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1  | INTRODUC TION

In December 2019, an outbreak of cases of pneumonia caused by 
severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) 
was identified in Wuhan, China.1 The disease has been termed cor-
onavirus disease 19 (COVID- 19) and rapidly develops throughout 
the globe.1 On March 2020, the World Health Organization (WHO) 
announced the new coronavirus outbreak to be a pandemic.2 The 
clinical severity of COVID- 19 varies from asymptomatic to acute 

respiratory distress syndrome (ARDS) and multiple organ dysfunc-
tions needing respiratory support such as non- invasive ventilation 
and/or mechanical ventilation and admission to the intensive care 
unit (ICU).3 Approximately 20% of the COVID- 19 patients develop 
severe illness after admission to the hospital.4 Mortality rate 
ranges from 16- 78 percent in critically ill patients with COVID- 19.5 
The high Sequential Organ Failure Assessment (SOFA) score on 
admission can be a significant predictor of developing severe ill-
ness in hospital and is considered as a risk factor for COVID- 19 
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Abstract
Objective: This study aimed to investigate the relationship between chest computed 
tomography (CT) scan findings with sequential organ failure assessment (SOFA) 
score, C- reactive protein (CRP), comorbidity, and mortality in intensive care unit (ICU) 
patients with coronavirus disease 19 (COVID- 19).
Method: Adult	patients	(≥18	years	old)	with	COVID-	19	who	were	consecutively	ad-
mitted to the Imam- Reza Hospital, Tabriz, East- Azerbaijan Province, North- West of 
Iran between March 2020 and August 2020 were screened and total of 168 patients 
were included. Demographic, clinical, and mortality data were gathered. Severity of 
disease was evaluated using the SOFA score system. CRP levels were measured and 
chest CT scans were performed.
Results: Most of patients had multifocal and bilateral ground glass opacity (GGO) 
pattern in chest CT scan. There were significant correlations between SOFA score 
on admission with multifocal and bilateral GGO (P = .010 and P = .011, respectively). 
Significant relationships were observed between unilateral and bilateral GGO pat-
terns with CRP (P = .049 and P = .046, respectively). There was significant relation-
ship between GGO patterns with comorbidities including overweight/obesity, heart 
failure, cardiovascular diseases, and malignancy (P < .05). No significant relationships 
were observed between chest CT scan results with mortality (P > .05).
Conclusion: Multifocal bilateral GGO was the most common pattern. Although 
chest CT scan characteristics were significantly related with SOFA score, CRP, and 
comorbidity in ICU patients with COVID- 19, a relationship with mortality was not 
significant.
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mortality.6- 10 Furthermore, underlying diseases such as obesity, 
diabetes mellitus, chronic respiratory disease, cardiovascular dis-
ease, hypertension and cancer have an association with higher risk 
of mortality.11,12

Most patients with COVID- 19 present pneumonia thus com-
puted tomography (CT) scanning of the thorax can be a useful tool 
in screening and diagnosis.13 Chest CT scan is able to present typ-
ical radiological findings of COVID- 19 even before the appearance 
of clinical symptoms.14- 16 Moreover, chest CT scan is a sensitive 
method in comparison with reverse transcription polymerase chain 
reaction (RT- PCR) and assists physicians to identify COVID- 19 
patients who initially had negative RT- PCR results.14,17 The typi-
cal chest CT scan indicates numerous ground glass opacity (GGO) 
and/or consolidations in a peripheral distribution, which also pres-
ents the severity of pulmonary inflammation.18- 20 It has been re-
ported that consolidation and GGO on chest CT scans are more 
common in non- survivors than survivors.8,21 In addition, majority 
of the patients with COVID- 19 have bilateral infiltrates on chest 
CT scans.11 Due to its availability, chest CT scan may help first- line 
triage of patients admitting to the hospital.22 Chest CT scan is also 
helpful in assessing the severity and progression of disease, mon-
itoring the clinical course as well as assessing the treatment.23,24 
Elevation in consolidative opacities and GGO as well as interstitial 
septal thickening on chest CT scan is associated with exacerbating 
pneumonia.15,25 Chest CT features of COVID- 19 pneumonia have 
been studied mostly in Chinese individuals; however, radiological 
manifestations should be clarified in other populations and areas 
around the world that have a quickly increasing number of con-
firmed cases.

