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ABSTRACT

Background. The 2019 coronavirus disease pandemic (COVID-19) has spread at an astonishing speed across the world,
causing major morbidity and mortality. Computed tomography (CT) examination plays an important role in crisis
areas in the diagnosis of COVID-19. COVID-19 Reporting and Data System (CO-RADS) has a five-point scale of suspicion for COVID-19 pneumonia in chest CT picture which standardizes the evaluation scheme and simplifies reporting.
Aim. To summarise and present the role of COVID-19 Reporting and Data System in computed tomography of bilateral pneumonia diagnostic.
Materials and methods. Recently published studies were reviewed to evaluate COVID-19 Reporting and Data System
scale as effective tool to detect COVID-19 pneumonia on chest CT scans. Databases from the subscription list of Lithuanian University of Health Sciences were selected: Medline (PubMed), SpringerLink and ScienceDirect.
Results. Chest CT features, as bilateral involvement, subpleural or peripherally distributed GGO, consolidation, reticulation, crazy paving pattern, air bronchogram signs, intralobular septal thickening, pulmonary vascular enlargement,
are considered to be characteristic manifestations of COVID-19 infection. Studies show that Dutch Radiological Society presented CO-RADS scale may reach CT scans sensitivity and specificity for detecting COVID-19 pulmonary
involvement up to 88 % and 98 %, respectively.
Conclusion. Chest CT scan has a high sensitivity for COVID-19 diagnosis and could reduce false negative results obtained by RT-PCR tests. Furthermore, a standardized reporting system could increase clarification, minimize reporting
variability and help radiologists recognize the results they observe, especially, for less experienced specialists.
Keywords: COVID-19, pneumonia, CT scan, CO-RADS, SARS-Cov-2.

CLINICAL APPLICATION OF COVID-19
REPORTING AND DATA SYSTEM IN COMPUTED TOMOGRAPHY OF BILATERAL
PNEUMONIA DIAGNOSTIC: A LITERATURE REVIEW
1. INTRODUCTION
The coronavirus disease pandemic of 2019
(COVID-19) has spread across the globe at an
unprecedented pace, causing substantial morbidity and mortality. Immediate triage of COVID-19 infection suspected patients using chest
computer tomography (CT) may be helpful when
results from definitive viral testing are pending
(1). The Dutch Radiological Society (Nederlandse Vereniging voor Radiologie) launched a
COVID-19 network in early March 2020 to fa44

cilitate development and distribution of COVID-19-related knowledge and tools around the
nation. Standardized CT scoring systems, such
as the COVID-19 Reporting and Data System
(CO-RADS), have been proposed to improve
communication between radiologists and other
health care providers through converting radiologic findings into standardized scores. CORADS rates the likelihood of COVID-19 pulmonary involvement on a scale of 1 to 5 (very
low to very high). A technically insufficient examination (CO-RADS category 0) and RT-PCR–
proven severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection at the time of
examination (CO-RADS category 6) are two additional categories (2). Futhermore, this scoring
system also reports the extent of parenchymal
involvement by assigning a CT severity score to
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patients highly suspected of having COVID-19
(1). COVID-19 has CT findings that partly overlap with those of other diseases, mostly viral
infections, but also has distinct characteristics
that are less common in other settings (2). Such
standardized scoring systems allow for quick
and consistent clinical decision-making, which
is particularly important during these difficult
times. CO-RADS is a CT-based method that is
used in COVID-19 to determine the suspicion of
pulmonary involvement (1). The actual interpretation of whether a patient has COVID-19 needs
to include information, such as laboratory test
results, clinical observations, and the type and
duration of symptoms. Positive RT-PCR results
are still the gold standard for diagnosing COVID-19 at the moment (2).
2. MATERIALS AND METHODS
Recently published studies were reviewed to
evaluate COVID-19 Reporting and Data System scale as effective tool to detect COVID-19
pneumonia on chest CT scans. Databases from
the subscription list of Lithuanian University
of Health Sciences were selected: Medline (PubMed), SpringerLink and ScienceDirect.
3. AIM
This article aims to summarise and present the
role of COVID-19 Reporting and Data System
in computed tomography of bilateral pneumonia
diagnostic.
4. RESULTS
Chest CT has become a significant imaging modality in the assessment and monitoring of COVID-19 pneumonia patients (3), with sensitivity of
97 % (4), indicated the need for a standardized
assessment model that would ease the analysis
and reporting of imaging examinations, serve
as a basis for reliable referral generation, and
increase patient care quality (5). Towards this
aim, the Dutch Radiological Society introduced
CO-RADS demonstrating a sufficient diagnostic
accuracy for predicting COVID-19 pulmonary
presence (2). CO-RADS is classified into 6 categories and are the following:

4.1 CO-RADS 0
CO-RADS 0 defines technically insufficient
scans, such as those with respiratory motion interference or scans that are invalid with a very
poor quality (2).
4.2 CO-RADS 1
CO-RADS 1 represents a very low presumption
of COVID-19, includes findings such as a normal scan or ones that reveal apparent evidence
of non-infectious pathology that encompasses a
variety of other findings, including emphysema,
lung tumors, fibrosis, or perifissural nodules (2).
This correlates with the Radiological Society of
North America (RSNA) consensus statement on
reporting chest CT findings for Negative Pneumonia category (6) that indicates no features in
the parenchyma of the lungs that may be caused
by infection, in particular, no peripheral or nodular ground-glass opacities (GGO) and consolidation could be seen (7).
4.3 CO-RADS 2
CO-RADS 2 shows a low level of suspicion of
pulmonary damage caused by COVID-19 infection, though, it has imaging results that are
characteristic of infective etiology but not COVID-19-compatible. These findings may cover
bronchitis, infectious bronchiolitis, bronchopneumonia, lobar pneumonia, and pulmonary
abscess that could be seen in a chest CT as a
tree-in-bud sign, a centrilobular nodular pattern, lobar or segmental consolidation, and lung
cavitation (2). Atypical Appearance category
of RSNA consensus statement has CT findings
(3) that are close to CO-RADS 2, however, it
excludes smooth interlobular septal thickening
with pleural effusion and appoints as CO-RADS
1 if it manifesting as interstitial pulmonary oedema or CO-RADS 3 if ground-glass opacities are
noticed, giving it a better interpretation of pulmonary damage assessment.
4.4 CO-RADS 3
CO-RADS 3 applies to CT findings that are
equivocal with COVID-19 pulmonary involvement but can also be found in other forms
of viral pneumonia or non-infectious causes. Findings include perihilar ground-glass,
homogenous extensive ground-glass with or
45
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without sparing of some secondary pulmonary
lobules, or ground-glass together with smooth
interlobular septal thickening with or without
pleural effusion if there are no other common
CT findings. Category 3 also includes small
ground-glass opacities that are not centrilobular (otherwise they would be CO-RADS 2) or
not located close to the visceral pleura (otherwise they would be CO-RADS 4). (2,8)

based on CT findings that are typical for COVID-19 but exhibiting some overlap with other
(viral) pneumonias. Findings are similar to those
for CO-RADS 5 but they are not located in contact with the visceral pleura, nor are they located
strictly unilaterally in a predominant peribronchovascular distribution or superimposed on
severe diffuse preexisting pulmonary abnormalities. (2,8)

4.5 CO-RADS 4
CO-RADS 4 implies a high level of suspicion for
pulmonary lession resulting from COVID-19

4.6 CO-RADS 5
Based on standard CT results, CO-RADS 5 indicates a very high degree of suspicion for COV-
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ID-19 pulmonary involvement. (9) 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. (10) Mandatory features
are ground-glass opacities with or without consolidations in lung regions close to visceral pleural surfaces, including the fissures, and a multifocal bilateral distribution. Subpleural sparing
can be present. (2) There are three confirmatory patterns that emerge at various times during
the disease's progression. 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. Later in the disease's progression, visible
intra-lobular interstitial thickening combined
with ground-glass opacities forms a "crazy paving" pattern. Later, the pattern changes to one
compatible with organizing pneumonia, which
includes the reversed halo sign, ground-glass
consolidation associated with extensive subpleural consolidations and an air bronchogram,
curvilinear subpleural bands, and ground-glass
bands with or without consolidation, but with an
arching pattern with pleural contact. (10)
4.7 CO-RADS 6
CO-RADS 6 was introduced to classify COVID-19 that had been confirmed by a positive RTPCR test for virus-specific nucleic acid. (9)
Figure.CO-RADS is depicted in representative
axial high-resolution computed tomography
(HRCT) chest images. (A) CO-RADS 1 – normal
HRCT chest. (B) CO-RADS 2 – centrilobular
nodules in the right lung with a tree-in-bud configuration (red arrowheads) – bronchiolitis, later
diagnosed as active pulmonary tuberculosis. (C)
CO-RADS 3 – In a patient with Klebsiella pneumonia, dense consolidation with air bronchogram (red arrow) and surrounding ground-glass
opacity (GGO). (D) CO-RADS 4 - left lung
peribronchovascular GGOs (blue arrows). (E)
CO-RADS 5 – peripheral and subpleural predominant multifocal GGOs with interlobular
septal thickening – “crazy paving” pattern (red

