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ORIGINAL RESEARCH

The coronavirus disease 2019 (COVID-19) pandemic 
has caused a major global crisis. On December 2, 2020, 

there were 64 million confirmed cases and almost 1.5 mil-
lion confirmed deaths due to COVID-19 worldwide (1). 
Although most countries have already experienced the 
first surge of rising COVID-19 cases, second surges have 
started in late 2020. Chest imaging has an important role 
in the evaluation of patients with COVID-19 (2). The 
chest imaging findings of COVID-19 were first reported 
in January 2020 and included bilateral lung involvement 
and ground-glass opacities in the majority of hospitalized 
patients (3). Since this first report (3), several studies on 
the diagnostic value of chest CT in COVID-19 have been 
published. However, as most initial studies did not use uni-
form diagnostic criteria (4), their results cannot directly be 
translated to clinical practice.

Two major chest CT classification scales for stan-
dardized CT reporting of COVID-19 have been de-
veloped, namely the COVID-19 Reporting and Data 
System (CO-RADS) (5) and the Radiological Society 

of North America (RSNA) classification system for 
reporting COVID-19 pneumonia (6). CO-RADS ba-
sically consists of five categories (CO-RADS 1 to 5; 
Table E1 and Figs E1–E5 [supplement]), whereas the 
RSNA classification system consists of four categories 
(negative, atypical, indeterminate, and typical; Table 
E2 and Figs E1–E5 [supplement]). CO-RADS and the 
RSNA chest CT classification system are very similar. 
CO-RADS categories 1, 2, 3–4, and 5 are essentially 
equal to categories negative, atypical, indeterminate, 
and typical of the RSNA classification system, respec-
tively (5,7). The use of these standardized diagnostic 
classification systems may reduce observer variation, 
enhance clinical communication, and improve gener-
alizability. However, the diagnostic yields of both the 
CO-RADS and RSNA categorizations are not com-
pletely clear yet. Original studies on this topic may 
suffer from small sample sizes and potential methodo-
logic quality concerns. Aggregated data are necessary 
to understand the clinical interpretability of these 

This copy is for personal use only. To order printed copies, contact reprints@rsna.org

Purpose: To determine the diagnostic performance of the COVID-19 Reporting and Data System (CO-RADS) and the Radiological 
Society of North America (RSNA) categorizations in patients with clinically suspected coronavirus disease 2019 (COVID-19) 
infection.

Materials and Methods: In this meta-analysis, studies from 2020, up to August 24, 2020, were assessed for inclusion criteria of studies 
that used CO-RADS or the RSNA categories for scoring chest CT in patients suspected of having COVID-19. A total of 186 studies 
were identified. After review of abstracts and text, a total of nine studies were included in this study. Patient information (n¸ age, sex), 
CO-RADS and RSNA scoring categories, and other study characteristics were extracted. Study quality was assessed with the Quality 
Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool. Meta-analysis was performed with a random effects model.

Results: Nine studies (3283 patients) were included. Overall study quality was good, except for risk of nonperformance of repeated 
reverse-transcriptase polymerase chain reaction (RT-PCR) testing after negative initial RT-PCR testing and persistent clinical suspicion 
in four studies. Pooled COVID-19 frequencies in CO-RADS categories were: 1, 8.8%; 2, 11.1%; 3, 24.6%; 4, 61.9%; and 5, 89.6%. 
Pooled COVID-19 frequencies in RSNA classification categories were: negative, 14.4%; atypical, 5.7%; indeterminate, 44.9%; and 
typical, 92.5%. Pooled pairs of sensitivity and specificity using CO-RADS thresholds were the following: at least 3, 92.5% (95% CI: 
87.1, 95.7) and 69.2% (95%: CI: 60.8, 76.4); at least 4, 85.8% (95% CI: 78.7, 90.9) and 84.6% (95% CI: 79.5, 88.5); and 5, 70.4% 
(95% CI: 60.2, 78.9) and 93.1% (95% CI: 87.7, 96.2). Pooled pairs of sensitivity and specificity using RSNA classification thresholds 
for indeterminate were 90.2% (95% CI: 87.5, 92.3) and 75.1% (95% CI: 68.9, 80.4) and for typical were 65.2% (95% CI: 37.0, 
85.7) and 94.9% (95% CI: 86.4, 98.2).

Conclusion: COVID-19 infection frequency was higher in patients categorized with higher CO-RADS and RSNA classification 
categories.

