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Abstract

Background: The chest computed tomography (CT) has
an important complementary role in diagnosis of COVID-19
disease. Computed tomography (CT) iswidely used to eval-
uate the severity of COVID-19 infection and track disease
progression.

Aim of Sudy: The aim of the study was to determine the
changesin chest CT findings associated with COVID-19
pneumoniafrom initial diagnosis until patient recovery and
clarifying the end result of chest affection in the following-
up groups and evaluating the percentage of residual or fibrosis
after viral cure.

Patients and Methods: It has been along time since human
kind has experienced a global pandemic. Nowadaysin 2019,
human kind is again to survive another worldwide spreading
disease COVID-19. This SARS-COV-2 virus first appeared
as astrange sort of respiratory tract infection with the first
reported patient in Wuhan, China on December 2019. The
new coronavirus disease has spread to every country around
the world, forcing people to change their lives in new difficult
way’s.

Results: This cross-sectional study was conducted on 110
patients of proven cases of Covid-19 under follow-up with
serial CT chest scan. From onset to first scan show that 98
(89.1%) were slow, 10(9.1%) were rapid and 2(1.8%) were
abrupt. From onset to discharge the study shows that 101
patients (91.8%) had a slow disease progression, 7 patients
(6.4%) had arapid progression and 2 patients (1.8%) had an
abrupt course of disease. From onset to hospitalization, the
study shows that 3 patients (2.7%) were hospitalized.

Conclusions: Our findings suggest that periodic chest CT
scansin COVID-19 patients (at least in afive-day interval
during the first 13-15 days) are necessary and may provide
useful information to guide clinical practice, especially alow-
ing for more tailored therapies and holistic care models.
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I ntroduction

IT has been along time since human kind has
experienced a global pandemic. Nowadays in 2019,
human kind is again to survive another worldwide
spreading disease COVID-19[1]. This SARS-COV-
2 virusfirst appeared as a strange sort of respiratory
tract infection with the first reported patient in
Wuhan, China on December 2019 [2,3]. The new
coronavirus disease has spread to every country
around the world, forcing people to change their
livesin new difficult ways[4].

COVID-19 is considered as a respiratory and
vascular illness as its causative agent, SARS-CoV-
2, mostly targets both respiratory and vascular
systems. The SARS-CoV-2 virus has been known
to attack the respiratory tract, destroy the lungs,
leading to pneumonia, resulting in the acute respi-
ratory distress syndrome and severe hypoxia [5].

Previous studies found that this viral infection
passes through three stages, the first stage in which
virus shows no signs or symptomsin its host, the
second phase in which symptoms have appeared
but they are less severe and in third stage symptoms
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become more severe where COVID-19 virus has
gotten to its maximum number by proliferation [6].

Considering its high sensitivity, computed to-
mography (CT) of the chest, principally high-
resolution CT (HRCT), is the proper diagnostic
tool in assessment of COVID-19 pneumonia, spe-
cifically in case of progressive course of the disease
(71

Multifocal bilateral ground glass opacities are
the most common CT signs of COVID 19 associ-
ated with patchy consolidation, being mainly pe-
ripheral in distribution, with higher involvement
of the posterior segments of lower |obes. The "crazy
paving" appearance can also be encountered [g].

COVID-19 begins asinterstitial pneumonitis
and then disturbs lung parenchyma. A large variety
of computed tomographic signsin COVID-19 have
been mentioned in previous studies, and the CT
signs change according to the phase of the disease,
severity of the disease and related co-morbidities

(9.

Recent studies evaluated the CT chest imaging
signs of COVID-19 patients from onset of the
symptoms until recovery [9]. The highest severity
of lung changes on CT chest was noted around 10
days after symptoms onset [10,11].

The main aim of this study was to determine
the changesin chest CT findings associated with
COVID-19 pneumoniafrom initial diagnosis until
patient recovery and clarifying the end result of
chest affection in the following-up groups and
evaluating the percentage of residual after viral
cure.

Patients and M ethods

Study design:

Ethics committee approval was obtained for
this cross sectional analytic study. Informed consent
was also obtained from all patients. We evaluated
110 patients of proven cases of PCR-Covid-19
under follow-up. The patients were referred from
chest department of our institution from September
2021 to February 2022. COVID-19 cases were
confirmed based on the WHO interim guidance
[12]. This study was conducted in the radiology
department of our institution. Data were analyzed
on the basis of epidemiological and clinical data,
laboratory tests, radiological findings, and progres-
sion and treatment information collected by nurses,
physicians, or other professionals from electronic
medical records. Our inclusion criteria did not
specify any age or sex groups. We included all

patients with PCR-proved COVID 19 during the
previously mentioned study period. We excluded
patients refusing to take part in the study or patient
dedicated for differential diagnosis.

