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Objective

To detect the degree of illness in a computed tomography (CT) scan of coronavirus disease
2019 (COVID-19) infection based on disease lobe lesions and correlate that value with the
patient’s blood oxygen saturation level to further predict oxygen therapy needs.
Background

The indicators of lung lesions in COVID-19-infected patients help manage and speed up
the entire hospital workflow, as patients with higher severity scores require early therapeutic
intervention and critical care.

Patients and methods

This was a prospective descriptive study done at our Department of Radiology. It included
100 patients who underwent a chest CT scan without contrast from June 2020 to November
2021 and were confirmed to have COVID-19 infection by PCR. All patients underwent
complete medical history, laboratory tests, pulse oximetry, and radiological examination using
high-resolution CT technology.

Results

There was a statistically significant increase in CT chest score in severe disease cases
compared with mild severity cases. There was a statistically significant increase in CT
score in cases with decreased oxygen saturation compared with those with normal oxygen
saturation (O,) saturation. There was a statistically significant relation between the severity of
lung affection and O, saturation.

Conclusion

O, saturation and CT chest are the first lines for rapid evaluation and patient stratification of
COVID-19-infected patients. These cases require careful and close monitoring, as their strong
correlation with oxygen saturation helps predict the need for oxygen therapy throughout the
disease.

Keywords:
computed tomography, coronavirus disease 2019, oxygen saturation levels

Menoufia Med J 35:1879-1884
© 2023 Faculty of Medicine, Menoufia University
1110-2098

Introduction

greatly assists physicians in their clinical decisions and
in ensuring effectiveness [5].

Coronavirus disease 2019 (COVID-19), a severe
dangerous viral disease attributed to severe acute
respiratory syndrome coronavirus 2, is creating havoc
globally, resulting in more than 3.8 million deaths
worldwide. This has proven to be the most serious
world health crisis since the 1918 influenza pandemic
era [1].

A real-time PCR test with a nasopharyngeal swab was
a diagnostic test used as a reference standard to confirm
the disease [2]. Testing is the main parameter. However,
small false-negative cases have been demonstrated [3].

High-resolution chest computed tomography (CT)
imaging without contrast has an important part in
early disease identification, especially in cases with
false-negative RT-PCR results, and in guiding illness
progression [4]. In addition, the degree of the disease
can be determined from radiological findings. This

1110-2098 © 2023 Faculty of Medicine, Menoufia University

Chest CT scan is a useful tool in the identification
of pulmonary changes, as well as in the screening,
diagnosis, and clinical classification of patients
suspected of infections [6]. Physicians can also
use CT scans to follow up on patients after they
have been discharged from the hospital. CT scans
have been used to describe the imaging findings
of COVID-19-induced lung infection. Bilateral
and multilobe ground-glass opacities are the most
common infection patterns [7,8]. The peripheral and
lower lobes of the lung have also been proven to be
the most affected regions. For patients infected with
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COVID-19, other radiological abnormalities such as
crazy paving patterns, airway alteration, and reverse
halo signs were discovered [9,10].

The study aimed to detect CT-severity scores for
COVID-19 infection focused on lobar involvement of
the illness and compare the score with SpO, levels of
the patients to predict oxygen therapy needs.

Patients and methods

'This was a prospective descriptive study on 100 patients
who were confirmed to have COVID-19 infection
in the Department of Radiology at Bagor Hospital
during the period between June 2020 and November
2021. Ethical approval for the study was obtained from
the Faculty of Medicine, Menoufia University.

Either before or after the CT scan, RT-PCR test
confirmed thatall patients were positive for COVID-19
infection. Patients with negative RT-PCR test were
excluded. SpO, was recorded for all patients within 24 h
of admission. Oxygen (O,) saturation of less than 93%
was adopted as an indicator of O, supply (decreased
O, saturation). Patients were followed for three
to 45 days during hospitalization. All types of O,
therapy were given to the patient, such as low-flow
O, supply (low-flow nasal cannula or facemask) or
high-flow O, supply (high-flow nasal cannula, bi-level
positive airway pressure, and ventilator support after
intubation).

