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Abstract
Objectives To investigate the diagnostic performance of the coronavirus disease 2019 (COVID-19) Reporting and Data System
(CO-RADS) for detecting COVID-19.
Methods We searched PubMed, EMBASE,MEDLINE,Web of Science, Cochrane Library, and Scopus database until September 21,
2021. Statistical analysis included data pooling, forest plot construction, heterogeneity testing, meta-regression, and subgroup analyses.
Results We included 24 studies with 8382 patients. The pooled sensitivity and specificity and the area under the curve (AUC) of
CO-RADS ≥ 3 for detecting COVID-19 were 0.89 (95% confidence interval (CI) 0.85–0.93), 0.68 (95%CI 0.60–0.75), and 0.87
(95% CI 0.84–0.90), respectively. The pooled sensitivity and specificity and AUC of CO-RADS ≥ 4 were 0.83 (95% CI 0.79–
0.87), 0.84 (95% CI 0.78–0.88), and 0.90 (95% CI 0.87–0.92), respectively. Cochran’s Q test (p < 0.01) and Higgins I2

heterogeneity index revealed considerable heterogeneity. Studies with both symptomatic and asymptomatic patients had higher
specificity than those with only symptomatic patients using CO-RADS ≥ 3 and CO-RADS ≥ 4. Using CO-RADS ≥ 4, studies
with participants aged < 60 years had higher sensitivity (0.88 vs. 0.80, p = 0.02) and lower specificity (0.77 vs. 0.87, p = 0.01)
than studies with participants aged > 60 years.
Conclusions CO-RADS has favorable performance in detecting COVID-19. CO-RADS ≥ 3/4 might be applied as cutoff values
given their high sensitivity and specificity. However, there is a need for more well-designed studies on CO-RADS.
Key Points
• CO-RADS shows a favorable performance in detecting COVID-19.
• CO-RADS ≥ 3 had a high sensitivity 0.89 (95% CI 0.85–0.93), and it may prove advantageous in screening the potentially
infected people to prevent the spread of COVID-19.

• CO-RADS ≥ 4 had high specificity 0.84 (95% CI 0.78–0.88) and may be more suitable for definite diagnosis of COVID-19.
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Introduction

The ongoing coronavirus disease 2019 (COVID-19) pandem-
ic, caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has become a global threat [1–3]. Early and
quick diagnosis of COVID-19 is crucial for isolating patients,
preventing infection spread, and early patient intervention [4].

Currently, the reference standard for COVID-19 is the re-
verse transcription polymerase chain reaction (RT-PCR) test
using respiratory tract specimens [5]. However, RT-PCR tests
have limited sensitivity depending on symptom duration [6],
viral load [7, 8], test sample types [9], delays in test access or
processing times [10], and insufficient testing capacity [11].

Computed tomography (CT) is a widely available, time-
saving, and non-invasive approach for detecting COVID-19
[12]. It could be an efficient tool for diagnosing COVID-19
with high sensitivity and monitoring disease course [10,
13–15]. Accordingly, it has been recommended for identify-
ing patients with COVID-19 [16–18]. Nevertheless, the use of
CT scanning for diagnosing COVID-19 given the lack of ac-
curate, consistent evaluation across radiologists and medical
centers is controversial [19]. There has been heterogeneity
among previous studies on chest CT for detecting COVID-
19, with sensitivity and specificity of 0.19 to 1.00 [20] and
0.25 to 0.70 [21], respectively. This was mainly attributed to
the lack of a specific reporting system in various centers with
different radiologists [20–23].

The COVID-19 Reporting and Data System (CO-RADS)
was established by the Dutch Radiological Society to stan-
dardize the assessment scheme and simplify reporting using
a 5-point scale of suspicion (from 1 [very low suspicion] to 5
[very high suspicion]) for COVID-19 pneumonia on chest CT
images [24]. CO-RADS has excellent diagnostic performance
for COVID-19 through interpretation of chest CT images,
with moderate to substantial interobserver agreement
[24–26]. A meta-analysis on the diagnostic performance of
CO-RADS in detecting COVID-19 [27] only included six
studies up to August 24, 2020, with a small sample size.
This systematic review and meta-analysis aimed to provide
an updated overview of the diagnostic performance of CO-
RADS in COVID-19, with a focus on the possible practical
application of CO-RADS.

Materials and methods

This meta-analysis was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
[28], with a standardized review and data extraction protocol.
The primary study outcome was the diagnostic performance of
CO-RADS for COVID-19. Additionally, we discussed the clin-
ical application of CO-RADS.

