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Interobserver Agreement in the Analysis of Different Radiological
Classifications of COVID-19 on Computed Tomography
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Abstract

Introduction: Computed tomography (CT) has approximately 98% sensitivity for Coronavirus disease-2019 (COVID-19). Various algorithms were
designed using CT images. However, the interobserver agreement of different radiological classifications of COVID-19 is not yet known. Thus, this
study aimed to investigate the interobserver agreement of different radiological classifications of COVID-19.

Materials and Methods: This study included 212 patients who were positive on the polymerase chain reaction test and eligible for CT. Four
radiologists examined all CT images simultaneously. They reached a consensus that CT images can provide definite findings of COVID-19. The
Radiological Society of North America (RSNA) consensus statement, the British Society of Thoracic Imaging (BSTI) structured reporting statement,
and COVID-19 Reporting and Data System (CO-RADS) were used. Fleiss' Kappa was used to detect interobserver agreement. Kappa values of 0.00-
0.20 were considered as slight, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial, and 0.81-1.00 as near-perfect agreement, and
p<0.05 was accepted as significant.

Results: A total of 137 patients did not have any pathological CT findings. The most prevalent radiological findings were ground-glass opacities
and consolidations. The agreements on all classifications were at near-perfect levels: RSNA, 0.86 (0.82-0.90); BSTI, 0.83 (0.79-0.87), and CO-RADS,
0.82 (0.79-0.86). The RSNA classification has the highest consistency rate, followed by BSTI and CO-RADS. However, substantial and moderate
agreements were found in the subcategories of each classification.

Conclusion: In this study, some subcategories had a lower agreement, despite the high consistency rates for COVID-19 radiological classification
systems in the literature. Therefore, improving the items without consensus can lead to the development of better radiological diagnostic approaches.
Keywords: COVID-19, diagnosis, tomography, interobserver variability

Girig: Koronaviriis hastali§i-2019 (COVID-19) tanisinda bilgisayarl tomografi (BT) duyarliligi %98 diizeyindedir. Bilgisayarli tomografi taramalarinda
cesitli algoritmalar olusturulmustur. Literatiirde, COVID-19'un farkli radyolojik siniflandirmalarinin gézlemciler arasi uyum hakkinda bilgi eksikligi
vardir. Calismamizda, COVID-19 tanisinda farkh radyolojik siniflandirmalarinin gézlemciler arasi uyumunun arastiriimasi amaclanmistir.

Gerec ve Yontem: Koronavirlis hastaligi-2019 tanisi alan ve toraks BT goriintiisii olan 212 hasta calismaya dahil edilmistir. Dort radyolog, tiim
BT goriintiilerini es zamanh olarak incelemistir. Bilgisayarli tomografi goriintiilerinin COVID-19'un kesin bulgularini saglayabilecegi konusunda
konsensus olusmustur. Calismada Kuzey Amerika Radyoloji Dernedi (RSNA) konsensus bildirisi, ingiliz Toraks Goriintiileme Dernegi (BSTI)
yapilandirilmis raporlama bildirimi ve COVID-19 Raporlama ve Veri Sistemi (CO-RADS) kullaniimistir. G6zlemciler arasi uyumu tespit etmek icin
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Fleiss' Kappa kullaniimistir. Kappa degerleri 0,00 ile 0,20 arasinda 6nemsiz uyum, 0,21 ile 0,40 zayif uyum, 0,41 ile 0,60 orta uyum, 0,61 ila 0,80
6nemli uyum ve 0,81 ila 1,00 miikemmel uyum olarak kabul edilmistir. P<0,05 istatistiksel olarak anlamli kabul edilmistir.

Bulgular: Yiiz otuz yedi hastanin patolojik BT bulgusu yoktu. En yaygin radyolojik bulgular buzlu cam opasiteleri ve konsolidasyonlardir. Tlim
siniflandirmalar arasindaki uyum neredeyse miikkemmeldi [RSNA 0,86 (0,82-0,90), BSTI 0,83 (0,79-0,87) ve CO-RADS 0,82 (0,79-0,86)]. En yiiksek
tutarlihk oranina sahip siniflandirma RSNA iken bunu sirasi ile BSTI ve CO-RADS siniflandirmalari izledi. Ancak, her bir siniflandirma igin alt
kategorilerde 6nemli ve orta diizeyde uyum mevcuttu.

Sonug: Literatlirde COVID-19 radyolojik siniflandirma sistemleri icin tutarlilik oranlari yiiksek olmasina ragmen, bazi alt kategorilerin daha disiik bir
uyuma sahip oldugu ortaya cikmistir. Bu nedenle, konsensus olusmamis 6delerin iyilestirilmesi daha iyi radyolojik tani yaklasimlarinin gelismesine

yol acabilir.