SARS- CoV- 2 infection is a multifaceted disease; therefore a 
reliable and appropriate biomarker is required to show changes in 
pattern of lung involvement and predict the severity of COVID- 19 
pneumonia. C- reactive protein (CRP) can be useful in the early di-
agnosis of pneumonia,26 and patients with severe pneumonia had 
high CRP concentrations. Recently, studies have indicated that 
CRP has a positive association with severe dengue infection.27,28 
Changes in CRP have been demonstrated in COVID- 19 patients, 
but little is known about its correlation with disease severity.29,30 
According to the research in COVID- 19 patients, CRP concen-
tration increased as the disease progressed and positive correla-
tion was observed between CRP concentration with lung lesion 
and disease severity.31 Furthermore, serum high- sensitivity CRP 
concentration and CT scores have a good consistency, and their 
combination can effectively evaluate disease progression and 
therapeutic effects.32

Since Iran has the largest number of approved COVID- 19 cases 
in Asia after China and to the best of our knowledge, there is no 
study investigating the relationship between chest CT scan charac-
teristics with SOFA score, CRP, comorbidity, and mortality in Iranian 
COVID- 19 patients, current study designed to assess the chest CT 
scan features in ICU patients with COVID- 19 and to find whether 
there is a relationship between the chest CT scan features with 
SOFA score, CRP, comorbidity, and mortality.

2  | METHODS

2.1 | Study patients

Adult	 patients	 (≥18	 years	 old)	 with	 COVID-	19	 according	 to	 the	
WHO interim guidance33 who were consecutively admitted to the 
Imam- Reza Medical Research and Training Hospital, Tabriz, East- 
Azerbaijan Province, North- West of Iran between March 2020 
and August 2020 were screened and total of 168 ICU patients di-
agnosed by PCR COVID- 19 positive and typical CT scan pattern in 
PCR negative patients were included in this research. Imam- Reza 
Medical Research and Training Hospital is the main in Tabriz city, 
East- Azerbaijan Province, which is one of the high- risk regions 
in the North- West of Iran. This hospital is affiliated to the Tabriz 
University of Medical Sciences, Tabriz, Iran. The research protocol 
was confirmed by the Institutional Review Board and Medical Ethics 
Committee of Tabriz University of Medical Sciences (ethics code: 
IR.TBZMED.REC.1399.016). Written informed consents were col-
lected from the patients or their families.

2.2 | Data collection

Demographic and clinical characteristics were gathered using a data 
collection form. The demographic data including age, sex, and smok-
ing; comorbidities including hypertension, diabetes, chronic respira-
tory disease, coronary artery disease, heart failure, cardiovascular 
disease, chronic renal failure, malignancy, rheumatologic disease, 
and chronic liver disease; clinical symptoms including cough, fever, 
dyspnea, myalgia, fatigue, hemoptysis, chill, headache, sore throat, 

What's known

Chest CT scan can be a useful tool in screening and diag-
nosis and is able to present typical radiological findings of 
COVID- 19 even before the appearance of clinical symp-
toms. Chest CT scan is also helpful in assessing the severity 
and progression of disease, monitoring the clinical course 
as well as assessing the treatment.

What's new

Multifocal bilateral GGO was the most common pattern 
in chest CT scan. There were significant correlations be-
tween SOFA score on admission with multifocal and 
bilateral GGO. Significant relationships were observed 
between unilateral and bilateral GGO patterns with CRP. 
There was significant relationship between GGO patterns 
with comorbidities including overweight/obesity, heart 
failure, cardiovascular diseases, and malignancy. No signifi-
cant relationships were observed between chest CT scan 
results with mortality.
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anorexia, nausea/vomiting, anosmia, taste loss, and diarrhea; vital 
signs including blood pressure, respiratory rate, heart rate, blood 
O2 saturation, and body temperature as well as mortality (survived 
or died) were gathered. The SOFA score system was used to deter-
mine severity of disease with higher scores reflecting more severe 
illness.34 Blood samples were also collected on admission and CRP 
levels were measured by immunoturbidimetry method. Due to wide 
variation in CRP level, we classified it into three categories: 1+: 
<10 mg/dL, 2+: 10- 50 mg/dL, and 3+: >50 mg/dL.35 The date of dis-
ease onset was ascertained as the day when the first symptom was 
appeared.