Search strategy and selection criteria

A computerized search of PubMed, EMBASE, MEDLINE,
Web of Science, Cochrane Library, and Scopus was perform-
ed up to September 21, 2021, without restrictions regarding
regions or publication types. We manually reviewed the ref-
erence lists of all retrieved studies, review articles, and con-
ference abstracts to identify additional potential studies. We
used the following search terms: ([COVID-19 reporting-and-
data system] or [COVID-RADS] or [CO-RADS]) AND
([COVID-19] or [SARS-CoV-2] or [coronavirus disease
2019] or [severe acute respiratory syndrome coronavirus 2]).

Inclusion and exclusion criteria

The inclusion criteria were (1) studies using CO-RADS in
COVID-19 diagnosis, (2) studies using RT-PCR as the reference
standard, (3) original scientific articles, and (4) sufficient data for
reconstructing the 2 × 2 tables for diagnostic accuracy. The ex-
clusion criteria were (1) duplication of publications; (2) non-
original studies, including editorials, letters to the editor, review
articles, and case reports; (3) non-English articles; and (4) studies
with insufficient information for reconstructing a 2 × 2 table.

Data extraction

We extracted data from the included studies using a standardized
form: (1) true positives, false positives, true negatives, false neg-
atives; (2) study characteristics, including first author, publication
year, country, study design, cutoff values, study duration, recruit-
ment, number of centers, number of readers, setting, and sample
size; and (3) patient characteristics including age, sex ratio, and
symptoms. When different readers in a single study reported
more than one result, we extracted the consensus result or the
average result if there was no consensus result.

Quality assessment

The methodological quality of the studies was assessed using
the Quality Assessment of Diagnostic Accuracy Studies-2 tool
[29]. Each study was rated with respect to the following do-
mains: patient selection, index test, reference standard, and
flow and timing. Each domain was assessed based on the risk
of bias and the first three domains, including applicability.

Statistical analysis

We created 2 × 2 tables to calculate the pooled sensitivity,
specificity, and corresponding 95% confidence interval (CI)
using a bivariate random-effects model; further, we calculated
the diagnostic odds ratio (DOR). The results were graphically
shown in the forest plots. We constructed hierarchical sum-
mary receiver operating characteristic (HSROC) models;
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further, we calculated the area under the curve (AUC). We
performed Deeks’ funnel plot asymmetry test to evaluate the
possible presence of publication bias, with p < 0.10 indicating
a possibility of publication bias [30]. The heterogeneity of the
included studies was evaluated using the inconsistency index
(I2) and Q statistic of the chi-square value test [31].

Heterogeneity was further explored through meta-
regression by adding the following covariates to bivariate
model: (1) study design (prospective vs. retrospective), (2)
study enrollment (consecutive vs. unavailable, NA), (3) num-
ber of centers (< 2 vs. ≥ 2), (4) number of readers (< 3 vs. ≥ 3),
(5) study setting (emergency department, ED vs. NA), and (6)
publication year (2020 vs. 2021). Finally, we performed sub-
group analyses according to the age, sex, and symptoms.

Statistical analyses were performed using STATA 16.1 and
RevMan 5.3. Statistical significance was set at p < 0.05.

Results

Selection and data extraction

The systematic search initially yielded 224 results; among them,
104 were removed for duplication. After manually screening of
titles and abstracts, 90 results were excluded, including articles

not related (n = 59), case reports (n = 9), letters/editorials/ab-
stracts (n = 6), and review articles (n = 16). After full-text reviews
of the remaining 30 articles, we excluded one non-English article
[32] and five articleswithout sufficient data for constructing 2 × 2
tables for lacking information on specificity of CO-RADS
[33–37]. Finally, we included 24 studies with 8382 patients
[12, 24, 25, 38–58] (Fig. 1).

