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ABSTRACT

In mid-January of 2021, there were over 95 million diagnosed coronavirus disease 2019 (COVID-19) cases
and approximately 2 million deaths worldwide. COVID-19 cases requiring hospitalization or intensive care
show changes in computed tomography of the chest with improved sensitivity. Several radiology societies have
attempted to standardize the reporting of pulmonary involvement by COVID-19. The COVID-19 Reporting and
Data System (CO-RADS) builds on lessons learned during the peak of the first wave of the pandemic and shows
good inter-observer reliability and good performance in predicting moderate to severe disease. We illustrate
the application of the CO-RADS classification with imaging from confirmed cases of COVID-19 and discuss
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The diagnosis of pulmonary involvement by coronavirus disease 2019 (COVID-19) is based on
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the presence of typical symptoms (i.e., fever, dry cough, myalgia or fatigue, sputum production,
DOI headache, and shortness of breath), changes on chest imaging and confirmation by the
10.25259/JCIS_192. 2020 demonstration of the virus RNA from a variety of possible samples using reverse-transcriptase

polymerase chain reaction (RT-PCR) assays.!?

Quick Response Code:
While most patients with SARS-CoV-2 infection will be asymptomatic or have mild disease,

severe COVID-19 may develop with pneumonia, pulmonary edema, acute respiratory distress
syndrome, multiple organ failure, and even death.’*’!

Several studies have reported RT-PCR assays’ sensitivities for SARS-CoV-2 between 37% and 83%.
The usefulness of RT-PCR assays is impacted by false-positive and false-negative results and limited
availability of tests in some high-prevalence countries. Multiple reports show patients with positive
findings on chest CT scans with a negative RT-PCR assay, which only later becomes positive.["**]

Chest CT sensitivity for COVID-19 has been reported between 80% and 90%, and specificity
between 82.9% and 96% (higher than the RT-PCR assay), which underlines the need to
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recognize, interpret, and communicate the imaging findings
pertaining to the lungs.” CT findings, such as consolidation,
linear opacities, crazy-paving, bronchial wall thickening,
and elevated CT severity scores, have been linked to worst
prognosis and the need for intensive care support.”*!

However, there is a significant overlap in imaging findings
between COVID-19 and other infectious diseases, especially
when we move past the first peak of the pandemic and into
seasonal pandemics like influenza./>>!

Chest radiograph has been advocated by most international
radiological societies as the first-line imaging modality to
assess possible pulmonary involvement by COVID-19.
The Fleischer Society suggests CT imaging as the first-line
imaging modalities only in worsening patients or patients
with functional and/or hypoxemia after recovery from
COVID-19. Chest radiograph is insensitive in mild or
early-stage disease but is useful for the diagnosis of more
advanced disease or for the follow-up of hospitalized
patients. Thus, the usefulness of chest radiograph is linked
to national policies regarding the COVID-19 pandemic,
meaning that, in countries where the public advice was for
the patients to go to the hospital early (e.g., China), chest
CT is preferred because a chest radiograph would have
low sensitivity; while in countries where patients were
encouraged to self-isolate before going to the hospital (e.g.,
in Europe), patients would present with an abnormal chest
radiograph.”

The number of chest CT scans performed in patients
under investigation for COVID-19 has increased during
the pandemic, reflecting the increased understanding of
the disease and its imaging findings. Precise and accurate
communication of imaging findings is essential for effective
epidemiological measures to control the pandemic. In
March of 2020, the Radiological Society of North America
(RSNA) proposed an initiative to standardize COVID-19
reporting.”! The British Society of Thoracic Imaging (BSTI)
proposed a similar initiative while also adding a descriptor
for disease severity, making the distinction between mild and
moderate/severe disease, although this effort is not based on
evidence regarding patient outcome.!"'? Most international
radiological societies developed guidance based on these
statements from RSNA and BSTI, which differ between each
other in subtle but significant ways.