CT chest protocol:

Thin slice (Toshiba Aquilion 64) high-resolution
non-contrast CT chest was used in patients exam.
Considering the age and clinical data of the patients,
preliminary CT examination may be done using
standard-dose or low-dose protocol. The scanning
parameters of the CT were the following: slice
thickness = 1-1.5mm, FOV = 350mm x 350mm,
tube rotation = 0.6-0.9 second and detector colli-
mation = 1mm. The irradiation dose parameters
were as follows: 120-130kV p and 100-200mA
(considering the age and weight of the patient).
No intravenous contrast was administrated.

CT evaluation:

Computed tomographic information from dif-
ferent scans were acquired from the institutional
picture archiving and communication system
(PACYS). Serial CT chest exams were done since
the onset of symptoms. Two radiologists evaluated
the CT exams, one senior radiologist with more
than 25 years of experience and the other one had
more than 5 years of experience. Later, any dis-
crepancy in opinions was resolved through a con-
sensus. CT signs were dictated using the standard
terms mentioned in the Fleischner Society glossary
and peer-reviewed literature [13].

According to the methodology in previous
studies of COVID-19, our study used the samesemi-
quantitative CT scoring system to evaluate the
extension of the lung lesions in each lobe from O
to 5 points (0, no lesion; 1, 5%; 2, 5%-25%; 3,
26%-49%; 4, 50%-75%; 5, more than 75%) [14,15].
The summation of the CT scorein each lobe was
calculated and considered as the total CT score,
with values varying from 0 to 25, then a severity
grading was given to each patient as follows: Mild
if scoreisfrom 1 to 10, moderate from 11 to 19,
and severe from 20 to 25. Twelve months after the
onset of symptoms, cases with or without remaining
CT changes were compared.

Satistical analysis [16]:

Data were fed to the computer and analyzed
using IBM SPSS software package version 20.0.
(Armonk, NY: IBM Corp), [17]. Qualitative data
were described using number and percent. The
Kolmogorov-Smirnov test was used to verify the
normality of distribution Quantitative data were
described using range (minimum and maximum),
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mean and standard deviation. Significance of the
obtained results was judged at the 5% level. The
used test was Chi-square test for categorical vari-
ables, to compare between different groups.

Results

Participant characteristics:

We evaluated 110 patients of PCR proven cases
of Covid-19 under follow-up (57 males, 53 females;
agerange: 15-83 years, mean age: 53.14 years +
12.834). The demographic data of the patients,
initial symptoms and information regarding disease
progression were shown in Table (1). Thirty seven
patients (33.6%) had comorbities, including diabe-
tes and/or hypertension. Thirty six patients (32.7%)
had a history of drugs intake to treat diabetes or
hypertension. Other initial symptoms included 13
patients with chest pain (11.8%), 17 patients with
malaise (15.5%) and 5 patients had bony aches
(4.5%). Regarding onset of symptoms, 106 patients
(96.4%) had a gradual onset and 4 patients (3.6%)
had an abrupt onset of symptoms with a duration
ranging from 1 to 12 months. A total of 11 patients
(10.0%) received vaccination against the COVID
19 virus. Mild cases represented 70.9% of our
patients, 11.8% were moderate cases and 17.3%
were severe cases. From onset of symptomstill
the first scan 98 patients (89.1%) showed slow
progression of the disease, 10 patients (9.1%0)
showed arapid progression and 2 patients (1.8%)
showed an abrupt progression. From onset of symp-
tomstill discharge, 101 patients (91.8%) had a
slow course of the disease, 7 patients (6.4%) had
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arapid course and 2 patients (1.8%) had an abrupt
course. Our data show that 3 patients (2.7%) were
hospitalized.

Chest CT evaluation:

The total number of CT scans ranged from 1
to 3 scans with a mean value of 2.08+0.335. Table
(2) and Fig. (1) show different CT scores for each
lung lobe, a(igtuired in the first, second and third
lung scans. = CT scan showed that 20 patients
had severe infection, 74 patients (67.3%) had mild
infection and ;n%patients (14.5%) had moderate
infection. The "~ CT scan showed that 28 patients
(25.5%) had complete resolution, 2 patients (1.8%)
had severe infection, 2 patients (1.8%) had mild
infection, 1 patient (0.9%) had moderate infection,
21 patients (19.1%) had progressive course, 55
patients (50.0%) had regressive cour%gcgd 1patient
(0.9%) had stationary course. The CT scan,
which was formed for 10 of the 110 studied patients,
showed that 6 patients (5.5%) had compl ete reso-
lution, 2 patients (1.8%) had mild infection, 1
patient (0.9%) had appreciable regressive course
and 1 patient (0.9%) had aregressive course (Table
3). Our datarevealed that participants were divided
into 2 groups, participants with complete resolution
[36 patients (32.7%)] and participants who did not
have a complete resolution [74 patients (67.3%)].
66 patients (89.2%) amongst the patient with no
complete resolution, showed residual atelectatic
changes and 8 patients (10.8%) show lung fibrosis.
There was a statistical significant difference be-
tween complete resolution of findings and lung
fibrosis with ap-value of <0.001.
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Fig. (1): Distribution of studied sample according to patient's number of scans and CT score in each lobe.
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Fig. (2): An 44 year old female patient with no
history of diabetes or hypertension, suffering from
dry cough and fever for 2 weeks duration. An initial
CT chest was done. A- NCECT chest axia cutslung
window image showing bilateral peripheral variable
sized ground glass and consolidative patches (mild
infection with a CT score of 6/25). B- Follow-up
CT Chest after 3 months shows compl ete resolution
of the previously noted bilateral ground glass opac-
ities and consolidative patches (no fibrosis with
complete resolution).

