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95%CI = 95% confidence interval, ARDS = Acute 
Respiratory Distress Syndrome, COVID-19 = coronavirus 
disease, GGO = Ground-Glass Opacity, ICC = Intraclass 
Correlation Coefficient, MERS = Middle East Respiratory 
Syndrome, OR = Odds Ratio, SARS-CoV-2 = Severe Acute 
Respiratory Syndrome Coronavirus 2, SpO2 = Peripheral 
Capillary Oxygen Saturation.

1. Abstract
1.1. Background: Recently, typical CT features of coronavirus 
disease (COVID-19) pneumonia have been reported. However, the 
prognostic value of CT evaluations has not been fully elucidated.

1.2. Methods:  In this retrospective, multi-center cohort study, we 
reviewed 645 patients who had died or recovered from laborato-
ry-confirmed COVID-19 between January 23, 2020 and March 
6, 2020 in two hospitals in Wuhan and Shenyang, China. Demo-
graphic, clinical, laboratory, and CT data were extracted and com-
pared between the non-survivor and survivor group. Multivariable 
logistic regression analysis identified risk factors for in-hospital 
death. 

1.3. Results:  This study enrolled 253 patients (63 died in the hos-
pital, 190 were discharged). Compared to survivors, non-survivors 
were older, mostly male, had a higher prevalence of preexisting co-
morbidity, higher incidences of hypoxemia, lymphopenia and bac-
terial coinfection (p<0.001 for each). Regarding CT evaluations, 
non-survivors had higher CT scores (14.3±3.4 vs. 8.1±2.9), higher 
incidences of bronchial dilation with mosaic (34.9% vs. 10.5%), 
emphysema (28.6% vs. 10.5%), and diffuse opacity distribution 
(76.1% vs. 36.8%; all p<0.001). Multivariable regression analysis 
showed that increasing odds of in-hospital death were associated 
with preexisting comorbidity (OR=12.48, 95% CI: 1.48–105.07; 
p=0.020), lower peripheral capillary oxygen saturation (per 1% 
increase OR=0.681, 95%CI: 0.50–0.93; p=0.016), bacterial coin-
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fection (OR=10.73, 95%CI: 1.01–114.01; p=0.049), and higher 
CT involvement scores (per 0.5-point increase OR=1.41, 95%CI: 
1.04–1.91; p=0.028). 

1.4. Conclusion:  The CT involvement score is a potential predic-
tor of short-term outcomes in patients with COVID-19. A thorough 
assessment combining CT evaluation with demographic and clini-
cal information may help establish risk stratifications and optimize 
treatment decisions at an early stage. 

2. Introduction
The coronavirus disease 2019 (COVID-19) is caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2, previ-
ously known as 2019-nCoV). First reported in Wuhan, China on 
December 31, 2019, it has become the most serious public health 
crisis of our generation and has a profound impact on the global 
economy and geopolitics (1–4). By March 2021, SARS-CoV-2 has 
infected more than 1.17 billion individuals and resulted in about 
2.58 million deaths in 235 countries, areas or territories worldwide 
[5].

COVID-19 pneumonia is the most common clinical presentation 
of patients infected with SARS-CoV-2. Chest CT is considered 
the first-line imaging modality in highly suspected cases and re-
portedly more sensitive than real-time reverse transcription-poly-
merase chain reaction tests in the early verification of suspected 
COVID-19 cases [6–9]. Recently published radiographic studies 
have advanced our knowledge of this novel viral pneumonia, most 
of them focusing on its CT features. Most of these typical fea-
tures are similar to those of other viral infections of the lung such 
as SARS and Middle East respiratory syndrome (MERS) [10,11]. 
However, the more prominent CT image characteristic is the ex-
tent of the lung involvement that, besides the early detection of a 
pulmonary infection, may provide information regarding the prog-
nosis of COVID-19 patients.

