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the COVID ‑19 mortality risk to be 3.4%.2 The me‑
dian time from symptom onset to radiological 
confirmation of this viral pneumonia is 5 days, 
whereas the median time from symptom onset to 
ICU admission is approximately 9.5 days.3

To identify predictors of clinical outcomes in 
patients with COVID ‑19 is essential in helping 
healthcare facilities in pandemic planning and 

INTROduCTION Coronavirus disease 2019 
(COVID ‑19), caused by the  outbreak of se‑
vere acute respiratory syndrome coronavirus 
2 (SARS ‑CoV ‑2), has recently been announced 
a global pandemic by the World Health Organiza‑
tion.1 This infection can lead to severe respiratory 
distress requiring intensive care unit (ICU) admis‑
sion. The World Health Organization estimated 
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INTROduCTION Currently, there are known contributing factors but no comprehensive methods for 
predicting the mortality risk or intensive care unit (ICU) admission in patients with novel coronavirus 
disease 2019 (COVID ‑19).
ObjECTIvEs The aim of this study was to explore risk factors for mortality and ICU admission in patients 
with COVID ‑19, using computed tomography (CT) combined with clinical laboratory data.
PATIENTs ANd mEThOds Patients with polymerase chain reaction–confirmed COVID ‑19 (n = 63) from 
university hospitals in Tehran, Iran, were included. All patients underwent CT examination. Subsequently, 
a total CT score and the number of involved lung lobes were calculated and compared against collected 
laboratory and clinical characteristics. Univariable and multivariable proportional hazard analyses were used 
to determine the association among CT, laboratory and clinical data, ICU admission, and in ‑hospital death.
REsuLTs By univariable analysis, in ‑hospital mortality was higher in patients with lower oxygen satu‑
ration on admission (below 88%), higher CT scores, and a higher number of lung lobes (more than 4) 
involved with a diffuse parenchymal pattern. By multivariable analysis, in ‑hospital mortality was higher 
in those with oxygen saturation below 88% on admission and a higher number of lung lobes involved 
with a diffuse parenchymal pattern. The risk of ICU admission was higher in patients with comorbidities 
(hypertension and ischemic heart disease), arterial oxygen saturation below 88%, and pericardial effusion.
CONCLusIONs We can identify factors affecting in ‑hospital death and ICU admission in COVID ‑19. This 
can help clinicians to determine which patients are likely to require ICU admission and to inform strategic 
healthcare planning in critical conditions such as the COVID ‑19 pandemic.
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predict poor patient outcomes, ICU admission, 
and mortality related to COVID ‑19.

PATIENTs ANd mEThOds study design and partici-
pants This retrospective cohort study included 
adults (age ≥18 years) adults admitted in uni‑
versity hospitals in Tehran (Iran) between Feb‑
ruary 21, 2020 and March 17, 2020. All patients 
had positive results of the CoV ‑2 RNA real ‑time 
polymerase chain reaction test. The study was 
approved by the institutional review board and 
all patients signed informed consent on arriv‑
al. Ethical approval was obtained from Shahid 
Beheshti University of Medical Sciences, Teh‑
ran, Iran. All patients with incomplete medical 
records were excluded.

data collection Demographic (age and sex), med‑
ical history (comorbidities), and clinical character‑
istics (including pulse rate, RR, temperature, and 
oxygen saturation) on admission were extracted 
from electronic medical records using a standard‑
ized data collection form. Chest CT scans were 
performed in all patients at the time of admission.

definitions Fever was defined as a temperature 
greater than 38 °C; tachycardia as a heart rate 
greater than 100 bpm; tachypnea as a RR great‑
er than 20/min; and abnormal oxygen saturation 
as a value equal to or lower than 93%.

Outcome Adverse outcomes were recorded based 
on 2 methods: first, a 2 ‑point scale of non ‑ICU 
and ICU admission; second, a 2 ‑point scale of sur‑
vivors and nonsurvivors.

Image analysis Computed tomography exami‑
nations were retrieved from an image archiving 
and communication system.

Two investigators (AA and AM; with 5‑year ex‑
perience in chest imaging) independently evalu‑
ated chest CT examinations and scored lung pa‑
renchymal abnormalities. In case of disagree‑
ment, a third chest radiologist was consulted to 
reach the final score. Each lobe was evaluated for 
the percentage of lung involvement on a scale 
from 0 to 4 (0, 0% involvement; 1, less than 25% 
involvement; 2, 25% to less than 50% involve‑
ment; 3, 50% to less than 75% involvement; 4, 
75% or greater involvement).12 An overall CT score 
was a sum of scores from all 5 lung lobes. The max‑
imum possible score was 20. The total CT score 
and the number of lobes involved were recorded. 
The distribution of abnormalities was evaluated 
as predominantly peripheral, central, or diffuse. 
Additionally, the presence of pleural and pericar‑
dial effusion was recorded.