Characteristics of included studies

The 24 included studies comprised 8382 patients.More than half
of studies were published in 2021. The studies were conducted in
various countries, including Italy, French, the Netherlands, and
China. There were 3 and 17 prospective and retrospective stud-
ies, respectively, with the remaining 4 studies not providing in-
formation on study design. Fourteen studies consecutively en-
rolled participants, while the remaining 10 studies did not de-
scribe participant enrollment. Among the 24 studies, over half
were single-center studieswhile sixweremulti-center studies and
three studies did not provide relevant information. Regarding the
number of readers, 12 and 4 studies included ≥ 3 and < 3 radi-
ologists, respectively, while 8 studies lacked information. Ten
studies were conducted in the ED. Five studies included both
symptomatic and asymptomatic patients while 19 studies only
included symptomatic patients. The sample size significantly

Figure 1 PRISMA flow chart of
article selection process

4416 Eur Radiol  (2022) 32:4414–4426

1 3



Ta
bl
e
1

ch
ar
ac
te
ri
st
ic
s
of

16
in
cl
ud
ed

st
ud
ie
s

Fi
rs
ta
ut
ho
r

Y
ea
r

C
ou
nt
ry

St
ud
y

de
si
gn

C
ut
of
f

va
lu
e

St
ud
y
du
ra
tio

n
P
at
ie
nt

re
cr
ui
tm

en
t

N
um

be
r
of

ce
nt
er
s

N
um

be
r
of

re
ad
er
s

Se
tti
ng

S
ym

pt
om

s
S
am

pl
e

si
ze

A
ge
*

(y
ea
r)

S
ex

(M
/F
)

R
ef
er
en
ce

st
an
da
rd

T
ur
ca
to

[3
8]

20
21

It
al
y

R
2,
3,
4,
5

20
20
/3
/2
5–
20
20
/4
/2
5

C
1

N
A

E
D

S
12
0

68
(6
0–
78
)

73
/4
7

51
R
T
-P
C
R
+

69
R
T
-P
C
R
-

Su
n
[3
9]

20
21

Fr
en
ch

R
2,
3,
4,
5

20
20
/3
/1
8–
20
20
/5
/1
0

N
A

1
1

N
A

B
31
3

62
(5
0–
70
)

15
6/
15
7

22
R
T
-P
C
R
+

29
1
R
T
-P
C
R
-

Sc
ha
le
ka
m
p

[4
0]

20
21

N
et
he
rl
an
ds

R
2,
3,
4,
5

20
20
/3
/2
0–
20
20
/4
/3

C
6

N
A

E
D

S
10
70

66
(5
4–
75
)

62
6/
44
4

53
6
R
T
-P
C
R
+

53
4
R
T
-P
C
R
-

O
'N

ei
ll
[4
1]

20
20

C
an
ad
a,
Ir
an
,S

ou
th

K
or
ea
,C

hi
na

R
2,
3,
4,
5

20
20
/2
/2
–2
02
0/
5/
16

C
4

3
N
A

S
27
9

60
.1
±
17
.3

14
3/
13
6

19
4
R
T
-P
C
R
+

85
R
T
-P
C
R
-

Pr
ok
op

[2
4]

20
20

N
et
he
rl
an
ds

N
A

2,
3,
4,
5

20
20
/3
/1
4–
20
20
/3
/2
5

C
7

8
E
D

S
10
5

62
±
16

61
/4
4

53
R
T
-P
C
R
+

52
R
T
-P
C
R
-

Ö
ze
l[
42
]

20
21

T
ur
ke
y

R
2,
3,
4,
5

20
20
/3
/2
0–
20
20
/4
/2
0

N
A

1
2

E
D

S
28
0

45
.9
±
15
.9

15
0/
13
0

11
1
R
T
-P
C
R
+

16
9
R
T
-P
C
R
-

O
ss
ar
eh

[4
3]

20
20

Ir
an

N
A

2
20
20
/2
/2
0–
20
20
/4
/2
0

N
A

1
N
A

N
A

B
17
8

58
.9
±
16
.5

(2
2–
99
)

12
2/
56

27
R
T
-P
C
R
+

15
1
R
T
-P
C
R
-

L
iu

[1
2]

20
21

C
hi
na

R
4

20
20
/2
/1
6–
20
20
/3
/2
0

C
2

2
N
A

S
40

N
A

23
/1
7

25
R
T
-P
C
R
+

25
R
T
-P
C
R
-

L
ie
ve
ld

[4
4]

20
20

N
et
he
rl
an
ds

P
2,
3,
4,
5

20
20
/3
/1
9–
20
20
/5
/2
8

C
2

N
A

E
D

S
74
1

62
.1
±
17
.2

41
7/
32
4

23
5
R
T
-P
C
R
+

50
6
R
T
-P
C
R
-

L
es
sm

an
n

[4
5]

20
21

N
et
he
rl
an
ds

R
2,
3,
4,
5

20
20
/3
–2
02
0/
4

C
2

8
E
D

S
26
2

64
±
16

15
4/
10
8

17
9
R
T
-P
C
R
+

83
R
T
-P
C
R
-

H
er
m
an
s

[4
6]