COVID-19 Reporting and Data System (CO-RADS) is
another initiative for standardization, published in mid-
March of 2020, which differs from the RSNAs approach as
it is based in previous efforts such as Lung-RADS, PI-RADS,
and BI-RADS, which grades the findings on how likely the
diagnosis of COVID-19 is. This system was evaluated using
105 randomly selected chest CT scans of patients admitted
to the emergency department with clinical suspicion of
COVID-19.
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It also promotes clear, descriptive terms that reduce report
ambiguity, offer good performance in predicting moderate-to-
severe disease and have a good interobserver agreement.*1>14]

In this review, we aim to describe the CO-RADS classification,
provide illustrative examples, and discuss potential pitfalls
that may arise from its application into clinical practice.

CO-RADS CLASSIFICATION

The CO-RADS assessment scheme allows for the
categorization of a given non-enhanced chest CT scan into
groups related to the likelihood of a patient having confirmed
COVID-19 with lung involvement. The system was developed
and tested in patients with moderate-to-severe clinical disease.

The main strength of this classification is its ease of use,
which results in a moderate to substantial agreement among
observers (Fleiss’ kappa of 0.47 [95% CI 0.46-0.49]), even
among radiologists with different experience. Another
important strength of the classification is its capability to
discriminate between radiological findings related to a low
and high probability of COVID-19, tested against both a
clinical diagnosis and positive results for RT-PCR assays.

There are seven categories of CO-RADS. Categories 1 to 6
follow an increasing risk for COVID-19, from very low risk
(CO-RADS 1) to proven infection by a positive RT-PCR
assay (CO-RADS 6).

CO-RADS 0

This CO-RADS category means that the scan does not
have the diagnostic quality that would allow the reporting
radiologist to either attribute or exclude one of the other CO-
RADS categories (e.g., due to severe artifacts or missing parts
of the lung). It should not be interpreted as a final assessment
and should lead to a repeat scan if possible.

CO-RADS 1

The CO-RADS 1 category includes cases with either a normal
chest CT scan or one that has abnormalities unequivocally
attributed to non-infectious diseases. Findings that would
justify this assessment include emphysema, perifissural
nodules, lung tumors, or fibrosis. The presence of interlobular
interstitial thickening with pleural effusion should be
included in this category if interpreted as representing
interstitial pulmonary edema [Figure 1].

This category implies a very low level of suspicion for
pulmonary involvement by COVID-19.

CO-RADS 2

The CO-RADS 2 category includes cases with radiological
findings in keeping with infectious diseases not compatible
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with COVID-19, but that are typical of other lung infections,
such as bronchitis, bronchiolitis, bronchopneumonia,
centrilobular ground-glass opacities, lobar pneumonia,
or pulmonary abscesses. Radiological signs such as tree-
in-bud, centrilobular nodular pattern, lobar or segmental
consolidation, and cavities should suggest diseases other
than COVID-19, which must be presented as the most likely
diagnosis [Figures 2 and 3].

This category implies a low level of suspicion for pulmonary
involvement by COVID-19.

CO-RADS 3

The CO-RADS 3 category includes radiological findings
associated with lung involvement of COVID-19, but
that are also found in other viral pneumonias and non-

23

Figure 1: CO-RADS 1 with emphysema and bronchial wall
thickening. A 54-year-old male with known chronic obstructive
pulmonary disease (COPD), recent worsening shortness of
breath and persistent tachycardia. The chest CT shows extensive
centrilobular and paraseptal emphysema (black arrow) and bilateral
bronchial wall thickening (white arrow). Shortness of breath in this
patient was interpreted as related to underlying COPD.

I8

Figure 2: (a and b) CO-RADS 2 with cavitated lesion and lobar
consolidation. A 27-year-old female was admitted with shortness of
breath, productive cough, and hemoptysis. The chest CT depicted a
thick wall cavitated lesion (thin arrows) with a fluid level and right
middle lobe consolidation (thick arrow). This was confirmed to be
an aspergillus cavity with associated intra-cavitary bleeding.

infectious diseases of the lungs. Findings that would justify
the inclusion in this category include peri-hilar ground-
glass, homogeneous, and extensive ground-glass opacities,
ground-glass  opacities associated with interlobular

interstitial thickening and patterns of organizing pneumonia
if other typical findings of COVID-19 are absent [Figures 4
and 5]. Sparing of some secondary pulmonary lobules may
be present, as can pleural effusion if associated with ground-

Figure 3: CO-RADS 2 with tree-in-bud sign. A 27-year-old male
attended the emergency department with a cough and fever. The CT
images depicted a cavitating lesion in the superior segment of the
right lower lobe with adjacent tree-in-bud centrilobular nodules,
and extensive unilateral hilar, sub-carinal, and right paratracheal
adenopathy. This patient was confirmed to have active pulmonary
tuberculosis.

