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Purpose: To evaluate longitudinal computed tomography (CT) features and the predictive 
value of the initial CT and clinical characteristics for mortality in patients with severe/critical 
coronavirus disease 2019 (COVID-19) pneumonia.
Methods: A retrospective analysis was performed on patients with COVID-19 pneumonia 
confirmed by laboratory. By excluding mild and common patients, 155 severe/critical patients 
with definite outcome were finally enrolled. A total of 516 CTs of 147 patients were divided into 
four stages according to the time after onset (stage 1, 1–7 days; stage 2, 8–14 days; stage 3, 15–21 
days, and stage 4, >21 days). The evolving imaging features between the survival and non- 
survival groups were compared by using Chi-square, Fisher’s exact test, student’s t-test or Mann– 
Whitney U-test, as appropriate. The predictive value of clinical and CT features at admission for 
mortality was analysed through logistic regression analysis. To avoid overfitting caused by CT 
scores, CT scores were divided into two parts, which were combined with clinical variables, 
respectively, to construct the models.
Results: Ground-glass opacities (GGO) patterns were predominant for stages 1 and 2 for both 
groups (both P>0.05). The numbers of consolidation lesions increased in stage 3 in both groups 
(P=0.857), whereas the linear opacity increased in the survival group but decreased in the non- 
survival group (P=0.0049). In stage 4, the survival group predominantly presented linear opacity 
patterns, whereas the non-survival group mainly showed consolidation patterns (P=0.007). 
Clinical and imaging characteristics correlated with mortality; multivariate analyses revealed 
age >71 years, neutrophil count >6.38 × 109/L, aspartate aminotransferase (AST) >58 IU/L, and 
CT score (total lesions score >17 in model 1, GGO score >14 and consolidation score >2 in 
model 2) as independent risk factors (all P<0.05). The areas under the curve of the six 
independent risk factors alone ranged from 0.65 to 0.75 and were 0.87 for model 2, 0.89 for 
model 1, and 0.92 for the six variables combined. Statistical differences were observed between 
Kaplan Meier curves of groups separated by cut-off values of these six variables (all P<0.01).
Conclusion: Longitudinal imaging features demonstrated differences between the two groups, 
which may help determine the patient’s prognosis. The initial CT score combined with age, AST, 
and neutrophil count is an excellent predictor for mortality in COVID-19 patients.
Keywords: COVID-19, SARS-CoV-2, mortality, multivariate combined analysis, chest CT 
score, risk factors

Introduction
On March 11 2020 the World Health Organization (WHO) declared COVID-19, 
novel coronavirus pneumonia (NCP), a global pandemic.1 As of February 22, 2021, 
the number of global confirmed cases exceeded 110,749,023, with a death toll of 
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2,455,131. According to the guidelines of the National 
Health Commission of China, the clinical type of 
COVID-19 was classified into severe, critical, moderate 
and mild types.2 A recent study revealed a case-fatality 
rate of 49.0% among the critical cases.3 Mortality is com
mon in severe and critical cases and further monitoring of 
these cases is key for reducing the mortality rate. On the 
other hand, the most common symptoms of COVID-19 are 
fever and cough, which are not specific.4 Therefore, the 
diagnostic criteria rely on real time reverse-transcription 
polymerase chain reaction (RT-PCR) test. Due to high 
sensitivity, chest computed tomography (CT) may help in 
the early detection, management and follow-up of 
COVID-19 pneumonia.4,5

Although researchers have described differential ima
ging features in the different clinical types of COVID-19,6 

to the best of our knowledge, few studies7–9 have reported 
a relationship between the outcome and the imaging char
acteristics in detail. Several studies have investigated the 
risk factors for mortality in patients with COVID-19.10–12 

However, these studies enrolled patients with all clinical 
types, including mild, moderate, severe, and critical cases, 
which may reduce the prediction performance of the 
regression model for one specific subtype.13 Moreover, 
CT imaging features and CT scores, which are extremely 
important for COVID-19 patients, were not included in 
these risk factor assessment.14,15

In the present study, we describe the clinical character
istics and detailed imaging features of 155 critical/severe 
cases of COVID-19 patients with definite outcomes (dis
charge or death). We further evaluate longitudinal chest 
CT features and the predictive value of the initial CT and 
clinical features for mortality assessment, which may aid 
patient management, as well as resource allocation.

Patients and Methods
Participants and Study Design
This study was approved by the Research Ethics 
Commission of Wuhan Third Hospital (Ethical approval 
number: KY2020-020), and the requirement for patient’s 
informed consent was waived following the Council for 
International Organizations of Medical Sciences 
guidelines.

