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Abstract
Introduction: At present, chest computed tomography (CT) is accepted as a tool for assessment COVID-19 patients. However, 
there are few data about the relationship between initial imaging results at presentation and the presence of systemic inflamma-
tory mediators and outcome in patients with COVID-19. The aim of study is to evaluate the relation of initial high resolution com-
puted tomography (HRCT) chest findings to inflammatory indices and clinical course of COVID-19 patients during hospitalization. 
Material and methods: This is a retrospective cohort study carried out on 108 confirmed COVID-19 patients. Demographic, lab-
oratory and radiological data were recorded from patients medical records. Based on predominant HRCT density, patients were 
classified into either normal, ground glass opacity (GGO) and consolidation groups. By HRCT score, patients were classified into 
either no infilteration, ≤ 50% infilteration and > 50% infilteration groups. Comparison between clinical and laboratory parameters 
were observed among the groups. 
Results: More hypoxemia, higher inflammatory indices (CRP, d-dimer, ferritin), more requirement of ventilatory support and 
more mortality rate were observed in consolidation group compared to GGO (p < 0.05) and in patients with HRCT score > 50% 
compared to ≤ 50% infilteration group (p < 0.05). 
Conclusions: Consolidation pattern and high CT chest quantitative score are associated with elevated inflammatory indices and 
poor outcome in COVID-19 patients. HRCT chest can be used for risk stratification of COVID-19 patients.
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Introduction

Coronavirus disease 2019 has now be-
come a global public health problem. Globally 
8 525 042 cases and 456 973 deaths have been 
reported till July 2020 [1]. Imaging plays an im-
portant role in the diagnosis and management of 
COVID-19 pneumonia. Computed tomography 
(CT) is considered the first-line imaging modal-
ity in highly suspected cases and is helpful for 
monitoring imaging changes during treatment. 
Therefore, CT has been identified as an efficient 
clinical diagnostic tool for people with suspected 
COVID-19 [2]. It has potential for identifying peo-
ple with COVID-19 pneumonia even their COVID 
swab is negative [3, 4]. The findings on CT images 
may reflect the severity of disease. There is little 

known about the relationship between initial 
imaging results at presentation and the presence 
of systemic inflammatory mediators and outcome 
in patients with COVID-19.

Aim of study
The purpose of this study was to evaluate the 

relation of initial chest CT findings to inflamma-
tory indices and clinical course of COVID-19 pa-
tients during hospitalization. 

Material and methods

Study design
This is a retrospective cohort study carried 

out on patients with confirmed COVID-19 hos-
pitalized at El Rajhi hospital, Assiut university 
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hospital. All cases hospitalized with confirmed 
COVID-19 who do chest high resolution com-
puted tomography (HRCT) on admission were 
included in the study between the period of June, 
2020 and November 30, 2020. The ethics commit-
tee of Faculty of Medicine of Assiut University 
approved this study (No. 17300523).

Inclusion criteria
Pat ients  d iagnosed  wi th  conf i rmed 

COVID-19 pneumonia based on laboratory-con-
firmed COVID-19 [5] and who do HRCT chest 
within 24 hours of admission.

All the following patients data will be re-
corded.

Patient data were collected from stored com-
puter data and patients’ medical records

1. Demographic and clinical data
Demographic data were collected included 

age, gender, body mass index, duration of disease 
at presentation, smoking status and comorbidities 
were recorded. Common clinical symptoms and 
oxygen saturation at time of admission were all 
recorded. Data about the need of ventilatory sup-
port either noninvasive ventilation (NIV) or me-
chanical ventilation (MV) at admission and data 
about patient mortality rate were also recorded. 

2. Laboratory data 
Laboratory investigation including differen-

tial complete blood (CBC) count and inflamma-
tory profile [C-reactive protein (CRP), d-dimer 
and serum ferritin] were recorded. Venous blood 
samples were collected from all patients within 
24 hours of admission under restrict sterilized 
conditions. 