Several studies recently published in Lancet [1,12–13] revealed 
that the mortality of COVID-19 is related to Acute Respiratory 
Distress Syndrome (ARDS), and postmortem biopsies showed ev-
ident desquamation of pneumocytes and hyaline membrane forma-
tion in a patient who had died from severe infection with SARS-
CoV-2 [14]. Previous studies demonstrated that CT evaluation is 
feasible to predict the prognosis of ARDS [15–18]. Furthermore, 
Chen et al reported that the characteristics of patients who had died 
from COVID-19 were in line with the MuLBSTA score [2], an 
early warning model for predicting mortality in viral pneumonia. 
In this scoring system, the predominant index is the multi-lobular 
infiltration [19].

According to recent reports, bilateral multiple infiltrates are also 
common CT manifestations in COVID-19 patients, especially in 
those with life-threatening pneumonia [13]. The extent of lung in-
volvement can be evaluated from chest CT images. 

This study aims to investigate whether CT-evaluated lung in-

volvement is of predictive value for the prognosis in patients with 
COVID-19 pneumonia. 

3. Materials and Methods
3.1. Study Design and Patients 

The current study was approved by the Ethics of Committees of 
The First Affiliated Hospital of China Medical University and the 
Union Hospital, Tongji Medical College, Huazhong University of 
Science and Technology. The requirement for informed consent 
was waived for this retrospective study since anonymous data 
were analyzed. This retrospective study included two adult pa-
tient(≥18 years old) cohorts in the Union Hospital and The First 
Affiliated Hospital of China Medical University. We reviewed 
medical records between January 23, 2020, and March 6, 2020, 
of SARS-CoV-2-positive patients confirmed by real-time reverse 
transcription-polymerase chain reaction and identified 645 consec-
utive patients who had died or been discharged in this period. After 
excluding 392 patients without available key information such as 
sequential CT scans during the progress of the pulmonary infil-
trate, 253 patients were finally included of whom 63 patients died 
during hospitalization and 190 were discharged. The number of 
days between symptom onset and date of outcome was tracked.

3.2. Demographic, Clinical, and Laboratory Data

Data for demographic, clinical, and laboratory parameters includ-
ing age, sex, preexisting comorbidities, treatment modality, pe-
ripheral capillary oxygen saturation (SpO2) on admission, bacteri-
al coinfection, and routine laboratory examinations were collected 
for analysis. 

3.3. CT Imaging and Evaluation

Chest CT scans without intravenous contrast were performed with 
the patient in the supine position during end-inspiration using one 
of three multi-detector CT scanners (Ingenuity Core128, Philips 
Medical Systems, Netherlands; SOMATOM Definition AS, Sie-
mens Healthineers, Germany; Discovery CT750 HD, GE Health-
care, US). For CT acquisition, the tube voltage was 120 kVp with 
automatic tube current modulation. Using standard algorithms, CT 
images were reconstructed with a slice thickness of 0.625 mm or 
1.5 mm and a reconstruction interval of 0.625 mm or 1.5 mm, re-
spectively, as 512 × 512 axial images.

On average, each patient enrolled underwent 2.7±0.7 longitudi-
nal CT scans.  All CT images were scored independently by two 
radiologists blinded to the clinical characteristics with more than 
12 years of experience in thoracic radiology. The descriptions of 
thin-section CT findings were based on the recommendations of 
the Nomenclature Committee of the Fleischner Society [20] and 
previous studies [21–23]. Predominant CT manifestations were 
categorized as Ground-Glass Opacification (GGO), consolidation, 
reticulation (coarse linear or curvilinear opacities, fine subpleu-
ral reticulations), mixed pattern (a combination of consolidation, 
GGOs, and reticular opacities in the presence of architectural 
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distortion), honeycombing, and crazy-paving (smooth interlob-
ular septal thickening superimposed on GGOs). The presence of 
bronchial dilation associated with any of these findings and un-
derlying CT abnormalities such as emphysema were also noted. 
Pneumothorax, pneumo mediastinum, and pleural effusion were 
also recorded.

