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ARTICLE INFO ABSTRACT
Article history: Objective: To evaluate the diagnostic accuracy of the Radiological Society of North America
Received 23 August 2021 (RSNA) classification system for coronavirus disease 2019 (COVID-19) pneumonia compared
Accepted 23 November 2021 to pre-pandemic chest computed tomography (CT) scan images to mitigate the risk of bias
Available online 18 December 2021 regarding the reference standard.
Materials and methods: This was a retrospective, cross-sectional, diagnostic test accuracy
Keywords: study. Chest CT scans, carried out from May 1 to June 30, 2020, and from May 1 to July
ChestCT 17, 2017, were consecutively selected for the COVID-19 (positive reverse transcription-
COVID-19 pneumonia polymerase chain reaction [RT-PCR] for severe acute respiratory syndrome coronavirus
RSNA classification 2 result) and control (pre-pandemic) groups, respectively. Four expert thoracic radiol-
Pre-pandemic controls ogists blindly interpreted each CT scan image. Sensitivity and specificity were
calculated.

Results: A total of 160 chest CT scan images were included: 79 in the COVID-19 group
(56 [43.5—67] years old, 41 men) and 81 in the control group (62 [52—-72] years old, 44
men). Typically, an estimated specificity of 98.5% (95% confidence interval [CI] 98.1%
—98.4%) was obtained. For the indeterminate classification as a diagnostic threshold,
an estimated sensitivity of 88.3% (95% CI 84.7%—91.7%) and a specificity of 79.0% (95%
CI 74.5%—83.4%), with an area under the curve of 0.865 (95% CI 0.838—0.895), were
obtained.

Conclusion: The RSNA classification system shows strong diagnostic accuracy for COVID-19
pneumonia, even against pre-pandemic controls. It can be an important aid in clinical

Abbreviations: COVID-19, Coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; CT, computed
tomography; RSNA, Radiological Society of North America; RT-PCR, reverse transcription-polymerase chain reaction; BCP,
bronchopneumonia.
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decision-making, especially when a typical or indeterminate pattern is found, possibly
advising retesting following an initial negative RT-PCR result and streamlining early man-

agement and isolation.

© 2021 Sociedade Brasileira de Infectologia. Published by Elsevier Espaiia, S.L.U. This is an

open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has
spread globally, becoming an ongoing pandemic responsible
for more than four million deaths worldwide and more than
550,000 casualties in Brazil, the second most affected country
in the world to date." Consequently, computed tomography
(CT) of the chest has been employed to assist in the diagnosis
and assessment of potential complications and prognosis of
patients with COVID-19.”° Since findings associated with
COVID-19 pneumonia can be found in other lung diseases,*
some radiological societies have published guidelines with
objective criteria to improve accuracy and reproducibility of
chest CT findings, notably the Radiological Society of North
America (RSNA) expert consensus,” among others.®’

The RSNA classification system for reporting COVID-19 pneu-
monia classified chest CT findings into four categories (negative,
atypical, indeterminate, and typical; Table 2). Studies have
shown its noteworthy diagnostic performance with specific
diagnostic thresholds (indeterminate and typical), as well as
moderate-to-substantial inter-reader agreement, mostly adopt-
ing the SARS-CoV-2 reverse transcription-polymerase chain
reaction (RT-PCR) test as the reference diagnostic standard.®

According to published meta-analyses,”®?° the quality of
early articles designed to assess the accuracy of chest CT in the
diagnosis of pneumonia caused by SARS-CoV-2 was considered
suboptimal. Limited adherence to reporting guidelines and a
high risk of bias, especially regarding patient selection and the
reference diagnostic standard, have been reported. A more recent
meta-analysis confirmed a high risk of bias regarding the refer-
ence test, specifically because RT-PCR testing was not repeated
in all patients with an initial negative result in some studies."’
Concern over chest CT diagnostic accuracy during overlapping
seasonal flu caused by influenza has also been raised.”’*°

To address these concemns, a single-center, retrospective,
cross-sectional, diagnostic test accuracy study was conducted
to evaluate the RSNA classification system for reporting COVID-
19 pneumonia’ using chest CT images of patients with RT-PCR-
confirmed SARS-CoV-2 infection and pre-pandemic samples,
true negatives for COVID-19, as controls. The RSNA classifica-
tion may be an important aid in clinical decision-making,
encouraging retesting following an initial negative RT-PCR
result and streamlining early management and isolation.

