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ABSTRACT:

BACKGROUND:

COVID-19 disease represented pandemic severe respiratory syndrome affecting hundreds of millions
all over the world. The computerized tomography (CT) with polymerase chain reaction tests
represented the common diagnostic methods.

OBJECTIVE:

To compare COVID-19 severity scores between CT scan Total Severity Score (TSS) and British
Society of Thoracic Imaging (BSTI) scores in addition to compare the CT scan severity score of
COVID-19 with different clinical data.

PATIENTS AND METHODS:

A descriptive observational cross sectional study was carried out inX-ray Institute/ Medical Complex/
Baghdad/ Iragbetween 1* of June, and 31* of November, 2020 on a sample of 100 patients with
COVID-19. The data was collected from the patients or their relatives. Severity of COVID-19 disease
was classified according to TSSand according to BSTIscore.

RESULTS:

There was a highly significant association between severe BSTICT score and moderate CT scan TSS
(p<0.001). Severity was significantly increased among patients with severe BSTI CT score of COVID-
19 patients (p<<0.001). The characteristics related to increased CT severity score of COVID-19 infection

are elderly age, male gender, cough, fever, dyspnea, past medical history, delayed CT, and hypoxia.

CONCLUSION:

CT scan is helpful for diagnosis and severity categorization of COVID-19 infection and the CTBSTI
score of COVID-19 severity is directly related to CTTSS.
KEYWORDS: COVID-19, CT scan, Total Severity Score.

INTRODUCTION:

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) or coronavirus disease 2019
(COVID-19), was firstly described in a series of 41
individuals presenting with undetermined forms of
pneumonias in Wuhan, China, during December
2019 . Since its first observation, SARS-CoV-2
infection  outbreak has transformed into
an unprecedented worldwide healthcare emergency
which  recently reached the  necessary
epidemiological criteria to be declared pandemic
by the World Health Organization . The spread of
the infection has been closely exponential in Italy
which became, as of April 1, 2020, one of
the world’s centers of the outbreak together with
the USA, with a total of 105,792 cases and
the highest number of SARS-CoV-2 related deaths

* X-ray Institute/ Medical City Complex, Baghdad, Iraq
** The Iraqi Board of Medical Specializations.

(12,430) according to the latest World Health
Organization (WHO) reports . These numbers are
unfortunately expected to increase as reported by
Remuzzi et al in a recent modeling prediction
published on The Lancet, despite the aggressive
containment policy that has been imposed by
the Italian government ¥

The computerized tomography (CT) has a reported
high sensitivity in patients infected by SARS-CoV-
2, the reason why it is largely used to help patient
management . A high incidence of bilateral
ground glass opacities (54%) has been reported in
a cohort of 82 asymptomatic carriers boarded on
the international cruise ship “Diamond Princess” .
Those findings, observed in what temporarily
became the largest cluster of SARS-CoV-2 cases
outside China, potentially opened a major concern
regarding a  possible clinico-radiological
dissociation in asymptomatic individuals, and its
potential impact on clinical decision-making ©.
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The pathologic findings that can be detected at
the chest CT scan during COVID-19 are different,
among them consolidation, linear opacities,
a crazy-paving pattern, bronchial wall thickening,
and extra-pulmonary lesions > ®. The extent and
severity of these lesions has a major influence on
the prognosis. Measuring pulmonary involvement
of COVID-19 quantitatively using CT may help
the clinician in defining severity of the case ).
AIMS OF STUDY:

To compare COVID-19 severity scores between
CT TSS with BSTT score, and to compare the CT
scan TSS of COVID-19 with different clinical data.
PATIENTS AND METHODS:

Study design and settings: this study was
descriptive cross sectional study carried out in
the X-ray Institute in Medical Complex/Baghdad
City/Iraq between 1st of June, and 31" of
November, 2020. The inclusion criteria were adult
patients (=18 years) with clinical features of
COVID-19 infection and positive reverse
transcription polymerase chain reaction assay
(RT-PCR). The exclusion criteria were adolescents
and children, pregnancy, autoimmune diseases,
malignancy, renal failure, liver diseases,
hematological diseases and patients who refuse to
participate in the study.

