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Abstract

Purpose To measure the diagnostic accuracy and inter-observer agreement with the use of COVID-19 Reporting and Data
System (CO-RADS) for detection of COVID-19 on CT chest imaging.

Methods This retrospective study included 164 consecutive patients with clinical suspicion of COVID-19 in whom a CT chest
examination was performed at a single institution between April 2020 and July 2020. Of them, 101 patients was RT-PCR positive for
COVID-19. Six readers with varying radiological experience (two each of chest radiologists, general radiologists, and radiologists in
training) independently assigned a CO-RADS assessment category for each CT chest study. The Fleiss’ K was used to quantify inter-
observer agreement. The inter-observer agreement was also assessed based on the duration of onset of symptoms to CT scan. ROC
curve analysis was used to determine the diagnostic accuracy of CO-RADS. The area under curve was calculated to determine the
reader accuracy for detection of COVID-19 lung involvement with RT-PCR as reference standards. The data sets were plotted in ROC
space, and Youden’s J statistic was calculated to determine the threshold cut-off CO-RADS category for COVID-19 positivity.
Results There was overall moderate inter-observer agreement between all readers (Fleiss” K 0.54 [95% CI 0.54, 0.54]), with
substantial agreement among chest radiologists (Fleiss’ K 0.68 [95% CI 0.67, 0.68]), general radiologists (Fleiss’ K 0.61 [95% CI
0.61, 0.61]), and moderate agreement among radiologists-in-training (Fleiss’ K 0.56 [95% CI 0.56, 0.56]). There was overall moderate
inter-observer agreement in early disease (stages 1 and 2), with cumulative Fleiss’ K 0.45 [95% CI 0.45, 0.45]). The overall AUC for
CO-RADS lexicon scheme to accurately diagnose COVID-19 yielded 0.92 (95% CI 0.91, 0.94) with strong concordance within and
between groups, of chests radiologists with AUC of 0.91 (95% CI 0.88, 0.94), general radiologists with AUC 0.96 (95% CI 0.94,
0.98), and radiologists in training with AUC of 0.90 (95% C10.87, 0.94). For detecting COVID-19, ROC curve analysis yielded CO-
RADS > 3 as the cut-off threshold with sensitivity 90% (95% CI 0.88, 0.93), and specificity of 87% (95% CI 0.83, 0.91).
Conclusion Readers across different levels of experience could accurately identify COVID-19 positive patients using the CO-
RADS lexicon with moderate inter-observer agreement and high diagnostic accuracy.

Keywords COVID-19 - SARS-CoV-2 - CO-RADS

Key points 2. CO-RADS lexicon demonstrated moderate inter-observer
agreement among readers with different levels of exper-
tise (Fleiss” K 0.54 [95% C1 0.54, 0.54]).
1. CO-RADS lexicon scheme has a high diagnostic accuracy ~ 3. The threshold of CO-RADS category > 3 had a sensitivity
to detect lung involvement in COVID-19 with RT-PCR as and specificity of 90% [95% CI 0.88, 0.93], and 87%
reference standard (AUC 0.92 [95% C10.91, 0.94]). [95% C10.83, 0.91], respectively.
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Introduction

Corona virus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome corona virus 2 (SARS-CoV-2) is
straining the health systems around the globe. Reverse
transcriptase-polymerase chain reaction (RT-PCR) is regarded
as the standard reference in diagnosis of COVID-19 infection.
There are times when the turnaround time for RT-PCR test
result reaching up to 72 h or multiple RT-PCR test being
needed for confirming the presence of disease when there is
a high clinical index of suspicion [1].

The practice pattern and ordering imaging for the diagnosis
and workup of COVID-19 vary universally. The utility of CT
chest in the diagnosis and follow up of COVID-19 is contro-
versial [2]. Many radiological societies have advised not to
use CT chest for disease screening, especially in asymptom-
atic patients, as the CT scan has low specificity in differenti-
ating other non-COVID-19 lung infections that could have
similar CT chest findings [3, 4]. However, recent Cochrane
systematic review reported a sensitivity of 87.9% and a higher
specificity of 80% in diagnosis of COVID-19 indicating that
accuracy may be sufficient for there to be a role for CT in the
diagnostic pathway for COVID-19 patients [5].