This was a retrospective, single-centre cohort study of 
155 patients, aged 27 to 95 years, with laboratory- 
confirmed COVID-19 pneumonia, at the Wuhan Hospital 
(Tongren Hospital of Wuhan University), Hubei, China. 

COVID-19 pneumonia was diagnosed and classified fol
lowing the guidelines by the National Health Commission 
of the People’s Republic of China.2 The inclusion criteria 
were (1) the availability of a positive RT-PCR tests con
firming the COVID-19 pneumonia, (2) classified into 
severe/critical types at admission and (3) the availability 
of a definite outcome (death or discharge). The exclusion 
criteria were (1) patients who had not undergone chest CT, 
(2) patients with normal chest CT, (3) patients who had not 
been confirmed by RT-PCR tests. All patients were 
admitted to the hospital between January 10, 2020, and 
April 6, 2020.

Laboratory Procedures and CT Image 
Acquisition
The method to identify severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection has been described 
previously.16 In brief, throat swab specimens were 
obtained from all patients at admission and tested using 
RT-PCR assay. The standard procedure for discharge was 
based on the absence of fever for more than 3 d if the 
respiratory symptoms had significantly improved, the CT 
images of both lungs showed signs of substantial resolu
tion, and two consecutive (at least 1 d apart) nucleic acid 
tests of throat swabs were negative for the SARS-CoV-2 
RNA.2 In addition, patients underwent routine blood tests, 
five items of serum immune function assessment (includ
ing C3, C4, IgA, IgM and IgG), procalcitonin level mea
surements, serum biochemical tests (including renal, liver, 
and cardiac function), and coagulation function tests. All 
laboratory data were collected from the first day of 
admission.

All patients underwent non-contrast CT scans using 
either of the two CT scanners (uCT 760, United Imaging, 
Shanghai, China and SOMATOM Definition AS, Siemens 
Healthineers, Erlangen, Germany) in a single inspiratory 
phase. All patients were examined using a standardized 
technique: 120 kVp; 120–200 mA; slice thickness, 
5–10 mm; matrix, 512 ×512; collimation, 0.625–5 mm; 
and pitch, 0.625. The reconstruction section thickness was 
0.5–1 mm. CT scans of patients were collected from 
admission until discharge.

Clinical Data Collection and Image 
Interpretation
The data on demographic, symptoms, underlying comor
bidities, laboratory examinations, treatment, and outcome 
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were collected by a trained team of medical students from 
the electronic medical records. These data were reviewed 
by two authors (Youming Zhang and Xiaoyi Xiao).

Two senior radiologists with 15 and 10 years of experi
ence in chest imaging, blinded to clinical data and the 
patient’s outcome, analysed the CT images using methods 
reported earlier;17,18 disagreements were resolved by con
sensus. The image findings included pure ground-glass 
opacity (GGO), pure consolidation, GGO and consolida
tion, linear opacity, lung involvement, distribution, predo
minant location, the extent of lesion involvement, margin 
definition, interlobular septal thickening, crazy-paving pat
tern, reversed halo sign, bronchiectasis, air bronchogram 
sign, bronchial wall thickening, round cystic changes, 
honeycomb pattern, tree-in-bud, adjacent pleura thicken
ing, pleural effusion, thoracic lymphadenopathy, predomi
nant CT pattern, lung segments of lesion distribution, 
number of involved lung segments, and the involved 
lobes. In addition, a similar scoring system based on 
quantitative analysis was adopted to evaluate the consoli
dation lesions, GGO, linear lesions, and total lesions, 
respectively.17,18 The definitions of the analyzed CT char
acteristics and the details on the scoring system are pro
vided in a Supplemental Information File. To elucidate the 
dynamic evolution of CT features during COVID-19, we 
divided the time axis from illness onset into four stages: 
stage 1 (1–7 d), stage 2 (8–14 d), stage 3 (15–21 d), and 
stage 4 (>21 d).

Moreover, we compared the differences in CT findings 
between the survival and non-survival groups during dis
ease progression. Finally, the initial CT findings and 
laboratory tests at admission were used to predict the 
risk of patient mortality.

