair of 
numbers: sensitivity and specifi city, the number of true 
positives, false positives, false negatives and true nega-
tives were calculated according to each sensitivity and 
specifi city by Review Manager (version 5.1). By using a 
bivariate regression approach, we computed the overall 
sensitivity (SEN), specifi city (SPE) with 95% CI as the 
main outcome measures. We also used the visual power 
of the ROC plot to present the resules of the bivariate 
model. At the same time, we calculated positive likeli-
hood ratio (LR+) and negative likelihood ratio (LR–) 
respectively (12, 13). Th ese measures were pooled using 
the random eff ects models (14-16).
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Heterogeneity in meta-analyses refers to the degree 
of variability in results across studies (17). Th e primary 
causes of heterogeneity in test accuracy studies are 
threshold eff ect and sources other than threshold eff ect 
(18). In this study, we calculated the spearman correla-
tion coeffi  cient between the logit of sensitivity and logit 
of 1-specifi city assessment for threshold eff ect, a strong 
positive correlation would suggest threshold eff ect; We 
tested for sources other than threshold eff ect amongst 
various studies in way of Chi-square tests, which are 
automatically implemented during analysis to evalu-
ate if the diff erences across the studies are greater than 
expected by chance alone (19). A p-value less than 0.1 
will suggest presence of heterogeneity beyond what 
could be expected by chance alone. If heterogeneity due 
to threshold eff ect were present, the accuracy data can 
be pooled by fi tting a ROC curve and summarising that 
curve by means of the Area Under the Curve (AUC) (20). 
If there is heterogeneity due to sources other than 
threshold eff ect, potential between-study heterogeneity 
was explored by subgroup analyses (21, 22), then pooling 
should only be attempted within homogeneous subsets.

Heterogeneity in test accuracy between studies is 
likely to arise due to diff erences in patient characteris-
tics, test methods, study design and other factors (23).
Th is study were further stratifi ed by type of imaging 
technique and test index, and tried to merge in Sub-
group of homogeneous. Th e analyses were performed 
using Meta-Disc, Version 1.4 (19), STATA version 10 
(Stata corporation, Texas), and SAS 9.2.

Results

Characteristics of included studies and 
quality assessment
Th e computer search yielded 1607 citations: 597 from 
PubMed, 466 from EMBASE, 2 from the Cochrane 
Library, 146 from CBM, 259 from CNKI, 116 from 
WANFANG and 20 from VIP, 1 additional eligible stud-
ies provided by hand search, of which 8 articles (24–31) 
ultimately were included in this review (Figure 1). Study 
characteristics are presented in Tables 1 and 2. Quality 
assessment of all included studies based on the updated 
QUADAS-2 is shown in Table 3. Overall, certain studies 

Figure 1. A fl ow chart shows the results of the literature search and selection for this systematic review.
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had some methodologic limitations. For 6 studies, the 
investigators explained that operators interpreted CT 
results with the results of PFT. 

Diagnostic accuracy of CT
In this study, the spearman correlation coeffi  cient 
between the logit of sensitivity and logit of 1-specifi city 
was –0.238, the P value was 0.570, so there are no thresh-
old eff ect in the study. Th e bivariate model directly 
provides summary estimates of (logit) sensitivity and 
specifi city with corresponding 95% CI for the all of 
included studies (see Table 4) (Forest plots not shown). 
Th e SEN, SPE, PLR, NLR and DOR with associated 95% 
CI were 0.83 (0.73–0.89), 0.87(0.70-0.95), 6.2(2.5–15.5), 
0.20(0.12–0.34), and 31(8-116), respectively. We used 
the visual power of the ROC plot to present the results 
of the bivariate model. Because the bivariate approach 
estimates the strength and the shape of the correlation 
between sensitivity and specifi city, we can draw a 95% 
confi dence ellipse and a 95% ellipse and a 95% predic-
tion ellipse. Th ese ellipse clearly show the area under 
the SROC (AUC) was 0.90 (0.87-0.93) (see Figure 2), 
indicating that the CT has a high discrimination ability 