Imaging has an important role in solving clinical dilemma,
and to ascertain disease-related complications. With the inten-
tion of providing a clear communication without ambiguity to
facilitate appropriate patient care, multiple reporting lexicon
has been suggested by different societies including CO-RADS
[6], RSNA consensus guidelines for CT chest reporting in
COVID-19 [7], and BSTI COVID-19 reporting template.
The authors have recommended an extensive validation of
their proposals, especially with radiologists of different levels
of experience. Thus, the purpose of this study is to assess the
inter-rater reproducibility of using CO-RADS across radiolo-
gists of different level of experience and specialization and to
assess its diagnostic accuracy.

Materials and methods

This retrospective study performed in a single centre was ap-
proved by institution review board (study protocol MRC-01-
20-1142), with waiver of informed consent. The study was
compliant with Standards for Reporting Diagnostic
Accuracy (STARD) initiative recommendations [8]

Study design and study population

We performed an imaging database search for ‘CT Chest’
examinations during the period April 1 2020, to July 30,
2020, using picture archiving and communication system
(PACS) keyword search. In keeping with international guide-
lines, CT chest was not performed as a first-line diagnostic
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modality in our institution, but as a problem-solving tool at
times of clinical ambiguity while suspecting COVID-19, but
also other disease that may have similar clinical presentations
such as bacterial pneumonia, malignancies, or to rule out
COVID-19 complications such as pulmonary embolism. We
included consecutive patients who underwent CT chest during
the study period with clinical suspicion for COVID-19. We
excluded patients in whom there is (a) technically insufficient
CT scan due to motion artefact, (b) those without a RT-PCR
result, and (c) CT chest done primarily for the work up of
diseases other than suspected COVID-19. All COVID-19 pos-
itive patients in our study sample had both clinical diagnosis
and at least one RT-PCR positive result for COVID-19.
Patients with initial RT-PCR negative result but CT chest
shows features suspicious for COVID-19 underwent at least
two RT-PCR testing within the next 7 days following the CT
scan.

Furthermore, depending on the onset of symptoms to CT
scan [9], COVID-19 positive patients were classified into
stage 1 (0 to 4 days), stage 2 ( 5 to 9 days), stage 3 (10 to 14
days), stage 4 (15 to 21 days), stage 5 (22 to 28 days), and
stage 6 (more than 28 days). The inter-observer agreement
was compared based on the stage of the disease.

CT chest Image acquisition parameters

All CT chest scans were performed using a 640-detector CT
scanner (Canon Acquilion one). All patients were scanned
supine, during single end deep inspiration breath hold. The
scanning range was from the apex of the lung to bilateral
adrenals. CT scan parameters are as follows: X-ray tube pa-
rameter with automatic tube current modulation with kVp
range 100120, with automatic tube current modulation, rota-
tion time 0.5s, a pitch of 1.388, 0.5 and 3 mm section thick-
ness, collimation 0.5%80, and intersection space 0.8 for the
volume scan.

Radiology readers and lexicon implementation

The CT Chest studies were independently assessed by 6
readers, divided into 3 groups based on their radiological ex-
pertise. Fellowship trained chest radiologists R1 and R2 (AN,
DK) with experience of reporting more than 200 COVID-19
CT chests; general radiologists without any sub-speciality fel-
lowships R3 and R4 (PG, HS) with reporting experience of
100 to 150 COVID-19 CT chest cases; and radiologist in
training RS and R6 (SB, HZ) in PGY-5 with reporting expe-
rience of less than 100 COVID-19 CT chests. A training set
comprising 50 COVID-19 positive CT chest with CO-RADS
scoring independent of the study cohort was provided to each
reader after two online training sessions of 1 h each done 2
weeks prior to the start of the study.
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Six readers independently reviewed all CT scans using
PACS stations with standard settings for CT chest reading.
All readers were blinded to the clinical diagnosis, CT reports
including the RT-PCR results. The readers assigned one cat-
egory from 0 to 5, using the CO-RADS lexicon depending on
their overall suspicion of lung involvement in COVID-19.
The CO-RADS category 0 (un-interpretable scans) was re-
moved at the start of the study with the application of exclu-
sion criteria. Since the six reading radiologists were blinded to
CT reports including the RT-PCR test outcome, there was no
provision to assign CO-RADS 6 category (RT-PCR con-
firmed positive). The CO-RADS lexicon is summarized in
Fig. 1. For detailed insights into CO-RADS, refer to the orig-
inal work from Prokop et al. [6].