Anahtar Kelimeler: COVID-19, tani, tomografi, gdzlemciler arasi degiskenlik

Introduction

Severe acute respiratory syndrome Coronavirus-2, a novel
Coronavirus that spread from Wuhan, China, has become one of
the biggest threats that the world has recently faced!™. Common
symptoms of the resultant infection, Coronavirus disease-2019
(COVID-19), include fever and respiratory symptoms such as
cough and dyspnea?. Pneumonia, severe acute respiratory
infection, kidney failure, and even death may occur in more
severe cases?.

Although the real-time reverse transcription-polymerase chain
reaction (RT-PCR) test for viral nucleic acids is the gold standard
in the diagnosis of COVID-19, it may reveal false-negative
results; thus, computed tomography (CT) has taken over this
diagnostic rolel.,

Chest radiography has low sensitivity, and images without
pathological signs cannot exclude the diagnosis. Thus, chest CT is
considered to obtain detailed information®. Recent studies have
shown that CT has reached a sensitivity of 98%8., The typical
CT findings of COVID-19 pneumonia are multifocal ground-
glass areas with peripheral and posterior distribution. They
are predominantly found in the lower lobe, mostly bilaterally
located, and may be accompanied by focal consolidations.
Various algorithms have been created on CT, thanks to the
more widespread recognition of its findings”. To date, various
structured reporting systems and classifications can be used
to create a common language in reporting CT examinations
to facilitate standardization and patient management. To the
best of our knowledge, this standardization has not been fully
achieved yet, and no study has compared these classifications.
Thus, this study aimed to evaluate imaging findings of patients
who were positive on the PCR test for COVID-19 and to assess
the consistency and efficiency of classifications in the literature.

Materials and Methods

This retrospective study was conducted in Kirikkale University
Faculty of Medicine and Kirikkale Yiiksek ihtisas Hospital

according to the principles of the Declaration of Helsinki. The
relevant ethical approval was taken from the Ethics Committee
of Kirikkale University (approval no.: 2020.05.07, date:
20.05.2020) and the COVID-19 Scientific Research Committee
of the Ministry of Health.

Subjects

From March 2020 to July 2020, 328 patients diagnosed with
COVID-19 by PCR test in the Kirikkale province were examined,
but 116 patients without a chest CT result were excluded from
the study. Finally, the remaining 212 patients were included in
the study.

Although the patients have taken follow-up CT during the
study, only their initial chest CT scans were evaluated. The time
that has elapsed between the initial appearance of symptoms
and the date of the initial chest CT was noted for each patient.
The chest CT images were obtained from the Picture Archiving
and Communication Systems.

CT Imaging and Analysis

The images of 41 patients who underwent CT with 3-mm-
thick slices using a Brilliance 64 scanner (Philips Medical
System, Best, Netherlands) were obtained from Kirikkale
University Faculty of Medicine. The images of 171 patients
who underwent CT with 3-mm-thick slices using an Alexion 16
scanner (Toshiba Medical Systems, Japan) were obtained from
Kirikkale Yiiksek ihtisas Hospital. All scans were obtained with
a routine chest CT imaging procedure without radiocontrast
agents and sedation. The images were transferred to a
workstation.

For each patient, chest CT images were evaluated for the
following characteristics: presence, amount, and distribution
pattern of ground-glass opacities, consolidation, air
bronchogram, number of lobes affected where ground-glass or
consolidative opacities are present, nodules, pleural effusion,
thoracic lymphadenopathy (defined as lymph node size >10
mm in short-axis size), airway abnormalities (including airway
wall thickening, bronchiectasis, and endoluminal secretions),
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and underlying lung diseases, such as emphysema or fibrosis.
Moreover, opacities with a crazy-paving pattern, reversed halo
sign, rounded morphology, and intralesional cavitation and
linear opacities were noted.

All CT images were simultaneously examined by four radiologists
(A.0. S.. S.PKE. and A.G.) with approximately 10, 27, 5, and
three years of experience, respectively, using an imaging console.
The radiologists reached a consensus that CT images can provide
definite findings of COVID-19.

According to the Radiological Society of North America (RSNA)
consensus statement, the images were separated into four
groups, namely, typical appearance (imaging features with
greater specificity for COVID-19 pneumonia), indeterminate
appearance (non-specific imaging features of COVID-19
pneumonia), atypical appearance (uncommonly or not reported
features of COVID-19 pneumonia), and negative for pneumonia
(no features of pneumonia)®.