3. HRCT data
•	 CT protocol

As a protocol in our hospital, HRCT chest 
done for all COVID-19 patients within 24 hours 
of admission. CT chest examination without in-
travenous contrast in a supine position was done 
for all patients, using a 64-channel Multi-detector 
CT scanner (Toshiba, Japan) Aquilion machine 
with 16 × 1.2 mm collimation, 120–140 kV, tube 
current 150–280 mA, all transverse images were 
reconstructed to 0.625 mm-slice images. CT im-
ages were acquired from the level of diaphragm 
to lung apices in a caudo-cranial direction.
•	 CT chest image interpretation

Multi-planar reconstruction (MPR) was used 
for image analysis after transferring images to 

a Vitrea Vital Image (VPMC-Revision C). CT im-
ages were reviewed by two radiologists with more 
than 10 years’ experience in imaging.

For each patient, a CT scan was evaluated 
for the following:
1. The number of lobes affected.
2. Unilateral or bilateral involvement. 
3. Lesion density: the predominant HRCT pat-

terns defined by the Fleischner Society glos-
sary [6] were as following normal, ground 
glass, or only consolidation (Figure 1, 2).

4. Lesion distribution: peripheral (sub-pleural, 
involve peripheral one-third of the lung), 
diffuse, or central (at lung hilum, involve 
central two-thirds of the lung).

•	 HRCT scoreCT
Severity score was calculated [7] by dividing 

both lungs into 5 lung zones [right upper lobe, 
right middle lobe, right lower lobe, left upper lobe 
(including lingula), and left lower lobe], regarding 
anatomical structures.

Based on the percentage of lobe involvement 
in CT images, a score was given for each lung lobe: 

 — Score 0: 0% involvement;
 — Score 1: less than 5% involvement;
 — Score 2: 5% to less than 25% involvement;
 — Score 3: 25% to less than 50% involvement;
 — Score 4: 50% to less than 75% involvement;
 — Score 5: 75% or greater involvement.

The maximum CT score for both lungs is 25, 
and the summation of both lung scores provides 
a semi-quantitative evaluation of the total sever-
ity score. Then according to the percentage of 
whole lung involvement, patients were classified 
into 3 groups; no infilteration group (0%), ≤ 50% 
infilteration group and > 50% infilteration group 
(Figure 1, 2).

Statistical analysis
Statistical Package for the Social Sciences 

(SPSS-version 16) software (SPSS Inc., Chi-
cago, IL, USA) was used for analysis of data. 
Continuous variables were presented as medi-
ans and interquartile range and compared by 
Mann-Whitney U test. Categoric variables were 
presented as numbers and percentages and were 
compared by chi-square test between the study 
groups. Two-sided p value < 0.05 was considered 
statistically significant. 

Results

This study included 108 COVID-19 con-
firmed cases. Their median age was 48 (29–60) 
of whom 57.4% were males. Demographic data of 
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the study patients were presented in Table 1. By 
qualitative assessment of HRCT based on HRCT 
density, patients were classified into 3 groups ei-
ther normal (10.2%), GGO (69.4%) and consolida-
tion (20.4%) groups. By quantitative assessment 
of HRCT by HRCT score, patients were classified 
into either no infilteration (10.2%), ≤ 50% infil-
teration (65.7%) and > 50% infilteration (24.1%) 
groups. Comparison between clinical and labora-
tory parameters were observed among the groups. 

Based on HRCT density, no statistically 
significant differences were reported in dura-
tion of complaint and clinical symptoms except 
dypnea (p = 0.014). Respiratory rate at presen-
tation was significantly higher in consolidation 
group compared to both GGO and normal groups 
[38 (30–44) vs. 29 (25–38), p = 0.013; 38 (30–44) 
vs. 24 (20–30), p = 0.009 respectively] and in 
GGO compared to normal group (p = 0.016). Also 
spO2 at presentation was significantly lower in 

consolidation that both other groups [68 (60–72) 
vs. 92 (80–97), p < 0.001; 68 (60–72) vs. 98 (97–98)] 
and in GGO than normal group (p < 0.001) 
(Table 2). Regarding laboratory and inflammatory 
markers, neutrophils were significantly higher 
in consolidation than GGO and in GGO than 
normal group [7.4 (4.7–10.6) vs. 2.8 (1.7–6.4), 
p < 0.001; 2.8 (1.7–6.4) vs. 1.64 (1.4–2.2), 
p = 0.016 respectively]. Also inflammatory in-
dices (CRP, D-dimer, ferritin) were significantly 
higher in consolidation group than both GGO 
[70 (32.7–247) vs. 21.8 (6.8–100), p = 0.002; 0.6 
(1.9–5.9) vs. 0.5 (0.2–1.02), p < 0.001; 944 (676– 
–2882) vs. 285 (126–728), p < 0.001 respective-
ly] and normal groups [70 (32.7–247) vs. 3.3 
(1.3–4.6), p < 0.001; 0.6 (1.9–5.9) vs. 0.3 (0.2–0.5), 
p < 0.001; 944 (676–2882) vs. 73.3 (28.2–314.7), 
p < 0.001 respectively]. Ground glass opacity 
group also reported higher CRP and ferritin com-
pared to normal group (p < 0.001, p = 0014 re-