Supplemental material is available for this article.
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Study Selection
Original studies that provided data on the diagnostic perfor-
mance of the CO-RADS or RSNA classification system in 
evaluating patients with clinically suspected COVID-19 infec-
tion, and in which reverse-transcription polymerase chain re-
action (RT-PCR) was the reference standard, were eligible for 
inclusion. Reviews, abstracts, and studies were excluded for the 
following reasons: (a) included fewer than 10 patients, (b) re-
ported insufficient data to compose a 2 3 2 contingency table 
to calculate sensitivity and specificity on per-patient level for 
any CO-RADS or RSNA classification system threshold, and 
(c) only provided data on the performance of artificial intel-
ligence–based analyses. When overlapping data were presented 
in more than one study, the study with the largest number of 
patients was selected. Titles and abstracts of retrieved studies 
were reviewed using the aforementioned selection criteria. The 
full-text version of each potentially eligible study was then re-
viewed to definitively determine whether the study fulfilled the 
selection criteria.

Study Data Extraction
For each included study, the main characteristics (country of 
origin, patient inclusion period, number of patients, age, and 
sex of patients, clinical characteristics of included patients, CT 
protocol, CT interpreters, reference standard, and COVID-19 
frequency) were extracted by two independent reviewers 
(R.M.K., radiologist, and H.J.A.A., 3rd-year resident in radi-
ology). If data from multiple readers were reported, only data 
from the first reader were extracted and used for the analyses. 
The number of patients with and without COVID-19 accord-
ing to the different CO-RADS and the RSNA classification 
categories was also extracted. Data on interobserver or intrao-
bserver agreement using the CO-RADS and the RSNA clas-
sification system were also extracted. Any discrepancies were 
solved by consensus with a third reviewer (T.C.K., radiologist).

Study Quality Assessment
The quality of included studies was assessed by two indepen-
dent reviewers (R.M.K. and H.J.A.A.) using the Quality As-
sessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool, 
which comprises four key items: patient selection, index test, 
reference standard, and flow and timing (10). Any discrepan-
cies were solved by consensus with a third reviewer (T.C.K.).

Statistical Analyses
Frequency of COVID-19 in each of the categories of the CO-
RADS and the RSNA classification system were calculated for 
each individual study and pooled with a random-effects model. 
Sensitivity and specificity of the CO-RADS and RSNA clas-
sification systems at specific diagnostic thresholds in detecting 
COVID-19 (ie, CO-RADS thresholds of at least 3, at least 4, 
5, and RSNA classification thresholds indeterminate and typi-
cal) were pooled using a bivariate random-effects model (11). 
The numbers were pooled in each CO-RADS and in each 
RSNA classification category separately. The same random-ef-
fects model was used per each study, across different categories. 

chest CT classification systems for the diagnosis of CO-
VID-19. Although there have already been meta-analyses 
published on the diagnostic performance of chest CT in de-
tecting COVID-19 (4,8), the initial studies included within 
these meta-analyses suffered from methodologic quality is-
sues and did not use uniform diagnostic criteria such as the 
CO-RADS and RSNA categorizations. These shortcomings 
limit translation of diagnostic performance values to clini-
cal practice. Therefore, our objective was to determine, in a 
meta-analysis, the diagnostic performance of the CO-RADS 
and the RSNA classification systems in patients with clini-
cally suspected COVID-19 infection.

Materials and Methods
The study adhered to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses guideline (9).

Data Sources
A search in MEDLINE and Embase was conducted to find 
original publications on the diagnostic performance of the 
CO-RADS and the RSNA classification systems in evaluating 
symptomatic patients with clinically suspected COVID-19 in-
fection. The following search term was used: (CO-RADS OR 
CORADS OR Radiological Society of North America OR 
RSNA) AND (Corona OR Coronavirus OR Covid-19 OR 
SARS-Cov-2 OR 2019nCoV OR Wuhan-virus) AND (Com-
puted tomography OR Computerized tomography OR Com-
puted tomographic OR CT OR CT OR HRCT).

In addition, the journal Radiology: Cardiothoracic Imaging 
was manually searched for potentially relevant publications. 
Publications that cited the original CO-RADS (5) and RSNA 
classification system for reporting COVID-19 pneumonia (6) 
were also searched using the cited reference function in Web of 
Science and MEDLINE.

The search was updated until August 24, 2020.

