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ABSTRACT
Objective:  To determine a cut-off value of Chest CT severity score (CT-SS) in order to discriminate between the clinical types
of COVID-19 pneumonia.
Study Design: Observational study.
Place and Duration of Study: Department of Radiology, Shifa International Hospital, from 1st March to June 30th, 2020.
Methodology: One hundred and three consecutive patients’ RT PCR positive for COVID-19 were included. Two consultant radi-
ologists, with experience of 7 to 10 years in body imaging, evaluated their HRCT studies in consensus and calculated the CT
severity score. A scoring of all 20 individual regions in each lung were assigned by the radiologists attributing a score of 0, 1 or
2 to each region, if  parenchymal opacification was none, less than 50%, or 50% or more, respectively. The CT severity score
was a summation of scores of all 20 regions of both lungs combined with a range of 0 to 40 points. The scores were compared
for clinically mild and severe disease.
Results:  Significant  differences  were  noted  regarding  the  scoring  of  lung  opacity  in  mild  and  severe  groups  in  each  lung
segment,  p  <0.05.  The  most  significantly  involved  segments  were  right  lower  lobe’s  medial  and  lateral  basal  segment,  left
upper lobe’s superior lingular segment and left lower lobe’s medial basal and lateral basal segments. To discriminate mild
versus severe disease, CT-SS threshold value turned out to be 19.5
Conclusion: CTSS may be of value for a prompt and objective means of assessing the degree of severity and disease burden in
lungs.
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INTRODUCTION

The world was hit by a new outbreak of pneumonia, caused by a
novel Coronavirus, by the end of 2019, which was named severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).1 Until
mid-June,  the  notified cases  in  Pakistan were at  their  peak,
reaching the figure of newly diagnosed 6,825 cases per day.
Since then, there has been a continuous decline and as of the
end of July,  the total  number of confirmed cases was 276K,
according to the Pakistan government official website of NDMA.
There have been reports of the second wave hitting some areas
of the world by SARS-CoV-2.
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The main proposed route of transmission of COVID 19 infection
is  via respiratory droplets,2  as well  as physical  contact.  The
disease  progression  can  be  rapid  and  sometimes  results  in
severe respiratory distress syndrome warranting intensive care
unit  admission  (26–32%),  and  death  (4.3–15%).  Computed
tomography (CT) has been used as an important adjunct to RT-
PCR for diagnosing COVID-19 pneumonia.3-9 There is a limitation
of this molecular testing when the viral load is less, RT-PCR can
be falsely negative, while chest CT demonstrates abnormali-
ties.7,9,10 Hence, chest computed tomography (CT), in particular,
high-resolution  computed  tomography  (HRCT)  had  been
proven the workhorse of the radiologist in the current pandemic
infection.10-13  It represents an important surrogate tool in identi-
fying  patients  with  COVID-19  infections  in  the  symptomatic
phase with nonspecific clinical symptoms.11 This also helps in
screening the patient getting admitted, for triage, detecting
cases without any specific symptoms and also to assess the load
of infection.14-18

The rationale of this study was to correlate the clinical and HRCT
features in patients with early COVID-19 infection retrospec-
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tively and to detect severe cases to facilitate triage, so that
appropriate management could be directed to the severe ones
as well as identification and early isolation of the infected ones
coming to hospitals could be made. This is also important from
the point of view that the second and now the third wave of
COVID-19 infection is suspected requiring better preparation to
face  this  recurring  threat.  One  can  deduce  appropriate
screening and monitoring protocols from the experiences of the
first wave of this pandemic.

The objective of this study was to determine a cut-off value of
Chest  CT  severity  score  (CT-SS)  in  order  to  discriminate
between the clinical types of COVID-19 pneumonia.

METHODOLOGY

Approval  from  the  Institutional  Review  Board  and  Ethical
Committee  at  Shifa  International  Hospitals,  Islamabad,
Pakistan  was  sought.  After  getting  approval,  a  total  of  103
consecutive patients from March 1st, 2020 to June 30th, 2020
were included in the study. All of these were RT-PCR positive for
COVID 19. Their high-resolution CT was performed at the Radi-
ology Department, either at the time of admission from the
Emergency Department or while admission in inpatient depart-
ments.