Material and Methods

This single-center, retrospective, cross-sectional study was
approved by the local institutional review board. Informed

consent was waived because no risk was presented to the par-
ticipants. All relevant clinical information was obtained from
our hospital’s electronic medical records system.

Participant selection

COVID-19 group

From May 1 through June 30, 2020, chest CT scan images of
inpatients, from both wards and emergency departments,
with confirmed COVID-19 by at least one positive RT-PCR
result within seven days of the CT scan date were consecu-
tively selected. This period was chosen to match the initial
regional rising incidence period of COVID-19?" as well as the
historic regional peak incidence periods of influenza pneumo-
nia and acute respiratory distress syndrome.??

Control group

From May 1 through July 17, 2017, chest CT scan images of
inpatients, as requested by emergency department physi-
cians, that had at least one of the following text descriptors
were consecutively selected:

1. Clinical information: pneumonia, infection, respiratory,
dyspnea, cough, fever, acute, flu, viral, hypoxemia, tachyp-
nea, shortness of breath, bronchopneumonia (BCP), desa-
turation, viral,

2. Radiological report: pneumonia, inflammatory, infectious,
ground glass, viral.

Exclusion criteria
The following exclusion criteria were applied to the COVID-19

group only:

1. RT-PCR results were indeterminate or unavailable (e.g.,
external analysis).

The following exclusion criteria were applied to both
groups:

1. Patient <18 years old;
2. Technically limited/low-quality images (e.g., severe respi-
ratory motion artifacts).

Index test and reference standard

Chest CT scans were routinely requested at the discretion
of the attending physician considering the institutional
protocol, pneumonia severity criteria, laboratory tests, and
comorbidities.

RT-PCR-positive results were considered as the reference
diagnostic standard for COVID-19 diagnosis. It was a two-site
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test, oropharyngeal and nasopharyngeal swab, with analysis
performed by the institution’s own laboratory.

The control group selection period, approximately two
years prior to the emergence of COVID-19, was considered the
reference standard for the absence of the disease. Search and
selection were performed using a business intelligence soft-
ware in our Radiology Information System/Picture Archiving
and Communication System (RIS/PACS) database.

CT acquisition technique

Images were obtained using an eight-row multidetector CT
(MDCT) scanner (BrightSpeed Edge, GE Medical Systems,
USA), a 16-row MDCT scanner (Brilliance 16, Philips Health-
care, the Netherlands), or a 64-row MDCT scanner (Aquilion
64, Toshiba Medical Systems, Japan), with patients in the
supine position and at full inspiration. All scans were volu-
metric acquisitions (slice thickness: 1.0-2.0 mm) and were
reconstructed with a high-spatial-frequency algorithm.
Images were stored and analyzed using PACS (IMPAX
6.6.1.3525, Agfa HealthCare, Belgium). When used, iodinated
nonionic intravenous contrast medium was injected into a
peripheral vein at a dose of 1-2 mL/kg of body weight.

CT image reading and classification

Chest CT scan findings were anonymized for patient identifi-
cation/information and scanning date and then codified and
randomly sorted in a predefined sequence by our PACS oper-
ated by the authors who did not participate in the interpreta-
tion. For convenience, only the axial series (lung window) of
each scan was used.

The readers were four thoracic radiologists (reader 1 [CSF],
15 years of experience; reader 2 [LF], 8 years of experience;
reader 3 [TSG], 20 years of experience; and reader 4 [MST],
10 years of experience) who were blinded to each other and to
patient identification, clinical/laboratory information, previ-
ous imaging tests, RT-PCR results, and scanning date.