Statistical Analysis
All statistical analyses were performed using the IBM 
SPSS (version 25; IBM, New York, USA) and MedCalc 
(version 19.0.7; MedCalc Software Ltd, Ostend, Belgium). 
P values <0.05 with a two-tailed test were considered to be 
significant. Differences between survival and non-survival 
groups were analysed using the Chi-square or Fisher’s 
exact test for categorical variables and the Student’s 
t-test or Mann–Whitney U-test for quantitative variables, 
according to the normal distribution. To identify the risk 
factors associated with in-hospital death, univariable and 
multivariable logistic regressions models were analyzed 
using the “enter” method. To avoid overfitting of the 
models,11,19 four clinical variables were combined with 

the total lesion score or the other two CT scores (GGO 
score and consolidation score) to construct the multivari
able logistic regressions models. The results of the logistic 
regression and the independent risk factors were used to 
generate receiver operating characteristic (ROC) curves. 
The cut-off values of the ROC curves were used to stratify 
the patients. Furthermore, Kaplan–Meier curves were gen
erated, and the Log rank test was used to compare differ
ences between groups.

Results
Clinical and Laboratory Features
The study included 155 patients with a confirmed case of 
severe/critical COVID-19 pneumonia on admission. The 
clinical and laboratory features of these patients at admis
sion are shown in Table 1. The median age for the survival 
group (n =131) was 65 years (interquartile ranges [IQR], 
57–71 years), whereas that for the non-survival group (n= 
24) was 71 years (IQR, 61–78 years), which was signifi
cantly different (P = 0.022).

Upon laboratory examination, the non-survival group 
had higher levels of inflammatory indices (leukocytes, 
neutrophils, C-reactive protein, and procalcitonin; all P < 
0.05), abnormal hepatic function (lactose dehydrogenase, 
alanine aminotransferase, and aspartate aminotransferase 
(AST); all P< 0.05), renal function (creatinine; P < 0.01), 
cardiac function (myoglobin, hypersensitive troponin; both 
P< 0.01), and coagulation function (D-dimer, activated 
partial thromboplastin time; both P< 0.05). It is worth 
noting that the difference in lymphocytes was not statisti
cally significant between the two groups.

Initial CT Findings and Dynamic CT 
Evolution
The CT images of eight patients in the survival group 
could not be accessed. Therefore, a total of 147 patients 
with 516 CT scans were enrolled for evaluation. Of those, 
123 patients with 473 CTs were in the survival group and 
24 patients with 43 CTs were in the non-survival group.

Upon comparison of the initial CT findings of 147 
patients at admission, the non-survival group had higher 
total lesion scores, GGO scores, consolidation scores, and 
were more likely to have lymphadenopathy (all P < 0.01) 
(Table 2). All other imaging features of the initial CT 
showed no statistical difference between the groups.

The longitudinal development of chest CT features at 
different stages is shown in Figures 1–3 and 
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Table 1 Clinical and Laboratory Characteristics of 155 Severe/Critical COVID-19 Patients at Admission According to Disease 
Outcome

Characteristics Total Patients (n=155) Survival (n=131) Non-Survival (n=24) P value

Age 66 (57, 72) 65 (57, 71) 71 (61, 78) 0.022*

Male gender 83 (54%) 66 (50%) 17 (71%) 0.065

Comorbidity
Hypertension 69 (45%) 54 (41%) 15 (63%) 0.054

Diabetes 33 (21%) 25 (19%) 8 (24%) 0.117

Cardiovascular disease 21 (14%) 16 (12%) 5 (21%) 0.257
Chronic liver disease 25 (16%) 17 (13%) 8 (33%) 0.028*

Chronic kidney disease 18 (12%) 9 (7%) 9 (38%) <0.001**

COPD 39 (27%) 34 (28%) 5 (21%) 0.489
Cerebrovascular disease 10 (7%) 5 (4%) 5 (21%) 0.008**

Malignant tumor 3 (2%) 2 (2%) 1 (4%) 0.398

Symptoms
Fever 141 (91%) 120 (92%) 21 (88%) 0.797

Cough 140 (91%) 120 (92%) 20 (83%) 0.377
Short of breath 119 (77%) 97 (74%) 22 (92%) 0.06

Dyspnea 31 (20%) 16 (12%) 15 (63%) <0.001**

Rhinorrhea 3 (2%) 2 (2%) 1 (4%) 0.398
Fatigue 80 (52%) 64 (49%) 16 (67%) 0.108

Muscle soreness 22 (14%) 19 (15%) 3 (13%) 1

Diarrhea 20 (13%) 16 (12%) 4 (17%) 0.789

Laboratory examinations
White blood cell count, × 109 per L 4.6 (3.6, 6.4) 4.5 (3.5, 5.9) 6.3 (4.73, 11.4) 0.001**
Lymphocyte count, × 109 per L 0.8 (0.6, 1.1) 0.9 (0.6, 1.1) 0.81 (0.3, 0.9) 0.113