From  a  total  of  103  patients,  21.36  %  were  females,  while
78.64%  were  males.  All  patients,  having  lung  malignancy,
known tuberculosis or collapse/atelectasis, were excluded from
the study. The patients were divided into two groups, i.e. mild
and severe groups; with mild cases having respiratory symp-
toms such as fever and cough, with opacities seen on chest
imaging. Severe patients were grouped on the basic of either
respiratory distress (RR > 30 cycles/minutes), or oxygenation
saturation resting < or  equal  to  93%, or  respiratory failure,
needing mechanical ventilation.

All HRCT were performed on 320 slice CT scanner dedicated for
known or suspected COVID patients. The imaging parameters
were tube current of 20 mAs, voltage 100 kVp., slice thickness of
1mm and scan time of 3.32 seconds. All patients were supine
and CT acquisition made in full inspiration with recorded verbal
commands from costophrenic angle to the apex of the lung.
Non-contrast  technique  was  used  in  the  acquisition  of  CT
images. Non-contrast technique was used in the acquisition of
CT images. Kernel BI57 for lungs and Kernel Bf37 for mediast-
inum were used with SAFIRE strength 2 for both.

Two consultant radiologists, having experience of 7 to 10 years
in body imaging, evaluated the HRCT studies in consensus. The
study was reviewed on PACS (picture archiving computerised
system) in multiple window settings; a window width of 1200 HU
and 600 HU level was used for lung and window width of 350 HU
and 50 HU level was used for mediastinum, images were also
reviewed in MPR multiplanner reconstruction on PACS.

CT severity scoring was done on the first scan of the patient on
admission. The anatomical structures of 18 segments of lungs
were divided into 20 regions, the apicoposterior segment of the

left upper lobe was divided into apical and posterior regions,
while anteromedial basal segment of left lower lobe was divided
into anterior and medial basal regions. Scoring of all the 20 indi-
vidual regions was, hence, made subjectively by the radiolo-
gists  attributing  a  score  of  0,  1  or  2  to  each  region,  if
parenchymal opacification is none, less than 50% or 50% or
more, respectively. The CT severity score is the summation of
all scores of all 20 regions of both lungs combined with a range
from 0 to 40 points.1

Data  analysis  was  conducted  using  Statistical  Package  for
Social Sciences Software (SPSS Version 25, SPSS Inc., Chicago,
IL,  USA).  Descriptive  statistics,  i.e.  frequency  distribution,
percentages, mean, standard deviation, median and interquar-
tile range (IQR) were calculated for the study variables. A Chi-
square or Fisher Exact test was used to assess the relationship
between categorical variables. The normality of quantitative
data was checked, using the Shapiro Wilk Test. A Wilcoxon rank-
sum test was used to compare the difference of left lung, right
lung and total score between the mild group and the severe
group. A paired sample t-test along with Wilcoxon matched--
pairs signed-rank test was used to compare the difference of
scores between the lower lung and middle-upper lung, left lung
and right lung. Statistical significance was accepted at p <0.05.
ROC analysis was applied and sensitivity and specificity were
calculated.

RESULTS

Table I  shows the clinical and demographic data of the 103
patients, the mean age was 30.55 ± 7.73years, with 81 males
(78.64%) and 22 females (21.36%), respectively. Of the 103
patients, 20 (19.40%) patients were from the mild group, and 83
(80.60%) were from the severe group. Thirteen (65%) males
were of the mild group, while 68 (81.9%) were of the severe
group. While among females, 7 (35%) were of the mild group
and 15 (18.1%) fell in the severe group (p = 0.128).Of the less
than 50 years age group, 8 were from the mild group, while 21
were in the severe group; while in the 50 years and above group,
62 patients belonged to the severe group (p = 0.190). None
from the mild group needed mechanical ventilation, while 24
patients of a total of 83 of the severe group needed mechanical
ventilation.