CT images of the day with the maximum infiltrate extent, termed 
hereafter “peak stage”, were selected to evaluate lung involve-
ment, and the number of days from initial symptom onset to the 
time of this CT acquisition was considered as the peak stage time 
of the lung involvement. All evaluations were conducted in a lung 
window (level: -600 HU, width: 1,500 HU). The bilateral lungs 
were divided into 20 segments based on symmetric anatomy (the 
apicoposterior segment of the left upper lobe and the anteromedial 
segment of the left lower lobe were both considered as two seg-
ments). Each segment involvement was semi-quantitatively scored 
from 0 to 1 according to the involved area: 0 point, no involve-
ment; 0.5 points, ≤50% involvement; 1 point, >50% involvement. 
The total CT score was the sum of all individual segment scores 
and ranged from 0 to 20 points (24). Additionally, the distribution 
pattern of the opacities was classified into three categories: 1) sub-
pleural, 2) multifocal, or 3) diffuse. A case illustration for this CT 
scoring procedure is provided in (Figure 1).

3.4. Statistical Analyses

All statistical analyses were performed using SPSS (IBM Statis-
tics 24, New York, US). Continuous normally distributed data are 
expressed as the mean±SD, non-normal data as median with IQR. 
Continuous variables were compared using the paired Student’s 
t-test or Mann-Whitney U test, whereas the χ2 or Fisher’s exact 
tests were used for categorical dependent variables, as appropriate. 
Two-way mixed consistency Intraclass Correlation Coefficients 
(ICCs) were analyzed to evaluate inter- and intra-observer agree-
ments. p-values<0.05 were considered statistically significant.

A binary logistic regression model was used to investigate possible 
factors that might influence the prognosis. Seven variables were 
included in this regression model: the five categorical variables, 
namely, male sex, comorbidity, predominant CT manifestation, 
opacity distribution, and underlying CT abnormality and the four 
continuous variables, namely, CT score, age, SpO2, and lympho-
cyte count. Categorical variables were dichotomized and assigned 
values as follows: male sex (female=0, male=1), comorbidity (ab-
sence=0, presence=1), and bacterial coinfection (absence=0, pres-
ence=1). For all categorical analyses, “0” was set as the reference. 
The outcome of patients with COVID-19 was set as the dichot-
omous dependent variable (discharge from hospital=0, death=1).

Figure 1: Illustration of CT scores evaluating the lung involvement in a CT image with bilateral infiltration of the lower lobes. A traverse Chest CT im-
age acquired on day 10 after symptom onset displaying consolidation of the right (a, closed arrow) and left (a, open arrow) lower lobes in a 41-year-old 
male patient with COVID-19. (b) Schematic diagram showing that the opacity of the right lower lobe was located in the lateral (blue) and posterior (red) 
segments, while the opacity of the left lower lobe was located in the medial (purple), anterior (green), lateral (blue), and posterior (red) segments. CT 
scoring: For the posterior segment of the right lower lobe, the involvement extent was scored 1 point, because the involved area was greater than 50% 
of the corresponding segment area. For the other five involved segments, the involvement extent was scored 0.5 points for each, because the involved 
areas were smaller than 50% of their respective segment areas.

3.5. Results

Age, preexisting comorbidity and lymphocyte count were includ-
ed because previous studies indicate that they are factors related to 
the mortality risk in COVID-19 pneumonia [1,25,26]. Since some 
asymptomatic underlying pulmonary diseases such as emphysema 
impair the restoration of pulmonary functions, they were also ana-
lyzed in lung CT images as underlying abnormalities. 

3.6. Patient Characteristics and Clinical Parameters

The median age of the finally included 253 patients was 61.0 
years (IQR 49.5–69.0, range 21–88), and 132 (52.1%) patients 

were male. Compared to the survivor group (n=190), the non-sur-
vivor group (n=63) comprised older (p<0.0001) and more male 
(p<0.001) patients. The median time from illness onset to dis-
charge was 18.5±5.7 days, whereas the median time to death was 
9.0±8.3 days (p<0.0001). 

