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Abstract: Background: COVID-19 caused by SARS CoV-2 involves respiratory system leading to respiratory failure and
Acute Respiratory Distress Syndrome (ARDS) in critical patients. Several chest imaging features have been reported in
patients with COVID-19 ranging from focal to diffuse lung opacities. There is no data from Saudi Arabia on the chest imaging
findings in these patients. Material and Methods: CT chest data of 29 patients who were admitted with confirmed diagnosis of
COVID-19 by real-time reverse transcriptase polymerase chain reaction (RT-PCR) was reviewed. Radiology abnormality was
categorized based upon pattern and distribution. Clinical and laboratory data of patients were collected by reviewing the
electronic medical record. Patients were divided into mild and severe group based on clinical assessment and laboratory
criteria. Radiology changes were compared with disease severity. Results: Median (Q1, Q3) age was 58 (41,70) years and
median (Q1, Q3) time from symptom onset to CT scan was 6.5 (3.0, 9.75) days. Bilateral ground glass opacities were the most
common CT scan feature in patients with COVID-19 (76%). Opacities were dominant in the lower zone (72%) and frequently
distributed peripherally (48%). Severe disease was most likely to have bilateral opacities compared with mild (p = 0.001) and it
was correlated with rise of inflammatory markers, Ferritin (p=0.014) and C-reactive protein (p=0.0003). Conclusion: Most
patients with COVID-19 who have abnormal CT scan of chest show ground glass opacities. Bilateral opacities are more
common in severe disease and is correlated with elevated inflammatory markers.
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1. Introduction
COVID-19 caused by SARS-CoV2 was declared a
global pandemic on March 11, 2020 by World Health
Organization. [1, 2] Mortality in patients who develop
Acute Respiratory Distress Symptoms is high. The most
common symptoms reported in COVID-19 patients are
fever, cough and dyspnea. [3, 4] Severity of disease is
classified based on clinical, laboratory and radiology
characteristics. [5] There is a wide spectrum of chest
imaging abnormalities described in COVID-19 patients
ranging from ground glass, focal consolidation, nodular

and interstitial opacities. The different pattern of chest
imaging may show during the course of illness. The extent
of radiology involvement plays a vital role in disease
assessment, prognosis and follow up of patients.
Involvement of >50% of lung fields on CT scan is shown
to be associated with poor prognosis. The correlation
between CT findings and disease severity and mortality
can be concluded from a number of studies. [6, 7]
This is the first study from Saudi Arabia describing
radiology patterns and its association with disease severity in
COVID-19 patients.
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2. Methods
2.1. Study Design and Patient Characteristics
This was a retrospective study at a tertiary care hospital.
Adult patient of >18 year of age who were admitted with a
laboratory confirmed diagnosis of COVID-19 were included
in the study. The diagnosis was confirmed by real time
polymerase chain reaction (RT-PCR) (Altona, HamburgGermany) by using nasopharyngeal swab. Clinical data of
consecutive 50 patients admitted from March 13, 2020
onward were reviewed. Twenty-nine patients who had CT
scan of chest were included in the study. The study was
approved by research and ethics regulatory committee of the
institution. Informed consent was waived in view of
retrospective observational nature of study.
2.2. Data Collection
Data was collected retrospectively from electronic record
of patients. Confidentiality of data was ensured by hiding the
medical record number of patients from data handlers.
Information was collected on demographic, symptomatology,
disease severity, laboratory measurements, radiology imaging,
treatment and clinical outcome. The disease severity was
classified into mild and severe based on clinical and
laboratory parameters. Patients with mild symptoms, modest
rise in inflammatory markers such as C-reactive protein and
ferritin and normal oxygen saturation were classified as mild
while severe disease was defined as respiratory symptoms,
marked rise in inflammatory markers and low oxygen
saturation compared to baseline. Radiology imaging of both
groups were analyzed.
2.3. Radiology Data
All study patients had Chest X-ray on admission and CT
scan was done in patients who had suspicion of abnormality
on chest X-ray or patient with high risk clinical and
laboratory characteristics. Non-contrast CT scan of chest was
done in supine position in full inspiration and images were
acquired in lung and mediastinal window. The images were
reviewed and reported by experienced thoracic radiologist on
Sectra’s PACS imaging system (Sectra Group). CT images
were assessed for specific radiology patterns including
ground glass (hazy opacity not obscuring the underlying
vasculature), consolidation, mixed ground glass and
consolidation, reticular pattern, atelectatic bands, nodular
opacities and bronchial wall thickening. Distributions of
opacities were divided into focal, bilateral, diffuse and
peripheral. Dominant zone occupying the opacity were
assessed by dividing each lung into three zones, upper,
middle and lower. Upper zone being above the carina, lower
below the inferior pulmonary vein and middle in-between.
2.4. Statistical Analysis
Data was summarized by using descriptive statistics.
Results were reported as median with inter-quartile range and

mean with standard deviation and categorical variable were
calculated as counts (n) and percentages (%). Differences
between groups were analyzed using Mann-Whitney U test,
two tailed Z-test and T-test where appropriate. P value of
<0.05 was considered to be statistically significant.