C D

Fig. (3): A 60 year old male patient with history of type 2 diabetus and hypertension suffering from dry cough and fever for 1 week duration.
A- Anintial NCECT chest axial cuts lung window image showing bilateral crazy paving and peripheral ground glass opacification mainly
affecting the lower lung lobes with a score of about 15/25 (moderate infection). B and C- A follow-up CT chest was done after one month
revealing bilateral evident regression in density but no significant regression in extent of lung lesions, the lungs show bilateral faint ground
glass opacification and crazy paving with a score of 7/25 denoting mild infection with sign of healing (regression course). D- Another follow-
up CT chest after 4 months showing bilateral significant regression in density and extent of the previously described lungs lesions with a score
of 4/25 (no fibrosis with no complete resol ution).
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Fig. (4): A 58 year old female patient with history of type |l diabetus and hypertension, suffering from dyspnea at rest and fever for 1 week
duration. Aninitial CT chest was done. A- NCECT chest axial cuts lung window image showing bilateral predominantly peripheral ground
glass opacification with a CT score of 20/25 (marked COVID 19 infection). B- Follow-up CT chest after 3 weeks showing progressive course
as evidenced by increased number, extension and density of the previously noted extensive pulmonary parenchymal opacities with a CT score
of 25/25 associated with lung fibrosis.

Table (1): Distribution of studied sample according to demo-
graphic and clinical data.

Table (1): Count.

Number Percent
Number Percent - -
Disease progression:
Age (years): From onset to first scan:
<20 1 0.9 Slow %8 89.1
21-30 2 18 Rapid 10 9.1
31-40 19 17.3 Abrupt 18
41-50 20 18.2 .
51-60 39 355 From onset to discharge: 918
>60 29 26.4 Slow 6.4
Range 15-83 Rapid l. 3
Mean = S.D. 53.14+12.834 Abrupt
Sex: From onset to hospitalization: 973
Mae 57 51.8 No :
Female 53 48.2 Yes 2.7
Comorbidity:
No 73 66.4
DM and/or HTN 37 336 Table (2): Distribution of studied sample according to patient's
Drug Intake: number of scans and CT score in each lobe.
No 74 67.3
DM and/or HTN drugs 36 327 Range Mean + SD.
Symptoms: Number of scans 1-3 2.08+0.335
Dry cough 89 80.9
Fever 44 40.0 18t CT score in each lobe:
Dyspnea 30 27.3 Left upper 0-5 1.47+1.283
Chest pain 13 118 Left lower 0-5 1.95+1.350
Malaise 17 155 Right upper 0-5 1.90+1.278
Bone ache 5 45 Right middle 0-5 1.91+1.500
Onset of symptoms: Right lower 0-5 2.08+1.389
Gradual 106 96.4 2nd CT scorein each lobe:
Abrupt 4 36 Left upper 0-5 1.05+1.322
Duration of metorns (rmnths): Left middle 1-4 2.50+2.121
Range 1-12 Left lower 0-5 1.36+1.475
Vaccine data: Right middle 0-5 1.43+1.518
No 99 90.0 Right lower 0-5 1.44+1.481
Yes 11 10.0 3rd CT scorein each lobe:
Disease severity: L eft upper 0-4 0.73+£1.348
o Y- L eft lower 0-4 0.73+1.191
ild 78 70.9 :
Moderate 13 11.8 R!ght upper 0-5 0.70+1.567
Severe 19 17.3 Right middle 0-5 1.10+1.595
Total 110 100 nght lower 0-4 1.00+1.342

SD: Standard deviation. CT: Computed tomography.
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Table (3): Distribution of studied sample according to patient's
CT Manifestations.