Table 1. Characteristics of included studies

Study Yearı

Cases (male/female) Mean age (years)
Imaging

technique Test index TP FP FN TN SEN SPECOPD Normal COPD Normal

Li Kai et al. (24) 2008 40(23/17) 26(16/10) 63.5 61.5 16 MSCT ALD ex – – – – 73.9% 93.7%

Chen Shu-jing. (25) 2009 23(23/0) 8(8/0) 67.8 51.8 LDCT EI ex – – – – 91.3% 100%

Long Li-ling et al. (26) 2008 40(23/17) 26(16/10) 63.5 61.5 16 MSCT PI ex – – – – 96.6% 100%

Miao Fei. (27) 2010 37(26/11) 32(23/9) 64.2 53.4 16 MSCT BF – – – – 81.0% 75.0%

Kurashima K et al. (28) 2005 (462/54) 69.0 HRCT LD 228 102 52 134 - -

Tsushima K et al. (29) 2010 48(40/8) 2199(1319/880) 61.1 53.5 LDCT LAA% – – – – 81.3% 87.5%

Marsh S et al. (30) 2007 22(19/3) 185(88/97) 64.7 54.4 Unclear LD – – – – 83.3% 62.8%

Mets OM et al. (31) 2011 1140 63.5 LDCT Diagnostic 
Model

274 85 163 618 – –

TP = number of true positives; FP = number of false positives; FN = number of false negatives; TN = number of true negatives. MSCT=multislice computed tomography; ALD ex=the full 
expiration average lung density;  LDCT=low-dose computed tomography; HRCT=high resolution computed tomography;  EI ex=emphysema index in expiration; PI ex=pixel index in maximum 
expiratory;  BF=blood fl ow; BV=blood volume; LAA%=the percentage of the low attenuation area; LD=lung density; Diagnostic Model=CT emphysema, CT air trapping, BMI, pack-years, and 
smoking status.

Table 2. The number of true positives, false positives, false negatives and 
true negatives were calculated according to each sensitivity and specifi city by 
Review Manager 5.1

Study COPD Normal TP FP FN TN

Li Kai et al. (24) 40 26 30 2 10 24

Chen Shu-jing. (25) 23 8 21 0 2 8

Long Li-ling et al. (26) 40 26 39 0 1 26

Miao Fei. (27) 37 32 30 8 7 24

Tsushima K et al. (29) 48 2199 39 275 9 1924

Marsh S et al. (30) 22 185 18 69 4 116

for COPD. Table 4 presents the measures were grossly 
heterogeneous (P < 0.1). Th e heterogeneity in these 
studies was explored by subgroup analyses. Subgroup 
was divided into several groups by two factors (imaging 
technique and test index), the two factors seems strongly 
associated with the observed heterogeneity. 

Subgroup analysis of CT index with or without the 
lung density was divided into two groups (Done, and 
Not done). Four of the studies evaluated with the lung 
density index (24, 28-30), the others evaluated diff erent 
of index, such as, emphysema index in expiration (EIex) 
(25), pixel index in maximum expiratory (PIex) (26), 
blood fl ow (BF) (27) and Diagnostic Model (31). A more 
description of the test index can be found the Appendix. 
Sensitivity and specifi city with corresponding 95% CI of 
the two groups divided by text index can be estimated 
using the bivariate model (see Table 5). We also test the 
diff erence of the sensitivity or specifi city between the 
two groups using the bivariate model. Th e results show 
that the SEN, SPE, LR+, LR– and DOR with associated 
95% CI of the lung density index were 0.80(0.74–0.84), 
0.77(0.58–0.89), 3.5(1.8–6.9), 0.26 (0.20–0.34) and 13 
(6–32), respectively.Th e SEN, SPE, LR+,LR- and DOR 
with associated 95% CI of others were 0.87(0.64–0.96), 
0.95(0.66–0.99), 17.5(1.8–171.5), 0.14(0.04–0.45) and 
127(5–2982). Th ere was no statistically signifi cant dif-
ference in the mean value of sensitivity between two 
groups (P > 0.05). 