Abbreviations
CO-RADS = COVID-19 reporting and data system, COVID-19 
= coronavirus disease 2019, QUADAS-2 = Quality Assessment of 
Diagnostic Accuracy Studies 2, RSNA = Radiological Society of 
North America, RT-PCR = reverse-transcription polymerase chain 
reaction

Summary
The frequency of coronavirus disease 2019 infection was higher in 
patients with higher CO-RADS and RSNA classification categories, 
which supports the order of grading used by both systems.

Key Points
 n Using the lowest clinically meaningful thresholds of CO-RADS of 

at least 3 and indeterminate according to the RSNA classification, 
sensitivity values were 92.5% and 90.2%, which implies that CO-
RADS 1 and 2 and RSNA classification categories negative and 
atypical certainly do not exclude COVID-19.

 n Using the highest thresholds of CO-RADS 5 and typical accord-
ing to the RSNA classification, specificity values increased up to 
93.1% and 94.9% at the cost of sensitivity, with values of 70.4% 
and 65.2%, respectively.

http://radiology-cti.rsna.org
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evaluated with CO-RADS and 1400 patients were evaluated 
with the RSNA classification system.

Study Quality
Figure 2 provides a summary of the QUADAS-2 quality as-
sessments. In one study (19), it was unclear whether pa-
tients were enrolled consecutively or randomly. There was 
no risk of bias with regard to patient selection in the other 
studies or with regard to index test. Risk of bias with respect 
to reference test was rated high in three studies (22,25,26) 
because repeated RT-PCR testing was not used in all pa-
tients with a negative initial RT-PCR result and persistent 
clinical suspicion of COVID-19. Risk of bias with respect 
to reference test was rated unclear in one study (20) be-
cause it was not clear whether all patients with an initial 
negative RT-PCR result and a persistent clinical suspicion 
of COVID-19 underwent repeated RT-PCR testing. In one 
study (19), there was potential risk of bias with regard to 
flow and timing because the time interval between CT and 
RT-PCR testing was not reported. There was no risk of bias 
with regard to flow and timing in the other studies because 
the maximum time interval between chest CT and RT-PCR 
did not exceed 7 days (21). There were no applicability 
concerns.

Diagnostic Performance of CO-RADS
The frequency of COVID-19 in each of the categories of 
CO-RADS is displayed in Table 2. With higher CO-RADS 
classification, the frequency of COVID-19 increased. 

Cochran Q and x2 tests were performed to test for heterogene-
ity between studies, which was defined as P , .10. Statistical 
analyses were performed using the Open Meta-Analyst soft-
ware package (12) and Meta-analysis of Diagnostic Accuracy 
Studies package in R software (13,14).

Results

Literature Search
Figure 1 displays the study selection process. A total of 182 
studies were eligible for inclusion after searching databases. Af-
ter screening titles and abstracts, 168 studies were excluded, 
leaving 14 studies that were potentially eligible for inclusion. 
After reading the full text of the 14 studies, three studies 
(15–17) were excluded because the diagnostic performance of 
either CO-RADS or the RSNA classification system was not 
investigated, one study (5) was excluded because no data on a 
per-patient level were reported, and another study (18) was ex-
cluded because there were overlapping data with another study 
(7) which comprised a larger number of patients. Nine studies 
were eventually included (7,19–26).

The main study characteristics are shown in Table 1 and Table 
E3 (supplement). All assessed studies were performed between 
January and June 2020. The median number of patients per 
study was 312 (range, 71–859), and the total number of patients 
of all studies combined was 3283. All nine studies included pa-
tients with a clinical suspicion of COVID-19. The mean fre-
quency of COVID-19 was 48.7% (range, 41.7%–59.8%). Of 
all patients included in the nine studies, 1979 patients were 

Figure 1: Flow diagram of study selection. The asterisk indicates that there were duplicate studies.
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Diagnostic Performance of the RSNA Classification System
The frequency of COVID-19 in each of the categories of the 
RSNA classification systems is displayed in Table 4. With 
higher RSNA classification, the frequency of COVID-19 in-
creased. Pooled frequencies of COVID-19 in RSNA classifi-
cation categories negative, atypical, indeterminate, and typical 
were 14.4%, 5.7%, 44.9%, and 92.5%, respectively. Pooled 
sensitivity and specificity of the RSNA classification system 
at specific thresholds are displayed in Table 5. Pooled pairs of 
sensitivity and specificity using RSNA classification thresholds 