A total of 100 (39.5%) patients had comorbidities, with hyperten-
sion being the most commonly observed in 44 (17.4%) patients, 
followed by diabetes, coronary heart diseases, malignancies, 
gastrointestinal diseases, chronic obstructive pulmonary disease, 
renal disease, stroke, and liver diseases. During hospitalization, 
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26 (10.2%) patients presented a bacterial coinfection. Lymphope-
nia and hypoxemia occurred in 63 (24.9%) and 71 (28.1%) of the 
patients, respectively. Compared to survivors, non-survivors had 
higher incidences of comorbidity, hypoxemia, lymphopenia, and 
bacterial coinfection. Additional details are provided in (Table 1).

4. CT Findings
CT images at peak stage were selected to be reviewed and scored. 
The median time from illness onset to this CT scan was 10.0 days 
(range 7.0–14.0). Sequential CT images of a patient from the sur-
vivor group show the development of lung infiltrates (Figure 2). 

Figure 2: Progressively developing lung infiltrates on sequential CT images of a 37-year-old male patient with COVID-19. Chest CT images acquired 
2 days after symptom onset show focal ground-glass opacities combined with consolidation in the lateral segment of the right middle lobe. The follow-
ing CT acquired on day 6 after symptom onset reveals three new subpleural opacities in the left lung, and the lung infiltrates show maximal bilateral 
involvement on day 10 after onset. Sequential 3D volume-rendered images demonstrate the pulmonary involvement developing over time.

Table 1: Demographics and Clinical Characteristics

Parameters All patients (n=253)  Non-survivor group (n=63) Survivor group (n=190) p-value
Age (y) 61 (49.5, 69.0) 69 (58.5, 78.0) 58 (47.3, 58.0) 0.0001
Range 21–88 21–88 23–85  
Sex (Male) 132 (52.1) 44 (69.8) 88 (46.3) 0.001
Comorbidity 100 (39.5) 48 (76.2) 52 (27.3) 0.0001
Hypertension 44 (17.4) 24 (38.1) 20 (10.5)  
Diabetes 21 (8.3) 9 (14.3) 12 (6.3)  
Coronary heart disease 20 (16.2) 8 (12.7) 12 (6.3)  
Malignancy 19 (7.5) 13 (20.6) 6 (3.2)  
Gastrointestinal disease 17 (6.7) 5 (7.9) 12 (6.3)  
COPD 16 (6.3) 6 (9.5) 10 (5.3)  
Renal disease 10 (3.9) 6 (9.5) 4 (2.1)  
Stroke 6 (2.3) 4 (6.3) 2 (1.1)  
Liver disease 4 (1.6) 2 (3.2) 2 (1.1)  
Clinical
SpO2 91.8±8.8 81.6±12.6 95.1±2.8 0.0001
Lymphocyte count 1.0±0.6 0.5±0.3 1.2±0.5 0.0001
Coinfection 26 (10.2) 18 (28.5) 8 (4.2) 0.0001
Length of hospital stay 16.0±7.9 9.0±8.3 18.5±5.7 0.0001
Continuous parameters were presented as the mean±SD and compared using paired Student’s t-test or Mann-Whitney U test, categorical data were 
presented as n (%) and compared using χ2 or Fisher’s exact tests. p-values represent the comparison between non-survivor and survivor groups. COPD 
= chronic obstructive pulmonary disease, SpO2 = peripheral capillary oxygen saturation. SD= standard deviation.

4.1. The CT findings of the study population were summarized 
by category as follows:

Predominant CT manifestation The mixed pattern was found in 
146 (57.7%) of the 253 patients, consolidation in 29 (11.5%), re-
ticulation in 18 (7.1%), GGO in 33 (13.0%), crazy-paving in 18 
(7.1%), and honeycombing in 9 (3.6%).

The compositions of predominant CT manifestations were compa-

rable between the two study groups (p=0.231). The mixed pattern 
consisting of GGO, consolidation, and reticulation was the pre-
dominant CT manifestation in both groups.