All participants were subjected to complete full history
taking, general examinations, chest examination,
laboratory study (complete blood picture, D-dimer,
C-reactive protein, and pulse oximetry), as well as
radiological investigations using a multidetector
CT scanner (Toshiba Asteion four-slice), which was
used for all examinations with high-resolution CT
technique. Scanning parameters were identical to the
manufacturer’s standard recommended presetting
for a thorax routine. Images were reconstructed with
a 1-mm slice thickness in all cases using the classic
filtered back-projection method with a soft tissue
kernel of B20 and a lung kernel of B60. Coronal and
sagittal multiplanar reconstructions were also available
in all cases. Implementation of appropriate infection
prevention and control measures were arranged in
all CT cases, consisting of prompt sanitation of
CT facility and patient’s isolation. All initial chest
high-resolution CT scans were performed on the
day of patients’ presentation. Patients were placed in
a supine position with a single breath hold. Scanning
parameters were scan direction (craniocaudally), tube

voltage (120kV), tube current (100-600 mA) smart mA

dose modulation, slice collimation (64 x 0.625 mm),
width (0.625 x 0.625 mm), pitch, rotation time (0.5 s),
and scan length (60.00-1300.00 s).

All preliminary chest CT scans have been accomplished
on the day of the patients’ presentation, and in all
instances, the scans have been reviewed by two expert
radiologists (postscan analysis was performed by the
two supervisor professors). The CT-severity scoring,
as proposed by Pan and colleagues, relies upon
the visible evaluation of every lobe involved. In all
instances, a CT-severity score was calculated for each
of the five lobes concerning the quantity of pathologic
involvement. If lobar involvement was less than or
equal to 5%, score 1 was given; from 5 to 25%, score 2;
from 26 to 49%, score 3; from 50 to 75%, score 4; and
more than or equal to 75%, score 5. The severity was
then assessed using the following assessment system,
depending on the visual assessment of each affected
lobe. The sum of the lobar scores indicates the overall
severity: mild severity was considered if the score was
seven or less, moderate if the score ranged from 8 to 17,
and severe if the score is 18 or more [11].

Statistical analysis

All data were collected, tabulated, and statistically
analyzed using the statistical package for the Social
Sciences (SPSS), version 22 (SPSS Inc., Chicago,
Ilinois, USA). Quantitative data were expressed
as mean + SD for parametric data and median and
range for nonparametric data. Qualitative data were
expressed as frequencies and relative percentages.
Data were handled using appropriate statistical tests
of significance such as the independent 7 test and
Mann-Whitney test, which were used to calculate the
difference between quantitative variables in two groups.
Receiver operating characteristic curve was used to
detect the cutoff values to assess the relation between
CT-severity and the need for high-flow O, supply.

Results

In our study, the age of patients ranged from 26 to
77 years, with a mean * SD of 50 = 15 years and a
median of 51 years. A total of 52 (52%) patients were
males and 48 (48%) were females, with a male to female
ratio of 1.08: 1. There was a statistically significant
increase in CT scores in severe disease compared with
moderate severity (P = 0.002). Likewise, there was a
statistically significant increase in C'T score in moderate
severity compared with mild severity (P = 0.009).
Moreover, there was a statistically significant increase
in CT scores in severe disease compared with mild

severity (P < 0.001). The mean CT score in normal O,
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saturation was 11.03 = 3.33 and it was 12.47 + 2.87
in decreased O, saturation. There was a statistically
significant increase in CT score in cases with decreased

O, saturation compared with those with normal O,
saturation (P = 0.041) (Table 1).