Statistical analysis

Continuous variables are expressed as mean, median, standard
deviation (SD), or interquartile range and categorical variables
as frequencies or percentage. Fleiss’ K statistic were used for
analysis of inter-observer agreement [10] (<0 indicates poor
agreement, 0.01 to 0.20 indicates slight agreement, 0.21 to
0.40 as fair agreement, 0.41 to 0.60 as moderate agreement,
0.61 to 0.80 as substantial agreement, and 0.81-1.00 as almost
perfect agreement). Median Fleiss’ K with 95% confidence
interval from three reader groups was assessed with pair wise
comparison to determine the statistical significance of inter-
observer agreement between the groups. The receiver operat-
ing characteristics curve (ROC) and AUC were assessed for
each reader by using DeLong et al. method [11] for assessing
the diagnostic performance of CO-RADS lexicon. Accuracy
of the CO-RADS lexicon was compared with RT-PCR as
standard of reference. The datasets were plotted in ROC space
and Youden’s J statistic was used to estimate the diagnostic
accuracy for CO-RADS >3 and CO-RADS >4 being taken as
a threshold reference for discriminating COVID-19 positive
cases. P value <0.05 was considered for statistical signifi-
cance. Statistical analysis was performed using IBM SPSS V
26.0 software (IBM SPSS, USA).

Results
Patient selection

A total of 164 patients meeting the inclusion criteria were
included in the study (Fig. 2). The mean age of study sample
was 49 +15 (standard deviation), and 139 (84 %) were males.
Of the patients included, 101 patients (61.5 %) were RT-PCR
confirmed COVID-19 positive and 63 patients (38.4 %) were
RT-PCR negative. The median time interval for performing a
CT chest from the symptom onset was 11 days (IQR 7-17)
and the median time interval between CT chest and RT-PCR

was 6 days (IQR 4 to 10). Of the 101 positive, 6 patients
(5.9%) underwent more than one RT-PCR tests to confirm
the positivity. The final diagnosis to those patients who tested
negative, when available, were viral or bacterial pneumonia,
lung metastasis, primary lung carcinoma, tuberculosis, right or
left heart failure, bronchial asthma exacerbation, or acute pul-
monary embolism. Table 1 depicts the baseline characteristics
of the included 164 study subjects and Table 2 depicts the CT
chest findings of 101 patients with RT-PCR positive COVID-
19.

Inter-observer agreement

Overall, there was moderate agreement among all observers
(Fleiss” K= 0.548 [95% CI 0.547, 0.549]). For various CO-
RADS categories, the agreement was substantial in CO-
RADS category 1 (Fleiss’ K= 0.718 [95% CI1 0.717, 0.719]),
substantial agreement in CO-RADS category 5 (Fleiss’ K=
0.675 [95% CI 0.674, 0.676]), and moderate agreement in
CO-RADS 2 (Fleiss” K= 0.463 [95% CI 0.462, 0.464]).
There was slight agreement in CO-RADS 3 (Fleiss” K=
0.171 [95% CI 0.170, 0.172]), and slight agreement in CO-
RADS 4 (Fleiss” K= 0.077 [95% C10.076, 0.078]). Regarding
inter-observer agreement among radiologists groups with dif-
ferent expertise, the chest radiologists group had substantial
agreement (Fleiss’ K= 0.682 [95% CI 0.679, 0.685]), general
radiologist group had substantial agreement (Fleiss’ K= 0.614
[95% CI1 0.611, 0.617]), and radiologists in training group had
moderate agreement (Fleiss” K= 0.563 [95% CI 0.561,
0.566]). When Fleiss’ K was compared between the groups,
there was no statistical significance (p 0.80). Table 3 summa-
rizes inter-observer agreement and performance among differ-
ent readers relative to different CO-RADS categories.