Pooled frequency of COVID-19 in CO-RADS categories 
1, 2, 3, 4, and 5 were 8.8%, 11.1%, 24.6%, 61.9%, and 
89.6%, respectively. Pooled sensitivity and specificity of the 
CO-RADS and the RSNA classification system at specific 
thresholds are displayed in Table 3. Pooled pairs of sensitiv-
ity and specificity using CO-RADS thresholds were the fol-
lowing: at least 3, 92.5% (95% CI: 87.1, 95.7) and 69.2% 
(95% CI: 60.8, 76.4); at least 4, 85.8% (95% CI: 78.7, 
90.9) and 84.6% (95% CI: 79.5, 88.5); and 5, 70.4% (95% 
CI: 60.2, 78.9) and 93.1% (95% CI: 87.7, 96.2).

Table 1: Main Characteristics of the Included Studies

Study Country Inclusion Period
No. of Pa-
tients (Men) Age (y) Inclusion Clinical Characteristics

COVID-19  
Frequency

CO-RADS
 Fujioka et al 

(19)
Japan Jan–Jun 154 (101) 61.3 (21–93) Symptomatic patients who were 

suspected by a clinician of 
having COVID-19 based 
on symptoms and history of 
exposure.

49.4% (76/154)

 De Smet et al 
(20)

Belgium Mar 19– Apr 20 859 (443) by sex* WHO-listed symptoms of CO-
VID-19 pneumonia

41.7% (358/859)

 Hermans et al 
(23)

Netherlands Mar 27–Apr 20 319 (157) range 44–75 Suspected infection with CO-
VID-19 in combination with 
at least one of the following†

41.7% (133/319)

 Korevaar et al 
(24)

Netherlands Mar 16–Apr 16 239 (139) median, 63 
(IQR 51–71)

Suspected COVID-19‡ 52.7% (126/239)

RSNA
 Falaschi et al 

(21)
Italy Mar 3–Apr 9 773 (424) 62.4 (16–100) Suspected for COVID-19§ 59.8% (462/773)

 Ciccarese et al 
(22)

Italy Feb 27–Mar 27 460 (267) 54 (14–97) Suspected with COVID-19 
pneumoniaǁ

45.9% (211/460)

 Magalhães 
Santos et al 
(25)

Brazil Mar 13–Mar 23 71 (33) 47.2 (8–94) Patients who fulfilled the clinical 
criteria for confirmed CO-
VID-19

50.7% (36/71)

 Dofferhoff et 
al (26)

Netherlands Mar 8–Mar 31 312 (168) 64 (18–94) Patients with fever of unknown 
origin and patients with 
recent respiratory symptoms 
with or without fever

49.4% (154/312)

CO-RADS and 
RSNA

 de Jaegere et 
al (7)

Netherlands Mar 12–Mar 23 96 (61) median 70 
(range 
29–94)

Clinical suspicion of COV-
ID-19 (ie, fever, cough, and/
or shortness of breath)

46.9% (45/96)

Note.—The year for all inclusion dates are in 2020; months and days of the month are shown. Age shown as mean (range) unless other-
wise specified. Time interval indicates the time interval between symptom onset and chest CT. CT protocol, time between symptom onset 
and CT, and information about image interpreters are shown in Table E3 (supplement). COVID-19 = coronavirus disease 2019, IQR = 
interquartile range.
* Male patients had median age of 71 years (interquartile range, 54–80) and female patients had median age of 68 years (interquartile 
range, 51–82).
† Criteria were new respiratory symptoms persisting for less than 2 weeks and present during the last 24 hours; saturation of less than 
94% and/or respiration rate of greater than 20 breaths per minute and/or abdominal complaints; and a high clinical suspicion even in the 
absence of symptoms.
‡ Criteria were those with fever, cough or dyspnea, or other signs suggestive of COVID-19 (eg, gastrointestinal symptoms).
§ Criteria were when one or more of these conditions were met: presence of fever (ie, temperature > 37.5°C), cough and dyspnea; presence 
of mild symptoms and ascertained close contact with a patient with confirmed COVID-19; one previously positive laboratory test result.
ǁ Criteria were patients presenting with fever (of unknown origin) or respiratory symptoms.

http://radiology-cti.rsna.org
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Figure 2: Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) quality assessments of included studies.