statistical analysis All statistical analyses were 
performed using the JMP software, version 15 
Pro (SAS, Cary, North Carolina, United States). 
A P value less than 0.05 was considered signif‑
icant. Mean (SD) was calculated and report‑
ed for numeric covariates. Frequency and its 

accurate redistribution of highly valuable re‑
sources, such as ICU beds, toward the patients 
who may need these most during the course of 
their disease. The individual predictors of clinical 
outcomes have been already identified.3

Patient age is an important epidemiological 
factor associated with worse outcomes. The me‑
dian age of deceased patients is significantly 
older than that of recovered patients. Patients 
over the age of 65 years account for the majori‑
ty of COVID ‑19–related deaths.3 Comorbidities 
such as diabetes, chronic lung disease, chronic 
hypertension and other cardiovascular diseases, 
chronic renal disease, and chronic liver disease 
are more frequent among deceased patients than 
among those recovered. Severe illness caused by 
COVID ‑19 is also more common in patients who 
are immunocompromised.4

Adverse outcomes are also related to patients’ 
clinical status. Symptoms associated with hy‑
poxemia, systematic inflammation, and multi‑
organ dysfunction were found more frequently 
in deceased patients than in those recovered.5 
In a retrospective cohort study from Wuhan, 
China, older age and a higher Sequential Or‑
gan Failure Assessment (SOFA) score were po‑
tential predictors of in ‑hospital mortality6 in 
patients with COVID ‑19. So far, it has been 
known that the most important clinical crite‑
ria for COVID ‑19 severity include respiratory 
distress (respiratory rate [RR] ≥30; arterial oxy‑
gen saturation [SpO2] <93% at rest; partial oxy‑
gen pressure [PaO2] / fraction of inspired oxygen 
[FiO2] ≤300 mm Hg) and rapid (within 24 to 48 
hours) progression (>50%) of CT findings7 and 
the extent of disease on CT scans.7,8

Some studies have suggested that CT may 
play a relevant role in predicting the outcomes 
of the patients. Patients with COVID ‑19 pneu‑
monia at baseline CT who had ICU admission or 
who died had 4 or more lung lobes affected com‑
pared with patients without ICU admission or 
alive (16% versus 6% of patients).9 The progres‑
sion of abnormal imaging findings indicate a poor 
or fair response where the alleviated symptoms 
seen on CT suggest a good response.10 A progres‑
sive deterioration of lesions on imaging despite 
medical treatment is thought to be associated 
with poor prognosis.11

The purpose of this study was to assess wheth‑
er the extent of the disease on an initial CT 
scan (which was evaluated by a novel CT scor‑
ing method) in combination with laboratory 
and clinical characteristics has the potential to 

whAT’s NEw?

The combination of computed tomography (CT) as well as clinical and labora‑
tory data can help clinicians to predict the prognosis of novel coronavirus 
disease 2019. We established a CT scoring model to quantify disease severity. 
The extent of disease evaluated by CT has the potential to predict patient out‑
comes and, particularly, the need for intensive care unit admission.
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Comorbidities were present in 37 patients, with 
hypertension being the most common one (15 
patients [23.8%]), followed by diabetes (11 pa‑
tients [17.4%]), and ischemic heart disease (10 
patients [15.8%]).

The most common symptom on admission was 
cough (49 patients [77.7%]) and fever (25 pa‑
tients [43%]) followed by tachycardia (19 patients 
[30%]) and tachypnea (10 patients [15.8%]). Oxy‑
gen saturation on admission below 88% was not‑
ed in 12 patients (20%).

Chest CT showed ground‑glass opacities in 
59 patients (93.4%) and consolidations in 50 
(92.6%). The majority of patients showed pe‑
ripheral distribution of lung abnormalities (40 
patients [63.5%]); central and diffuse opacities 
were seen in 9 (14.3%) and 11 (17.5%) patients, 
respectively. The lower or diffuse distribution of 
lung opacities were the most common pattern 
seen (in 28 [44.4%] and 22 [34.9%] patients) 
with the upper and mid lung distribution visu‑
alized only in 2 [3.2%] and 8 [12.7%] patients, 
respectively.

In univariable analysis, the odds ratios of death 
were higher in patients with oxygen saturation 
below 88% at presentation, a higher CT score, 
a higher number of involved lobes, and a diffuse 
pattern of lung involvement on CT. Higher odds 
ratios of ICU admission during hospitalization 
were found in older patients with a history of 
hypertension and ischemic heart disease, oxygen 

percentage were given for categorical variables. 
To compare differences between patients who 
required ICU admission and those who did not, 
as well as survivors and nonsurvivors, we used 
the 1 ‑way analysis of variance test and the Krus‑
kal–Wallis test for numerical covariates and 
the χ2 test or the Fisher exact test for categori‑
cal covariates where appropriate. To explore risk 
factors associated with ICU admission and in‑
‑hospital death, univariable and multivariable 
logistic regression models were used. We ex‑
cluded variables from the univariable analysis 
if their between ‑group differences were nonsig‑
nificant, if the number of events was too small 
to calculate odds ratios, or if they were colinear 
with other included factors. A 2 ‑sided P of less 
than 0.05 was considered significant.