Figure 1. Male patient, 60 years old, was complaining of chest pain, dry cough and dyspnea and was confirmed to be COVID-19 by RT-PCR. These 
axial and coronal (lung window) non- contrast CT chest images show diffuse multifocal ground glass opacities involving both lungs. Both upper 
and lower lobes have score 5 (with ≥ 75% involvement), while middle lobe has score 4 with (50% to < 75% involvement), so total CT lung severity 
score is 24 with 96% of lung involvement
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spectively) (Table 2). Consolidation pattern was 
also associated with higher rate of ventilatory 
support either NIV (54.5% vs. 20%) or MV (18.5% 
vs. 0%) (Figure 3A). Mortality rate was also signifi-
cantly higher in consolidation group compared 
to GGO group (45.5% vs. 17.3%). On the other 
hand, neither ventilatory support nor mortality 
was reported in the normal group (Figure 4A).

Based on HRCT scores, no statistically signif-
icant different were also reported in duration of 
complaint and clinical symptoms except dypnea 
(p = 0.001). Reapiratory rate at presentation was 
also significatly higher in > 50% infilteration 
group compared to both ≤ 50% infilteration and 
no infilteration groups [38 (28–40) vs. 30 (25–35), 
p < 0.001; 38 (28–40) vs. 24 (20–30), p = 0.004 re-
spectively] and in ≤ 50% group compared to nor-
mal [30 (25–35) vs. 24 (20–30), p = 0.022). Also 
spO2 at presentation was significantly lower in 
> 50% than both other groups [66.5 (60–78.7) 

Figure 2. Female patient, 55 years old, was complaining of fever, dry 
cough and dyspnea and was confirmed to be COVID-19 by RT-PCR. 
These axial non-contrast CT chest images (lung window) show mul-
tifocal ground glass opacities involving both lower lobes as well as 
area of consolidation with air-bronchogramat anterior segment of left 
lower lobe (blue arrow). Right lower lobe has score 4 (50% to < 75% 
involvement), lt lower lobe has score 5 with (with ≥ 75% involvement 
so total CT lung severity score is 9 with 36 % of lung involvement

Table 1. Demographic criteria of COVID-19 patients (n = 108)

Item

Age [median (IQR)] 48 (29-60)

Gender %:

Male 62 (57.4%)

Female 46 (42.6%)

Smoking habit %

Smoker 23 (21.3%)

Comorborbidities % 61 (56.5%)

DM 38 (35.2%)

HTN 29 (26.9%)

IHD 14 (13%)

Underlying LD 5 (4.2%)

Admission ward %

Isolation ward 73 (67.6%)

ICU 34 (32.4%)

Mechanical support %

No mechanical support 72 (66.7%)

NIV 27(25%)

MV 9 (8.3%)

HRCT distribution

Unilateral 3(2.8%)

Bilateral 94(87%)

HRCT density

Normal 11 (10.2%)

GGO 75 (69.4%)

Consolidation 22 (20.4%)

HRCT quantitative scores

No infilteration 11 (10.2%)

≤ 50% infilteration 74 (68.5%)

> 50% infilteration 22 (20.3%)

BMI — body mass index; DM — diabetes mellitus; GGO — ground glass 
opacity; HRCT — high resolution computed tomography; HTN — hypertension; 
ICU — intensive care unit; IHD — ischemic heart disease; IQR — interquartile 
range; LD — lung disease; MV — mechanical ventilation
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Table 2. Clinical and laboratory variables among the study groups based on HRCT density (n = 108)

Variables Normal 
(n = 11)

GGO 
(n = 75)

Consolidation 
(n = 22)