Neutrophil count, × 109/L 3.5 (2.5, 5.2) (n=128) 3.3 (2.4, 4.7) (n=105) 4.45 (3.24, 10.2) (n=23) 0.003**

Haemoglobin, g/L 124 (110, 133) 124 (112, 133) 124 (105, 133) 0.729
C-reactive protein, mg/L 50.6 (14.8, 111.7) (n=154) 46.2 (13.9, 94.7) (n=130) 113.2 (49.0, 190.2) 0.002**

C3, g/L 1.06 (0.95, 1.19) (n=146) 1.07 (0.96, 1.19) (n=124) 1.05 (0.87, 1.11) (n=22) 0.291

C4, g/L 0.36 (0.25, 0.44) (n=146) 0.36 (0.25, 0.44) (n=124) 0.37 (0.26, 0.43) (n=22) 0.898
IgG, g/L 13.05 (11.11, 15.55) (n=146) 12.95 (11.07, 15.29) (n=124) 14.31 (11.53, 16.86) (n=22) 0.151

IgA, g/L 2.51 (1.98, 3.31) (n=146) 2.45 (1.93, 3.18) (n=124) 3.09 (2.13, 3.86) (n=22) 0.052

IgM, g/L 1.20 (0.80, 2.03) (n=146) 1.20 (0.86, 2.15) (n=124) 1.30 (0.70, 2.10) (n=22) 0.82
Procalcitonin, ng/mL 0.05 (0.05, 0.23) (n=154) 0.05 (0.05, 0.08) (n=130) 1.09 (0.32, 4.53) <0.001**

Lactose dehydrogenase, IU/L 287 (211, 385) 267 (199, 369) 398 (325, 673) <0.001**

Alanine aminotransferase, IU/L 30 (17, 50) 29 (17, 47) 58 (21, 58) 0.004**
Aspartate aminotransferase, IU/L 34 (24, 53) 32 (23, 49) 59 (35, 131) 0.001**

Creatinine, μmol/L 71.8 (55.4, 94.9) 68.6 (53.6, 88.4) 249.1 (69.9, 703.9) <0.001**

Myoglobin, ng/mL 85 (46, 224) (n=106) 66 (42, 119) (n=83) 590 (223, 1000) (n=23) <0.001**
Hypersensitive troponin, ng/mL 0.008 (0. 0.038) (n=107) 0.005 (0, 0.013) (n=84) 0.12 (0.04, 0.99) (n=23) <0.001**

D-dimer, μg/mL, 0.9 (0.6, 2.7) (n=142) 0.8 (0.5, 2.0) (n=118) 2.7 (0.7, 5.5) 0.002**

PT, s 11.9 (11.4, 12.5) (n=141) 11.9 (11.4, 12.5) (n=117) 12.3 (11.5, 13.1) 0.095
APTT, s 31.6 (27.2, 35.9) (n=141) 31.2 (27.2, 35.5) (n=117) 35.7 (26.5, 40.4) 0.042*

TT, s 20.4 (19, 23.3) (n=141) 20.3 (19.0, 22.9) (n=117) 21.0 (19.3, 23.6) 0.391

Treatment
Glucocorticoid therapy 115 (74.2%) 91 (69.5%) 24 (100%) 0.002**

Non-invasive mechanical ventilation 36 (23.2%) 17 (13%) 19 (79.2%) <0.001**
Invasive mechanical ventilation 7 (4.5%) 1 (0.8%) 6 (25%) <0.001**

Notes: *P < 0.05; **P < 0.01. Data are median (IQR), n (%), or n/N (%). 
Abbreviations: COPD, chronic obstructive pulmonary disease; PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                

Journal of Inflammation Research 2021:14 1114

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Supplementary Figure 1. As the disease progressed, the 
percentages of CT images presenting pure GGO, pure 
consolidation, GGO, and consolidation showed no signifi
cant differences between the survival group and the non- 
survival group (Figure 1A–C). By contrast, the percen
tages of linear opacity opposing trend in the two groups 
(Figure 1D), it increased gradually in the survival group 
(Supplementary Figure 1A) but decreased gradually in the 
non-survival group (Supplementary Figure 1B), reaching 
statistical difference in stage 4 (43% in non-survival group 
vs 85% in the survival group; P < 0.01). The distribution 
characteristics of the lesions are shown in Figure 1E–I. 