20
20

N
et
he
rl
an
ds

P
2,
3,
4,
5

20
20
/3
/2
7–
20
20
/4
/2
0

C
1

N
A

E
D

B
31
9

59
(5
0–
68
)

15
7/
16
2

13
3
R
T
-P
C
R
+

18
6
R
T
-P
C
R
-

G
ro
ss

[4
7]

20
21

G
er
m
an
y

R
2,
3,
4,
5

20
20
/3
/2
2–
20
20
/4
/7

C
N
A

N
A

E
D

S
96

64
50
/4
6

20
R
T
-P
C
R
+

76
R
T
-P
C
R
-

Fu
jio
ka

[4
8]

20
20

Ja
pa
n

R
2,
3,
4,
5

20
20
/1
–2
02
0/
6

N
A

1
4

N
A

S
15
4

61
.3
±
18
.8

(2
1–
93
)

10
1/
53

76
R
T
-P
C
R
+

78
R
T
-P
C
R
-

D
e
Sm

et
[2
5]

20
21

B
el
gi
um

P
2,
3,
4,
5

20
2/
3/
19
–2
02
0/
4/
20

C
1

2
N
A

B
19
97

70
(5
2–
81
)

10
31
/9
66

41
8
R
T
-P
C
R
+

15
79 R
T
-P
C
R
-

B
el
lin

i[
49
]

20
20

It
al
y

R
2,
3,
4,
5

20
20
/3
/9
–2
02
0/
5/
3

C
1

12
N
A

S
57
2

63
±
20

32
9/
24
3

14
2 R
T
-P
C
R
+

43
0 R
T
-P
C
R
-

Sh
oh
ei
[5
0]

20
20

Ja
pa
n

R
2,
3,
4,
5

20
20
/1
/3
0–
20
20
/6
/3
0

N
A

1
8

E
D

S
10
0

N
A

68
/3
2

50
R
T
-P
C
R
+

50
R
T
-P
C
R
-

W
ak
fi
e
[5
1]

20
21

Sp
ai
n

N
A

4,
5

20
20
/2
/1
9–
20
20
/5
/2
9

N
A

N
A

N
A

N
A

B
41

N
A

22
/1
9

13
R
T
-P
C
R
+

28
R
T
-P
C
R
-

V
ic
in
i[
52
]

20
21

It
al
y

R
2,
3,
4,
5

20
20
/3
/1
8–
20
20
/7
/1
5

C
1

6
N
A

S
71
4

64
±
19

(8
–9
6)

41
9/
29
5

26
3 R
T
-P
C
R
+

45
1
R
T
-P
C
R
-

V
an

[5
3]

20
21

B
el
gi
um

R
2,
3,
4,
5

20
20
/3
/7
–2
02
0/
4/
13

N
A

1
N
A

N
A

S
20
0

67
.3
0
±

17
.1
1

96
/1
04

68
R
T
-P
C
R
+

13
2 R
T
-P
C
R
-

N
ai
r
[5
4]

20
21

Q
at
ar

R
2,
3,
4,
5

20
20
/4
/1
–2
02
0/
7/
30

C
1

6
N
A

S
16
4

49
±
15

13
9/
25

10
1 R
T
-P
C
R
+

63
R
T
-P
C
R
-

4417Eur Radiol  (2022) 32:4414–4426

1 3



varied from 40 to 1997, with all studies recruiting both male and
female participants. Five studies did not report the age of all
included patients; nonetheless, the age of patients ranged from
8 to 99 years.Moreover, all included studies usedRT-PCR as the
standard reference for COVID-19 (Table 1).

Quality assessment

Figure 2 shows the quality variables of 24 included studies.
Ten studies showed an unclear risk of bias since there was no
information suggestive of consecutive or random sampling.
Regarding the index test domain, only one study had an un-
clear risk of bias since it did not provide information regarding
blinding to the reference standard. In the reference standard
domain, two studies showed a high risk for bias since the
reference standard was not blinded to the index test results.
Additionally, four studies had an unclear risk of bias since
they did not mention whether the reference standard was per-
formed blinded to the index test results. Regarding the flow
and timing domain, four studies had a high risk of bias since
some patients were not included in the analysis while seven
studies had an unclear risk of bias since they did not provide
clear information regarding the time interval between the ref-
erence standard test and index test. Due to concerns regarding
applicability, unclear risk ratings were assigned in two, one,
and two studies in the patient selection, index test, and refer-
ence standard domains, respectively.