Figure 4: CO-RADS 3 with unilateral peribronchovascular
consolidation with no ground-glass opacities. A 51-year-old male
presented at the hospital with abdominal pain and vomiting, being
later admitted to an intensive care unit and ventilated. CT scan

showed a pattern of peribronchovascular consolidation on the right
(white arrow) without other typical findings of COVID-19, loss of
volume of the right lower lobe and small right-sided effusion (black
arrow). The patient had one positive and two negative swab tests for
SARS-CoV-2.
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glass opacities that are not centrilobular or not located near
the visceral pleura.

This category implies equivocal findings for pulmonary
involvement by COVID-19.

CO-RADS 4

This category includes findings that, while typical

for COVID-19, have some overlap with other viral
pneumonias. Findings in this category are the same as in
the category CO-RADS 5 but with an atypical distribution,
specifically lack of contact with the visceral pleura, strictly
unilateral [Figure 6], predominantly peribronchovascular
[Figures 7 and 8] or when the findings are superimposed on
severe and diffuse pre-existing pulmonary changes.

= o~
Figure 5: CO-RADS 3 with subtle ground-glass opacities and
subpleural peripheral line. A 48-year-old female with atypical
findings of subtle bilateral ground-glass opacities and subpleural
peripheral lines in the posterior segments of both lower lobes
(arrows). There was no fever or shortness of breath. The patient later
tested positive on the nasopharyngeal swab for SARS-CoV-2.

Figure 6: (a and b) CO-RADS 4 with unilateral distribution. A
45-year-old female with a previous history of pulmonary embolism,
presented with left-sided dull chest pain and worsening cough. The
chest radiograph was interpreted as possible basal pneumonia (thick
arrow). A chest CT was requested to rule out pulmonary embolus
depicts unilateral ground-glass and a subtle reversed halo sign in
the right lung base (thin arrows). The patient was later confirmed to
have a positive RT-PCR test for SARS-CoV-2.
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This category implies a high level of suspicion for pulmonary
involvement by COVID-19.

CO-RADS 5

The findings associated with this category can be broken
down into two groups: Mandatory features, which must be
present in all cases, and confirmatory patterns of features. At
least one confirmatory pattern must be present.

Mandatory features include ground-glass opacities, with or
without consolidation, located near visceral pleural surfaces

Figure 7: (a and b) CO-RADS 4 with unilateral and
peribronchovascular distribution. A 51-year-old male was admitted
with a 3-week history of symptoms consistent with COVID-19, later
confirmed by swab test. He presented with worsening shortness of
breath in the past 2 days. The chest CT shows unilateral ground-
glass opacities (thick arrow) with subtle peribronchovascular
consolidation in keeping with organizing pneumonia (thin arrows).

~

Figure 8: CO-RADS 4 with peribronchovascular distribution.
A 60-year-old male with shortness of breath and decreased O,
saturation attended the hospital. The chest CT shows ground-
glass opacities with unsharp demarcation and predominant
peribronchovascular ~ distribution (arrow). The scan also
demonstrates other areas of ground-glass opacities touching the
visceral pleural surface and no significant crazy-paving pattern (not
shown). Although this case had all mandatory features and one of
the confirmatory patterns of CO-RADS 5, it also presents an atypical
distribution, in this case, predominantly peribronchovascular.
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(including the fissures), and multifocal bilateral distribution.
Subpleural sparing is allowed.