Table 2: Frequency of COVID-19 in each of the Categories of CO-RADS

Study CO-RADS 1 CO-RADS 2 CO-RADS 3 CO-RADS 4 CO-RADS 5

Fujioka et al (19)* 18.0% (9/50) 28.6% (6/21) 69.2% (9/13) 75.0% (12/16) 90.9% (40/44)
De Smet et al (20) 8.6% (27/313) 13.5% (12/89) 19.5% (15/77) 36.8% (25/68) 89.4% (279/312)

Hermans et al (23) 6.1% (6/99) 9.4% (3/32) 9.1% (4/44) 64.5% (20/31) 90.1% (100/111)
Korevaar et al (24)† 5.9% (4/68) 17.2% (5/29) 82.4% (117/142)
de Jaegere et al (7)* 11.1% (1/9) 3.1% (1/32) 38.5% (5/13) 76.9% (10/13) 96.6% (28/29)
Dofferhoff et al (26) 10.2% (9/88) 14.3% (3/21) 19.4% (6/31) 63.0% (17/27) 82.1% (119/145)
Pooled frequency‡ 8.8% (6.2, 11.4) 11.1% (4.3, 18.0) 24.6% (12.8, 36.5) 61.9% (45.0–78.7) 89.6% (85.6, 93.7)
P value for heterogene-

ity§
.35 .048 ,.001 ,.001 .04

Note.—The 95% CI is shown within parenthesis for the pooled frequency.
* Data from the first reader.
† CO-RADS categories 1 and 2, and CO-RADS categories 4 and 5 were merged.
‡ CO-RADS 1, 2, 4, and 5 data from the study of Korevaar et al (24) were not included in the pooled analysis.
§ Statistical heterogeneity between studies was defined as P , .10.
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were the following: indeterminate, 90.2% (95% CI: 87.5, 
92.3) and 75.1% (95% CI: 68.9, 80.4) and typical, 65.2% 
(95% CI: 37.0, 85.7) and 94.9% (95% CI: 86.4, 98.2).

Interobserver and Intraobserver Agreement
For the CO-RADS, substantial to almost perfect interob-
server agreement has been reported, with k values of 0.648 
to 0.773 (7) and intraclass correlation coefficients of 0.800 
to 0.874 (19). For the RSNA classification system, mod-
erate to substantial interobserver agreement has been re-
ported, with k values of 0.500 (22) and of 0.570 to 0.663 
(7). None of the included studies reported data on intraob-
server agreement.

Discussion
This meta-analysis provides pooled data with regard to the fre-
quency of patients with COVID-19 for each category of CO-
RADS and the RSNA classification system in patients clinically 
suspected of having COVID-19 infection. With the higher 
CO-RADS and RSNA classification category, the frequency of 
patients with COVID-19 increased. This supports the order 
of grading that is used by both systems. In CO-RADS 5, the 
prevalence of COVID-19 was 89.6%. In the RSNA category 
typical, the frequency of COVID-19 was 92.5%. We also pro-
vided sensitivity and specificity values for specific diagnostic 
thresholds. Using the lowest clinically meaningful thresholds 
of CO-RADS of at least 3 and indeterminate according to the 

Table 3: Pooled Sensitivity and Specificity at Specific Thresholds according to CO-RADS

Study

Threshold CO-RADS  3 Threshold CO-RADS  4 Threshold CO-RADS 5

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

Fujioka et al (19) 68.4%
(57.3, 77.8)

88.2%
(78.5, 93.9)

68.4%
(57.3, 77.8)

88.2%
(78.5, 93.9)

52.6%
(41.6, 63.5)

94.1%
(85.8, 97.7)

De Smet et al (20) 84.9%
(80.8, 88.3)

84.8%
(81.4, 87.7)

84.9%
(80.8, 88.3)

84.8%
(81.4, 87.7)

77.9%
(73.4, 81.9)

93.4%
(90.9, 95.3)

Hermans et al (23) 90.2%
(84.0, 94.2)

88.2%
(82.7, 92.1)

90.2%
(84.0, 94.2)

88.2%
(82.7, 92.1)

75.2%
(67.2, 81.8)

94.1%
(89.7, 96.7)

Korevaar et al (24) 92.9%
(87.0, 96.2)

77.9%
(69.4, 84.5)

92.9%
(87.0, 96.2)

77.9%
(69.4, 84.5)

No data avail-
able

No data avail-
able

de Jaegere et al (7) 84.4%
(71.2, 92.3)