Diagnostic accuracy

The pooled sensitivity and specificity for 21 studies using CO-
RADS ≥ 2 were 0.93 (95% CI 0.88–0.96) and 0.41 (95% CI
0.30–0.53), respectively. In 20 studies using CO-RADS ≥ 3,
the pooled sensitivity and specificity were 0.89 (95%CI 0.85–
0.93) and 0.68 (95%CI 0.60–0.75), respectively. In 23 studies
using CO-RADS ≥ 4, the pooled sensitivity and specificity
were 0.83 (95% CI 0.79–0.87) and 0.84 (95% CI 0.78–
0.88), respectively. In 21 studies using CO-RADS ≥ 5, the
pooled sensitivity and specificity were 0.66 (95% CI 0.61–
0.72) and 0.93 (95% CI 0.88–0.96), respectively (Fig. 3).
Moreover, the DOR of CO-RADS using cutoff 2/3/4/5 was
9 (95% CI 5–14), 18 (95% CI 12–26), 26 (95% CI 16–40),
and 25 (95% CI 15–42), respectively (Table 2).

The AUCs of CO-RADS ≥ 2/3/4/5 were 0.79 (95% CI
0.76–0.83), 0.87 (95% CI 0.84–0.90), 0.90 (95% CI 0.87–
0.92), and 0.83 (95% CI 0.79–0.86), respectively. The large
difference between the 95% confidence and prediction regions
presented in the HSROC curve indicated substantial among-
study heterogeneity (Fig. 4).

There was considerable among-study heterogeneity ac-
cording to Cochran’s Q test (p < 0.01) and Higgins I2 hetero-
geneity index (Fig. 3). Deeks’ funnel plots (Fig. 5) revealed no
major publication bias in CO-RADS ≥ 2/3/4/5 (p > 0.10).T
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Fig. 2 Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) criteria for the 24 included studies
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Exploration of heterogeneity

Meta-regression

We performed meta-regression to explore the heterogeneity
causes among 20 and 23 studies using CO-RADS ≥ 3 and
CO-RADS ≥ 4, respectively (Table 3). Study heterogeneity
was independently associated with publication year, study de-
sign, study enrollment, number of centers, number of readers,
and setting.

Among the 20 studies using CO-RADS ≥ 3, studies pub-
lished in 2020 had a higher sensitivity than those published in
2021 (0.91, 95% CI 0.85–0.97 vs. 0.89, 95% CI 0.84–0.93; p
< 0.01). Prospective studies had a higher sensitivity than ret-
rospective studies (0.92, 95% CI 0.84–0.99 vs. 0.89, 95% CI
0.84–0.93; p = 0.03). Studies with unclear information regard-
ing patient enrollment had a significantly higher sensitivity
(0.93, 95% CI 0.88–0.97) than those with consecutive enroll-
ment (0.87, 95% CI 0.82–0.92; p < 0.01). Multi-center studies
had higher sensitivity than single-center studies (0.91, 95% CI
0.85–0.97 vs. 0.89, 95% CI 0.84-0.94; p < 0.01). Studies
conducted in the ED had a higher sensitivity (0.93, 95% CI

0.90–0.97) and lower specificity (0.62, 95% CI 0.50–0.73)
than those without setting information (0.85, 95% CI 0.79–
0.91; p = 0.02 and 0.72, 95% CI 0.63–0.81; p = 0.02,
respectively).

In 23 studies using CO-RADS ≥4, the sensitivity differed
among the various potential covariates. Studies published in
2021 had a higher sensitivity than those published in 2020
(0.84, 95% CI 0.80-0.88 vs. 0.82, 95% CI 0.75–0.88; p <
0.01). Studies that consecutively enrolled participants had
lower sensitivity than those without related information
(0.81, 95% CI 0.77–0.86 vs. 0.87, 95% CI 0.82–0.92; p <
0.01). Prospective studies had a higher sensitivity than retro-
spective studies (0.86, 95% CI 0.78–0.94 vs. 0.83, 95% CI
0.79–0.87; p < 0.01). Multi-center studies had a higher sensi-
tivity than single-center studies (0.85, 95% CI 0.80–0.91 vs.
0.82, 95% CI 0.78–0.87; p <0.01). Studies using < 3 readers
had higher sensitivity than those using ≥ 3 readers (0.84, 95%
CI 0.75–0.93 vs. 0.81, 95% CI 0.76–0.87; p = 0.03). Studies
conducted in the ED had a higher sensitivity (0.87, 95% CI
0.84–0.91) than those without setting information (0.79, 95%
CI 0.74–0.84; p < 0.01). Prospective studies had a higher
sensitivity than retrospective studies (0.89, 95% CI 0.80–
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Fig. 3 Coupled forest plots of pooled sensitivity and specificity
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Table 2 Sensitivity, specificity,
LR+, LR-, and DORs of CO-
RADS for the detection of
COVID-19