Bronchial dilation Bronchial dilations were found in 167 (66.0%) 
patients. The dilations in 157 (62.1%) of those were surrounded by 
one or more CT features including reticulation, consolidation, or 
honeycombing. Besides, 42 (16.6%) presented with mosaic atten-



uation in the lung parenchyma (Figure 3 and Figure 4).

The incidences of bronchial dilations detected with CT were sim-
ilarly high in both non-survivor and survivor groups (p=0.644). 
Bronchial dilation surrounded by reticulation, consolidation, or 
honeycombing was suggestive of traction bronchiectasis, and 
there was no significant difference in detection frequency between 
the two groups (p=0.977). However, the frequency of bronchial 
dilation presenting with mosaic attenuation was significantly high-
er in the non-survivor group than in the survivor group (p<0.001).

Underlying CT abnormalities Emphysemas were found in 38 
(15.0%) of the 253 enrolled patients. The incidence of emphy-
semas presenting in the non-survivor group was higher than that in 
the survivor group (Table 2).

Distribution Three lung infiltrate distribution patterns were iden-
tified, as mentioned in the method section. Among all 253 pa-
tients, opacities presented a diffuse pattern in 118 (46.6%) cases, 
a subpleural pattern in 93 (36.8%), and a multifocal pattern in 42 
(16.6%). Infiltrates presented in both non-survivor and survivor 
groups with a lower lobe predilection.

These distributions of lung infiltrates were significantly different 
between the two groups (p<0.0001). Infiltrates on CT images of 
non-survivors were more likely to present with bilateral diffuse 
opacity in both peribronchial and subpleural areas (Table 2).

CT score Both inter reviewer and intra reviewer agreements were 
excellent with ICCs of 0.966 (95%CI 0.936–0.994) and 0.952 
(95%CI 0.934–0.989), respectively. The final score for each lung 
segment was calculated as the mean of the two reviewers’ scores. 
The mean CT score for the total of 253 patients was 9.8±4.2 points, 
and the lower lungs contained segments with the highest involve-
ment score (2.7±1.2), followed by the middle (1.8±1.4) and upper 
(1.1±0.8) lungs. The highest score in the lower lobe also confirmed 
the lower lobe predilection of the infiltrates mentioned above.

The CT scores evaluating the lung involvement extent were higher 
in the non-survivor group than in the survivor group, both at the 
whole-lung level and the level of individual lobes (all p<0.0001). 
Indirectly, this result corroborates that most non-survivors present-
ed a diffuse distribution pattern. Additional details are provided in 
(Table 2).

Figure 3: Bronchial dilation associated with various CT features at the peak stage of the pulmonary infiltrate in patients with COVID-19 pneumonia, 
Part I. (a) Mosaic hypoattenuation associated with bronchial dilation (arrows) suggestive of air trapping. (b) Crazy-paving associated with bronchial 
dilation (arrow). (c) Consolidation with bronchial dilation (arrow).

Figure 4: Bronchial dilation associated with various CT features at the peak stage of the pulmonary infiltrate in patients with COVID-19 pneumonia, 
Part II. (a) Combination of consolidation and reticulation associated with bronchial dilation (arrows). Fine interlobular lines are also visible (black 
arrow). (b) Reticulation associated with bronchial dilation (arrow). (c) Honeycombing associated with bronchial dilation (arrow).