There are three confirmatory patterns, which typically
occur at different times along the course of the disease. At
an early stage, this pattern presents multiple ground-glass
areas, which can be rounded or half-rounded in shape
and have unsharp demarcation, or multiple and sharply
limited ground-glass areas outlining the limits of multiple
adjacent secondary pulmonary lobules. Somewhat later in
the course of the disease, visible intra-lobular interstitial
thickening associated with the ground-glass opacities form a
“crazy paving” pattern. At a later stage, the pattern evolves
to one compatible with organizing pneumonia, which
includes the reversed halo sign, ground-glass consolidation
associated with extensive subpleural consolidations and
air bronchogram, curvilinear subpleural bands, and bands

Figure 9: CO-RADS 5 with round, unsharp demarcation of ground-
glass opacities. A 41-year-old male with a background of asthma,
and with a week-long history of cough and fever, decreased O,
saturation, central cyanosis, widespread crackles. Imaging findings
show bilateral ground-glass opacities, round, unsharp demarcation,
and some perilobular distribution (arrows), in keeping
with CO-RADS 5, with the confirmatory pattern usually seen in the
early stages of the disease.

Figure 10: (a and b) CO-RADS 5 with organizing pneumonia
pattern, subpleural sparing, and thickened vessels. A 26-year-
old male admitted with COVID-19 symptoms (negative RT-PCR
for SARS-CoV-2 but high suspicion on the chest radiograph). A
sudden deterioration overnight required intubation and transfer to
an intensive care unit. A CT scan performed to rule out pulmonary
embolism shows ground-glass opacities, and areas of consolidation,
close to visceral pleural surfaces (including the fissures), with
subpleural sparing (black arrow), multifocal, bilateral and peri-
lobular distribution (organizing pneumonia pattern), and evidence
of thickened vessels (white arrow) in the lung bases.

of ground-glass with or without consolidation, but with an
arching pattern with pleural contact (i.e., arcade-like sign)
[Figures 9-16].

Thickened vessels may occur in any of these confirmatory
patterns [Figure 13].

Figure 11: CO-RADS 5 with organizing pneumonia pattern. A
54-year-old female admitted with shortness of breath and low pO..
(a) Chest radiograph shows subtle ground-glass opacities (arrows),
(b) which later coalesced around small areas of consolidation on
the chest radiograph (thick arrows). (c) Chest CT scan performed
afterward shows consolidative changes with peribronchovascular
distribution, bilaterally, with the arcade-like sign (thin arrow), in
keeping with organizing pneumonia.

Figure 12: (a-c) CO-RADS 5 with subpleural sparing. A 44-year-
old male was admitted with a 10-day history of dry cough, fever,
worsening shortness of breath and malaise, requiring supplemental
O,. First chest radiograph was already in keeping with suspicious
findings, and chest CT confirmed peripheral distribution of ground-
glass areas and consolidations (white arrows), with subpleural
sparing on the right side (black arrow).
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Figure 13: (a and b) Vascular thickening in CO-RADS 5. Vascular
thickening is often seen in areas of pulmonary involvement by
COVID-19 and may be present in any of the confirmatory patterns
of CO-RADS 5.

Figure 14: (a and b) CO-RADS 5 with bilateral ground-glass
opacities, subpleural sparing reversed halo sign, and crazy-paving.
A 45-year-old male admitted with shortness of breath, cough, and
hemoptysis. Initial RT-PCR test for SARS-CoV-2 was negative, but
eventually, COVID-19 was confirmed by subsequent swab only after
the chest CT scan which showed pulmonary embolism, subpleural
sparing on the right, and reversed halo sign on the left lung with
ground-glass and crazy-paving pattern (arrow).

This category implies a very high level of suspicion for
pulmonary involvement by COVID-19.

CO-RADS 6

The CO-RADS 6 category indicated proven COVID-19 after
a positive RT-PCR for the SARS-CoV-2 virus.

DISCUSSION

A comparison with previously published guidelines is
essential to clarify some pitfalls and confusion, which may
lead to miscategorized scans. The RSNA consensus statement
describes four categories for COVID-19 pneumonia
imaging classification. These are typical appearance,
indeterminate appearance, atypical appearance, and negative
for pneumonia.”’ There is largely a one-to-one relation
between the CO-RADS 1 category and the “negative for
pneumonia,” between the CO-RADS 2 category and the
“atypical appearance” RSNA category, as well as between the
CO-RADS 5 category and the “typical appearance” RSNA
category. There is partial overlap between the CO-RADS 3
and 4 categories and the “indeterminate appearance” RSNA
category.! Regarding the BSTI guideline statement category,
it has some similarities with the RSNA category since it
has also four categories: Non-COVID (70% confidence for
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Figure 15: (a and b) CO-RADS 5 with organizing pneumonia
pattern. A 34-year-old male, presented with isolated low-grade
fever, tachycardia, and shortness of breath. Chest CT scan shows
bilateral changes with a confirmatory pattern with organizing
pneumonia with a peri-lobular distribution (arrows).