When CO-RADS assessment category > 3 was considered
positive, there was overall almost perfect agreement among
the six readers (Fleiss’ K= 0.86 [95% CI 0.81, 0.92]), and
almost perfect agreement in all the three groups, among the
chest radiologists group (Fleiss” K= 0.88 [95% CI 0.80,
0.95]), general radiologists (Fleiss” K= 0.83 [95% CI 0.75,
0.92]), and radiologists-in-training (Fleiss” K= 0.84 [95% CI
0.76, 0.92]). When CO-RADS assessment category > 4 was
considered positive, there was overall almost perfect agree-
ment among the six readers (Fleiss” K= 0.85 [95% CI 0.73,
0.98]), and almost perfect agreement among the chest radiol-
ogists group (Fleiss’ K= 0.83 [95% CI 0.75, 0.92]), and gen-
eral radiologists (Fleiss” K= 0.86 [95% CI 0.78, 0.94]). While
there was substantial agreement among the radiologists-in-
training group (Fleiss’ K= 0.78 [95% CI 0.68, 0.87]). The
overall inter-observer agreement was marginally better when
CO-RADS category > 3 was considered positive than CO-
RADS category > 4. When Fleiss” K was compared between
the groups, above these threshold cut-off categories, there was
no statistical significance (p 0.2).
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Fig. 1 Pictorial representation of
CT chest studies illustrating
typical characteristics of different
CO-RADS categories from our
study sample. COVID-19,
Corona Virus disease 2019;
GGO, ground glass opacities

CO-RADS 1
(Normal CT Chest or
non-infectious)

Emphysema with long
standinglung fibrosis.

CO-RADS 2
(Typical for other infection
but not COVID-19)

Tree-in-bud pattern with
miliary nodules keeping with
active tuberculosis

CO-RADS3
(Combatible with COVID-19
but also other diseases)

small GGO that is not
centrilobularornot located
close to the visceral pleura.

CO-RADS4
(Suspicious for COVID-19)

GGO or consolidation notin
contactwith visceral pleura.

CO-RADSS
(Typical for COVID-19)

GGO with or without
consolidationsin lung regions
close to visceral pleural
surfaces, with a multifocal
bilateral distribution.
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CT Chest during study period
(n=366)

l—, ¢ RT-PCRCOVID-19 not done (n=198)

Excluded (n=202)

¢ Un-interpretablescans (n=4).

Participants
meeting eligibility criteria
(n=164)

CT Chests analyzed by six
readers for CO-RADS score
(Total =984 in 164 patients)

! !

CO-RADS 1 CO-RADS2 |
(n=259, 26.3%) (n=129, 13.1%)

| | :

CO-RADS 3
(n=64, 6.5%)

} }

CO-RADS 4
(n=72, 7.3%)

|

CO-RADS 5
(n=460, 46.7%)

Final &iagnosis Final diagnosis
RT-PCR +, n=28 (10.8%) RT-PCR + = 30 (23.2%)
RT-PCR-, n=231 (89.1%) || RT-PCR- =99 (76.7%)

Final diagnosis
RT-PCR + = 40 (62.5%)
RT-PCR - = 24 (37.5%)

Final diagnosis ‘

RT-PCR+ = 63 (87.5%) |
RT-PCR- = 9 (12.5%)

Final diagnosis
RT-PCR + = 445 (96.7%)
RT-PCR - = 15 (3.3%)

The number and percentage in parenthesis for each CO-RADS category represents the total number of CT chest reading that

has been assigned the respective category by 6 readers.

Fig. 2 Flow diagram of patient inclusion and exclusion in the present study. COVID-19, Corona Virus disease 2019; RT-PCR +, reverse transcriptase-
polymerase chain reaction positive; RT-PCR—, reverse transcriptase-polymerase chain reaction negative

Table 1 Baseline characteristics of patient study group
Parameter Value (n=164)
Age (years)* 49+15
Male sex 139 (84)
Comorbidities

Diabetes 43 (26)
Lung disease 6(4)
Cancer 4()
Cardiovascular 39 (24)
Duration of symptoms (days)¥ 11 (7-17)
Positive PT-PCR 101 (61)
Number of PT-PCR assays

1 48 (29)

2 45 (27)

3 31(19)

4 29 (18)

5 11(7)

Note: Unless otherwise indicated, data are number of patients and data in
parenthesis are percentages

*Data are mean + standard deviation

TData are median with interquartile range (in parenthesis)

Diagnostic performance of CO-RADS

When all datasets from six readers were plotted in ROC
space, ROC curve analysis yielded an overall area under
curve of 0.929 (95%CI 0911, 0.947) (Fig. 3). CO-RADS
category > 3 score as threshold yielded a sensitivity of
90% (95% CI 0.88, 0.93), specificity of 87% (95% CI
0.83, 0.91), and Youden’s J statistic of 0.777. The thresh-
old of 3 or more had a higher Youden’s J statistic than
while using a threshold cut-off CO-RADS category of >4
with sensitivity of 83% (95% CI 0.81, 0.87), specificity of
93% (95% CI 091, 0.96), and Youden’s J statistic of
0.775.