Table 2: Comparison of Chest CT Findings and CT Scores between the Non-survivors and Survivors with COVID-19

Parameters Non-survivor group (n=63) Survivor group (n=190) p-value
Predominance     0.231
GGO 5 (7.9) 28 (14.7)  
Crazy-paving 2 (3.1) 16 (8.4)  
Consolidation 8 (12.7) 21 (11.1)  
Reticulation 6 (9.5) 12 (6.3)  
Honeycombing 5 (7.9) 4 (2.1)  
Mixed pattern 37 (58.8) 109 (57.4)  
Bronchial dilation 43 (68.3) 124 (65.2) 0.664
Mosaic with bronchial dilation 22 (34.9) 20 (10.5) 0.0001
Traction bronchiectasis 39 (61.9) 118 (62.1) 0.977
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Underlying abnormality (emphysema) 18 (28.6) 20 (10.5) 0.001
Distribution     0.0001
Subpleural 5 (7.9) 88 (46.3)  
Multifocal 10 (15.8) 32 (16.8)  
Diffuse 48 (76.1) 70 (36.8)  
CT Score 14.7±3.4 8.1±2.9 0.0001
Right upper lobe 2.1±0.8 1.2±0.7 0.0001
Right middle lobe 1.4±0.5 0.6±0.5 0.0001
Right lower lobe 4.0±1.0 2.4±0.9 0.0001
Left upper lobe 1.6±0.6 0.8±0.6 0.0001
Left lower lobe 3.9±1.2 2.3±1.0 0.0001

Categorical data are presented as numbers of patients (percentages) and compared using χ2 or Fisher’s exact tests. CT scores are present as the mean±SD 
and compared using paired Student’s t-test, the median time from illness onset to this CT scan is 10.0 days (range 7.0–14.0). GGO = ground-glass 
opacity. SD= standard deviation.

4.2. Correlations between Clinical Parameters, CT Scores, and 
Outcome:

We included 253 patients with complete data for all variables in 
the multivariable logistic regression model. We found that preex-
isting comorbidities, lower SpO2 values, and higher CT scores 
were associated with increased odds of death (Table 3).

Specifically, increased CT sores (OR=1.407 per 0.5-point increase, 
p=0.028), preexisting comorbidity (OR=12.482, p=0.02), and 
presence of bacterial coinfection (OR=10.731, p=0.049) were risk 
factors that contributed to the death. By contrast, SpO2 (OR=0.681 
per 1% increase in SpO2, p=0.016) was a protective factor. Addi-
tional details are provided in (Table 3).

Table 3: Factors Contributing to the Short-time Outcome of Patients with COVID-19

Factors OR 95%CI p-value
Age (y) 0.986 0.928–1.047 0.642
Sex (Male) 1.401 0.204–9.611 0.731
Comorbidity 12.482 1.483–105.066 0.02
SpO2 0.681 0.498–0.932 0.016
Lymphocyte count 0.206 0.015–2.794 0.235
Coinfection 10.731 1.010–114.007 0.049
CT involvement score 1.407 1.037–1.911 0.028

Categorical variables: Male sex (female=0, male=1); Comorbidity (absence=0, presence=1); Coinfection (absence=0, presence=1); Underlying 
lung CT abnormality (absence=0, presence=1); Reference category=0. Continuous variables: Age (years), SpO2 (%), Lymphocyte count 
(109/L), Length of hospital stay (days), CT involvement score (0–20 points). 

95%CI = 95% confidence interval, OR = odds ratio, SpO2 = peripheral capillary saturation of oxygen.

5. Discussion
Risk factors for mortality in patients with COVID-19 have not been 
fully investigated yet. Compared to survivors, our results identify 
non-survivors as older, with a higher percentage of males, with 
higher prevalence of comorbidity, higher incidences of lymphope-
nia, hypoxemia, and bacterial coinfections, as well as with higher 
CT scores representing the extent of pulmonary involvement. Fur-
thermore, multiple regression analyses indicated that possible risk 
factors for progressing to fatal outcome in hospitalized patients 
with COVID-19 pneumonia may include, but were not limited to, 
preexisting comorbidity, bacterial coinfection, lower SpO2 value, 
lower lymphocyte count, and the CT score describing the lung in-
volvement extent. 

The age-related death risk probably reflects the strength or weak-
ness of the respiratory system, and the unbalanced sex distribution 
might arise from differences in underlying health conditions, not 
from inherent biological differences. Men have a higher incidence 
of chronic illnesses such as cardiovascular disease than women, 
and individuals with preexisting comorbidities are more likely to 

experience severe or critical COVID-19 disease courses. This is 
in line with publications investigating this novel viral pneumonia 
[1,25-27].