2.3 | Chest CT scan

Chest CT scans were conducted by a multi- detector CT scanner 
16 slice (Siemens, Munich, Germany) with detailed parameters as 
below: tube voltage, 120 kV; tube current, standard (60- 120 mAs); 
slice thickness, 1- 1.5 mm; reconstruction interval, 1- 1.5 mm. The 
CT scans were conducted beginning from the apex to the lowest 
part of the lungs in a deep inspiration. Patients were supine in the 
CT scanner with arms above their head. An expert radiologist (Dr 
Mohammad Kazem Tarzamni, Professor of Radiology with 25 year 
experience) analyzed and interpreted the CT scans. Pattern of lung 
involvement in chest CT scan of COVID- 19 patients was divided 
into 8 categories: Unifocal GGO, Multifocal GGO, Unilateral GGO, 
Bilateral GGO, Unifocal Consolidation, Multifocal Consolidation, 
Unilateral Consolidation, and Bilateral Consolidation.

2.4 | Statistical analysis

Statistical analysis was carried out by SPSS 16.0 software (SPSS, 
Chicago, IL). The normal distribution of variables was assessed 
using the Kolmogorov- Smirnov test. Categorical variables were 
presented as number with percentage. Continuous variables were 
expressed as mean ±SD or median (interquartile range), as appropri-
ate. Comparisons between groups were made by Chi- square test, 
Independent sample t- test, or Mann- Whitney U test, as appropriate. 
Correlations between variables were determined by Spearman cor-
relation analysis. P <.05 was defined statistically significant.

3  | RESULTS

Total of 168 ICU patients with COVID- 19 were studied. Baseline 
characteristics of patients are presented in Table 1.

As presented in Table 2, most of patients who had multifocal and 
bilateral GGO pattern on chest CT scans had SOFA scores <5 on 
admission (day 1). Significant relationships were only observed be-
tween the SOFA score classification on admission (day 1) with multi-
focal and bilateral GGO (P = .016 and P = .044, respectively).

TA B L E  1   Baseline characteristics of COVID- 19 patients

Characteristics
All patients 
(n = 168)

Age (year) 62.65 ± 17.34

Sex

Male 102 (61)

Female 66 (39)

Smoking 24 (15)

SOFA score 5.14 ± 3.39

CRP

1+ 43 (26)

2+ 38 (23)

3+ 36 (21)

High 11 (7)

Comorbidity

Overweight/Obesity 81 (79)

Hypertension 76 (47)

Diabetes 40 (25)

Coronary artery disease 22 (14)

Chronic respiratory disease 20 (12)

Chronic renal failure 17 (11)

Heart failure 15 (9)

Cardiovascular disease 13 (8)

Malignancy 10 (6)

Rheumatologic disease 5 (3)

Chronic liver disease 3 (2)

Clinical symptoms

Dyspnea 127 (76)

Cough 91 (54)

Myalgia 48 (29)

Fever	(temperature	≥37.3°C) 47 (28)

Fatigue 45 (27)

Chill 35 (21)

Anorexia 18 (11)

Headache 17 (10)

Nausea/Vomiting 17 (10)

Sore throat 15 (9)

Anosmia 14 (8)

Taste loss 13 (8)

Diarrhea 6 (4)

Hemoptysis 6 (4)

Vital signs

Systolic blood pressure (mmHg) 121.91 ± 19.21

Diastolic blood pressure (mmHg) 73.11 ± 13.95

Respiratory rate (breaths/min) 25.10 ± 7.35

Heart rate (beats/min) 96.06 ± 17.12

Blood O2 saturation (%) 83.43 ± 11.49

(Continues)
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Table 3 presents correlations between chest CT scan with 
SOFA scores on admission (day 1) and on day 5 in study patients. 
According to Table 3, there were only significant correlations be-
tween SOFA score on admission (day 1) with multifocal and bilateral 
GGO (P = .010 and P = .011, respectively). In addition, there were 
significant correlations between SOFA scores on admission (day 1) 

and on day 5 with multifocal bilateral GGO (P = .035 and P = .044, 
respectively).

Table 4 shows relationship between chest CT scan and mortality 
with CRP in study patients. According to Table 4, most patients with 
GGO patterns on chest CT scans had CRP 1+. Significant relation-
ships were observed between unilateral and bilateral GGO patterns 
on chest CT scans with CRP (P = .049 and P = .046, respectively).