Considering the optimal cut-off to differentiate COVID-19
positive from negative as CO-RADS >3, the blended AUC for
chest radiologists yielded AUC of 0.91 (95%CI 0.88, 0.94)
with a sensitivity of 90% (95% CI 0.85, 0.94) and specificity
of 82% (95% CI 0.75, 0.88); in general radiologists group,
AUC yielded 0.96 (95%CI 0.94, 0.98) with a sensitivity of
91% (95% CI 0.87, 0.95) and specificity of 97% (95% CI
0.93, 0.99); and radiologists in training group yielded AUC
of 0.90 (95%CI 0.87, 0.94) with a sensitivity of 91% (95%
CI 0.86, 0.95) and specificity of 83% (95% CI 0.76, 0.89)
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Table2  CT chest findings of COVID-19 positive patients

CT findings

Number of patients with COVID-19 (»=101)

GGO and consolidation

Absence of both GGO and consolidation
Presence of GGO with consolidation
Presence of GGO without consolidation
Presence of consolidation without GGO
Bronchiectasis

Vascular enlargement of the involved area
Crazy paving with interlobar septal thickening
Air bronchogram sign

Air trapping

Reverse halo sign

Discrete pulmonary nodules

With halo

Without halo

Pleural effusion

Pneumomediastinum

Pneumothorax

Mediastinal lymphadenophaty

Disease geography

Central or perihilar

Peripheral predominance

Dorsal predominance

Ventral predominance

44
63 (62.3)
21 (20.8)
13 (12.9)
4@
50 (49.5)
11 (10.9)
65 (64.4)
5()
1(1)

44
7(6.9)
16 (15.8)
11(10.9)
44

27 (26.7)

303)
94 (93.1)
92 (91.1)
5(5)

Data are numbers (percentage %)

CT, computed tomography; COVID-19, corona virus disease 2019; GGO, ground glass opacities

(Fig. 3). Table 4 summarizes the diagnostic performance of all
readers by using CO-RADS category of 3 or more and CO-
RADS category of 4 or more as cut-off. Table 5 summarizes
the reader’s diagnostic performance by using CO-RADS to
detect COVID-19 in CT chest when CO-RADS category of 3
or more is considered threshold positive. Table 6 summarizes
the diagnostic performance of readers relative to each CO-
RADS category.

Table 3 CO-RADS inter-observer agreement and performance

Influence of stage of disease on inter-observer
agreement

Overall, there was moderate agreement among all readers in
stage 1 (0 to 4 days), Fleiss’ K= 0.46 [95% C10.45, 0.46], and
stage-2, (5 to 9 days), Fleiss’ K= 0.41 [95% CI 0.40, 0.41],
with a cumulative Fleiss’ K of 0.45 [95% CI 0.45, 0.45]) in
stages 1 and 2. The overall agreement was fair in stage 4 (15 to

CO-RADS assessment score  Fleiss” K overall for all readers ~ Fleiss’ K for chest radiologists  Fleiss’ K for general
(R1 and R2)

Fleiss’ K for radiologists
radiologist (R3 and R4) in training (RS and R6)

CO-RADS 1 0.71 (0.71, 0.72)
CO-RADS 2 0.46 (0.46, 0.46)
CO-RADS 3 0.17 (0.17, 0.17)
CO-RADS 4 0.07 (0.07, 0.07)
CO-RADS 5 0.67 (0.67, 0.67)
Overall 0.54 (0.54, 0.54)

0.81 (0.80, 0.81)
0.70 (0.70, 0.71)
0.31(0.31, 0.32)
0.14 (0.14, 0.15)
0.79 (0.78, 0.79)
0.68 (0.67, 0.68)

0.80 (0.80, 0.81)
0.26 (0.25, 0.26)
0.10 (0.10, 0.11)
0.33 (0.33, 0.34)
0.73 (0.72, 0.73)
0.61 (0.61, 0.61)

0.76 (0.76, 0.77)
0.54 (0.54, 0.55)
0.37 (0.37, 0.38)
0.18 (0.17, 0.18)
0. 61 (0.61, 0.62)
0.56 (0.6, 0.56)

The inter-observer agreement for various CO-RADS category, overall among all readers and within the groups. Data in parenthesis are 95% confidence

interval
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Fig. 3 Receiver operating characteristic curve a AUC for all readers obtained by plotting of all datasets in ROC space; b AUC comparison for different

experience groups. AUC-Area under curve

21 days), Fleiss’ K= 0.36 [95%CI 0.36, 0.36], and slight
agreement in stage 3 (10 to 14 days), stage 5 (21 to 28 days),
and stage 6 (more than 28 days). The overall agreement
among the readers for different stages was statistically signif-
icant in stages 1, 2, and 4 (p 0.000), stage 3 (0.026), and stage
6 (p 0.001) and insignificant in stage 5 (p 0.815). The inter-
observer agreement depending on the stage of disease is sum-
marized in Table 7.