The fundamental pathophysiology of life-threatening viral pneu-
monia is severe ARDS, and diffuse alveolar damage is the patho-
logic hallmark of ARDS. According to histological examinations, 
bilateral diffuse alveolar damage caused by cellular fibromyxoid 
exudates impairs the ability of the lungs to transfer gas from the 
inhaled air to erythrocytes in pulmonary capillaries. This may re-
sult in progressive respiratory failure. In the present study, SpO2 
values were used as the parameter to reflect respiratory function. 
Ichikado et al [28,29] reported that the areas of airspace-filling 
attenuations (GGO or consolidation) on pulmonary CT images 
correspond to histologic features of the exudative or early prolif-
erative phase of diffuse alveolar damage. In the current study, the 
affected lung area was evaluated using a visual CT score as an 
indirect parameter for respiratory function. Visual CT score analy-
sis is straightforward compared to analyses based on computer-as-
sisted software or machine learning algorithms; thus, this manual 
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scoring system is feasible in routine clinical settings without ex-
cessive scans or post processing, especially in a setting of medical 
emergency like the COVID-19 outbreak. The excellent inter- and 
intraobserver variability coefficients of our CT score demonstrated 
its high reliability and reproducibility to assess lung involvement. 
Although an indirect measure, the CT score is a relatively simple 
and useful method to quantify the lung involvement extent.

The frequent presence of bronchial dilations associated with var-
ious CT features of COVID-19 pneumonia was a notable finding 
in this study. The similar incidences of bronchial dilation found 
in the non-survivor and survivor groups indicated that even if the 
dilated bronchi influenced the short-term mortality in COVID-19 
patients, this effect would depend on the extent of their associat-
ed opacities. However, they might have physiological significance 
for long-term survival in the survivor group. Bronchial dilation 
with surrounding architectural distortion, reticulation, or honey-
combing indicated that these phenomena most likely represented 
traction bronchiectases. According to previous studies, their com-
bined CT presence is correlated with the late proliferative or fibrot-
ic phase of such damage [28,29]. The preliminary short-term fol-
low-up CT in our study showed the persistence or even progress of 
traction bronchiectases with partial absorption of the surrounding 
opacities. However, a long-term follow-up with CT is still required 
to determine whether these traction bronchiectases are permanent 
and irreversible in COVID-19.

Mosaic hypo attenuation on expiratory CT images has been identi-
fied as air trapping and is considered a typical CT manifestation of 
small airway obstruction, although mosaic attenuation on standard 
inspiratory CT images might be the result of diverse causes, the 
mosaic attenuation associated with dilated bronchi may suggest 
that the mosaic pattern was secondary to small airway disease even 
on inspiratory CT images [30]. In the current study, CT images of 
42 cases showed this combination suggesting the involvement of 
small airways in SARS-CoV-2 infection. However, the physiolog-
ical significance of air trapping in patients recovering from SARS-
CoV-2 pneumonia still require long-term follow-ups to clarify. 

This retrospective cohort study had several limitations. First, some 
potential participants without sequential CT scans and patients 
still in hospitals as of March 8, 2020, were excluded; thus, the 
case fatality ratio in our study cannot reflect the true mortality of 
COVID-19. Second, the patient numbers in the non-survivor and 
survivor groups are unbalanced partly due to the defined exclusion 
criteria; thus, the results derived from our imaging and clinical 
findings may be biased. Third, some patients were transferred to 
the two study hospitals, and late-stage illnesses may have contrib-
uted to poor clinical outcomes. However, the study results still pro-
vide important information not reported before. 

In conclusion, the CT involvement score is a potential predictor 
of the short-term outcome in patients with COVID-19. A thorough 

assessment combining CT evaluation with demographic and clini-
cal information may help establish risk stratifications and optimize 
treatment decisions at an early stage. 
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