92.2%
(81.5, 96.9)

84.4%
(71.2, 92.3)

92.2%
(81.5, 96.9)

62.2%
(47.6, 74.9)

98.0%
(89.7, 99.7)

Dofferhoff et al (26) 88.3%
(82.3, 92.5)

77.2%
(70.1, 83.1)

88.3%
(82.3, 92.5)

77.2%
(70.1, 83.1)

77.3%
(70.0, 83.2)

83.5%
(77.0, 88.5)

Pooled values* 92.5%
(87.1, 95.7)

69.2%
(60.8, 76.4)

85.8%
(78.7, 90.9)

84.6%
(79.5, 88.5)

70.4%
(60.2, 78.9)

93.1%
(87.7, 96.2)

P value for heteroge-
neity†

,.001 ,.001 ,.001 .01 ,.001 ,.001

Note.—Values in parenthesis are the 95% CIs.
* For the pooled analysis, data from the first readers from the study of Fujioka et al (19) and de Jaegere et al (7) were 
used.
† Statistical heterogeneity between studies was defined as P , .10.

Table 4: Frequency of COVID-19 in Each of the Categories of the RSNA Classification System

Study Negative Atypical Indeterminate Typical

Falaschi et al (21) 14.9% (43/288)* 86.3% (419/485)*
Ciccarese et al (22) 13.8% (17/123) 10.4% (7/67) 36.7% (36/98) 87.8% (151/172)
Magalhães Santos et al (25) 15.0% (3/20) 0.0% (0/14) 30.0% (3/10) 96.8% (30/31)
de Jaegere et al (7)† 25.0% (2/8) 3.2% (1/31) 64% (25/39) 96.4% (17/18)
Pooled frequency‡ 14.4% (8.8, 19.9) 5.7% (0.9, 

10.4)
44.9% (24.1, 

65.7)
92.5% (86.1, 98.9)

P value for heterogeneity§ .77 .29 .007 .07

* RSNA classification categories negative and atypical, and RSNA classification categories indeterminate 
and typical were merged.
† Data from the first reader.
‡ Data from the study Falaschi et al (21) were not included in the pooled analysis.
§ Statistical heterogeneity between studies was defined as P , .10.
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RSNA classification, sensitivity values were 92.5% (95% CI: 
87.1, 95.7) and 90.2% (95% CI: 87.5, 92.3), respectively. 
These findings imply that CO-RADS 1 and 2 and RSNA 
classification categories negative and atypical do not exclude 
COVID-19. Furthermore, when using these low diagnostic 
thresholds, specificity is only moderate with values of 69.2% 
(95% CI: 60.8, 76.4) for CO-RADS of at least 3 and 75.1% 
(95% CI: 68.9, 80.4) for RSNA indeterminate. If higher diag-
nostic thresholds are applied, specificity naturally increases at 
the cost of sensitivity. Using CO-RADS of at least 5 and the 
RSNA classification typical as diagnostic thresholds, specificity 
values increased up to 93.1% (95% CI: 87.7, 96.2) and 94.9% 
(95% CI: 86.4, 98.2). However, when using these high diag-
nostic thresholds, sensitivity is only moderate with values of 
70.4% (95% CI: 60.2, 78.9) and 65.2% (95% CI: 37.0, 85.7).

Methodologic quality of the studies included in the current 
meta-analysis generally appeared to have higher quality than 
studies included within prior meta-analyses (4,8). In two prior 
meta-analyses, high risk of bias was present in all six included 
studies (100%) (4) and in 10 of 13 included studies (77%) (8). 
In our current meta-analysis, the reference standard was the only 
QUADAS-2 item which was deemed to be of high risk of bias. 
This item applied to three of the nine included studies (33%) be-
cause repeated RT-PCR testing was not used in all patients with 
a negative initial RT-PCR result and persistent clinical suspicion 
of COVID-19 (22,25,26).