Because the number of the studies is less than 4 for 
each types of imaging technique: three of the studies 
evaluated the MSCT test (24, 26, 27), three the LDCT 
test (25, 29, 31), one the HRCT test (28), and one not 
clear (30), the analysis of the bivariate model can’t be 
used. Table 6 presents the results of the summary 
ROC approach. Th e SEN, SPE, LR+, LR– and DOR 
with associated 95% CI of LDCT were 0.66(0.61–0.70), 
0.88(0.86–0.89), 5.89(4.57–7.59), 0.25(0.12–0.53) and 
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21.27(8.47–53.41), respectively. Th e summary measures 
of specifi city and LR+ were very high and homoge-
neous. All other measures were highly heterogeneous. 
A meta-analysis was also not conducted because too 
much heterogeneity among these studies with MSCT 
(P < 0.1) and too few studies were identifi ed with HRCT 
test (Table 6).

Publication Bias
Th ere was no publication bias. Th e Egger test was not 
statistically signifi cant (P = 0.142), with an symmetrical 
funnel plot (Figure 3).

Discussion

Early diagnosis and treatment for COPD are clearly 
desirable because of both the clinical and socioeconomic 
implications of the disease (32). However, early diagno-
sis sometimes can be diffi  cult because the presentation 
of COPD usually is insidious, and many patients are 
undiagnosed until the disease is far advanced (32, 33). 
CT is also a diagnostic useful method for patients with 
COPD because it can easily quantitatively assess airway 
and parenchymal pathology (34). We performed this 
systematic review and meta-analysis to summarize the 
evidence on accuracy of CT for the diagnosis of COPD.

Exploring heterogeneity is a critical issue to under-
stand the possible factors that infl uence accuracy esti-
mates, and to evaluate the appropriateness of statistical 
pooling of accuracy estimates from various studies (19). 
An exploration of the reason for heterogeneity, rather 
than the computation of summary measures, is an 
important goal of meta-analyses (35, 36). In this study, 
the spearman correlation coeffi  cient between the logit of 
sensitivity and logit of 1-specifi city was –0.238, P value 
was 0.570, so not exist threshold eff ect. 

Th e summary Rceiver Operating Characteristic 
(SROC) approach adopted the diagnostic odds ratio to 
compare the accuracy of diagnostic tests, and neglected 
diff erent thresholds to defi ne positive and negative test 
results, covered up the true diagnostic performance of the 
testing. Th e bivariate model with random eff ects method 
to estimate the sensitivity and specifi city estimates and 
their respective 95% CI, it can also produce summary 
estimates of sensitivity and specifi city, acknowledging 
any possible (negative) correlation between these two 
measures. Th is provides a very important information 
for the heterogeneity in the result of the study. 

In this study, we analyzed the accuracy of the CT 
diagnosing COPD with the bivariate model. Our review 
shows that CT had high sensitivity and specifi city. Th e 
more accurate the test, the closer of the curve approached 

Table 3. QUADAS-2 results for studies performed with CT

Risk of bias Applicability concerns

Studies
Patient

selection
Index
test

Reference
standard

Flow and
timing

Patient
selection

Index
test

Reference
Standard

Li Kai et al. (24) ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑

Chen Shu-jing. (25) ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑

Long Li-ling et al. (26) ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑

Miao Fei. (27) ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑

Kurashima K et al. (28) ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑

Tsushima K et al. (29) ↑ ↑ ↑ ? ↑ ↑ ↑ ↑

Marsh S et al. (30) ↑ ? ? ↑ ↑ ↑ ↑

Mets OM et al. (31) ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑

↑= Low risk, ↑ ↑ = high risk, ? = unclear risk.