As demonstrated in Table 5, significant relationships were ob-
served between unifocal, unilateral, and bilateral GGO patterns on 
chest CT scans with overweight/obesity (P = .006, P = .045, and 
P = .034, respectively). Furthermore, significant relationships were 
observed between multifocal and bilateral GGO patterns on chest 
CT scans with heart failure (P = .001 and P = .001, respectively). In 
addition, there were significant relationships between unifocal, mul-
tifocal, unilateral, and bilateral GGO patterns on chest CT scans with 
cardiovascular diseases (P = .041, P = .005, P = .027 and P = .003, 
respectively). Significant relationships were also observed between 
unifocal and unilateral GGO patterns on chest CT scans with malig-
nancy (P = .012 and P = .006, respectively). Significant relationship 
was also observed between multifocal bilateral GGO pattern with 
cardiovascular diseases (P = .041).

According to Table 6, no significant relationships were observed 
between chest CT scan results with mortality (P >.05).

4  | DISCUSSION

To the best of our knowledge, this is the first study to assess the 
relationship between chest CT scan findings with SOFA score, CRP, 
comorbidity, and mortality in ICU patients with COVID- 19 in East- 
Azerbaijan Province, which is one of the high- risk regions in the 
North- West of Iran. Consistent with previous studies,18- 20,36- 44 our 
research indicated that multifocal and bilateral GGO were the most 
common patterns on chest CT scans. Furthermore, multifocal and 
bilateral consolidation were more prevalent than unifocal and unilat-
eral consolidation patterns. A GGO pattern has been suggested to be 
a very common feature in COVID- 19 pneumonia as 100% of individu-
als whose diagnosis was affirmed by RT- PCR had this feature.38 Also, 
there was no significant difference in the CT scan features between 
subjects with confirmed COVID- 19 who needed admission and sub-
jects who were discharged.38 Since a GGO pattern can be present 
in different phases of the disease,45- 47 thereby being the most com-
mon radiologic feature. The appearance of GGO can be attributable 
to COVID- 19 pathophysiology. The SARS- CoV- 2 virus invades the 
pulmonary interstitium at the end of the lobular bronchioles and 
spreads to the distal end. The lesion emanates in the secondary pul-
monary lobule, appearing as a round ground- glass appearance on CT 
and then expands to become as confluent GGO.48 A GGO pattern 
can cause partial filling of the alveoli that is related with the viral 
infections pathogenesis.49 It has been reported that GGO with or 
without consolidation are major characteristics of the COVID- 19. 
These characteristics are highly indicative of acute interstitial pneu-
monia of the disease and are consistent with its histopathological 

Characteristics
All patients 
(n = 168)

Body	temperature	(°C) 37.27 ± 0.75

Chest CT scan

Unifocal GGO

Yes 8 (5)

No 160 (95)

Multifocal GGO

Yes 98 (58)

No 70 (42)

Unilateral GGO

Yes 6 (4)

No 162 (96)

Bilateral GGO

Yes 100 (60)

No 68 (40)

Unifocal Consolidation

Yes 4 (2)

No 164 (98)

Multifocal Consolidation

Yes 55 (33)

No 113 (67)

Unilateral Consolidation

Yes 4 (2)

No 164 (98)

Bilateral Consolidation

Yes 60 (36)

No 108 (64)

Multifocal Bilateral GGO

Yes 54 (32)

No 114 (68)

Multifocal Bilateral Consolidation

Yes 18 (11)

No 150 (89)

Multifocal Bilateral GGO Consolidation

Yes 42 (25)

No 126 (75)

Note: Continuous variables were reported as mean ±SD or median (IQR) 
while categorical variables were expressed as frequency (percentage).
Abbreviations: COVID- 19, Coronavirus disease 19; CRP, C- reactive 
protein; CT, Computed tomography; GGO, ground glass opacity; SOFA, 
Sequential Organ Failure Assessment.