The COVID-19 infection was diagnosed according
to Iraqi Ministry of Health Guidelines by
the presence of clinical features of COVID-19
(fever, fatigue, cough, shortness of breath, loss of
smell, etc) concurrent with positive (RT-PCR) test
and positive findings by computerized tomography
(CT) scan. A sample of 100 patients with COVID-
19 was selected after taking their approval to
participate in the study. Approval was taken from
the Scientific committee of the Iraqi board of
diagnostic radiology with oral informed consent
taken from all patients.

Data collection: through direct interview and
fulfilling of prepared questionnaire which include
the followings: Age and gender, clinical
presentations (Loss of smell, loss of sense of test,
fever, headache, cough, weakness and dyspnea).
CT was done using 128 row detector multislice
helical CT system (Aquilion Toshiba, Japan),
Kv 120,Slice thickness of 0.5 mm rotation time
0.5 sec. Kvp 120, Automatic modulator ranging
from 50-210 mAs depend on body mass index of
the patient in standard dose protocol. CT-scan
characteristics of COVID-19 (Ground-glass
opacification/opacity, consolidation, mixed, foci,
patch, diffuse, scattered, unilateral, bilateral, left,

right, posterior, anterior and Bronchiectasis
changes), Severity score of CT scan of COVID-19
patients (Number of focal abnormalities, maximum
diameter and total severity score) and CT score
according to BSTI (Mild, moderate and severe).
Total severity score was calculated by
measurement of scores of lung lobes (RUL, RML,
RLL, LUL and LLL), the total TSS score was
classified into "?: <8 Mild, 9-15 Moderate,
>15 Severe. Regarding British Society of Thoracic
Imaging (BSTI) score was classified into mild
(up to 3 numbers of focal abnormalities and up to
3 cm maximum diameter) and moderate/severe
(more than 3 numbers of focal abnormalities
and more than 3 maximum diameters) and
differentiation between moderate and severe form
is subjective depending on clinical assessment 'V,
Statistical analysis: the data of patients were
analyzed using Statistical Package for Social
Sciences (SPSS) version 23 for windows.
Outcomes were arranged in as means and standard
deviation. Chi square test and Fishers exact test
were used for categorical variables. One way
ANOVA analysis was used to compare between
more than two means. P value of 0.05 or less was
regarded as significant.

RESULTS:

This study included 100 patients with COVID-19
with a mean age of 43.6+11.4 years; Male were
more than female with male to female ratio as
1.7:1. CT scan characteristics were ground-glass
opacification/opacity (77%), consolidation (66%),
mixed (43%), foci (18%), patch (68%), diffuse
(2%) and scattered (7%). The CT scan in general
was normal in 2% of COVID-19 patients and
abnormal in 98% of them. The number of focal
abnormalities was 3 and more for 74% of COVID-
19 patients, while maximum diameter was 3 and
more for 49% of COVID-19 patients. The CT scan
severity score was mild (<8) for 55.1% of COVID-
19 patients with abnormal CT scan and moderate
(9-15) for 44.9% of them. The BSTI CT scan
severity score showed that 42.9% of COVID-19
patients with abnormal CT scan had mild severity,
44.9% of them had moderate severity and 12.2% of
them had severe COVID-19 disease. There was
a significant association between increased age
of patients, male gender and moderate CT severity
and (p=0.01 and p<0.001 respectively).
No significant differences were observed between
mild and moderate CT severity score regarding
loss of smell, loss of sense of test, headache and
weakness, whereas clinical presentations of cough,
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fever and dyspnea were significantly related to

medical history like diabetes and hypertension and

moderate CT severity score (p<0.05) (Table 1). A moderate CT severity score (p<0.001) (Table 2)
highly significant association between positive past

Table 1: Distribution of clinical presentations according to CT severity score.

CT severity score ‘ P-value
Variable Mild Moderate
No. % No. %
Loss of smell 26 | 48.1 | 27 61.4 0.1%N8
Loss of sense of test 15 27.8 15 34.1 0.5%NS
Fever 19 | 352 | 30 68.2 0.001%5
Headache 19 | 352 | 17 38.6 0.7*N8
Cough 47 | 87.0 | 44 100.0 0.01%*S
Weakness 35 | 64.8 | 28 63.6 0.9%NS
Dyspnea 16 29.6 28 63.6 0.001*8

*Chi-square test, **Fishers exact test, S=Significant, NS=Not significant.

Table 2: Distribution of medical history according to CT severity score.