The differences in the predominant pattern between the 
two groups in stage 4 were statistically significant 
(P<0.01; Figure 2A). In both groups, severe/critical 
COVID-19 pneumonia impacted all lung segments in 
both lobes, and the lesions were more common in the 
apical posterior/posterior segment, lateral basal segment, 
and posterior basal segment (Figure 2B–F).

Statistical differences between the two groups were also 
observed in the proportions of pleural effusion and lymphade
nopathy in stages 1 and 4 (all P<0.05); there were no significant 
differences in other imaging features (Figures 1J–O and 2G– 
L). In stage 1, all four CT scores were statistically different 

Table 2 Initial CT Characteristics of 147 Severe/Critical COVID-19 Patients at Admission According to Disease Outcome

Imaging Features Total Patients (n=147) Survival (n=123) Non-Survival (n=24) P value

Pure GGO 119 (81%) 97 (79%) 22 (92%) 0.239

Pure consolidation 50 (34%) 44 (36%) 6 (25%) 0.308

GGO and consolidation 85 (58%) 69 (57%) 16 (67%) 0.359

Linear opacity 78 (53%) 67 (55%) 11 (46%) 0.438

Bilateral 138 (94%) 114 (93%) 24 (100%) 0.171

Number of lung lobes involved 5 (5, 5) 5 (5, 5) 5 (5, 5) 0.633

Number of lung segments involved 16 (12, 18) 16 (11, 18) 18 (12, 18) 0.233

Total lesions score 9 (6, 15) 9 (6, 14) 17 (7, 23) 0.001**

GGO score 6 (3, 11) 6 (3, 10) 17 (5, 23) <0.001**

Consolidation score 2 (0.5) 2 (0, 5) 5 (2, 9) <0.001**

Linear opacity score 1 (0. 3) 1 (0, 3) 1 (0, 4) 0.834

Thickening of the Adjacent pleura 116 (79%) 94 (76%) 22 (92%) 0.094

Pleural effusion 21 (14%) 15 (12%) 6 (25%) 0.187

Lymphadenopathy 24 (16%) 15 (12%) 9 (38%) 0.006**

Round cystic changes 21 (14%) 19 (15%) 2 (8%) 0.554

Bronchiolectasis 22 (15%) 17 (14%) 5 (21%) 0.57

Air bronchogram sign 64 (44%) 54 (44%) 10 (42%) 0.84

Bronchial wall thickening 46 (31%) 40 (33%) 6 (25%) 0.467

Interlobular septal thickening 81 (55%) 66 (54%) 15 (63%) 0.426

Crazy paving pattern 59 (40%) 51 (42%) 8 (33%) 0.457

Honeycomb pattern 7 (5%) 6 (5%) 1 (4%) 0.881

Tree-in-bud 10 (7%) 8 (7%) 2 (8%) 0.745

Reversed halo sign 2 (1%) 2 (2%) 0 (0%) 0.529

Notes: Data are n (%). **P < 0.01. 
Abbreviation: GGO, ground glass opacity.
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between the two groups (Figure 3A–D; all P<0.05). In stage 2, 
only the total lesion and GGO scores were statistically different 
(both P<0.01), whereas in stage 3, the GGO and linear opacity 
scores were significantly different (both P<0.05). In stage 4, 
there were statistical differences in the total lesion score, GGO 

score, and linear opacity score (all P<0.05). In addition, there 
was no significant difference in the number of affected lung 
lobes between the groups, whereas the number of involved 
lung segments was statistically different in stages 1 and 2 
(Figure 3E and F; all P<0.05).

Figure 1 Imaging characteristics of 516 CTs from 147 patients with severe/critical COVID-19 during the four defined stages. The detailed CT features of the survival group 
and the non-survival group are shown in (A–O). GGO, ground-glass opacity.
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Clinical and Radiological Predicting 
Factors of Mortality in Severe/Critical 
COVID-19 Patients
The univariate analysis identified many clinical and CT 
features to be associated with the mortality in severe/ 
critical COVID-19 cases (all P < 0.05, Table 3). Of the 
155 patients, a multivariate analysis was performed based 
on 144 patients with available CT images, considering 
that CT images were not available for 8 patients due to 
failures of the Picture Archiving and Communication 
Systems. Multivariate regression identified model 1 the 
variables age (OR, 1.08; 95% CI, 1.01–1.16; P=0.026), 