Table 4. Summary estimates for sensitivity, specificity, and diagnostic odds ratio for all studies from the bivariate model

Measure of all test accuracy
Pooled summary
measure (95% CI)

Test for heterogeneity

Chi-squared value p- value

Sensitivity 0.83(0.73, 0.89)

Specifi city 0.87(0.70, 0.95)

Positive Likelihood Ratio(LR+) 6.2(2.5, 15.5) 111.970 <0.001

Negative likelihood Ratio(LR–) 0.20(0.12, 0.34)

Diagnostic odds ratio(DOR) 31(8,116)
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the top left-hand corner of the graph. Th e value of the 
AUC closer to 1 for any test indicates that the test is more 
excellent. As seen in Figure 2, the SROC curve showed 
the value of AUC is 0.90 for all of the studies, indicating 
that CT scan has a better diagnostic capability. But after 

Chi-square test, P values of the measures were < 0.1, 
show that the heterogeneity caused by sources other 
than threshold eff ect. Th ese reasons include chance as 
well as variations in study population (e.g., severity of 
disease and co-morbidities), index test diff erences in 
technology, assays, operator etc.), reference standard, 
and the way a study was designed and conducted (37). 
Th e subgroup analyses identifi ed that account for some 
of the observed heterogeneity in our results.

One probable cause of the heterogeneity is that dif-
ferent imaging techniques were used in diff erent studies. 

Figure 2. Bivariate summary estimates of sensitivity and specificity for all 
of the studies and the corresponding 95% confidence ellipse around these 
mean values.
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Figure 3. Funnel plot for evaluation of publication bias in all studies.
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Table 5. Summary estimates for sensitivity, specificity, and diagnostic odds ratio for different text index from the bivariate model

Imaging 
modality

sensitivity
(95% CI)

specificity
(95% CI)

LR+
(95% CI)

LR–
(95% CI)

DOR
(95% CI)

LD (N = 4) 0.80(0.74–0.84) 0.77(0.58–0.89) 3.5(1.8–6.9) 0.26(0.20–0.34) 13(6–32)

Others (N = 4) 0.87(0.64–0.96) 0.95(0.66–0.99) 17.5(1.8–171.5) 0.14(0.04–0.45) 127(5–2982)

P-value LD vs. Others 0.8653 0.2355 – – 0.3100

Comparison between two test indexes.
Abbreviations: LD, Lung Density; Others refers to the 4 studies with the test index (emphysema index in expiration, pixel index in maximum expiratory, blood fl ow and Diagnostic Model).

Table 6. Summary estimates for accuracy measures for types of imaging technique from the sROC approach

Measure of test accuracy
Pooled summary
measure (95% CI)

Test for heterogeneity

Chi-squared value p- value

16 MSCT(N = 3)

Sensitivity 0.85(0.77, 0.91) 10.23 0.006

Specifi city 0.88(0.79, 0.94) 11.23 0.004

Positive Likelihood Ratio(LR+) 8.42(1.64, 43.23) 8.43 0.015

Negative likelihood Ratio(LR–) 0.18(0.07, 0.44) 6.96 0.031

Diagnostic odds ratio(DOR) 52.06(6.71, 403.95) 7.71 0.021

LDCT(N=3)