P1-value P2-value P3-value

Clinical variables

Duration of complaint (days) 5 (4–7) 4 (3–6) 5 (3–7.3) 0.384 0.778 0.110

Cough (%) 2 (18.5) 16 (21.3) 8 (36.4) 0.311

Chest pain (%) 0 (0) 9 (12) 3 (13.6) 0.455

Dyspnea (%) 0 (0) 23 (30.7) 11 (50) 0.014*

Fever (%) 10 (90.9%) 71 (94.7%) 21 (95.5%) 0.856

RR (breath/min) 24 (20–30) 29 (25–38) 38 (30–44) 0.016* 0.009* 0.013*

SpO2 % (room air) 98 (97–98) 92 (80–97) 68 (60–72) < 0.001* < 0.001* < 0.001*

Laboratory variables

Wbcs (103/mm3) 4 (3–4.3) 5.2 (3.5–8.6) 11.7 (8.4–20.9) 0.024* < 0.001* < 0.001*

Neutrophils (103/mm3) 1.64 (1.4–2.2) 2.8 (1.7–6.4) 7.4 (4.7–10.6) 0.016* < 0.001* < 0.001*

Lymphocytes (103/mm3) 1.5 (1.4–1.9) 1.4 (1.1–1.8) 1.7 (1.1–4) 0.185 0.815 0.138

Hgb (gm/dL) 13.7 (12.9–14.6) 13.4 (12–14.1) 12.9 (10.7–14.3) 0.269 0.104 0.277

PLT (103/mm3) 236 (208–286) 231 (182–285) 218 (164–288) 0.485 0.565 0.936

CRP (mg/L) 3.3 (1.3–4.6) 21.8 (6.8–100) 70 (32.7–247) < 0.001* < 0.001* 0.002*

D-dimer (mcg/mL) 0.3 (0.2–0.5) 0.5 (0.2–1.02) 0.6 (1.9–5.9) 0.079 < 0.001* < 0.001*

Ferritin (ng/mL) 73.3 (28.2–314.7) 285 (126–728) 944 (676–2882) 0.014* < 0.001* < 0.001*

Data expressed as median (interquartile range) or percentage. CRP — c-reactive protein; GGO — ground glass opacity; Hgb — Hemoglobin; PLT — platelets; RR — re-
spiratory rate; SpO2 — oxygen saturation; WBCS — white blood cells. P1 compared between normal and GGO groups, P2 compared between normal and consolidation 
groups, P3 compared between GGO and consolidation groups. *Significant

Figure 3. Mechanical ventilatory support among the studied groups. A. Mechanical ventilatory support among the study groups based on HRCT 
denisty (p < 0.001); B. mechanical ventilatory support among the study groups based on HRCT quantitative scores (p < 0.001)
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vs. 92 (81–97), p < 0.001; 66.5 (60–78.7) vs. 98 
(97–98), p < 0.001] and in ≤ 50% infilteration 
group than no infilteration group (p < 0.001) 
(Table 3). Regarding laboratory and inflammatory 
markers, neutrophils were significantly higher in 
> 50% infilteration group than both other groups 
[9.4 (7.03–13.5) vs. 2.6 (1.6–4.7), p < 0.001; 
9.4 (7.03–13.5) vs. 1.64 (1.4–2.2), p < 0.001]. Also 
inflammatory indices (CRP, d-dimer, ferritin) were 
significantly higher in > 50% infilteration group 
than both ≤ 50% infilteration group [70 (33.4–214) 
vs. 21.5 (6.8–88.1), p = 0.002; 0.84 (0.5–2.1) vs. 
0.89 (0.22–1.5), p < 0.008; 870 (369–1209) 
vs. 285 (88–728), p < 0.001 respectively] and no 
infilteration group [70 (33.4–214) vs. 3.3 (1.3– 
–4.6), p < 0.001; 0.84 (0.5–2.1) vs. 0.3 (0.2–0.5), 
p < 0.001; 870 (369–1209) vs. 73.3 (28.2–314.7), 
p < 0.001 respectively] (Table 3). ≤ 50% infilter-
ation group also reported higher CRP and ferritin 
compared to no infilteration group [21.5 (6.8– 
–88.1) vs. 3.3 (1.3–4.6), p < 0.001; 285 (88–728) 
vs. 73.3 (28.2–314.7), p = 0.014 respectively] 
(Table 3). ≥ 50% infilteration group was also asso-
ciated with higher rate of ventilatory support ei-
ther NIV (61.5% vs. 15.5%) or MV (15.4% vs. 7%) 
(Figure 3B). Mortality rate was also significantly 
higher in this group compared to < 50% infilter-
ation group (42.3% vs. 16.9%) (Figure 4B). On the 

other hand, neither ventilatory support nor mor-
tality was reported in the no infilteration group.