neutrophil count (OR, 1.41; 95% CI, 1.09–1.81; 
P=0.008), AST (OR, 1.03; 95% CI, 1.01–1.05; P=0.01), 
GGO score (OR, 1.11; 95% CI, 1.01–1.22; P=0.035), and 
consolidation score (OR, 1.23; 95% CI, 1.05–1.43; 
P=0.01) as independent risk factors (Table 4 and 
Supplementary Figure 2), whereas the multivariate 
regression identified in model 2 the variables age (OR, 
1.07; 95% CI, 1.01–1.14; P =0.032), neutrophil count 
(OR, 1.31; 95% CI, 1.06–1.62; P =0.012), AST (OR, 
1.02; 95% CI, 1.01–1.04; P =0.008), and total lesions 
score (OR, 1.14; 95% CI, 1.02–1.27; P =0.017) as inde
pendent risk factors (Table 4, Supplementary Figure 2). 

Figure 2 Imaging features of 516 CTs from 147 patients during four stages. The detailed CT features of the survival group and the non-survival group are shown in (A–L). 
*P<0.05; **P<0.01.
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The areas under the curve (AUCs) values of the above 
six independent risk factors alone were in the range of 
0.65–0.75, 0.78 for the three combined CT scores, 0.87 
for model 2, 0.89 for model 1, and 0.92 for the six 
independent risk factors (Figure 4). The Kaplan–Meier 
curves for patients with age ≤71 years and age >71 
years (log-rank P=0.0045), AST ≤ 58 IU/L and AST > 

58IU/L (log-rank P =0.0001), neutrophil count ≤6.38 × 
109/L and neutrophil count >6.38 × 109/L (log-rank 
P=0.0001), GGO score ≤14 and GGO score >14 (log- 
rank P<0.0001), consolidation score ≤2 and consolida
tion score >2 (log-rank P<0.0043), and total lesions 
score ≤17 and total lesion score >17 (log-rank 
P<0.0001) are shown in Figure 5.

Figure 3 The scores of 516 CTs in 147 patients during four stages. Temporal changes in CT scores (A–D) and the number of lung lobes and lung segments involved during 
the four stages (E and F). GGO, ground-glass opacity.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                

Journal of Inflammation Research 2021:14 1118

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Table 3 Clinical Risk Factors Associated with Non-Survivability of Severe/Critical COVID-19 According to Univariable Logistic 
Regressions

Characteristics Univariate OR (95% CI) P value

Age 2.39 (0.93, 6.15) 0.06

Male gender 1.05 (1.01, 1.09) 0.021*

Comorbidity
Hypertension 2.38 (0.97, 5.83) 0.058

Diabetes 2.12 (0.82, 5.50) 0.123

Cardiovascular disease 1.89 (0.62, 5.77) 0.263
Chronic liver disease 3.35 (1.25, 9.02) 0.017*

Chronic kidney disease 8.13 (2.80, 23.67) <0.001**

COPD 0.69 (0.24, 1.99) 0.491
Cerebrovascular disease 6.63 (1.75, 25.08) 0.005**

Malignant tumor 2.80 (0.24, 32.21) 0.408

Laboratory examinations
White blood cell count, × 109 per L 1.31 (1.14, 1.50) <0.001**

Lymphocyte count, × 109 per L 0.61 (0.22, 1.76) 0.363
Neutrophil count, × 109/L 1.35 (1.15, 1.58) <0.001**

Haemoglobin, g/L 0.99 (0.97, 1.01) 0.306

C-reactive protein, mg/L 1.008 (1.003, 1.013) 0.001**
CD3 0.33 (0.03, 3.60) 0.36

CD4 1.03 (0.04, 27.90) 0.988

IgG 1.12 (0.98, 1.27) 0.093
IgA 1.36 (0.94, 1.97) 0.103

IgM 1.09 (0.73, 1.62) 0.679

Procalcitonin 11.47 (3.53, 37.25) <0.001**
Lactate dehydrogenase 1.007 (1.003, 1.01) <0.001**

Creatinine, μmol/L 1.003 (1.001, 1.0004) <0.001**

Alanine aminotransferase, IU/L 1.01 (1.00, 1.02) 0.018*
Aspartate aminotransferase, IU/L 1.02 (1.00, 1.03) 0.016*

Myoglobin 1.01 (1.005, 1.013) <0.001**

Hypersensitive troponin 15.47 (1.70, 140.85) 0.015*
D-dimer, μg/mL 1.04 (0.98, 1.11) 0.181