In the severe group, overall lymphocytes were reduced (p =
0.115) and neutrophils were increased (p = 0.043). CRP was
also raised in the severe group (p = 0.071). SO2% was reduced in
the severe group (IQR: 80.5-92), while in the mild group, there is
no significant reduction (IQR: 94-96.75).

The number of patients with involvement of each segment are
acquired. The significant difference was noted regarding the
scoring of lung opacity in mild and severe groups in each lung
segment, p <0.05 (significant variables were right lower lobe’s
medial and lateral basal segment, left upper lobe’s superior
lingular segment and left lower lobe’s medial basal and lateral
basal segments).
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Table I: Demographic and clinical data of patients (N = 103).

Description
Mild Severe

p-valueN (%)
20

N (%)
83

Gender
Male 13 (65) 68 (81.9) 0.128Female 7 (35) 15 (18.1)
Age
<50 years 8 (40) 21 (25.3) 0.19050 years and above 12 (60) 62 (74.7)
Mech vent
Yes 0 (0.0) 24 (28.9) 0.003**No 20 (100) 59 (71.1)
RR/min 18.50 (18-20) 25.00 (21-29.5) <0.001*
CRP 29.50 (18-57) 71.50 (18.28-116) 0.071
SO2 (%) 95.00 (94-96.75) 88 (80.5-92 <0.001*
Lympho 18.00 (11.5-24) 12.00 (8-20.75) 0.115
Neutro 72.00 (60.25-81.50) 81 (71-88) 0.043*
*p-value ≤0.05 were considered statistically significant.

Table II: Comparison of left lung score and right lung score, lower lung score and upper-middle lung score.
Variable Left Lung Right Lung P-value Middle-upper Lung Lower Lung P-value
Mild (20) 9.85±3.33 10.50±3.50 0.358 9.20±4.01 11.15±3.25 0.042*
Severe (83) 12.00 (8-17) 13.00 (8-16) 0.042* 12.00 (7-15) 13.00 (9-18) 0.002*
*P values less than 0.05 were considered statistically significant.

Figure 1: ROC curve for CT-SS.

Overall, the posterior basal segment of lower lobes (right
98/103,  left  92/103),  posterior  segments of  upper lobes
(right 89/103, left 91/103) lateral basal segments (Right
91/103, left 86/103), apical segments of both upper lobes
and lower lobes (right 86/103, left 72/103) were the most
frequently involved regions.

Secondary CT findings, like pleural effusion, only one case
in the severe group was found, one case of spontaneous
pneumomediastinum also found in the severe group, while
6 patients had mediastinal lymphadenopathy in the severe
group. No additional CT finding found in the mild group.

The lower lungs marked the higher score than the middle-
upper  lungs,  while  no  statistical  difference  was  found
between  right  and  left  lung  score.  Furthermore,  the  differ-
ence  of  left  lung  [mild:  10.0(7.25-12.0)  vs.  severe:
12.0(8.0-17.0) p=0.104], right lung [mild: 10.5 (8.0-12.5) vs.
severe:  13.0  (8.0-16.0)  p=0.126]  and  total  score  [mild:
21.0(15.75-26.0) vs. severe: 27.0 (16.0-33.0) p=0.055] were
insignificant (Table II).

Figure 1 shows the ROC curve, the area under the curve to
differentiate the Mild and Severe groups is 0.638. The CT SS
optimal  cutoff  or  threshold  value  to  identify  the  severe
casesis  19.5.  The  sensitivity  was  65.1%  and  specificity  of
30.0%.

DISCUSSION

The  coronavirus  pandemic  spread  across  the  world  and
resulted  in  variable  morbidity  and  mortality  across  the
globe. This article is based on visual quantitative analysis of
the severity of the disease in the lung parenchyma. This
severity score is correlated with the patient’s clinical condi-
tion. This study aimed to find out the correlation between CT
severity score and severity of clinical symptoms and disease
burden in the local population.