Post lexicon re-analysis

A post lexicon re-analysis was performed to identify the false
positive and false negative cases reported with CO-RADS in a
total 984 readings among the six readers. In the RT-PCR
COVID-19 negative group with a total of 378 reading, there
were 24 false positive readings (6.3%, in 13 patients) that were

erroneously assigned CO-RADS 4 and 5 and identified as a
CO-RADS 1 and 2 on post-lexicon re-analysis. Among the
RT-PCR COVID-19 positive group with 606 readings, there
were 34 false negative readings (5.6%, in 16 patients) that
were erroneously assigned CO-RADS 1 and 2 and correctly
identified as a CO-RADS 4 and 5 on post-lexicon re-analysis.
Twenty-four readings (3.9%, in 4 patients) had a normal CT
chest despite clinical and RT-PCR positive diagnosis for
COVID-19.

Discussion
This study evaluated the inter-observer agreement between

the readers of varying experiences, and the diagnostic perfor-
mance of CO-RADS lexicon scheme in accurately identifying

Table4 Readers diagnostic performance by using CO-RADS to detect COVID-19 in CT chest when CO-RADS category of 3 or more and 4 or more is

considered as threshold positive

Readers CO-RADS cut off > 3 CO-RADS cut off > 4

Sensitivity Specificity Sensitivity Specificity
R1 88 (0.82, 0.94) 83 (0.73,0.92) 83 (0.76, 0.90) 90 (0.83, 0.98)
R2 92 (0.87,0.97) 81(0.71, 0.90) 87(0.81,0.94) 92 (0.85, 0.94)
R3 88 (0.82, 0.94) 100 (1, 1) 85(0.78,0.92) 100 (1, 1)
R4 93 (0.92, 0.99) 94 (0.87, 0.99) 85(0.78,0.92) 98 (0.95, 1.0)
RS 90 (0.84, 0.96) 79 (0.69, 0.89) 82 (0.75, 0.90) 86 (0.77,0.94)
R6 91 (0.85, 0.96) 89 (0.79, 0.95) 80 (0.72, 0.88) 94 (0.89, 1.0)

The diagnostic performance among various readers for diagnosing COVID-19 positivity when using CO-RADS 3 and 4 as cut-off. Data in parenthesis
are 95% confidence intervals
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Table5 Readers diagnostic performance by using CO-RADS to detect COVID-19 in CT chest when CO-RADS category of 3 or more is considered as
threshold positive
Groups Reader No. AUC vs RT-PCR  Fleiss’ K within groups AUC within groups Sensitivity within Specificity
for CO-RADS >3 for CO-RADS >3  groups for CO-RADS >3 within groups for
CO-RADS >3
Chest radiologists R1 0.90 0.88 (0.80, 0.95) 0.91 (0.88, 0.94) 0.90 (0.85, 0.94) 0.82 (0.75, 0.88)
(0.85,0.95)
R2 0.92 (0.87, 0.96)
General radiologists R3 0.97 (0.95,0.99) 0.83 (0.75, 0.92) 0.96 (0.94, 0.98) 0.91 (0.87, 0.95) 0.97 (0.93, 0.99)
R4 0.95(0.92, 0.98)
Radiologists in training R5 0.89 (0.83,0.94) 0.84 (0.76, 0.92) 0.90 (0.87, 0.90) 0.91 (0.86, 0.95) 0.83 (0.76, 0.89)
R6 0.93 (0.89, 0.97)

Overall 0.92(0.91,0.94) 0.84 (0.76, 0.92)

0.92 (0.91, 0.94) 0.90 (0.88, 0.93) 0.87 (0.83, 0.91)

Note: The area under the curve for each observer is compared to reference standard defined by reverse transcriptase polymerase chain reaction (RT-PCR)
positivity. The inter-observer agreement, area under the curve, sensitivity, specificity, and diagnostic accuracy within the various groups when threshold
for COVID-19 positivity is defined by CO-RADS > 3. Data in parenthesis are 95% confidence intervals

COVID-19 lung involvement on CT chest. Overall, there was
moderate inter-observer agreement between radiologists of
different levels of experience. We observed that a threshold
category of CO-RADS 3 and above can reliably differentiate
COVID-19 infection from other non-COVID lung diseases.
Our results indicate that a standardized reporting lexicon for
lung involvement for COVID-19 can be reliably used in clin-
ical practice to enhance communication with the attending
physician.