PT 1.60 (1.04, 2.46) 0.033*

APTT 1.06 (1.00, 1.11) 0.035*
TT 1.07 (0.97, 1.19) 0.193

Symptoms
Fever 1.56 (0.40, 6.06) 0.522

Cough 0.46 (0.13, 1.58) 0.217

Short of breath 3.86 (0.86, 17.27) 0.078
Dyspnea 11.98 (4.51, 31.85) <0.001**

Rhinorrhea 2.80 (0.24, 32.21) 0.41

Fatigue 2.09 (0.84, 5.23) 0.114
Muscle soreness 0.84 (0.23, 3.10) 0.079

Diarrhea 1.44 (0.44,4.75) 0.551

Imaging features
Pure GGO 4.73 (1.06, 21.17) 0.042*

Pure consolidation 0.348 (0.12,0.99) 0.048*
GGO and consolidation 1.74 (0.67,4.52) 0.251

Linear opacity 1.01 (0.42, 2.44) 0.978

(Continued)
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Discussion
The lesions in patients with severe/critical COVID-19 
pneumonia were typically bilateral, with multiple sub
pleural localizations and ill-defined border, similar to pre
vious reports.14,20–22 The GGO pattern was predominant in 
stages1 and 2. In stage 3, the number of consolidation 
lesions increased in both groups, whereas the number of 
linear opacities increased in survival group but decreased 
in the non-survival group. In stage 4, the survival group 

predominantly presented linear opacity patterns whereas 
the non-survival group showed predominantly the conso
lidation patterns.

These distinct imaging changes over time confirmed our 
previous hypothesis,18 that is, an increase in linear opacity 
indicates a good prognosis, whereas an increase in consoli
dation is indicative of a poor prognosis. Evidence from the 
literature also suggests that linear opacity is an organized 
feature at the end-stage of the infectious lung parenchyma 

Table 4 Clinical Risk Factors Associated with Non-Survivability of Severe/Critical COVID-19 According to Multivariable Logistic 
Regressions in Two Models

Model 1 Model 2

Variables Multivariate OR (95% CI) P value Variables Multivariate OR (95% CI) P value

Age 1.08 (1.01, 1.16) 0.026* Age 1.068 (1.006, 1.135) 0.032*

Neutrophil count 1.41 (1.09, 1.81) 0.008** Neutrophil count 1.312 (1.060, 1.623) 0.012*

Aspartate aminotransferase 1.03 (1.01, 1.05) 0.01* Aspartate aminotransferase 1.024 (1.006, 1.042) 0.008**

C-reactive protein 0.993 (0.983, 1.003) 0.173 C-reactive protein 0.996 (0.988, 1.005) 0.399

GGO score 1.109 (1.007, 1.222) 0.035* Total lesions score 1.138 (1.024, 1.266) 0.017*

Consolidation score 1.225 (1.051, 1.428) 0.01*

Notes: *P < 0.05; **P < 0.01. 
Abbreviation: GGO, ground glass opacity.

Table 3 (Continued). 

Characteristics Univariate OR (95% CI) P value

Bilateral 3.31 (0.86, 12.69) 0.081

Number of lung lobes involved 1.24 (0.75, 2.05) 0.409

Number of lung segments involved 1.08 (0.97, 1.2) 0.164
Total lesions score 1.17 (1.08, 1.26) <0.001**

GGO score 1.18 (1.01, 1.27) <0.001**

Consolidation score 1.23 (1.10, 1.38) <0.001**
Linear opacity score 1.00 (0.87, 1.16) 0.96

Thickening of the adjacent pleura 3.39 (0.75, 15.30) 0.112

Pleural effusion 2.40 (0.82, 7.00) 0.109
Lymphadenopathy 4.32 (1.61, 11.59) 0.004**

Round cystic changes 0.50 (0.11, 2.30) 0.371

Bronchiolectasis 1.64 (0.54, 4.98) 0.38
Air bronchogram sign 0.913 (0.376, 2.214) 0.84

Bronchial wall thickening 0.69 (0.26,1.88) 0.469

Interlobular septal thickening 1.44 (0.59, 3.54) 0.43
Crazy paving pattern 0.71 (0.28, 1.77) 0.46

Honeycomb pattern 0.85 (0.10, 7.38) 0.881

Tree-in-bud 1.31 (0.26, 6.57) 0.745
Reversed halo sign 0 0.999

Note: *P < 0.05; **P < 0.01. 
Abbreviations: CI, confidence interval; OR, odds ratio; COPD, chronic obstructive pulmonary disease; GGO, ground glass opacity; PT, prothrombin time; APTT, activated 
partial thromboplastin time; TT, thrombin time.
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lesions on CT23 and that consolidation is formed by hyaline 
membranes in the alveolar cavity.24 Previous studies14,25,26 

suggest that the peak of total lesion score is in the stage 2. In 
the survival group, the peak value of the total lesion score 
was also observed in stage 2, whereas the total lesion score in 
the non-survival group peaked in stage 3 and was accompa
nied by a gradual increase in the consolidation score. 
Moreover, the presence of pleural effusion and lymphadeno
pathy, as well as the involvement of specific lung segments 
(such as the anterior segment of the upper lobe and medial 
segment of the middle lobe) in the stage 1 may indicate 
a worse prognosis.