arrows) in both lungs. This was later identified as
COVID-19 pneumonia. (F) A patient with acute
respiratory distress syndrome due to COVID-19
pneumonia had extensive, peripheral confluent
bilateral GGOs with septal thickening. (Jain A,
Patankar S, Kale S, Bairy A. Imaging of coronavirus disease (COVID-19): a pictorial review. Polish Journal of Radiology 2021; 86(1): 4-18).
5. DISCUSSION
COVID-19 has now posed a major threat to
public wellbeing, the social health sector and
remains a global challenge (11). In this case,
Coronavirus, which is highly contagious, must
be diagnosed quickly and accurately in order
to begin adequate therapy, restrict further virus
transmission, and effectively remove the virus
from circulation (12). The standard norm for
COVID-19 detection is RT-PCR of viral nucleic
acid, although, current reports have acknowledged the relevance of chest CT scans analysis in
COVID-19 patients with false negative RT-PCR
findings, especially, when there is a clinical suspicion of infection (13-15). Chest CT features, as
bilateral involvement, subpleural or peripherally distributed GGO, consolidation, reticulation,
crazy paving pattern, air bronchogram signs, intralobular septal thickening, pulmonary vascular enlargement (16-18, 19-25), are considered to
be characteristic manifestations for COVID-19
infection (26) and with a high sensitivity (4,27)
may let suspect this infection both in symptomatic and in some cases asymptomatic patients
(28). However, some lately published meta-analyses, evaluating accuracy of CT scans detecting
COVID-19 pulmonary involvement, points out
a risk of a low specificity and false-positive findings also (27, 29). Dutch Radiological Society
presented CO-RADS reporting model declares
high predictability of COVID-19 in patients
with moderate to severe symptoms (2), leading
to the importance to evaluate this assessment
tool and see whether a standardised model will
provide more specificity and sensitivity into the
practice. By using chest CT images of Japanese
data to detect COVID-19 pneumonia, Fujioka
et al. reported that CO-RADS retains significant efficiency and great interobserver consen47

JOURNAL AVAILABLE AT RADIOLOGYUPDATE.ORG

sus with average sensitivity of 87.8%, specificity
of 66.4%, and an AUC of 0.859 (8). Other retrospective study in Italy demonstrated high diagnostic accuracy and moderate interrater consensus among readers of varying skill levels with
even higher than previous report specificity of
81%, but lower sensitivity of 61% and an AUC
of 0.72 (30). Dutch themselves measured the
real-life performance of radiologist emergency
department chest CT interpretation for tracing
COVID-19, using CO-RADS and revealed a
high precision of diagnosing with AUC of 0.87,
especially when symptoms last longer than 48
hours (31). Another retrospective analysis of
the practical use of CO-RADS in the emergency department of patients with possible COVID-19 infection also showed a great sensitivity
and specificity of CO-RADS at 83.8% and 78.6%,
respectively, with an AUC of 0.890 and provided
a better risk classification by 65.8% in patients
affected and by 82.1% in patients not affected by
COVID-19 (26). A study made by Özel et al. in
Turkey to assess CO-RADS model agrees with
Dutch Radiology society findings by discovering
this reporting scheme being incredibly effective
in detecting COVID-19 pneumonia, especially,
CO-RADS 5, which suggests a very high probability for infection and statistically significant
correlation with RT-PCR results (32). A comparison analysis of CO-RADS scale and severity scoring system (CT-SS), suggested by Yang
at al. (33), of predicting severe COVID-19 disease revealed both providing great performance
with an AUC of 0.97 and 0.89, respectively, and
CO-RADS scale giving even a better capability,
with specificity of 98% at cut-off point > 4.5, sensitivity of 88% (34). Showing a great standardised reporting model sensitivity and specificity
by previous studies Lessmann et al. introduced
an artificial intelligence (AI) system to rate the
probability of COVID-19 pulmonary involvement on CT scans by using CO-RADS and CT
severity scores, providing high patients with
COVID-19 identification results with an AUC of
0.95 in an internal cohort and an AUC of 0.88
in an external cohort (1). Some analysis indicate that CT imagining could be addressed for
COVID-19 screening, thorough assessment, and
follow-up, especially in epidemic areas with high
48

pre-test disease probability (26) and combining
it with a predictive assessment and reporting
system could further improve the accuracy of diagnosing the COVID-19 pneumonia (35).
In conclusion, chest CT scan has a high sensitivity for COVID-19 diagnosis and could reduce
false negative results obtained with RT-PCR
tests. Furthermore, a standardized reporting
system could increase clarification, minimize
reporting variability and help radiologists recognize the results they observe, especially, for less
experienced specialists.
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