Since the introduction of CO-RADS [6], only a relatively
small number of studies have evaluated the reproducibility
and performance of the CO-RADS scoring system [12][13].
Overall, these studies have shown that CO-RADS is a reli-
able method for identifying COVID-19 lung disease, across
the radiologists of different levels of experience, but with
varying inter-observer agreement. In our study, the overall
inter-observer agreement for CO-RADS categories among
the six readers was moderate (Fleiss” K = 0.548 [95% CI
0.547, 0.549]). Similar observations were noted in prior
studies by Bellini et al. [13] among 12 readers with an overall
moderate inter-observer agreement (Fleiss’ K = 0.43 [95%
CI 0.42, 0.44]), and Prokop et al. [6] reported an overall

moderate inter-observer agreement among their § readers
(Fleiss’ K = 0.47 [95% CI 0.45, 0.49]). However, a recent
study by Atta et al. reported an overall substantial agreement
among 3 readers (Fleiss” K =0.78 [95% CI1 0.59, 0.91]) [12].
The higher agreement observed in this study could be due to
small number of readers and more experienced readers con-
tributing to a higher inter-observer agreement. Furthermore,
in our study, there was no significant difference in inter-
observer agreement between the chest radiologists, general
radiologists, or radiologist in training, and our findings sup-
port the applicability of using CO-RADS lexicon within a
structured radiology report.

The CO-RADS assessment category that is considered pos-
itive for COVID-19 may also affect the reader accuracy. The
CO-RADS 1 and 2 are assigned when there is no radiological
suspicion for COVID-19, and CO-RADS 4 and 5 are assigned
when there is a high radiological suspicion for COVID-19.
Prokop et al. noted that CO-RADS 3 is an indeterminate sus-
picion category, that has overlapping features of COVID-19
lung disease with other viral pneumonia or non-infectious
causes [6]. In our study, we estimated that a threshold of
CO-RADS 3 or more had a marginally higher diagnostic

Table 6 Readers diagnostic performance for each CO-RADS category to detect COVID-19 in CT Chest

Reader CO-RADS 1 CO-RADS 2 CO-RADS 3 CO-RADS 4 CO-RADS 5
Sensitivity ~ Specificity ~ Sensitivity ~ Specificity =~ Sensitivity ~ Specificity ~ Sensitivity ~ Specificity ~ Sensitivity ~ Specificity

R1 1.0 0.0 0.95 0.52 0.88 0.82 0.83 0.90 0.78 0.93

R2 1.0 0.0 0.95 0.50 0.92 1.81 0.87 0.92 0.76 0.95

R3 1.0 0.0 0.97 0.77 0.88 0.1 0.85 1.0 0.78 1.0

R4 1.0 0.0 0.95 0.77 0.93 0.93 0.85 0.98 0.71 0.98

R5 1.0 0.0 0.95 0.52 090 0.79 0.82 0.85 0.79 0.90

R6 1.0 0.0 0.95 0.55 091 0.87 0.80 0.95 0.57 0.98
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Table 7

CO-RADS inter-observer agreement depending on the stage of COVID-19 lung involvement

Stage of diseases Number of study Overall Fleiss” K

subjects (n=101)

Fleiss’ K for chest
radiologists

Fleiss’ K for
radiologists in training

Fleiss’ K for general
radiologists

Stage 1 (04 days) 7
Stage 2 (5-9 days) 35
Stage 3 (10-14 days) 26
Stage 4 (14-21 days) 14
Stage 5 (22-28 days) 8
Stage 6 (> 28 days) 11

0.46 (0.45, 0.46)
0.41 (0.40, 0.41)
0.08 (0.08, 0.09)
0.36 (0.36, 0.36)
0.01 (0.01, 0.01)
0.17(0.17,0.17)