All chest CT scans were consecutively interpreted once
and individually by all four reviewers in a predefined
sequence. Radiological findings were classified according to
the four categories proposed by the RSNA consensus
(Table 1).° No final consensus or agreement between readers
was sought.

Sample size

The sample size was calculated to estimate the sensitivity
and specificity of the classification proposed by the RSNA to
diagnose SARS-CoV-2 pneumonia using the formulas
described by Buderer (1996).”> For a 95% confidence interval
(CI), a desired precision of 10%, and a sensitivity and specific-
ity of 75%, a sample size of 145 participants was reached. The
final sample size was 162 participants, with 10% added for
possible losses.

Statistical analysis

Qualitative variables were expressed as absolute and relative
frequencies (n [%]), and quantitative variables as median and
first and third quartiles (median [Q;—Qs]). The distribution of
quantitative variables was assessed by graphical analysis of
the histogram and the quartile—quartile plot.

Associations between qualitative variables were assessed
using the Pearson y? test of independence with Yates’ conti-
nuity correction. Fleiss kappa statistic** was used to evaluate
inter-reader classification agreement among the four readers.

A generalized linear mixed-effects model with binomial
distribution was used to estimate the predicted probability of
positivity for COVID-19. The estimated probabilities were
then used to calculate a receiver operating characteristic
(ROC) curve, which computed the area under the curve (AUC),
sensitivity, and specificity. The AUC was calculated using the
Wilcoxon nonparametric approach by comparing the pre-
dicted probabilities of all discordant pairs of observations.®
Empirical bootstrap (with 10,000 replications) was used to

Table 1 - Baseline variables and clinical data.

Baseline All (n =160) COVID-19 (n=79) Control (n = 81)
Age, years 59 (44-70) 56 (43.5-67) 62 (52-72)
Male sex 85 (53.1) 41 (51.9) 44 (54.3)
Respiratory/pneumonia signs and symptoms® 130 (81.2) 72 (91.1) 58 (71.6)
Comorbidities”

Cancer 48 (29.6) 4(4.9) 44 (54.3)
Primary lung cancer 9 (5.6) 0 9(11.1)
Chronic lung diseases 33(20.6) 12 (15.2) 21(25.9)
Smoking 68 (42.5) 22 (27.8) 46 (56.8)
Obesity (BMI > 30) 26 (16.2) 19 (24.1) 7 (8.6)
Hypertension 76 (47.5) 41 (51.9) 35(43.2)
Coronary artery disease 10 (6.2) 5(6.3) 5(6.2)
Congestive heart failure 13 (8.1) 4(5.1) 9(11.1)
Diabetes 34(21.2) 21 (26.6) 13 (16.0)
Hematologic diseases 16 (10.0) 3(3.8) 13 (16.0)
Immunocompromised 17 (10.6) 7 (8.9) 10 (12.3)

& Respiratory/pneumonia signs and symptoms = cough, fever, chest pain, dyspnea, tachypnea, hypoxemia, sputum.
b Comorbidities = cancer, chronic lung diseases, smoking, obesity (body mass index, BMI > 30), hypertension, coronary artery disease, congestive heart failure,

diabetes, hematologic diseases, immunosuppression.
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Table 2 - Radiological Society of North America-Proposed
Reporting Language (5).

CT category
Typical

Imaging findings

Peripheral, bilateral GGO® with or without con-
solidation or visible intralobular lines (“crazy-
paving”)

Multifocal GGO of rounded morphology with or
without consolidation or visible intralobular
lines (“crazy-paving”)

Reverse halo sign or other findings of organiz-
ing pneumonia (seen later in the disease)

Absence of typical features and presence of:

Multifocal, diffuse, perihilar, or unilateral GGO
with or without consolidation, lacking a spe-
cific distribution and being nonrounded or
nonperipheral.

Few, very small GGO with a nonrounded and
nonperipheral distribution

Absence of typical or indeterminate features
and presence of:

Isolated lobar or segmental consolidation with-
out GGO

Discrete small nodules (centrilobular; “tree in-
bud”)

Lung cavitation

Smooth interlobular septal thickening with
pleural effusion

No features to suggest pneumonia.