3. Results
3.1. Clinical characteristics
Twenty-nine patients who had CT scan were included in the
study. The diagnosis of COVID-19 was confirmed by real time
polymerase chain reaction (RT-PCR) for SARS-CoV2. Median
(Q1, Q3) age of patients was 58 (41,70) and 14 (48%) were
male. Eight (28%) patients were smoker, either current or past.
The most common symptoms were cough, fever and fatigue.
Ten (34%) patients were clinically categorized as mild while
19 (66%) had severe disease. Clinical and laboratory
characteristics of patients are summarized in Table 1.
Table 1. Clinical characteristics and laboratory data.
n=29
Demographics
Age, years, median (Q1, Q3)
Female, n (%)
Male, n (%)
Smoker or ex-smoker, n (%)
Comorbid conditions, overall, n (%)
>2 comorbid conditions, n (%)
Clinical symptoms, n (%)
Fever
Cough
Dyspnea
Laboratory values, unit, normal value,
median (Q1, Q3)
White blood cell, ×109/L, (3.9-11.0)
Neutrophil, ×109/L, (1.35-7.50)
Lymphocyte, ×109/L, (1.50-4.30)
Neutrophil/Lymphocyte ratio, (1.7±0.7)
Platelet count, ×109/L, (155-435)
Ferritin, µg/L, (13.0-150)
C-reactive protein, mg/L, (<3.0)
D-dimer, µg/mL, (0.0-0.50)
Disease severity, n (%)
Mild
Severe
Symptom onset to CT scan, days, median (Q1, Q3)

58 (41,70)
15 (52)
14 (48)
8 (28)
22 (76)
16 (73)
21 (72)
17 (59)
12 (31)

5.1 (3.37,6.12)
3.12 (1.91,4.17)
0.33 (0.97,1.57)
2.64 (1.22,3.96)
184 (148,249)
243 (58,442)
13.75 (3.12,38.75)
0.51 (0.31,1.01)
10 (34)
19 (66)
6.5 (3.0,9.75)

3.2. Chest Imaging
Median time (Q1, Q3) from symptom onset to CT scan
was 6.5 (3.0,9.75) days. Three patients (10%) had normal CT
scan. Focal ground glass (GG) opacity was present in 5 (17%)
patients, mixed GG and consolidation (figure 1) in 13 (45%),
bilateral
GG
(figure
2)
in
21
(72%),
and
nodular/reticular/band like opacities (figure 3) in 8 (28%)
patients. The opacities had predominantly peripheral (figure
4) distribution in 14 (48%) and lower zones in 21 (72%)
(Table 2). Bilateral opacities were more common in clinically
severe disease 18 (95%) compared with mild 3 (30%).
Inflammatory markers, C-reactive protein (CRP) and ferritin
were significantly elevated in severe disease p=0.0003 and
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p=0.014 respectively. (Table 3)
Table 2. CT imaging features in COVID-19 patients.

Figure 1. CT scan of a 21-year old male with no co-morbid medical
conditions presented with fever, cough and sore throat. Focal ground glass
(White arrow) and mixed focal ground glass and consolidation (yellow
arrow).

CT scan abnormality, n (%)
Clear
Focal GG*
Bilateral GG
Mixed Consolidation & GG
Reticular/nodule/band
Dominant CT distribution, n (%)
Upper/Middle zone
Lower zone
Peripheral
Non-selective

Overall Mild
n=29
n=10

Severe
n=19

P value

3 (10)
5 (17)
21 (72)
13 (45)
8 (28)

3 (30)
4 (40)
3 (30)
4 (40)
2 (20)

0 (0)
1 (5)
18 (95)
9 (47)
6 (32)

.0117
.0187
.0002
.7039
.5092

4 (14)
21 (72)
14 (48)
7 (24)

1 (10)
6 (60)
2 (20)
1 (10)

3 (16)
15 (79)
12 (63)
6 (32)

.6672
.2757
.0271
.1970

*GGO-ground glass opacity
Table 3. Correlation of imaging features to clinical severity and
inflammatory markers.

CT abnormality, n (%)
Clear
Focal
Bilateral
Inflammatory markers, unit,
normal value, median (Q1, Q3)
Ferritin, µg/L, (13.0-150)
Figure 2. CT Scan of a 48-year old female with history of hypertension and
laboratory confirmed COVID-19 presented with dry cough and dyspnea for
one week. Axial images show diffuse bilateral ground glass opacities.

C-reactive protein, mg/L, (<3.0)

Disease severity
Mild n=10
Severe n=19

P value

3 (30)
4 (40)
3 (30)

.0117
.0187
.0002

0 (0)
1 (5)
18 (95)

296
(184,672)
2.7 (1.45,5.8) 31 (12.7,70)
58 (44,233)

.0142
.0003

4. Discussion

Figure 3. CT scan of a 58-year old male with history of hypertension
presented with 4-day history of dry cough and fever. Axial images show
bilateral nodular consolidation (yellow arrows) and focal ground glass
opacities (white arrow).

Figure 4. Peripheral distribution of ground glass opacities and interstitial
thickening.

Chest imaging has an important role in diagnosis and
follow up of COVD-19 patients. Several radiology patterns
have been reported. CT scan in COVID-19 patients show
diverse changes including ground glass, consolidation,
nodules and reticular changes. Some studies have reported
temporal CT changes on follow up examination such as
transition from ground glass to superimposition of
consolidation. Chest imaging pattern in this study matches
the radiology features described in recent COVID-19
literature. [8, 9, 10] Only 3 (10%) patients in this study had
normal CT scan although Guan [11] has reported 23.6%
laboratory confirmed COVID-19 patients with normal CT
scan. The dominant radiology feature in this cohort was
ground glass opacity which, in most patients, was bilateral
with peripheral distribution. Similar finding has been
reported by Shuchang Zhou [12] where 48 (77.4%) of 62
patients had peripheral distribution of opacities. The
pathophysiology behind peripheral distribution of opacities is
not very well understood. However, there is close relation
between the pattern of CT scan findings and disease severity.
The correlation between CT findings and disease severity and
mortality can be concluded from a number of studies.
Involvement of >50% of lung fields on CT scan is shown to
be associated with poor prognosis. [13, 14, 15] In this study,
the pattern of bilateral opacities showed correlation with
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disease severity and elevated levels of inflammatory markers.
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