TA B L E  1   (Continued)



     |  5 of 12HEJAZI Et Al.

results that COVID- 19 pneumonia involves both parenchyma and 
interstitial lung tissue.50 In addition, GGO and consolidation are 
more common in patients who needed ICU admission. These find-
ings indicate that chest CT scan can be a helpful risk stratification 
tool for admitted patients, and via applying a simple procedure for 
scoring the abnormal results in each location, radiologists can give 

critical information about at- risk patients who need ICU admission. 
Moreover, the chest CT scan can predict the prognosis of patients.51 
Based on our study, a GGO pattern was more valuable than a con-
solidation pattern in predicting the prognosis of COVID- 19 patients 
which was in line with Lin et al52 who indicated the value of the CT 
scan in diagnosis and evaluation of COVID- 19. Additional studies are 

TA B L E  2   Relationship between chest CT scan and SOFA scores in study patients

SOFA score on Day 1 P- value* SOFA score on Day 5 P- value*

Chest CT scan <5 5- 10 >10 <5 5- 10 >10

Unifocal GGO .625 .655

Yes 3 (38) 5 (63) 0 (0) 1 (25.0) 3 (75.0) 0 (0)

No 78 (49) 75 (47) 7 (4) 27 (36) 41 (54) 8 (10)

Multifocal GGO .016 .564

Yes 54 (55) 42 (43) 2 (2) 18 (40) 23 (51) 4 (9)

No 27 (39) 38 (54) 5 (7) 10 (29) 21 (60) 4 (11)

Unilateral GGO .501 .872

Yes 1 (20) 5 (80) 0 (0) 1 (33) 3 (67) 0 (0)

No 80 (50) 75 (46) 7 (4) 27 (36) 41 (54) 8 (10)

Bilateral GGO .044 .465

Yes 55 (55) 43 (43) 2 (2) 19 (40) 24 (51) 4 (9)

No 26 (38) 37 (55) 5 (7) 9 (27) 20 (61) 4 (12)

Unifocal Consolidation .095 .822

Yes 2 (50) 1 (25) 1 (25) 1 (33) 2 (67) 0 (0)

No 79 (48) 79 (48) 6 (4) 27 (35) 42 (55) 8 (10)

Multifocal Consolidation .370 .643

Yes 26 (47) 25 (46) 4 (7) 9 (29) 19 (61) 3 (10)

No 55 (49) 55 (49) 3 (3) 19 (39) 25 (51) 5 (10)

Unilateral Consolidation .095 .822

Yes 2 (50) 1 (25) 1 (25) 1 (33) 2 (67) 0 (0)

No 79 (48) 79 (48) 6 (4) 27 (35) 42 (55) 8 (10)

Bilateral Consolidation .481 .934

Yes 28 (47) 28 (47) 4 (6) 12 (33) 20 (56) 4 (11)

No 53 (49) 52 (48) 3 (3) 16 (36) 24 (55) 4 (9)

Multifocal Bilateral GGO .077 .215

Yes 31 (57) 23 (43) 0 (0) 11 (50) 9 (41) 2 (9)

No 50 (44) 57 (50) 7 (6) 17 (30) 35 (60) 6 (10)

Multifocal Bilateral 
Consolidation

.172 .766

Yes 6 (33) 10 (56) 2 (11) 4 (31) 7 (54) 2 (15)

No 75 (50) 70 (47) 5 (3) 24 (36) 37 (55) 6 (9)

Multifocal Bilateral GGO .773 .799

Consolidation

Yes 22 (52) 18 (43) 2 (5) 7 (30) 14 (61) 2 (9)

No 59 (47) 62 (49) 5 (4) 21 (37) 30 (53) 6 (10)

Note: Bold values are statistically significant (P < .05).
Data were expressed as frequency (percentage).
Abbreviations: CT, Computed tomography; GGO, ground glass opacity; SOFA. Sequential Organ Failure Assessment.
P < .05 was considered significant.
*P values indicate comparison between groups (Chi- square).
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warranted to completely understand the prognostic power of this 
finding in patients with COVID- 19.