Indeterminate

Atypical

Negative

# GGO = ground-glass opacity.

evaluate the 95% CIs. Analyses were performed using the R
software, version 4.0.3.2°

Results

Participant selection and clinical baseline

COVID-19 group

Within the chosen period, 82 chest CT scan images met the
COVID-19 group inclusion criteria, with 79 remaining after
excluding three for technical limitations.

Control group

For the control group, 83 CT scan images met the inclusion
criteria, with 81 remaining after excluding one underage
patient at the time of scanning and one for technical
limitations.

Clinical baseline

The male sex relative frequency and median patient age
were 51.9% and 56 (43.5-67) years in the COVID-19 group
and 54.3% and 62 (52-72) years in the control group, with
p = 0.8819 and 0.0693, respectively. In the COVID-19 group,
the median time between RT-PCR sample collection and
chest CT scan was one day (0—2 days), whereas the
median time between symptom onset and chest CT scan
was eight days (5—16 days). Population baseline and clini-
cal data are summarized in Table 1.

CT image reading and classification
The results of the CT scan classification for each reader are
shown in Table 3.

Statistical analysis

Diagnostic performance
Diagnostic accuracy was evaluated according to different pos-
sible positivity criteria (Table 4):

1. Typical classification (Fig. 2) as a positive test for COVID-19
pneumonia, with an estimated sensitivity of 52.2% (95% CI
47.9%—52.4%), a specificity of 98.5% (95% CI 98.1%—98.4%),
an AUC of 0.781 (95% CI 0.731—-0.785), a positive predictive
value (PPV) of 97.3% (95% CI 94.2%—99.4%), and a negative
predictive value (NPV) of 67.9% (95% CI 63.1%—72.0%).

2. Indeterminate classification (Fig. 3) as a positive test for
COVID-19 pneumonia, with an estimated sensitivity of
36.1% (95% CI 35.8%—38.9%), a specificity of 80.5% (95% CI
79.2%—80.7%), an AUC of 0.583 (95% CI 0.579—-0.598), a PPV
of 64.1% (95% CI 56.1%—71.2%), and an NPV of 56.2% (95%
CI 51.6%—60.7%).

3. Typical or indeterminate classification as a positive test for
COVID-19 pneumonia, with an estimated sensitivity of
88.3% (95% CI 84.7%—91.7%), a specificity of 79.0% (95% CI
74.5%—83.4%), an AUC of 0.865 (95% CI 0.838—0.895), a PPV
of 80.5% (95% CI 76.4%—85.0%), and an NPV of 87.4% (95%
CI 83.4%—91.2%).

The ROC curve is shown in Fig. 1.

Atypical (Fig. 4) and negative classifications were evalu-
ated as criteria for an alternative diagnosis, returning specific-
ities of 93.4% (95% CI 90.2%—96.0%) and 94.8% (95% CI 71.7%
—97.2%), respectively.

Predictive values computed for each scenario are shown in
Table 5.

Inter-reader agreement

Inter-reader overall agreement analysis, including all four
categories, demonstrated a moderate Fleiss kappa value of
0.527 (95% CI 0.490—0.564). Agreement was highest for the typ-
ical classification, with a substantial Fleiss kappa value of
0.648 (95% CI 0.584—0.711), and lowest for the indeterminate
classification, with a fair Fleiss kappa value of 0.383 (95% CI
0.320—0.446) (Table 3).

Discussion

The RSNA-proposed chest CT imaging classification can pro-
vide excellent diagnostic accuracy for COVID-19 pneumonia,
with high specificity and sensitivity, depending on the chosen
diagnostic threshold. The classification also showed a note-
worthy inter-reader agreement when tested against pre-pan-
demic controls affected by diverse respiratory diseases and
treated at the emergency department, specifically during the
regional peak incidence periods of influenza pneumonia and
acute respiratory distress syndrome.