Cutoff 2 3 4 5

Sensitivity (95% CI) 0.93 (0.88–0.96) 0.89 (0.85–0.93) 0.83 (0.79–0.87) 0.66 (0.61–0.72)

Specificity (95% CI) 0.41 (0.30–0.53) 0.68 (0.60–0.75) 0.84 (0.78–0.88) 0.93 (0.88–0.96)

LR+ (95% CI) 1.6 (1.3–1.9) 2.8 (2.2–3.4) 5.1 (3.7–7.0) 9.1 (5.7–14.7)

LR- (95% CI) 0.18 (0.12–0.27) 0.16 (0.11–0.22) 0.20 (0.16–0.25) 0.36 (0.31–0.42)

DOR (95% CI) 9 (5–14) 18 (12–26) 26 (16–40) 25 (15–42)

Abbreviations: LR+, likelihood ratio positive; LR-, likelihood ratio negative; DOR, diagnostic odds ratio; CI,
confidence interval
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Fig. 4 Hierarchical summary receiver operating characteristic curve (HSROC) of the diagnostic performance of CO-RADS for detecting COVID-19
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0.99 vs. 0.82, 95% CI 0.76–0.88; p = 0.02). Studies in the ED
had lower specificity than those with unclear information on
setting (0.82, 95% CI 0.74–0.90 vs. 0.85, 95% CI 0.78–0.91;
p < 0.01).

Subgroup analysis

Table 4 summarizes the results of subgroup analyses of the
age, sex, and symptoms.

In studies using CO-RADS ≥ 3, studies including both
symptomatic and asymptomatic patients had a higher speci-
ficity than those only including symptomatic patients (0.83,
95% CI 0.72–0.93 vs. 0.64, 95% CI 0.56–0.72; p < 0.01). In
studies using CO-RADS ≥ 4, studies with participants aged <
60 years had higher sensitivity (0.88, 95% CI 0.82–0.94 vs.
0.80, 95% CI 0.75–0.85; p=0.02) and lower specificity (0.77,
95% CI 0.62–0.92 vs. 0.87, 95% CI 0.82–0.92; p = 0.01) than
those with participants aged > 60 years. Studies on both symp-
tomatic and asymptomatic patients and those on only symp-
tomatic patients had the same pooled sensitivity (0.83, 95%CI
0.74–0.92 vs. 0.83, 95% CI 0.79–0.87); however, the p value
was < 0.01. Studies including both symptomatic and

asymptomatic patients had higher specificity than those only
including symptomatic patients (0.92, 95% CI 0.86–0.98 vs.
0.81, 95% CI 0.75–0.87; p < 0.01).

Discussion

Inconsistent reports regarding sensitivity and specificity im-
pede our ability to determine the diagnostic accuracy of CO-
RADS for detecting COVID-19. Few relevant systematic re-
views or meta-analyses have assessed the diagnostic utility of
CO-RADS for COVID-19 [27]. This is the first systematic
review and meta-analysis to directly evaluate the accuracy of
CO-RADS for COVID-19 and discuss the practical applica-
tion of CO-RADS. Our findings demonstrated that CO-RADS
has great utility in diagnosing COVID-19; moreover, CO-
RADS ≥ 3/4 showed outstanding ability.

The AUC of CO-RADS revealed that CO-RADS ≥ 3/4
displayed favorable performance in detecting COVID-19.
CO-RADS ≥ 3 might be preferred when priority is placed on
the sensitivity of the examination. In case COVID-19 out-
breaks re-occur in some countries, there is a need to rapidly
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Fig. 5 Deeks’ funnel plot used to evaluate potential publication bias
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Table 3 Results of the meta-
regression analysis of CO-RADS
for the detection of COVID-19

Cutoff Covariates Category Studies
(n)

Meta-analytic summary estimates

Sensitivity (95%
CI)

p Specificity (95%
CI)

p

3 Publication
year

2021 14 0.89 (0.84–0.93) 0.00 0.69 (0.61–0.78) 0.55

2020 6 0.91 (0.85–0.97) 0.63 (0.49–0.77)