Using the structured reporting statement of the British Society
of Thoracic Imaging (BSTI), CT images were evaluated within four
groups: classic COVID-19, probable COVID-19, indeterminate,
and non-COVID®.,

The COVID Working Group of the Dutch Radiological Society
described the COVID-19 Reporting and Data System (CO-RADS)
0ol This classification consists of seven subgroups. CO-RADS 0
represents incomplete testing, while CO-RADS 6 represents the
PCR-positive group. Categories 0 and 6 were excluded from the
study because there was no bad image, and all participating
patients were positive in the PCR test.

The images were evaluated separately by four radiologists
according to the BSTI, RSNA, and CO-RADS classifications. The
discriminatory power and consistency of the classifications
were then compared.

Statistical Analysis

IBM Statistical Package for the Social Sciences 26.0 (IBM
Corp., NY, USA, Armonk) was used for all statistical analyses.
Categorical variables were given as numbers and percentages
(%). Values with normal distribution were presented as median
(interquartile range [IQR]). Fleiss' kappa was used to detect
interobserver agreement. Kappa values were interpreted as
follows: 0.00-0.20, slight agreement; 0.21-0.40, fair agreement;
0.41-0.60, moderate agreement; 0.61-0.80, substantial
agreement; 0.81-1.00, near-perfect agreement!"; p<0.05 was
accepted as significant in all statistical analyses.

The median age of the patients was 39 (IQR, 26) years. While
108 of the participants were female (50.9%), 104 were male

(49.1%). The most common symptom was fever (n=75). Sixty-six
patients experienced a single symptom, while 37 patients were
asymptomatic. Symptoms and comorbidities on admission are
presented in Table 1.

The most common radiological findings were ground-glass
opacities and consolidations. In total, 137 patients had no
radiological findings, 75 patients had involvements of one
or more lobes, and 30 patients had involvement of all lobes
(Table 2).

During the disease course, among the patients with normal CT
findings, 28 were on days 0-4, 87 on days 4-8, and 22 on days
9-14. Among those with pathological CT findings, 11 patients

Table 1. Symptoms and comorbidities of the patients

n %
Female (sex) 108 50.9
Age (years) median (IQR) 39 (26)
Symptoms Fever 15 54.2
Cough 83 39.1
Dyspnea 62 29.2
Loss of appetite 46 21.6
Chest discomfort 8 3.7
Headache 8 3.7
None 37 17.4
Comorbidities  Diabetes 30 14.1
Hypertension 17 8
Chronic lung disease 10 4.7
Cerebrovascular diseases 4 1.8
Chronic kidney disease 2 0.9
Cardiovascular diseases 1 0.4
Cancer 1 0.4
None 155 73.1

IQR: Interquartile range

Table 2. Radiological findings of the patients

Findings Number %
Ground-glass opacity 70 33
Consolidation 36 17
Peripheral consolidation 32 15.1
Reversed halo sign 25 1.8
Crazy-paving pattern 14 6.6
Air bronchogram n 5.2
Tree-in bud/centrilobular nodularity 5 2.4
Lymphadenopathy 5 2.4
Effusion 4 1.9
Cavitating infection 1 0.5
None 137 64.6
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were found to have such chest CT findings on days 0-4, 51 on
days 4-8, and 13 on days 9-14.

The agreements on all classifications were at near-perfect
levels: RSNA, 0.86 (0.82-0.90); BSTI, 0.83 (0.79-0.87), and CO-
RADS, 0.82 (0.79-0.86). Substantial and moderate agreements
were also found for each classification.

In RSNA subcategories, typical appearance demonstrated near-
perfect agreements, but negative agreements were found for
pneumonia categories, while substantial agreements were
observed for indeterminate appearance and atypical appearance.
CORADS 3 and 4 demonstrated moderate agreement, CORADS
2 showed substantial agreement, and CORADS 1 and 5
demonstrated near-perfect agreement. For BSTI classification,
a near-perfect agreement was observed in the classic COVID-19
and indeterminate subgroups, while moderate agreement
was observed in probable COVID-19 and non-COVID groups
(Table 3).

Previous studies have suggested that fever and cough are
the most common symptoms of COVID-19 and diabetes and
hypertension are the most common comorbidities'23, In
this study, the most common symptoms were fever, cough,
and shortness of breath, in this order, while the most common
comorbidities were diabetes and hypertension, which agrees
with previous studies.