The current results revealed that regarding the
distribution of abnormalities of COVID-19 pneumonia
of each lobe, the disease involvement was mainly in
the lower right and left lobes in 94 (94%) patients,
with mean CT scores of 3.04 + 1.37 and 3.66 = 1.17,
respectively, followed by the left upper lobe and middle
lobe in 88 (88%) patients, with mean CT scores of
2.50 + 1.11 and 1.82 + 0.81, respectively. The mean
total CT score was 11.92 + 3.14. A total of 85 patients
had moderate severity, nine patients had mild severity,
and six patients had severe severity (Table 2).

Mostof moderate and severe cases were hypoxic (62 from
85 cases and five from six cases, respectively). There was
a statistically significant relation between the severity of

lung affection and O, saturation (P = 0.045) (Table 3).

The patients needed O, therapy as follows: 35 patients
required a facemask, 40 patients required a nasal
cannula, five patients required a BiPAP or HFNC,
16 patients required intubation, and only four required
a nonrebreather mask. At follow-up period, all
patients with mild disease were discharged either after
3 months (six cases) or 6 months (three cases). Most
patients with moderate disease were discharged when
improved O, saturation in the first 3 weeks except
three cases on facemask became on nonrebreather and

O, supply was downgraded from high-flow to low-flow

Table 1 Relation between computed tomography score and
severity of pneumonia

Parameters Studied P
patients
(n=100)
Age (years)
Mean+SD 50.28+15.3 -
Sex
Female 48 48.0%
Male 52 52.0%
Severity of pneumonia
according to CT score
mean+SD
Mild (P1) 6.00+0.82 <0.001*HS P1-2=0.009
P1-3<0.001 P2-3=0.002
Moderate (P2) 11.80+2.10
Severe (P3) 17.60+0.55
O, saturation according
to CT score (meantSD)
Decreased 12.47+2.67 0.041** S
Normal 11.03+3.33

CT, computed tomography; HS, highly significant; O,, oxygen;
S, significant. *Independent samples Kruskal-Wallis test.
**Independent samples Mann—-Whitney U test.

O, supply, except two of 10 cases on intubation and
four of five cases on HFNC/BIPAP. Four cases of
moderate severity died after 3 weeks (two patients on
intubation, one patient on BIPAP, and another one on
nonrebreather), but only two cases were deteriorated
from nasal cannula to become on facemask. All severe
cases died within 6 weeks of admission (Table 4).

All presented patients were managed with different
forms of O, supply under follow-up whatever the
CT score to prevent sudden complications of disease
severity; this protocol was performed at our isolation
hospital. Fig. 1 shows the cutoft point of CT-severity
score of cases in need of high-flow rather than
low-flow O, supplementation. When the cutoft point
of CT-severity was at 12, with area under the curve
of 0.7106, the sensitivity of CT score was 73.8% and
specificity was 45.5% (95% confidence interval range,
55.3-62.1%), and when cutoff point of CT-severity at
15, with area under the curve of 0.503, the sensitivity
of CT score was 50.3% and specificity was 84.7% (95%
confidence interval range, 82.1-87.1%).

Discussion

SARS-CoV2 caused by the outbreak of COVID-19 is
rapidly spreading worldwide. Most COVID-19 cases
have a mild disease, but some patients rapidly worsen
from the appearance of symptoms to serious disease
it ARDS is present or not (especially within seven to
14 days) [12].

Detection of cases with risk of serious symptoms with

COVID-19 is clinically important. In some studies,

Figure 1
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Table 2 Frequency of involvement of each lobe with related
computed tomography score in the studied patients

Parameters

Studied patients (n=100) [n (%)]

Right upper lobe
No
Yes
Score
Mean+SD
Middle lobe
No
Yes
Score
Mean+SD
Right lower lobe
No
Yes
Score
Mean+SD
Left upper lobe
No
Yes
Score
Mean+SD
Left lower lobe
No
Yes
Score
Mean+SD
Total score
Mean+SD
Severity
Mild
Moderate
Severe