0.79 (0.78, 0.81)
0.67 (0.66, 0.68)
0.17 (0.16, 0.18)
0.54 (0.53, 0.55)
~0.06 (~0.08, —0.04)
0.52(0.51,0.51)

0.20 (0.18, 0.21)
0.29 (0.28, 0.30)
0.26 (0.24, 0.27)
0.30 (0.29, 0.32)
0.23 (0.22, 0.25)
0.24 (0.22, 0.25)

0.41 (0.40, 0.42)
0.55 (0.55, 0.56)
~0.13 (0.14, —0.12)
0.63 (0.62, 0.64)
0.07 (0.06, 0.09)
0.17 (0.15, 0.18)

The inter-observer agreement for COVID-19 positive patients depending on stage of disease overall among all readers and within the group. Data in

parenthesis are 95% confidence intervals

accuracy and higher inter-observer agreement compared to
CO-RADS 4 or more being used to determine COVID-19
lung involvement. Our findings are in contrast to the observa-
tions by Bellini et al. [13], in the study they estimated that a
CO-RADS category of 4 or more as a reliable cut-off to dis-
criminate RT-PCR positive from negative, with a high
accuracy and moderate inter-rater agreement. However, in
routine clinical practice, the knowledge of disease prevalence,
availability of past medical records, clinical history, and
higher experience in dealing with COVID-19 chest CTs may
decrease the number of cases assigned with CO-RADS cate-
gory 3, either by upgrading the level of suspicion to 4 or 5 or
downgrading the level of suspicion to CO-RADS categories 1
and 2. Using a threshold of CO-RADS 3, although the general
radiologists group had a higher AUC, specificity and sensitiv-
ity to detect COVID-19, the inter-observer agreement was
higher within chest radiologists group, likely influenced by
diverse practice pattern, varied CT chest findings related to
COVID-19, or ambiguity in differentiating COVID-19 from
other infections or diseases.

The lung involvement with COVID-19 evolves rapidly at
early stages of disease and the CT chest findings vary depend-
ing on the time of onset of symptoms [14]. Ding et al. [9]
noted that the lung changes evolve rapidly in early stage of
disease (stages 1 and 2), and stabilizes in the later stages to
remain for a longer period. Despite these, Atta et al. [12]
observed no significant impact on the time of onset of symp-
toms, while assessing the lungs for scoring with CO-RADS.
In the current study, we observed that the overall inter-
observer agreement was moderate for early stage of disease
in stage 1 and stage 2, while in later stages of disease process
when the disease process stabilizes within the lungs, there was
a slight or fair inter-observer agreement. This could be attrib-
utable to the rapid changes of disease process happening with-
in the lungs, with interstitial and alveolar oedema setting in
with stage 3 and above thereby creating ambiguity in differ-
entiating COVID-19 from other lung infections. However,
there was no statistical significance in the inter-observer
agreement between the radiologists groups of different levels

of experience to suggest if this would influence the lexicon
categorization based on the stage of disease.

The study has few limitations. First, this study is from
a single centre and is retrospective in nature; further pro-
spective studies with sequential inclusion of CT chests are
still needed to validate the observations. Second, there
could have been a selection bias in our institutional use
of CT scan as a problem solving tool rather than a method
of primary diagnosis of COVID-19. Thus, the study sam-
ple included only symptomatic patients, and there could
have been a bias towards severe disease spectrum, thereby
affecting the diagnostic accuracy estimate of CO-RADS.
Moreover, CO-RADS lexicon has been recommended for
use specifically in suspected COVID-19 patients with
moderate to severe symptoms. Third, RT-PCR is reported
to have considerable false negative rates [15—17] and the
limitations on the use of RT-PCR as a reference standard
needs to be recognized. However, in our study, 116 study
samples (70.7%) had more than one RT-PCR results
which would reduce the probability of false negative
cases for the reference standard.

In conclusion, the CO-RADS lexicon scheme serves to
identify features typical for COVID-19 and can reliably dif-
ferentiate it from other infections or alternative diagnosis. In
places where RT-PCR testing is limited or delayed, CT chest
can be used as a reliable tool in differentiating COVID-19
from other non-COVID-19 lung diseases.

Abbreviations CO-RADS, COVID-19 Reporting and Data System;
COVID-19, Corona virus disease-2019; CT, Computed tomography;
RT-PCR, Reverse transcriptase-polymerase chain reaction; SARS-
COV-2, Severe acute respiratory syndrome corona virus 2
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