Our study preliminarily demonstrated a significant correlation 
between chest CT scan features including multifocal and bilateral 
GGO patterns with SOFA score on admission (day 1). In addition, 
significant correlations were noticed between multifocal bilateral 
GGO with SOFA scores on admission (day 1) and on day 5. These 
findings indicate that in more severe disease, more abnormalities 
can be observed on chest CT scan. The SOFA score is an important 
index to reflect the state and degree of multiple organ dysfunc-
tions11 and can predict the severity and outcome of the disease.53,54 
In a study by Francone et al,55 CT score was significantly higher in 
critical and severe patients than in mild stage subjects which was 
consistent with our research. In addition, Shen et al56 found that 
CT imaging was helpful in classifying disease severity as a larger 
proportion of scans from critically ill patients presented bilateral 
lung involvement compared with mild cases. In another study on 
COVID- 19 patients, higher CT scores had a significant relationship 
with more severe disease.57 Wu et al40 also suggested that chest 
CT scan could be used to assess the severity of the disease and had 
a considerable function in clinical practice. Therefore, it seems that 
CT is the main procedure to determine the severity of the disease 
and can be used to identify disease progression. The main benefit 
of the CT scan is that the test is available immediately and results 
are accessible directly after scanning. This benefit depends on the 
accessibility of a CT scan, personnel and a well- designed approach 
to perform these scans.

Increased inflammatory parameters, such as CRP were re-
ported in COVID- 19.31,44,55,58- 60 CRP is a non- specific acute- 
phase protein as well as a sensitive biomarker of inflammation, 
infection, and tissue destruction.61 Increased CRP concentra-
tions may reflect the extent of inflammation or extensive tissue 

damage and are usually noticed in viral pneumonia.62,63 According 
to our study, there was a significant relationship between chest 
CT scan features including unilateral and bilateral GGO patterns 
with serum CRP. Our research was consistent with Zhu et al64 
who indicated that chest CT scan results significantly positively 
correlated with CRP concentrations. Furthermore, Zhang et al44 
and Xiong et al65 reported that CRP had a significant positive 
correlation with the severity of pneumonia assessed on CT scan. 
Francone et al55 indicated a statistically significant correlation 
between CT score and CRP which was in line with our study. 
Moreover, Tan et al60 stated a positive correlation between CRP 
with CT scores which was similar to present study. Chen et al66 
also found a positive correlation between plasma CRP level and 
CT grading. Furthermore, it has been reported that serum CRP 
concentration and CT scores have a good consistency, and their 
combination can effectively evaluate disease progression and 
therapeutic effects.32

Our study preliminarily demonstrated significant relationships 
between chest CT scan features including GGO patterns with 
comorbidities, such as overweight/obesity, heart failure, cardio-
vascular diseases, and malignancy. To our surprise, this research 
did not reveal significant relationship between chest CT scan fea-
tures with preexisting hypertension and diabetes mellitus. There 
are limited reports about the relationship between chest CT scan 
manifestations and comorbidities. Our study was supported by 
Liu et al67 who reported that preexisting chronic diseases were 
correlated with the higher disease severity and increased admit-
tance to ICU. However, another study conducted by Asai et al68 
did not find any correlation between the underlying diseases and 
radiological characteristics which was in contrast with our study. 
This discrepancy might be due to differences in sample size and 
characteristics of studied patients. The sample size included in 

Chest CT scan

SOFA score on Day 1 
(n = 168)

SOFA score on Day 
5 (n = 80)

r P- value* r P- value*

Unifocal GGO 0.008 .917 0.075 .509

Multifocal GGO 0.199 .010 0.196 .082

Unilateral GGO 0.088 .256 0.095 .404

Bilateral GGO 0.196 .011 0.196 .082

Unifocal Consolidation 0.004 .963 0.059 .605

Multifocal Consolidation 0.039 .620 0.170 .132

Unilateral Consolidation 0.004 .963 0.059 .605

Bilateral Consolidation 0.035 .656 0.112 .325

Multifocal Bilateral GGO 0.162 .035 0.226 .044

Multifocal Bilateral Consolidation 0.127 .102 0.192 .088

Multifocal Bilateral GGO Consolidation 0.056 .467 0.008 .941

Note: P < .05 was considered significant.
Abbreviations: CT, Computed tomography; GGO, ground glass opacity; SOFA, Sequential Organ 
Failure Assessment.
*Spearman rank correlation coefficient.