On imaging, computed tomography (CT) manifestations of
COVID-19 resemble those seen in viral pneumonias,19-23 with
multifocal  ground-glass  opacities  and  consolidation  in  a
peripheral distribution being the most common findings.12,14,15

These CT findings, though nonspecific, but in the proper clin-
ical scenario, are of strategic importance since they can be
used  to  confirm  the  diagnosis,  assess  disease  burden,  i.e.
severity, evaluate the changes in severity, and modify the
treatment plan as well as help to infer the prognosis.17,18
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A linear relationship between CT severity score and sympto-
matology  of  the  patients  was  noticed.  These  symptoms
defined ICU admission and a hospital stay of these patients.
This means that close collaboration of radiologist and pulmo-
nologist can predict hospital stay, ICU admission and disease
progression in these patients based on the burden of the
disease.

The study involved 81 male and 22 female patients, and
showed that 74 cases were above 50 years of age with only
29 below 50 years. A similar age distribution is noted for the
population  in  the  rest  of  the  world.23,24  Pneumonia  was
graded as severe disease in 83 cases per clinical criteria.
These patients showed widespread GGOS replacing normal
air in alveoli with consolidation, having lower lobe involve-
ment and posterior segments predominance as published in
the data in rest of the world regarding pattern involvement
of COVID pneumonia.14,24

All the cases with the severe disease do not require mechan-
ical ventilation; only 24 cases required mechanical ventila-
tion. These 24 cases showed CT severity scores above 19.5.
Oxygen saturation in the severe group was also reduced as
compared to the mild group in an average of 88% with the
range of 51 to 98%, as compared to the mild group, which
was around 95%.

Twenty cases had mild disease with fewer GGOS on CT scan.
These cases didn’t require mechanical ventilation. Patients
with mild disease were also not strictly O2 dependent and
their O2 saturation remained above 93 percent.

The severity of disease and associated complications in the
Pakistani population was noticed to be less frequent than
what is described internationally.19,22 This study provides a
good correlation between CT severity score and clinically
evident disease burden. This also signifies the relation of CT
severity score with oxygen dependency and respiratory rate
in our population.

COVID-19  pneumonia-related  overall  hospitalisation,
mortality  and  morbidity  are  relatively  less  severe  in
Pakistan. The reason this study has more patients falling in
the severe group as compared to the mild group is because
more patients  with  severe disease were admitted to  the
hospital; and this is one of the limitations of this study, espe-
cially regarding the cut-off value of CT severity score. When
compared to one of the major international papers,1 with the
CT-SS threshold to discriminate severe versus mild group,
although it turned out to be the same, i.e. 19.5, the sensi-
tivity  and specificity  are relatively lower when compared to
Ran Yang et al1, where they have more mild cases and few
severe cases.

This retrospective study had inherent limitations as no histo-
logical confirmation of the burden of the disease was sought,
operating under the assumption that the degree of opacifica-
tion signifies COVID disease. There was no determination of

the duration of disease when presenting to the hospital. The
third factor was since the setup had been a tertiary care
unit, so mostly the patients admitted to this hospital were
those who had a clinically severe form of the disease. More-
over, since CT severity score is established within a small
group of experienced radiologists, the degree of consistency
needs to be tested among the larger group of investigators
having a different level of experiences; and furthermore, CT-
SS  needs  to  be  validated  with  larger  cohorts  and  with
studies performed at various other centres in the country.

CONCLUSION

In a nutshell, the present study determines a semi-quantita-
tive way of assessing the severity of COVID-19 in the initial
high-resolution chest CT.  The CT-SS score of  19.5 in this
study may suggest that the severe and critical forms of the
disease,  with  a  fair  degree  of  confidence,  can  be  detected.
So, CT-SS can be potentially a tool for efficiently triaging the
patients in need of intensive care. This is particularly impor-
tant in countries like Pakistan, where need to triage large
bulk of patients fast, timely allocating them to intensive care
with limited capability  of  PCR testing and resources with
better  insight  about  the  degree  of  disease  burden  in
patients.
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