20 (20.0)
80 (80.0)

2.28+0.75

12 (12.0)
88 (88.0)

1.82+0.81

6 (6.0)
94 (94.0)

3.04+1.37

12 (12.0)
88 (88.0)

2.50+1.11

6 (6.0)
94 (94.0)

3.661.17
11.9243.14
9 (9.0)

85 (85.0)
6 (6.0)

Table 3 Relation between severity of lung affection and

the prevalence of severe COVID-19 in hospitalized
patients ranged from 15 to 26%, and these patients

were with severe chest CT findings and laboratory
data [13,14].

Conversely, there is increasing evidence that the
combined sensitivity of the nose and throat swabs may
be inadequate when performed at a single point in
time. This also depends on the technical characteristics
of the test and the sampling method [15]. The
relatively long turnaround time for viral load testing
and the insensitivity of a single RT-PCR test in nasal
and throat swab specimens also do not rapidly identify

large numbers of SARS-CoV?2 patients [16].

Noncontrast high-resolution chest CT has a central and
important part, especially in the early identification of
illness in cases with false-negative RT-PCR results and
the treatment and detection of disease progression. In
addition, radiological results can be used to determine
the degree of the illness, greatly assisting physicians
in their clinical decisions and ensuring effective

therapy [11,17].

'This prospective descriptive study was conducted on
100 patients with COVID-19 infection confirmed by
RT-PCR. These patients underwent O, assessment
by pulse oximetry, chest CT, and laboratory tests. In
our study, we revealed that the mean age of patients
was 50.82 years. Male to female ratio was 1.08: 1.
This was in agreement with the study by Saeed
et al. [18], who enrolled 902 patients with a mean age
was 44.0 + 11.0 years (85% males, 15% females) to

oxygen saturation

investigate the correlation between chest CT-severity

Variables O, saturation [n (%)] Test P
Normal  Decreased value scores and the symptoms of COVID-19 pneumonia
Severity in adult patients. However, the study by Francone
Mild (9 cases) 6 (20.7) 3 (4.2) et al. [16] enrolled 103 patients with a mean age of
Moderate (85 cases) 22 (75.9) 63 (88.7) 9.74  0.045* 63 + 15 years (64% males and 36% females).
Severe (6 cases) 1(3.4) 5(7.1)
Total 29 (100.0) 71 (100.0) The semiquantitative scoring system was previously

*Statistically significant. y? test.

Table 4 Distribution of maximum oxygen requirement in the studied patients

demonstrated by Wang ez a/. [13] and Zhou ez al. [19]

Severity Maximum O, requirement [n (%)] Test value P
Facemask HFNC/BIPAP Intubation Nasal cannula Nonrebreather mask

At admission
Mild (9 cases) 3 (8.6) 0 0 6 (15) 0
Moderate (85 cases) 32 (91.4) 5 (100) 10 (62.5) 34 (85) 4 (100) 21.377 0.001*
Severe (6 cases) 0 0 6 (37.5) 0 0

After 3 weeks
Mild 0 0 0 3 (23) 0
Moderate 17 (100) 4 (100) 2 (50) 10 (77) 5 (100) 10.703 0.030*
Severe (2 cases remain, rest died) 0 0 2 (50) 0 0

After 6 weeks
Mild 0 0 0 0 0
Moderate 19 (100) 3 (100) 0 8 (100) 4 (100) - -
Severe 0 0 0 0 0

BIPAP, bi-level positive airway pressure; HFNC, high-flow nasal cannula. *Statistically significant. y2 test.
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using the system previously reported for the degree
of ARDS on lung CT scans to assess the degree of
involvement of the lung parenchyma [20]. Simply,
the right lung is categorized into three parts: upper
lobe, middle lobe, and lower lobe. The left lung was
categorized into two parts, the upper and the lower
lobes. Each lobe of the lung was evaluated in terms of
the percentage of involvement on a scale of 0-5.