Discussion

Early diagnosis of COVID-19 and detection of 
severity is crucial for disease treatment and con-
trol [8]. At present, CT chest is widely accepted as 
a tool for early diagnosis of COVID-19 patients [9]. 
However, there are few studies which assess the 
relation of imaging to inflammatory indices and 
the impact of CT chest on course and outcome of 
COVID-19 pneumonia during hospitalization. We 
aimed in this study to to evaluate the relation of 
initial chest CT findings to inflammatory indices 
and clinical course of COVID-19 patients during 
hospitalization. 

For analysis of our study results, patients 
were classified based on HRCT density and on 
HRCT quantification scores. Based on HRCT 
predominant density findings, patients were 
classified into 3 groups either normal, GGO and 
consolidation groups. Based on HRCT scores, 
patients were classified into either no infiltera-
tions, ≤ 50% infilteration and > 50% infilteration 
groups. Comparison of clinical and laboratory 
parameters and outcome were observed among 
the study groups. 

Figure 4. Mortality rate among the sudy groups. A. Mortality rate among the study groups based on HRCT density (p = 0.003); B. mortality rate 
among the study groups based on HRCT quantitative scores (p = 0.005)
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Table 3. Clinical and laboratory variables among the study groups based on HRCT quantitative scores (n = 108)

Variables No infilteration 
(n =  11)

≤ 50% infilteration 
(n = 71)

> 50% infilteration 
(n = 26)

P1-value P2- value P3-value

Clinical variables

Duration of complaint [days] 5 (4–7) 4 (3–6) 4 (3-7.3) 0.444 0.920 0.428

Cough [%] 2 (18.5) 15 (21.1) 5 (34.6) 0.345

Chest pain [%] 0 (0) 10(14.1) 2 (7.7) 0.314

Dyspnea [%] 0 (0) 19 (26.8) 55 (57.7) 0.001*

Fever [%] 10 (90.9) 68 (95.8) 24 (92.3) 0.693

RR [breath/min] 24 (20–30) 30 (25–35) 38 (28–40) 0.022* 0.004* < 0.001*

SpO2 % [room air] 98 (97–98) 92 (81–97) 66.5 (60–78.7) < 0.001* < 0.001* < 0.001*

Laboratory variables

Wbcs [103/mm3] 4 (3–4.3) 4.9 (3.4–7.1) 13.7 (11.7–21.6) 0.056 < 0.001* < 0.001*

Neutrophils [103/mm3] 1.64 (1.4–2.2) 2.6 (1.6–4.7) 9.4 (7.03–13.5) 0.035* < 0.001* < 0.001*

Lymphocytes [103/mm3] 1.5 (1.4-1.9) 1.4 (1.1-1.8) 1.6 (1.1-3.3) 0.185 0.986 0.285

Hgb [gm/dl] 13.7 (12.9–14.6) 13 (11.8–14.1) 13.5(11.5–14.2) 0.198 0.246 0.914

PLT [103/mm3] 236 (208–286) 231 (182–285) 218 (164–288) 0.387 0.864 0.520

CRP [mg/L] 3.3 (1.3–4.6) 21.5 (6.8–88.1) 70 (33.4–214) < 0.001* < 0.001* 0.002*

D-dimer [mcg/mL] 0.3 (0.2–0.5) 0.89 (0.22– 1.5) 0.84 (0.5–2.1) 0.088 < 0.001* 0.008*

Ferritin [ng/mL] 73.3 (28.2–314.7) 285 (88–728) 870 (369–1209) 0.014* < 0.001* < 0.001*