Importantly, we provided a meta-analysis that specifically fo-
cused on the diagnostic performance of chest CT in COVID-19 
by selecting studies that used standardized diagnostic criteria. 
Therefore, our study results were more generalizable and useful 
to clinical practice compared with other prior meta-analyses on 
CT for COVID-19 assessment. Our finding that CO-RADS 1 
and 2 and RSNA classification categories negative and atypical 
do not exclude COVID-19 was in line with the results of a meta-
analysis in nearly 3500 patients, which reported an estimated 
frequency of 10.6% for normal chest CT findings in symptom-
atic patients with COVID-19 (27). In a prior meta-analysis of 
six studies which did not use uniform diagnostic criteria, pooled 

sensitivity and specificity were 94.6% (95% CI: 91.9, 96.4) and 
46.0% (95% CI: 31.9, 60.7), respectively (4). Using CO-RADS 
of at least 3 and RSNA classification indeterminate as diagnostic 
thresholds, similar sensitivity values of 92.5% (95% CI: 87.1, 
95.7) and 90.2% (95% CI: 87.5, 92.3) can be achieved, while 
relatively higher specificity values of 69.2% (95% CI: 60.8, 
76.4) and 75.1% (95% CI: 68.9, 80.4) are obtained. Thus, 
when using CO-RADS or the RSNA classification system in-
stead of nonstandardized criteria, it appeared that specificity may 
be improved without sacrificing sensitivity.

If a low threshold is being used (eg, any lung abnormality 
on chest CT is considered positive for COVID-19), virtually all 
COVID-19 cases with lung abnormalities will be correctly clas-
sified, but all non–COVID-19 cases with any lung abnormality 
at chest CT will be incorrectly classified as having COVID-19 
(28). By applying standardized diagnostic criteria such as CO-
RADS or the RSNA classification system, a higher proportion 
of non–COVID-19 cases with lung abnormalities due to other 
lung diseases will be correctly classified as not having COVID-19 
but an alternative lung disease. It should be noted that the stud-
ies in our meta-analysis included patients between January and 
June 2020, a period with a high COVID-19 frequency (mean 
of 48.7%; range, 41.7%–59.8%). Specificity is likely to decrease 
with lower COVID-19 frequency and increasing frequency of 
other viral lung infections, such as influenza (29).

Our study had some limitations. First, the included studies 
used RT-PCR, which is an imperfect reference standard with a 
reported sensitivity of 89% (95% CI: 81, 94) (30). Sensitivity of 
RT-PCR appears to be lower in elderly patients (30), which may 
be due to sampling error in these patients who are more likely 
to have poorer performance status (25), Furthermore, vendor-
specific effects and differences in the quality assurance process 
may affect the performance of RT-PCR (30). However, RT-PCR 
is still the recommended method to confirm current COVID-19 
infection (31–33). Second, because of the relatively low num-
ber of included studies, we did not perform subgroup or meta-
regression analyses to explain statistical heterogeneity between 
studies. Geographic differences, nonreported prevalence of other 

Table 5: Pooled Sensitivity and Specificity at Specific Thresholds according to the RSNA Classification 
System

Study

Threshold Indeterminate Threshold Typical

Sensitivity Specificity Sensitivity Specificity

Falaschi et al (21) 90.7% (87.7, 93.0) 78.8% (73.9, 83.0) No data available No data available
Ciccarese et al (22) 88.6% (83.6, 92.2) 69.3% (63.5, 74.5) 71.6% (65.1, 77.2) 71.6% (65.1, 77.2)
Magalhães Santos et al (25) 91.7% (78.2, 97.1) 80.5% (66.0, 89.8) 83.3% (68.1, 92.1) 97.4% (86.8–99.5)
de Jaegere et al (7) 93.3% (82.1, 97.7) 73.7% (61.0, 83.4) 37.8% (25.1, 52.4) 98.0% (89.7, 99.7)
Pooled values* 90.2% (87.5, 92.3) 75.1% (68.9, 80.4) 65.2% (37.0, 85.7) 94.9% (86.4, 98.2)
P value for heterogeneity† .73 .05 ,.001 .13

Note.—Values in parenthesis are the 95% CIs.
* For the pooled analysis, data from reader 1 from the study de Jaegere et al (7) were used.
† Statistical heterogeneity between studies was defined as P , .10.
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lung diseases, interobserver variability in chest CT assessment, 
RT-PCR performance, and some methodologic quality issues 
may have been potential sources of heterogeneity. Note that in-
terobserver agreement varied from substantial to almost perfect 
for the CO-RADS (7,19) and from moderate to substantial for 
the RSNA classification system (7,22).

In conclusion, COVID-19 infection frequency was higher in 
patients categorized with higher CO-RADS and RSNA classifi-
cation categories.

Our data may be useful for deciding on the probability of 
COVID-19 based on chest CT (along with clinical information 
and RT-PCR).
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