Study design R 16 0.89 (0.84–0.93) 0.03 0.66 (0.58–0.75) 0.17

P 3 0.92 (0.84–0.99) 0.73 (0.56–0.90)

Enrollment C 13 0.87 (0.82–0.92) 0.00 0.71 (0.63–0.80) 0.80

NA 7 0.93 (0.88–0.97) 0.60 (0.47–0.73)

Centers (n) < 2 14 0.89 (0.84–0.94) 0.00 0.68 (0.59–0.77) 0.56

≥. 5 0.91 (0.85–0.97) 0.63 (0.47–0.79)

Readers (n) < 3 3 0.94 (0.86–1.00) 0.88 0.70 (0.49–0.91) 0.78

≥ 3 11 0.87 (0.80–0.94) 0.66 (0.54–0.78)

Setting ED 9 0.93 (0.90–0.97) 0.02 0.62 (0.50–0.73) 0.02

NA 11 0.85 (0.79–0.91) 0.72 (0.63–0.81)

4 Publication
year

2021 16 0.84 (0.80–0.88) 0.00 0.84 (0.78–0.90) 0.02

2020 7 0.82 (0.75–0.88) 0.84 (0.74–0.93)

Study design R 18 0.83 (0.79–0.87) 0.00 0.82 (0.76–0.88) 0.02

P 3 0.86 (0.78–0.94) 0.89 (0.80–0.99)

Enrollment C 14 0.81 (0.77–0.86) 0.00 0.85 (0.79–0.91) 0.05

NA 9 0.87 (0.82–0.92) 0.81 (0.72–0.90)

Centers (n) < 2 15 0.82 (0.78–0.87) 0.00 0.84 (0.78–0.91) 0.13

≥. 6 0.85 (0.80–0.91) 0.81 (0.69–0.92)

Readers (n) < 3 4 0.84 (0.75–0.93) 0.03 0.82 (0.66–0.97) 0.22

≥ 3 12 0.81 (0.76–0.87) 0.84 (0.76–0.92)

Setting ED 10 0.87 (0.84–0.91) 0.00 0.82 (0.74–0.90) 0.00

NA 13 0.79 (0.74–0.84) 0.85 (0.78–0.91)

Abbreviations: ED, emergency department; NA, not available; CI, confidence interval

Table 4 Results of subgroup
analyses of CO-RADS for the
detection of COVID-19

Cutoff Covariates Subgroup Studies
(n)

Meta-analysis summary estimates

Sensitivity (95%
CI)

p Specificity (95%
CI)

p

3 Age# < 60 3 0.96 (0.92–1.00) 0.81 0.57 (0.36–0.79) 0.10

≥ .1 14 0.87 (0.81–0.92) 0.72 (0.64–0.80)

Sex* < 50% 3 0.90 (0.80–1.00) 0.16 0.77 (0.63–0.92) 0.87

≥ 50% 17 0.89 (0.85–0.94) 0.66 (0.58–0.74)

Symptoms S 17 0.90 (0.86–0.94) 0.26 0.64 (0.56–0.72) 0.00

B 3 0.87 (0.75–0.99) 0.83 (0.72–0.93)

4 Age# < 60 4 0.88 (0.82–0.94) 0.02 0.77 (0.62–0.92) 0.01

≥ .0 14 0.80 (0.75–0.85) 0.87 (0.82–0.92)

Sex* < 50% 3 0.88 (0.80–0.96) 0.07 0.92 (0.86–0.99) 0.70

≥ .70 20 0.83 (0.79–0.86) 0.82 (0.76–0.87)

Symptoms S 19 0.83 (0.79–0.87) 0.01 0.81 (0.75–0.87) 0.00

B 4 0.83 (0.74–0.92) 0.92 (0.86–0.98)

Abbreviations: S, symptomatic; B, both symptomatic and asymptomatic; CI, confidence interval
# Age: median age or average age
* Sex: proportion of male subjects, including two groups: < 50% male subjects and ≥ 50% male subjects

4423Eur Radiol  (2022) 32:4414–4426

1 3



screen potential infected patients to prevent disease spread.
Contrastingly, CO-RADS ≥ 4 might be more suitable when
it is more important to yield a definite diagnosis. In regions
with low COVID-19 threat, there is a need to identify whether
patients were infected with COVID-19 or other diseases to
avoid unnecessary isolation and treatment.