TA B L E  3   Correlation between chest 
CT scan and SOFA scores in study 
patients
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present study was larger than Asai et al68 research and the re-
sults may be more convincing. It has been reported that comor-
bidities lead to an impaired body function and weakened immune 
system, thereby causing individuals to be more vulnerable to 

the coronavirus. Chronic diseases share several common fea-
tures with infectious disorders and their complications, such as 
endothelial dysfunction, the pro- inflammatory state, and alter-
ations in the innate immune response.69- 71 More investigations 

Chest CT scan

C- reactive protein

P- value*1+ 2+ 3+ High

Unifocal GGO .722

Yes 3 (38) 1 (13) 1 (13) 1 (13)

No 37 (23) 37 (23) 33 (21) 10 (6)

Multifocal GGO .063

Yes 26 (27) 20 (20) 14 (14) 5 (5)

No 14 (20) 18 (26) 20 (29) 6 (9)

Unilateral GGO .049

Yes 2 (40) 1 (20) 1 (20) 1 (20)

No 38 (24) 37 (23) 33 (20) 10 (6)

Bilateral GGO .046

Yes 26 (26) 20 (20) 14 (14) 6 (6)

No 14 (21) 18 (27) 20 (29) 5 (7)

Unifocal Consolidation .386

Yes 2 (50) 1 (25) 0 (0) 1 (25)

No 38 (23) 37 (23) 34 (21) 10 (6)

Multifocal Consolidation .233

Yes 10 (18) 16 (29) 8 (15) 2 (4)

No 30 (27) 22 (20) 26 (23) 9 (8)

Unilateral Consolidation .386

Yes 2 (50) 1 (25) 0 (0) 1 (25)

No 38 (23) 37 (23) 34 (21) 10 (6)

Bilateral Consolidation .094

Yes 10 (17) 19 (32) 8 (13) 3 (5)

No 30 (28) 19 (18) 26 (24) 8 (7)

Multifocal Bilateral GGO .095

Yes 19 (35) 7 (13) 9 (17) 3 (6)

No 21 (18) 31 (27) 25 (22) 8 (7)

Multifocal Bilateral 
Consolidation

.118

Yes 2 (11) 8 (44) 5 (28) 0 (0)

No 38 (25) 30 (20) 29 (19) 11 (7)

Multifocal Bilateral GGO 
Consolidation

.113

Yes 7 (17) 11 (26) 4 (10) 3 (7)

No 33 (26) 27 (21) 30 (24) 8 (6)

Mortality .556

Survived 26 (26) 22 (22) 21 (21) 8 (8)

Died 16 (21) 16 (21) 15 (20) 4 (5)

Note: Data were expressed as frequency (percentage).
Abbreviations: CT, Computed tomography; GGO, ground glass opacity.
P < .05 was considered significant.
*P values indicate comparison between groups (Chi- square).

TA B L E  4   Relationship between chest 
CT scan and C- reactive protein in study 
patients (n = 168)
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are warranted to evaluate the nature and extent of coexistence 
between COVID- 19 and chronic diseases.

Based on our study, multifocal and bilateral GGO patterns on 
chest CT scans were more common in survived patients than in 
death patients, whereas multifocal and bilateral consolidation pat-
terns were more common in death patients than in survived patients. 
Recent investigations by Zhou et al8 and Yuan et al36 showed con-
solidation and bilateral infiltration were more frequent in patients 
who died from COVID- 19 than patients who survived which was in 
line with our research. Li et al72 also reported that consolidations 
on CT images were more common in death patients than in sur-
vived patients which was consistent with our study. Furthermore, 
another study in COVID- 19 adults reported that presence of con-
solidation pattern was more common in non- survivors compared to 
survivors.73 The relation between CT findings and mortality are not 
completely understood. Present research did not show any signifi-
cant relationships between chest CT scan results with mortality. Our 
research was consistent with Asai et al68 who also indicated no sig-
nificant association between CT findings with mortality. However, 
Raoufi et al74 showed a significant correlation between chest CT 
scan characteristics and mortality of COVID- 19 cases which was in 
contrast with our study. Furthermore, Hu et al21 reported that chest 
CT findings were worsening in patients who died from COVID- 19.

This study had some limitations including a single- center study 
and having small sample size. Thus, additional large- scale multi- 
center studies would be helpful. Furthermore, we did not follow- up 
these patients who survived and correlated their chest CT or clinical 
findings with outcomes. Lastly, no autopsy was conducted in the de-
ceased patients.

5  | CONCLUSION

In conclusion, multifocal bilateral GGO was the most common pat-
tern on chest CT scans. Furthermore, multifocal bilateral consoli-
dation was more prevalent than unifocal unilateral consolidation 
pattern. Although chest CT scan characteristics were significantly 
related with SOFA score, CRP, and comorbidity in ICU patients with 
COVID- 19, a relationship with mortality was not significant.
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