The current results revealed that regarding the
distribution of abnormalities of COVID-19 pneumonia
of each lobe, the disease involvement was mainly in the
inferior lobes of both lungs. In agreement with our
findings, the results by Francone ez a/. [16] revealed that
the disease involvement was mainly in the lower lobes.
However, our study was not in agreement with the study
by Hogstrom ez al. [21], who reported that the posterior
segment of the upper lobes (66%), the superior segment
of the lower lobes (77%), the lateral basal segments of
the lower lobes (left, 77%; right, 68%), and the posterior
basal segments of the lower lobes (left, 79%; right, 81%)

are the most frequently involved sites.

Regarding the distribution of O, requirements in these
patients, the study by Saeed ez a/. [18] reported that
646 (71%) patients did not require any O, support.
'The remaining 256 patients required O, supplements
as follows: 126 (14%) patients required nasal cannula,
32 (3.5%) patients required facemask, 15 (1%) patients
required nonrebreather mask, 21 (2%) patients
required a BiPAP or HFNC, and 62 (7%) patients
need intubation, out of which 32 (51%) patients were
eventually extubated. However, in our study, severe
diseased patients were intubated and died within
6 weeks, and intubated moderate cases (10 cases)
were either discharged when improved in the first
3 weeks (eight cases) or died when their treatment
prolonged more than 3 weeks (two cases).

Wang e# al. [22] reported that most patients required
O, therapy and a minority of the patients needed
invasive ventilation or even extracorporeal membrane
oxygenation. In the ICU group, four (11%) patients
received high-flow O, and 16 (44%) received
noninvasive  ventilation.  Invasive = mechanical
ventilation was required in 17 (47.2%) patients, four of
whom received extracorporeal membrane oxygenation
as rescue therapy.

In agreement with our results about CT scores,
the study by Saeed ez al. [18] concluded that the
severity of CT correlates well with the symptoms
and complications of COVID-19. They also have a
significant correlation (P < 0.05) between CT-severity
score and male sex, elevated inflammatory indicators,

peak O, supply, length of hospital stay, intubation

1883

need, and clinical prognosis. Based on our findings,
the results by Francone ez al. [16] revealed that CT
score was significantly lower in the mild category than
in the severe and significant categories, confirming a
high correlation between imaging findings and clinical
stage. They reported no statistical significance between
the severe and significant categories (P = 0.7921).

In support of our findings, Zhang ez al. [23] revealed
that the chest CT score of cases with COVID-19 is

correlated with the severity of the inflammation.

Moreover, Feng ez al. [24] showed that CT-severity
scores on admission were significant predictors for
progression in patients with moderate COVID-19
pneumonia.

The study by Yang ez al. [25] concluded that the
CT-severity score can be used for assessing the severity
of COVID-19 with 83% sensitivity and 94% specificity.

The study by Feng e al. [24] also supports our results
as they revealed that using this CT-severity score
correctly detects the severity of lung pneumonia and
concludes the illness prognosis is good in cases with
moderate COVID-19 pneumonia at hospital entry
early within 14 days.

Of 148 patients included in a study conducted
by Aziz-Ahari er al. [26], 93 patients recovered,
whereas 55 patients died. The best CT score cutoff
for discriminating patients based on the severity of
disease was 12.5, with 68.3% sensitivity and 72.7%
specificity. In addition, with a cutoft of CT score of
15.5, sensitivities of 51.6% and specificities of 72.6%
were observed for intubation.

Conclusion

CTSS helps to detect patients at risk and the prognosis
in cases with COVID-19 lung inflammations. The CT
results are greatly correlated with disease symptoms
and test parameters. There was a statistically significant
increase in CT score in cases with decreased O,
saturation compared with those with normal O,
saturation. Therefore, our study greatly supports

the use of chest CT in cases with COVID-19 lung

inflammations.
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