Figure 16: CO-RADS 5 in an intubated patient, complicated
with pneumomediastinum. A 44-year-old female admitted for
COVID-19. (a) Initial chest CT scan shows diffuse bilateral ground-
glass opacities with extensive coverage of the lung parenchyma
and focal areas of mosaic pattern. The patient underwent
invasive ventilation. (b) Chest CT scan from 1 week later shows
progression with consolidation and extensive pneumomediastinum
(black arrow) and subcutaneous emphysema (white arrow) as a
complication of mechanical ventilation.

alternative); indeterminate (<70% confidence for COVID);
Probable COVID-19 (71-99% confidence for COVID); and
Classic COVID-19 (100% confidence for COVID). One aspect
that should be stated is that unlike the RSNA consensus, the
BSTT guideline takes into consideration the existence of the
previous cardiopulmonary diseases, which downgrade the
“Classic” and “Probable” categories, resulting in a higher
specificity for the BSTI and a higher sensitivity for the RSNA
consensus statement.'® Table 1 summarizes the similarities
and differences between CO-RADS, the RSNA consensus
statement and the BSTI guideline statement category.

Unlike BI-RADS, where BI-RADS 1 category describes
normal findings only, CO-RADS 1 category allows for
benign changes, which are frequent in the lung. In this sense,
CO-RADS 1 category is like Lung-RADS 1 or BI-RADS 2
categories which includes changes suggestive of a benign
etiology.™

The presence of smooth interlobular septal thickening may
fit CO-RADS 1 or CO-RADS 3 categories, depending on
the perceived underlying cause. The rationale is to factor out
cardiac causes for the interstitial thickening, and as such,
the presence of interlobular interstitial septal thickening
should be categorized as CO-RADS 1 if interpreted as related
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to pulmonary edema, or as CO-RADS 3 in the presence of
ground-glass opacities mimicking pulmonary involvement
by COVID-19.

The presence of ground-glass opacities is included in the
CO-RADS 3 category, unless centrilobular in distribution
(CO-RADS 2), located close to the visceral pleura
(CO-RADS 4), or to the fissures, if bilateral and multifocal in
distribution (CO-RADS 5).1

The CO-RADS 5 category must include ground-glass
opacities with or without consolidation, located near
pleural surfaces, and allowing for subpleural sparing.
The typical distribution also includes regions near the
fissures, but unlike the RSNA or the BSTT classification, the
CO-RADS assessment scheme does not emphasize lower
lobe predominance. In addition to these mandatory features,
findings must also include at least one confirmatory pattern,
which is in line with the changing imaging presentation of
COVID-19 throughout the course of the disease.!!

The natural disease progression of COVID-19 has been
recognized as encompassing several stages. The rapid advice
guidelines from the Wuhan University described five stages
of the disease: The ultra-early stage, the early stage, the rapid
progression stage, the consolidation stage, and the dissipation
stage." The CO-RADS assessment scheme describes three
stages of the disease: An early stage where ground-glass
regions predominate, followed by a stage where visible
intra-lobular lines define a crazy-paving pattern, and finally
followed by the pattern resembling organizing pneumonia.
All the confirmatory patterns of pulmonary involvement
show variable evidence of thickened vessels within abnormal
parenchyma, reflecting its cardiovascular involvement.™!!

Comparing with the guidelines from Wuhan, the CO-RADS
assessment scheme emphasizes the presence of these imaging
findings, where the guidelines from Wuhan recognize
that these findings do not appear in isolation and present
considerable overlap in time.'¥ However, the CO-RADS
assessment scheme does not try to infer on the progression
of the disease, but instead uses the known patterns of disease
as confirmation of a very high likelihood of the diagnosis.™

The category CO-RADS 4 differs from the category CO-
RADS 5 in its distribution, meaning that it is either unilateral
or not in contact with the visceral pleura, is predominantly
peribronchovascular or there are pre-existing severe
pulmonary abnormalities which may justify a weaker
confidence on the diagnosis.