Sensitivity 0.66(0.61, 0.70) 15.75 <0.001

Specifi city 0.88(0.86, 0.89) 2.20 0.333

Positive Likelihood Ratio(LR+) 5.89(4.57, 7.59) 4.46 0.107

Negative likelihood Ratio(LR–) 0.25(0.12, 0.53) 10.28 0.006

Diagnostic odds ratio(DOR) 21.27(8.47, 53.41) 7.18 0.028
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Th e SROC analysis showed that LDCT in diagnosing 
COPD have high specifi city, low and widely varying 
sensitivities. Th ese test properties suggest a potential 
role for LDCT in confi rming the diagnosis of COPD, but 
unhelpful in ruling out it. Th e radiation dose from LDCT 
scan is limited (38, 39), LDCT is commonly performed 
to screen for lung cancer in high-risk subjects (40), so an 
additional benefi t may be got in early COPD. Th e accu-
racy of MSCT was heterogeneous across studies, and 
thus meaningful summary measures of accuracy could 
not be determined. Another cause of the heterogeneity 
is that these studies with diff erent type of test index. Th e 
results of the bivariate model showed that CT had a high 
sensitivity (80%) in diagnosing COPD with the lung den-
sity index. Th e lung density has signifi cant correlations 
with PFT and it has been proven to be a good predictor 
of lung function (41, 42). Th ese studies showed that the 
lung density has a potential role in diagnosing COPD.

Likelihood ratios are metrics that take into account 
the interaction between the SEN and the SPE in their 
calculation, and LR+>10 and LR–<0.1 are considered 
convincing evidence to rule in or rule out diagnoses, 
respectively, in most circumstances (13). In this study, 
the result of pooled LR+ is 6.2 < 10, suggested that the 
results of CT imaging were positive, there is the pos-
sibility of suff ering from COPD; the result of pooled 
LR- is 0.20 > 0.1, indicated that the results of CT imag-
ing were negative, the possible of suff ering from COPD 
can not excluded. With advances in CT technology, new 
methods will undoubtedly be developed. CT with some 
quantitative CT indices may play an important role in 
diagnosing COPD at the early stage.

Th ere are some limitations in this study. First, most 
of the studies in our review did not using blind method. 
Th is is known as review bias, and may lead to infl ated 
measures of diagnostic accuracy. Second, diff erent of 
detecting instrument, operation procedure, the quality 
control and operating rules in included studies could 
have infl uenced the accuracy of the results. Th ird, 
although we adopted widely of search strategy and 
aimed to retrieve additional data from investigators, and 
failed to fi nd some missing and unpublished data, it is 
unavoidable that potential publication bias.

Conclusions

In conclusion, our results suggest that quantitative mea-
sures in CT scans may be useful to identify suspected 
subjects with COPD, although there was heterogeneity 
among these studies. Because the early stages of COPD 
are substantially under diagnosed, early detection of air-
fl ow limitation with chest CT and early intervention can 
improve outcomes for patients with COPD.
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Appendix: Defi nition of Terms Used in 
This Review.

1. Lung density: Th e potential of lung density mea-
surements to diagnose emphysema in vivo was fi rst 
noted by comparison of frequency distribution 
curves of density measurements between those with 
and without subsequent pathological diagnoses 
of emphysema. Density threshold techniques use 
a computer program to identify the percentage of 
total lung area occupied by areas of low attenuation 
(the radiological equivalent of tissue loss) below a 
predetermined value. Th e original study using this 
technique used a threshold of -910 Hounsfi eld Units 
(HU) whilst subsequent workers used -950(HU), 
both measurements showing a close correlation 
with pathological features of emphysema. 

2. Blood fl ow (BF) refer to the rate of blood fl ow 
within tissues and organs, is one of the perfusion 
parameters, mainly related to tissue blood volume, 
draining veins, lymphatic drainage and tissue oxy-
gen consumption factors.

3. Emphysema index (EI) was defi ned as the ratio of 
the emphysema volume (EV) in a range of thresh-
old after 3D reconstruction to the total lung volume 
(TLV) at the defi nite width and level.

4. Pixel index (PI) was defi ned as the percentage of 
pixel in CT with an attenuation below -900 HU.

5. Th e Diagnostic Model included 5 factors indepen-
dently associated with obstructive pulmonary disease: 
CT emphysema, CT air trapping, body mass index, 
pack-years, and smoking status. Computed tomo-
graphic emphysema was defi ned as the percentage 
of voxels in inspiratory CT with an attenuation below 
-950 HU. Th e HU value at the 15th percentile of the 
attenuation distribution curve as a measure of CT 
emphysema was calculated for secondary analysis. 
Computed tomographic air trapping was defi ned as 
the expiratory: inspiratory ratio of mean lung density.
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