Considerable among-study heterogeneity was observed.
When the cutoff value was 3, there were significant differ-
ences in sensitivity according to publication year, study de-
sign, enrollment, number of centers, and setting; moreover,
there were significant differences in specificity according to
the setting. This suggests that the diagnostic performance of
CO-RADS ≥ 3 may have been overestimated in studies with
characteristics such as publication in 2020, failure to mention
enrollment and setting, and multi-center settings, which
yielded limitations in this meta-analysis. This suggests that
CO-RADS ≥ 3 might facilitate quick detection of COVID-
19 without geographical limitations in case of reoccurrence
of COVID-19 outbreak. Additionally, the performance of
CO-RADS ≥ 3 in readers has been relatively consistent which
demonstrates the consistency and stability of CO-RADS ≥ 3.
However, multi-center studies had significantly higher sensi-
tivity than single-center studies (0.91 vs. 0.89, p < 0.01). Our
findings provide additional evidence for exploring the consis-
tency of CO-RADS ≥ 3 among different centers.

Meta-regression analysis of CO-RADS ≥ 4 revealed an
association of study heterogeneity with publication year, study
design, enrollment, number of centers, number of readers, and
study settings, which indicated that the diagnostic perfor-
mance of CO-RADS ≥ 4 may have been overestimated to
some degree in studies published in 2021 without setting in-
formation, which led to several limitations in this study.
Specifically, we focused on the consistency among various
centers with different readers. Multi-center studies had signif-
icantly higher sensitivity than single-center studies (0.85 vs.
0.82, p < 0.01); moreover, studies with ≥ 3 readers showed
significantly lower sensitivity than studies with < 3 readers
(0.81 vs. 0.84; p = 0.03). Our findings provide additional
evidence for exploring the consistency of CO-RADS ≥ 4
among different centers and whether the cutoff value of CO-
RADS ≥ 4 should be recommended when there are < 3
readers. All the included studies recruited patients between
January and June 2020, when there were rapid changes in
the COVID-19 epidemic in different counties [59, 60], which
may cause detection difficulties and finally lead to errors or
heterogeneity. Moreover, not all studies were well-designed.
Therefore, there is a need for better-designed studies on CO-
RADS.

Subgroup analysis according to age revealed lower sensitiv-
ity in the older group with CO-RADS ≥ 4. Age affects the
diagnostic performance for COVID-19 since older adults often
have chronic lung diseases, including chronic obstructive pul-
monary disease and interstitial pulmonary fibrosis [61].

Further, COVID-19 presentation in older patients is often atyp-
ical with less unspecific symptoms [62, 63], whichmay impede
diagnosis through CO-RADS. Subgroup analysis according to
sex revealed that most studies included more male participants,
which is consistent with the sex-based susceptibility for
COVID-19 infection [64–66]. Studies that included fewer male
participants had higher sensitivity and specificity than those
with more male participants, which may have translated to
potential factor, including smoking, that affects CT scanning
[66, 67], but there is a need for more well-designed studies to
confirm the lack of statistical significance. Regarding the symp-
tom subgroup, there was a significant difference in the sensi-
tivity of CO-RADS ≥ 4; however, we could not determine the
group with higher sensitivity. Further related studies are war-
ranted. Moreover, studies enrolling both symptomatic and
asymptomatic patients showed higher specificity for CO-
RADS ≥ 3/4 than those only enrolling symptomatic patients,
which is consistent with a previous report of higher specificity
in asymptomatic patients (0.89) than in symptomatic patients
(0.73) [25]. This could be attributed to patients with chronic
lung diseases, who have respiratory symptoms similar to those
of COVID-19, being included in the symptomatic group,
which decreases the specificity [25, 68]. Moreover, this result
could be attributed to subjective factors among observers and
the local COVID-19 prevalence [24].

This study has several limitations. First, there was con-
siderable heterogeneity among the included studies.
Although we performed both meta-regression and sub-
group analyses, there might have been insufficient explo-
ration. Therefore, heterogeneity might be a concern.
Second, some potential factors may remain unknown.
Third, although we included 24 studies on CO-RADS,
the available studies in each category were < 24 since some
studies only provided data on one category. Finally, most
of the included studies were retrospective, which led to a
high risk of bias in the patient selection domain.

Our findings demonstrated that CO-RADS has favorable
performance in detecting COVID-19. CO-RADS ≥ 3 and CO-
RADS ≥ 4 might be suitable in different situations given their
high sensitivity and specificity, respectively. However, future
better-designed studies are warranted to further explore the
consistency of CO-RADS among different centers and
readers.
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