Number Percent
18t CT scan:
Mild infection 74 67.3
Moderate infection 16 145
Severeinfection 20 18.2
2nd CT scan:
Complete resolution 28 255
Severe infection 2 18
Mild infection 2 18
Moderate infection 1 0.9
Progressive course 21 19.1
Regressive course 55 50.0
Stationary course 1 0.9
3rd CT scan:
Not done 100 90.9
Complete resolution 6 55
Mild fibrosis 2 18
Appreciable regressive course 1 0.9
Regressive course 1 0.9

Discussion

This study evaluated 110 patients with PCR-
proved COVID 19 disease over a study period.
According to personal medical history data of the
studied group, we found that 37 patients (33.6%)
had diabetes mellitus and/or hypertension. Drug
Intake was recorded in 36 patients (32.7%) for
treatment of diabetes and hypertension. Thiswas
in line with previous studies[18-21]. Unlike previous
studies [10,11,19], initial symptoms of our studied
group showed that 80.9% of patients had dry cough,
followed by fever, dyspnea, chest pain, malaise
and bone ache. Previous studies reported that the
most common symptoms were fever followed by
Cough. The majority of this study patients showed
agradual onset of symptoms with moderate disease
severity. The study by Yun et al., [10] showed that
there were 67 (21.97%) severe cases and 238
(78.03%) non severe cases. Another study by Xu
et a., [22] reported that the mgjority of the 50
studied patients were moderate, followed by severe
then critically ill patients. The severity of cases
can vary from one study to another depending on
the sample characteristic.

In our study, the total number of CT scans
ranged from 1 to 3 scans with a mean value of
2.08+£0.335. Mi Ilqsitnfection was the predominant
findingsin the, 4 CT scan performed (67.3%).
Regardingthe ~ CT scan, 19.1% of the patients
had progressive course and 50.0% of the studied
patients had a regressive disease course. The 31d
scan was hot performed by many of our patients
(100 patients). In the study done by Pan et al., [19]

they reported that each patient underwent an average
of 421 CT scans (range: 3-6). Their study also
reported that the maximum lung involvement was
noted at about 10 days from the beginning of symp-
toms. Yun et a., [10] revealed that in comparison
to non-severe cases, severe patients experienced a
longer duration of illness from onset to recovery
and were subjected to more CT exams. Their study
also reported that the total CT score reached its
maximum value at around 13 days in non-severe
cases and at 15 daysin severe cases from the onset
of symptoms. Further comparison noted that the
second CT scan total score showed a significantly
higher value than that of the first CT scan with a
p-value of 0.03. Moreover, our results were sup-
ported by Zhuang et al., [20] who reported that the
peak time of CT score was about 11 days. CT scan
score reached a peak at the second scan performed
with 15 cases and then was reduced gradually.

In the present study we found that 32.7% of
patients showed a complete resolution (Fig. 2)
which wasin line with previous study [18]. How-
ever, Pan et al., [19] reported that the complete
resolution rate gradually increased over time from
61% at 3 monthsto 75% at 12 months after symp-
tom onset.

In the present study we found that there were
8of patients showing lung fibrosis and 66 patients
with remaining atelectasis bands (Fig. 3) with a
highly statistically significant differences between
fibrosis and resolution. Which was concordant
with previous studies[10,20]. Some authors consider
fibrosis a sign of regression of disease severity
and carries good prognosis [23], but other authors
consider it asign of severe disease (Fig. 4) or a
warning sign of development of interstitial fibrosis
[10,11,24]. The development of pulmonary fibrosis
is an important sequelain patients after severe
respiratory infections [20]. Since the observation
of substantial fibrotic consequences following
infection of SARS-CoV-1 and MERS CoV [25],
concern has been raised about the prevalence and
persistence of lung fibrosis after COVID-19. Based
on previous data, lung fibrotic-like changes (the
presence of traction bronchiectasis, parenchymal
bands, and honeycombing) were observed in 35%
of the patients who recovered from severe COVID-
19 at 6 months after illness onset [20].

We had limitations in our study. First, there
was a selection bias because many of discharged
patients were not involved in the study because of
adeficiency of CT chest data at admission. Second,
we do not know whether the CT signs will show
regression after alonger period of follow-up, which
merits more clinical and radiologic follow-ups.
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Nevertheless, taking into consideration that residual
lesions usually do not change after 1 year in SARS,
these CT signsin COVID-19 are probably lasting
[26]. Third, we had a small sample size compared
to the large number of patients affected with COV -
ID 19 infection during the period in which our
study was performed.

Conclusions:

Our study propose that periodic CT chest in
patients with COVID 19 (at least done at a5 days
internal throughout the first 13 to 15 days) is
essential and may offer valuable information to
monitor clinical practice, specifically permitting
for amore tailored treatment. Other studies with
agreater sample size and lengthier follow-up are
needed to find out the risk factors associated with
adverse outcome.
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