In the analysis of risk factors for mortality in patients 
with severe/critical COVID-19 pneumonia, the initial CT 
score (total lesions score >17, consolidation score >2 and 
GGO score >14) combined with the patient’s age (>71 
years), AST (>58 IU/L), and the neutrophils count 
(>6.38 × 109/L) at admission had an excellent predictive 
power to determine the survival outcome of patient. 
Various studies have confirmed that older age, neutrophi
lia, and elevated AST levels are risk factors for mortality 
in patients with COVID-19,10–12,15,27 similar to our find
ings. Moreover, we found that the total lesion score, GGO 
score, and consolidation score of the initial CT were 

Figure 4 AUCs of the six independent risk factors. Individual ROC curves of six independent risk factors (A) and their individual predictive performance (B). ROC curves 
of different combination of the six independent risk factors (C) and their corresponding predictive performance (D). *P<0.05; **P<0.01. 
Abbreviations: AUCs, areas under the curve; ROC, receiver operating characteristic.
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Figure 5 Kaplan–Meier curves of the six independent risk factors. Kaplan–Meier curves of patients with age ≤71 years and age >71 years (A), AST ≤58 IU/L and AST >58IU/ 
L (B), neutrophil count ≤6.38 × 109/L and neutrophil count >6.38 × 109/L (C), GGO score ≤14 and GGO score >14 (D), consolidation score ≤2 and consolidation score >2 
(E), and total lesions score ≤17 and total lesions score >17 (F). 
Abbreviations: AST, aspartate aminotransferase; GGO, ground-glass opacity.
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associated with mortality of severe/critical COVID-19 
cases. Few studies7,20,25,26 have explored the longitudinal 
development of total lesion scores in patients with 
COVID-19 but no prior study investigated the predictive 
value of CT scores in severe/critical patients. A previous 
study28 on Middle East respiratory syndrome confirmed 
that the total lesion score has predictive value to determine 
a patient’s prognosis, similar to our findings, in patients 
with COVID-19. Furthermore, we found that the GGO and 
consolidation scores have predictive value for mortality, 
with the GGO score having the highest influence, whereas 
the linear opacity score has no predictive value. In the 
predictive models 1 and 2 based on the CT scores, the 
addition of variables age, AST, and neutrophil count lead 
to excellent predictive performances which were still 
slightly inferior to the combined prognostic performance 
of all six variables.

There are several limitations to our study. First, the num
ber of deaths in this study was small and did not meet the 
requirements of the event per variable (EPV), therefore the 
results may not be sufficiently robust. However, considering 
that the results have certain interpretability they are still 
reported here. The selection of the four clinical variables 
(age, neutrophil count, aspartate aminotransferase and 
C-reactive protein) was based on previous reports and the 
feasibility of emergency work.11,12,15 Second, this was 
a single-center study and the results require further confirma
tion by multi-center studies. Third, the CT score of this study 
may not be as accurate as the scores determined using artifi
cial intelligence; however, our scoring method is highly 
malleable and innovatively divides the total lesion score 
into linear opacity, GGO, and consolidation scores.

Conclusion
The longitudinal changes in imaging manifestations of 
patients with severe/critical COVID-19 pneumonia revealed 
differences between the survival and non-survival groups, 
which may help predict the patients’ prognosis and identify 
patients that require further intervention. The initial CT score 
(total lesions score >17, consolidation score >2 and GGO 
score >14) combined with age (>71 years), AST (>58 IU/L), 
and neutrophils (6.38 × 109/L) provides an excellent predic
tive model for the survival outcome of patients with severe/ 
critical COVID-19 pneumonia.

Abbreviations
COVID-19, coronavirus disease 2019; CT, computed 
tomography; GGO, ground-glass opacities; AST, aspartate 

aminotransferase; RT-PCR, reverse-transcription polymer
ase chain reaction; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2; ROC, receiver operating charac
teristic; IQR, interquartile ranges; EPV, event per variable.
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