CT severity score

Past medical history Mild Moderate P-value
No. % No. %

Negative 46 85.2 16 36.4

Asthma 3 5.6 9.1

Diabetic 3 5.6 -

Hypertension 2 3.7 18 40.9 <0.001*

Renal disease 0 - 1 2.3

Diabetes and hypertension 0 - 2 4.5

Cardiovascular diseases 0 - 6.8

*Fishers exact test, S=Significant.
No significant differences were observed between  characteristics ~ (p=0.4), whereas a  highly

mild CT scan severity and moderate CT scan
severity regarding ground-glass opacification/
opacity (p=0.4), diffuse (p=0.8) and scattered

significant association between consolidation, focci
and patch and moderate CT scan severity (p<0.001,
p<0.001 and p<0.001 respectively). (Table 3)

Table 3: Distribution of CT scan characteristics according to CT severity score.

CT severity score ‘ P-value
Variable Mild Moderate

No. | % No. | %
Ground-glass opacification/opacity | 44 81.5 . 33 75.0 | 0.4%NS
Consolidation 26 | 481 |40 | 909 @ <0.001*°
Foci 17 315 1 |23 | <0001*°
Patch 26 | 481 | 42 | 955 | <0.001%°
Diffuse 1 1.9 1| 23 | 08%™
Scattered 3 5.6 4 9.1 0.4%*NS

*Chi-square test, **Fishers exact test, NS=Not significant, S=Significant.
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A highly significant association between higher maximum diameter of CT and moderate CT scan
number of focal abnormalities and moderate CT  severity (p<0.001). There was a highly significant
scan severity (p<0.001). A highly significant association between severe BSTI CT score and
association was observed between increased moderate CT scan severity (p<0.001). (7able 4)

Table 4: Distribution of CT scan scores according to CT severity score.

CT severity score

Variable Mild Moderate P-value
No. % No. %
- <3 25 | 463 | 0 - ¢
Number of focal abnormalities <0.001*
>3 29 53.7 44 100.0
' ' <3 45 | 833 | 5 114 | <0.001*°
Maximum diameter
>3 9 16.7 39 88.6
Mild 42 778 | 0 - <0.001*5
CT score according to BSTI Moderate 12 | 222 | 32 72.7
Severe 0 - 12 27.3

*Chi-square test, S=Significant.

All CT severity score measures (RUL, RML, RLL, The TSS was significantly increased compared to
LUL and LLL scores) were significantly increased  severe BSTI score (p<0.001) (Table 5).
in patients with severe BSTI CT score (p<0.05).

Table 5: Distribution of CT scan severity score according to BSTI severity score.
‘ BSTI score

Variable Mild Moderate | Severe P-value
Mean+SD | Mean+SD . Mean+SD

RUL score | 0.5+0.4 1.2+0.5 1.8+0.3 <0.001*
RMLscore | 1.140.6 | 1.8:04 | 25805 | <0.001*°
RLLscore | 17407 | 2704 | 3304 | <0.001*°

LUL score | 0.2+0.5 0.4+0.5 1£0.01 <0.001*°
LLL score | 1.9+1.1 25406 | 2.6£0.5 0.004*
TSS score | 5.6+1.4 8.9+1.1 113+13 | <0.001%°

*One way ANOVA analysis, S=Significant.

Figure 1A: Axial CT image of Slyears old Figure 1B: Axial CT Image of 36years old male
COVID patient show bilateral peripheral COVID patient show bilateral peripheral GGO

nodules Sdays after onset of fever (Mild TSS). superimposed by consolidations interlobarseptal
thickening mainly on the left lower lobe
(Moderate TSS).
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DISCUSSION:

The computerized tomography (CT) is the most
effective imaging module for diagnosis and
severity categorization of COVID-19 although low
specificity of CT scan in viral infections, but it is
characterized with high sensitivity that make it
typical for assessment of COVID-19 severity '?.
The current study showed a highly significant
association between BSTI CT scan severity score
and CT scan total severity score (p<0.001).
This finding is consistent with results of Inui et al
(12 case control study in Japan on 100 symptomatic
patients suspected with COVID-19 infection which
found that BSTI CT-scan severity score had high
inter-observer agreement with other CT scan
severity scores. However, another study conducted
in China by Yang et al ' found that CT scan total
severity score is the most accurate score in severity
classification of COVID-19 pulmonary infection
that should be used quickly for early evaluation.
The TSS score of CT scan in the present study was
significantly increased among patients with severe
BSTI CT scan score of COVID-19 patients
(p<0.001). In Egypt, a prospective cross sectional
study carried out by Hafez on 200 patients with
COVID-19 chest infection reported that total
severity score is the best CT scan score for severity
categorization of COVID-19 viral infection with
mean score of 11.2 for mild to moderate severity
U9 In Iraq, the literatures on CT scan severity
scores are scarce; however, a study conducted
by Hassan et al " on 20 COVID-19 patients and
28 non-COVID-19 pneumonia patients in
AL-Yarmouk Teaching Hospital revealed that
the chest CT scan is a significant tool for diagnosis
and severity evaluation of COVID-19 infection.
In China, another study carried out by Ai et al
U9 on 258 patients' undergone RT-PCR test
found that 67% of patients turned from negative to
positive test showed initial positive chest CT
findings.Many authors are working to detect
the relationship between CT findings andpoor
clinical outcomes in addition to develop a proper
severity score and an applicable prognostic value
(D The CT scan imaging revealed decreased lung
segments number affected (mean 7.5 segments) is
related to mild COVID-19 symptoms with changes
that are concentrated commonly at periphery of
the parenchyma. Inversely, increased number
of affected segments (mean 17.5) is predicting
more severe cases of COVID-19 chest infection
with opacities mainly at center and peripheries and
air bronchogram, interlobular septal thickening,

pleural effusion and mediastinal lymphadenopathy
1% For more accuracy and simple application,
the British Society for Thoracic Imaging (BSTI)
developed a structured reporting classification for
chest radiography in COVID-19 dependable
on the characteristics, location and zonal
predominance of the radiological alterations '*.
All CT scan severity score measures (RUL, RML,
RLL, LUL and LLL scores) in present study were
significantly increased among patients with severe
BSTI CT scan score of COVID-19 patients
(p<0.05). These findings are in agreement with
results of Borakati et al ®” study in UK on 1198
patients presented for RT-PCR test and found that
CT scan had high sensitivity and low specificity in
diagnosis of COVID-19 chest infection and they
also reported a high correlation between BSTI CT
scan severity classification and different lobe
measures assessed according to TSS score.
The current study found that higher TSS scores of
COVID-19 patients were related significantly with
number of focal abnormalities and maximum
diameter. These findings are similar to results
of Omar et al @" study in Egypt which stated that
assessment of COVID-19 severity score of TSS is
dependable on number of focal abnormalities and
maximum diameter.

The main significant CT scan characteristics
associated with increased (moderate) severity of
COVID-19 infection in the present study were
consolidation, patch, bilateral, right, posterior and
anterior CT characteristic. These findings are in
agreement with results of many literatures such as
Carotti et al ® study in Italy, Ye et al ® study in
China & Liu et al Y study in China.

The current study found a significant association
between increased age of COVID-19 patients and
male gender and moderate severity of CT scan
(p=0.01). This finding is similar to results of Feng
et al ® study in China, Xiao et al *” retrospective
single-centerstudy in China and Al-Mosawe
et al @ prospective cross-sectional analytic study
in Iraq.

The present study also showed that COVID-19
clinical presentations of cough, fever and dyspnea
were significantly related to moderate CT scan
severity (p<0.05).These findings were similar to
results of Shen et al “® study in China. The current
study found a highly significant association
between COVID-19 patients with positive past
medical history like diabetes and hypertension
and moderate CT scan severity (p<0.001).
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This finding is consistent with results of Li et al ®

study in China,However, the findings of the current
study are inconsistent with results of Raoufi et al
G study in Iran which found no significant
difference in CT scan severity score between
diabetic and non-diabetic COVID-19 patients.
This inconsistency might be due to differences
in COVID-19 infection incidence of the disease
and discrepancy in population groups affected
between two countries in addition to differences
in severity of the disease.

CONCLUSION:

The computerized tomography British Society of
Thoracic Imagingscore of COVID-19 severity is
directly related tocomputerized tomography total
severity score with acceptable agreement in mild
and moderate cases till TSS = 11.3, above this
score; some of the moderate cases according
to TSS are severe according to BSTI guideline
in correlation with data.The common CT
characteristics for moderateCOVID-19 disease are
bilateral, consolidation,right, posterior and anterior
lesions. The characteristics related to increased CT
severity score of COVID-19 infection are elderly
age, male gender, cough, fever, dyspnea, past
medical history, delayed computerized tomography
and hypoxia,.
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