Table 2 summarizes the discriminating imaging findings of
the CO-RADS classification.

The main strengths of CO-RADS are its interobserver
agreement and its ability to distinguish between low and
high-probability of COVID-19. Interobserver agreement is
the highest when categorizing CO-RADS 1 and CO-RADS
5 (Fleiss’ kappa of 0.58 and 0.68, respectively). In the initial
study, 80% of observations agreed between cases belonging
to either low to very low risk (CO-RADS 1 or 2), or high to
very high risk of COVID-19 (CO-RADS 4 or 5). The overall
interobserver agreement of the CO-RADS assessment
scheme (kappa of 0.47) lies between the values for PI-RADS
(kappa of 0.24) and Lung-RADS (kappa of 0.67).1

This was, however, a small study with only 105 patients with
clinical suspicion of COVID-19 and moderate-to-severe
symptoms. The study was also performed close to the peak

Table 1: Comparison between different chest CT classification systems in COVID-19.

Coronavirus disease CO-RADS

2019 level of suspicion

Not interpretable CO-RADS 0

Very low CO-RADS 1 - normal scan/non-
infectious

Low CO-RADS 2 - typical for other
infections

Unsure/equivocal CO-RADS 3: Features compatible
with COVID but present in other
diseases

High CO-RADS 4: suspicious

Very High CO-RADS 5: typical

Proven CO-RADS 6: confirmed diagnosis:

RT-PCR for SARS CoV-2

RSNA

Not categorized
Negative for pneumonia

Atypical appearance
(uncommon/not reported
features for COVID)
Indeterminate appearance (non-
specific features of COVID-19)

Typical appearance (commonly
reported imaging findings; highly
specific for COVID-19)

Not categorized

BSTI

Not categorized
Non-COVID (Level of confidence
for alternative: 70%)

Indeterminate (Level of
confidence for COVID: <70%)

Probable COVID-19 (Level of
confidence for COVID: 71-99%)
Classic COVID-19 (Level of
confidence for COVID: 100%)

Not categorized

CO-RADS: COVID-19 Reporting and Data System, BSTI: The BSTI statement guideline, RSNA: The RSNA expert consensus statement category
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of the pandemic when pre-test likelihood is known to be the
highest. How the scheme performs in a surveillance stage to
detect early signs of a new wave of the pandemic remains to
be tested.™

The usefulness of CO-RADS in patients with suspected
COVID-19 infection was assessed by other groups. One
study with 154 patients with clinically suspected COVID-19
concluded that the average sensitivity was 87.8% (range,
80.2-93.4%), specificity was 66.4% (range, 51.3-84.5%),
and AUC was 0.859 (range, 0.847-0.881). The interobserver
agreement was assessed through the intraclass correlation
coeflicient of readers that were 0.840 (range, 0.800-0.874;
P < 0.001).1'1 A larger study, that included of 859 patients
with COVID-19 symptoms and 1138 controls, has shown
that CO-RADS had good diagnostic performance (P < 0.001)
in both symptomatic (AUC = 0.89) and asymptomatic
(AUC = 0.7) individuals. They concluded that the incidental
detection of CO-RADS 23 in asymptomatic individuals
should trigger testing for respiratory pathogens.”! This
particular statement is crucial, especially when hospitals are
now dealing with a second and third wave of infections, this
being a secondary pathway for testing patients that otherwise
might be discharged with no diagnosis.

As the research on COVID-19 continues to shed light on
this disease, revisions will likely be necessary in the future
to reflect new knowledge on how CT findings are related
to patient-outcome, prognosis, treatment responsiveness or
even chronic changes caused by the disease.

CONCLUSION

CO-RADS provides a standardized assessment scheme for
reporting non-enhanced chest CT scans of patients under
investigation for COVID-19 that has good interobserver
agreement and good performance at discriminating cases
with low or high risk for the disease.

Understanding the rationale for the CO-RADS proposal
and how this scheme differs from previously published
guidelines on reporting COVID-19 cases is essential to avoid
miscategorization and to help in the control of the disease.
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