Our findings suggest that the typical pattern is highly asso-
ciated with COVID-19 pneumonia, even when compared to
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Table 3 - CT results and inter-reader agreement (Fleiss kappa).

CT results All (n = 160) COVID-19 (n=79) Control (n = 81) Fleiss kappa [95% CI]
All categories 0.527 [0.490-0.564]
Typical 0.648 [0.584-0.711]
Reader 1 39 39 (49.4) 0(0.0)

Reader 2 33 31(39.2) 2(2.5)

Reader 3 56 54 (68.4) 2(2.5)

Reader 4 42 41 (51.9) 1(1.2)

Indeterminate 0.383 [0.320-0.446]
Reader 1 61 35 (44.3) 26 (32.1)

Reader 2 33 29 (36.7) 4(4.9)

Reader 3 34 19 (24.1) 15 (18.5)

Reader 4 49 31(39.2) 18 (22.2)

Atypical 0.565 [0.502-0.629]
Reader 1 50 3(3.8) 47 (58.0)

Reader 2 54 11 (13.9) 43 (53.1)

Reader 3 50 5(6.3) 45 (55.6)

Reader 4 32 2(2.5) 30 (37.0)

Negative 0.510 [0.447-0.573]
Reader 1 10 2(2.5) 8(9.9)

Reader 2 40 8(10.1) 32(39.5)

Reader 3 20 1(1.3) 19 (23.5)

Reader 4 37 5(6.3) 32 (39.5)

Notes: Qualitative variables are expressed as absolute and relative frequencies (n [%]). Percentages (%) shown are relative to the number of the
respective category assigned within each group (i.e., COVID-19 and control) by each reader. The reported Fleiss kappa values are for all readers
when all categories are considered simultaneously, as well as for each category individually.

Table 4 - RSNA diagnostic performance.

For COVID-19 pneumonia AUC [95% CI]

Sensitivity (%) [95% CI] Specificity (%) [95% CI]

Criteria
Typical 0.781 [0.731-0.785] 52.2 [47.9-52.4] 98.5 [98.1-98.4]
Indeterminate 0.583 [0.579-0.598] 36.1[35.8-38.9] 80.5 [79.2-80.7]

Typical or Indeterminate 0.865 [0.838-0.895]

For an Alternative Diagnosis AUC [95% CI]
Criteria

Atypical 0.742 [0.700-0.778]
Negative 0.646 [0.598-0.688]

Atypical or Negative 0.865 [0.838-0.895]

88.3 [84.7-91.7]
Sensitivity (%) [95% CI]

79.0 [74.5-83.4]
Specificity (%) [95% CI]

50.8 [44.8-56.4]
28.4 [23.6-53.8]
79.0 [74.5-83.4]

93.4 [90.2-96.0]
94.8 [71.7-97.2]
88.3 [84.7-91.7]

AUC = area under the curve; COVID-19 = coronavirus disease 2019.

pre-pandemic controls. Moreover, an atypical or negative pat-
tern suggests an alternative diagnosis, but should be inter-
preted with caution, as it does not rule out COVID-19
diagnosis, nor the possibility of COVID-19 pneumonia. In
addition, different possible diagnostic thresholds for COVID-
19 pneumonia were explored, attaining one of high specificity
and another of high sensitivity, with typical pattern only and
typical plus indeterminate patterns combined, respectively.

Using pre-pandemic controls, that is, true negatives,
results agree with the current body of evidence showing, as
already mentioned, good correlation between the RSNA clas-
sification and the RT-PCR results, as well as a consistent
inter-reader agreement. Moreover, two possible diagnostic
thresholds that could be interpreted and used according to
specific clinical context needs were analyzed.

We ascertained the role of RSNA-proposed CT patterns for
COVID-19 pneumonia diagnosis, especially the strong associ-
ation between the typical pattern and COVID-19 pneumonia
and between the atypical pattern and an alternative

diagnosis. Moreover, we propose that the two possible diag-
nostic thresholds may aid in clinical decision-making consid-
ering their advantages in specific contexts, primarily
combined with the reference test, but also particularly helpful
when the reference test is scarcely or not readily available.
The typical pattern was highly specific and thus strongly sug-
gestive of COVID-19 pneumonia diagnosis against a differen-
tial diagnosis that could demand a different management.
Both typical and indeterminate patterns for a positive test
were highly sensitive, thus considering retesting following an
initial negative RT-PCR result as well as to streamline early
management and isolation until a definitive diagnosis can be
made.