Data expressed as median (interquartile range) or percentage. CRP — c-reactive protein; Hgb — Hemoglobin; PLT — platelets; RR — respiratory rate; SpO2 — oxygen 
saturation; WBCS — white blood cells. P1 compared between no infilteration and ≤ 50% infilteration groups, P2 compared between no infilteration and > 50% infilter-
ation groups, P3 compared between ≤50% infilteration and >50% infiltertion groups. *Significant

Since the emerging of COVID-19 pandemics, 
it has observed that GGO opacities and consolida-
tion are common initial CT findings in COVID-19  
patients [10, 11] and this is consistent with our 
study. GGO may be an indicator of interstitial 
alveolar edema [12]. As the disease progresses, 
more diffuse alveolar edema and exudates are 
formed with lymphocytes infilteration forming 
the consolidation pattern with acute respirato-
ry distress syndrome (ARDS) picture [13, 14]. 
These findings likely correlate pathologically 
with an exudative and proliferative acute-phase 
of COVID-19 pneumonia [12].

Clinically, more hypoxemia was reported in 
consolidation group patients compared to GGO 
group. The main mechanism of hypoxemia in con-
solidation is the development of intrapulmonary 
shunting due to extensive alveolar exudates or al-
veolar collapse [15]. Lamy et al. [16] in a previous 
study carried out on ARDS patients found strong 
correlation between gas exchange abnormalities 
and pathological changes.

Regarding laboratory markers, we observed 
significantly higher inflammatory indices (CRP, 
d-dimer, ferritin) in consolidation pattern patients 
than GGO group. Wu et al. [17] applied pulmonary 

inflammtion index based on type and density of 
lung abnormalities on CT chest and showed that 
this index correlated significantly with seum 
CRP, procalcitonin in addition to lymphocyte 
and monocyte count (p < 0.05). Thus it can be 
suggested that the patients with the worst labo-
ratory findings are also expected to have worse 
CT infilterations [18].

The poor course observed in our consol-
idation group was observed in previous stud-
ies. Previous studies found that patients with 
viral pneumonias with consolidations pattern in 
lung CT had more severe clinical courses than 
those with GGO [19, 20]. In addition, some reports 
[21, 10, 11] described consolidation pattern to 
be more common in severe and critically ill 
COVID-19 patients and that intensive care unit 
(ICU) patients had more consolidation on admis-
sion than non-ICU on chest CT [22].

By quantitative CT assessement scores, the 
present observed that patients with HRCT score 
> 50% were associated with more hypoxemia 
and higher inflammatory indices. The more 
extensive pneumonia on chest CT was signifi-
cantly correlated with the derangement in gas 
exchange [23].
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As viruses spread through the respiratory mu-
cosa and infect other cells, they induce a series of 
immune responses and cytokine storm that affect 
peripheral WBCs and inflammatory cells [24, 25]. 
We significantly found that > 50% infilteration as-
sociated with higher neutrophils count and higher 
inflammatory indices level. These results were 
consistent with those of another study [26]. Lev-
els of neutrophils and C-reactive protein may be 
correlated to the cytokine storm induced by viral 
infection [27]. By applying baseline quantititaive 
CT score in their study, Cheng et al. [28] showed 
significant CT score correlations with CRP, LDH 
and ESR without evidence of coinfection. This 
implies that chest CT quantification score can be 
used as marker of COVID-19 severity.

We observed poor prognosis with more 
mortality rate in > 50% infilteration group than 
other groups. This was consistent with that of 
a previous report, in which severe patients had 
a larger total lung CT score than non-severe pa-
tients [29]. Previous investigations into severe 
acute respiratory syndrome and middle-east 
respiratory syndrome reported the number of 
involved lung segments might be used as a pre-
dictor of disease severity and poor outcome 
[30, 31].  Quantitative chest CT score in 
COVID-19 is also correlated with pneumonia 
severity index which is a known index of com-
munity acquired pneumonia severity [32].

Conclusions

Consolidation pattern and high CT chest 
quantitative score are associated with elevat-
ed inflammatory indices and poor outcome in 
COVID-19 patients. HRCT chest can be used for 
risk stratification of COVID-19 patients. More 
future studies are recommended to evaluate 
combined qualitative and quantitative CT chest 
assessment in COVID-19 pneumonia.

Limitation of the study

First, this a retrospective study so accurate 
timing to ventilatory support cannot be docu-
mented. Second, no data about changes of HRCT 
during hospitalization which could affect out-
come of disease. 
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