Table 3. Interobserver agreements of different classifications

Although chest CT findings of COVID-19 may partially overlap
those of other diseases, particularly other types of viral
infections, COVID-19 may have specific CT characteristics that
are less commonly observed in other diseases™. In recent
studies, the most frequently observed characteristic findings
of COVID-19 include bilateral lung involvement, peripheral
ground-glass appearances, and peripheral consolidation2'21319,
Similarly, the most common findings in our patients were
bilateral lung involvement, peripheral ground-glass opacities,
peripheral consolidation, and reversed halo sign.

Radiologists and clinicians must be familiar with the
imaging findings of COVID-19 pneumonia because of the
increasing concerns regarding the COVID-19 pandemic. Thus,
classifications can be used to create a common language and
provide standardization in reporting of CT findings. Several
recommendations have been published to standardize structured
CT reports for suspected COVID-19 cases. Moreover, it is essential
to reveal which of the classifications in the literature are more
effective and consistent. In this respect, BSTI, RSNA, and CO-
RADS classifications were assessed in this study. The internal
consistencies of the three classifications were significant. The
RSNA classification was found to have the highest consistency
rate, followed by BSTI and CO-RADS.

Considering the groups that decreased the consistency rates of
CO-RADS and BSTI classifications, the consistency rates of CO-
RADS 3 and 4 and probable COVID-19 and non-COVID groups
were lower than those in the other groups. The presence of
single, few, or unilateral lesions, which are not specified in the

Categories Fleiss' Kappa p
BSTI Classic COVID-19 0.87 (0.82-0.93)* <0.001
Probable COVID-19 0.58 (0.53-0.64)** <0.001
Indeterminate 0.91 (0.86-0.97)* <0.001
Non-COVID-19 0.55 (0.50-0.61)** <0.001
All 0.83 (0.79-0.87)* <0.001
CO-RADS 1 0.98 (0.93-1.04)* <0.001
2 0.72 (0.68-0.77)* <0.001
3 0.43 (0.38-0.49)** <0.001
4 0.53 (0.47-0.58)** <0.001
5 0.82 (0.77-0.88)* <0.001
All 0.82 (0.79-0.86)* <0.001
RSNA Typical appearance 0.88 (0.80-0.91)* <0.001
Indeterminate appearance 0.69 (0.60-0.71)** <0.001
Atypical appearance 0.63 (0.57-0.68)* <0.001
Negative for pneumonia 0.99 (0.93-1.04)* <0.001
All 0.86 (0.82-0.90)* <0.001

>Rk

*Near-perfect agreement, **substantial agreement, ***moderate agreement.

COVID-19: Coronavirus disease-2019, BSTI: British Society of Thoracic Imaging, CO-RADS: COVID-19 Reporting and Data System, RSNA: Radiological Society of North America



Mediterr J Infect Microb Antimicrob
2021;10:42

Ozdemir et al.
Interobserver Agreement in COVID-19 Imaging

classifications and generally included in indeterminate groups,
may lead to confusion. Thus, assigning patients to a group will
become a major problem. This uncertainty may cause difficulties
in the diagnosis and management of the COVID-19 pandemic.

Moreover, RSNA classification described indeterminate
appearance as “unilateral ground-glass opacity with or without
consolidation lacking a specific distribution and are non-rounded
or non-peripheral” and “few tiny ground-glass opacity with a
non-rounded and non-peripheral distribution"l'®. However, in
this study, 10 patients who were positive in the PCR test had
unilateral, single, and/or few ground-glass appearances. These
results showed that COVID-19 could present unilaterally in the
form of a single lesion.

False-negative RT-PCR test results have been reported in
patients diagnosed with COVID-19 based on CT findings and
ultimately tested positive with serial sampling®. Therefore,
physicians perform chest CTs for emergency diagnosis in daily
practicel”. In this study, 137 patients were diagnosed with
COVID-19 despite having normal CT findings, and this suggests
that chest CT scan may be also used in daily practice even if it
is not recommended as a screening tool or as a first-line test to
diagnose COVID-19. Thus it should be considered that COVID-19
can present with any imaging finding.

This study has several limitations. First, images were evaluated
by four radiologists employed in the same center. Second, the
sample size was small. The population consisted only of patients
who were positive on the PCR test, so the predictive values for
diagnosis were not evaluated. To the best of our knowledge, this
is the first study evaluating different radiological classification
systems of COVID-19.

The use of structured reporting templates facilitate accurate
radiological diagnosis and reduce variability in chest CT
interpretation. This may help reduce the workload and combat
the COVID-19 pandemic effectively. Therefore, the most
consistent and effective reporting system should be used. In
conclusion, although the consistency rates of radiological
classification systems of COVID-19 in the literature were high,
they might decrease in the subcategories. Therefore, improving
the items without consensus can lead to the development of
better radiological diagnostic approaches.
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