Our study has limitations, including the usual profile of
the hospitalized patient population at our institution, whose
normally high prevalence of admissions due to chronic condi-
tions (e.g., heart failure, cancer) may be related to the statisti-
cally significant difference in the presence of pneumonia/
respiratory signs and symptoms between the two groups.
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Fig. 1-Receiver operating characteristic (ROC) curve for the possible coronavirus disease 2019 (COVID-19) pneumonia

positivity criteria evaluated.

Fig. 2-Typical CT imaging features for COVID-19 pneumo-
nia. Axial unenhanced CT image of the lungs in a 61-year-
old man with a positive RT-PCR showing bilateral, multifocal
rounded and peripheral GGO.

Another possible reason is the undervaluation of said symp-
toms in the pre-pandemic context, especially when of mild or
vague nature, or even when linked with chronic conditions.
Nevertheless, differential diagnosis is not restricted to infec-
tions of obvious presentation or of infectious etiology,” which
in our opinion justifies the inclusion of patients without
explicitly reported signs/symptoms. We also recognize that
there is concern that the control patients and settings do not
ideally match the review question, but we understand that it
is an unavoidable issue given the case-control selection
nature of the study. The limit of seven days between RT-PCR
sampling and CT scanning for the COVID-19 group may also

Fig. 3-Indeterminate CT imaging features for COVID-19
pneumonia. Axial contrast-enhanced chest CT image of the
lungs in a 41-year-old female with a positive RT-PCR, show-
ing bilateral widespread GGO with nonrounded morphology
and no specific distribution with areas of consolidation.

be of concern, but it was necessary as CT scans were reserved
for selected cases and often not immediately ordered in
agreement with the institutional protocol and the principle of
justification in a broad perspective, as RT-PCR testing was
readily available and rapidly processed in-house. Finally, a
fair Fleiss kappa-value was found for the indeterminate clas-
sification, possibly related to the intrinsic unspecificity of its
imaging findings, magnified by the use of four readers; how-
ever, further analysis is necessary for clarification.

In conclusion, when tested against pre-pandemic controls,
the RSNA classification system for reporting COVID-19
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Fig. 4- Atypical CT imaging features for COVID-19 pneumo-
nia. Axial unenhanced chest CT image of the lungs in a 37-
year-old control patient showing tree-in-bud opacities and
centrilobular nodules, caused by active tuberculosis.

Table 5 - Predictive values.

For COVID-19 Pneumonia

Criteria PPV (%) [95% CI] NPV (%) [95% CI]
Typical 97.3 [94.2-99.4] 67.9 [63.1-72.0]
Indeterminate 64.1[56.1-71.2] 56.2 [51.6-60.7]
Typical or 80.5 [76.4-85.0] 87.4 [83.4-91.2]
Indeterminate

For an Alternative Diagnosis

Criteria PPV (%) [95% CI] NPV (%) [95% CI]
Atypical 88.7 [83.7-92.9] 65 [60.6-69.5]
Negative 84.7 [66.7-91.4] 56.6 [53.0-60.9]
Atypical or Negative 87.4 [83.4-91.2] 80.5 [76.4-85.0]

Note: Table shows the predictive values of different diagnostic cri-
teria of the RSNA Classification for COVID-19 pneumonia and for
an alternative diagnosis.

pneumonia showed prominent diagnostic performance, in
agreement with the current literature, with potentially high
specificity and sensitivity provided by its different diagnostic
thresholds. Thus, we believe it can be an important aid in
clinical decision-making, especially when a typical or indeter-
minate pattern is found, considering retesting following an
initial negative RT-PCR and streamlining early management
and isolation.
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