REsuLTs From 100 adult patients referred to 
our hospitals between February 21, 2020 and 
March 17, 2020 owing to suspicion of COVID ‑19, 
63 with complete medical records were included 
in this study. The mean (range) age of the 63 pa‑
tients was 54.1 (23–86) years (TAbLE 1). Of these, 
54 patients were discharged and 9 died in the hos‑
pital (mean [range] age, 52.9 [23–84] and 61.3 
[37–86] years, respectively; P = 0.15). During 
the course of hospitalization, 18 patients were ad‑
mitted to the ICU, and 45 patients were admitted 
to the general ward (mean [range] age, 51.2 [23–
86] and 63.2 [40–80] years, respectively; P <0.01).

TAbLE 1 Demographic, clinical, and imaging characteristics for coronavirus disease 2019 survivors and nonsurvivors

Variable Total (n = 63) Survivors (n = 54) Nonsurvivors (n = 9) P value

Age, y, mean (SD); range 54.1 (15.5); 23–86 52.9 (15.4); 23–84 61.3 (15.1); 37–86 0.15

Comorbidity Hypertension 15 (23.8) 13 (24.1) 2 (22.2) 0.90

Ischemic heart disease 10 (15.9) 13 (24.1) 2 (22.2) 0.59

Diabetes 12 (19) 11 (20) 1 (11.1) 0.21

Respiratory rate >20/min 10 (17.5) 9 (18.8) 1 (11.1) 0.56

Pulse rate >100/min 19 (32.8) 16 (32.7) 3 (33.3) 0.96

Fever >38 °C 25 (43.1) 22 (44.9) 3 (33.3) 0.51

SaO2 <88% 12 (20) 8 (15.4) 4 (44.4) 0.04

CT score, points, mean (SD) 7.4 (4) 7 (4.1) 9.8 (3.3) 0.04

Lobes involved, n, mean (SD) 4.2 (1.3) 4 (1.3) 4.9 (0.3) <0.001

Ground ‑glass opacity 59 (93.6) 50 (92.6) 9 (100) 0.95

Consolidation 25 (39.7) 23 (42.6) 2 (22.2) 0.29

Pleural effusion 9 (14.3) 6 (11.1) 3 (33.3) 0.11

Pericardial effusion 5 (7.9) 3 (5.5) 2 (22.2) 0.13

Axial distribution Peripheral 40 (63.5) 36 (66.7) 4 (44.4) 0.28

Central 9 (14.3) 6 (11.1) 3 (33.3)

Diffuse 11 (17.5) 9 (16.7) 2 (22.2)

Craniocaudal distribution Upper 2 (3.2) 2 (3.7) 0 <0.01

Mild 8 (12.7) 7 (13) 1 (11.1)

Lower 28 (44.4) 27 (50) 1 (11.1)

Diffuse 22 (34.9) 15 (27.8) 7 (77.8)

Data are presented as number (percentage) unless otherwise indicated.

Abbreviations: CT, computed tomography; SaO2, arterial oxygen saturation
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Based on our results, the only independent CT 
predictor of mortality was the number of in‑
volved lobes. In particular, the type of lung in‑
volvement (ground‑glass opacity versus consoli‑
dation), the distribution of lung involvement as 
well as the CT score were not independent pre‑
dictors of mortality. The presence of pericardial 
effusion was the only independent CT predictor 
of ICU admission.

The patients admitted to the ICU who died 
had a more diffuse or peripheral distribution of 
the disease on CT, which did not prove to be a key 
factor in prognosis in multivariable analysis; how‑
ever, it is still a relevant finding.

Although older age has been reported to be 
an important independent predictor of mortali‑
ty in COVID ‑19, it was not an independent pre‑
dictor in our study, which might be explained by 
a relatively small sample size.

The most important laboratory characteristic 
that predicted patient outcomes was SaO2 below 
88% on admission. In our study, the common in‑
dependent predictor of both ICU admission and 
mortality was low SaO2 on admission. Previous 
studies have also shown the significance of SaO2 
evaluation in patients with a variety of respira‑
tory and systemic disorders.13,14

Pericardial effusion is regarded as a particu‑
larly important contributing factor with regard 
to ICU admission, as this could be an indica‑
tion of myocarditis or cardiomyopathy caused 

saturation below 88% at presentation, a higher 
number of involved lobes, pericardial effusion 
and peripheral and / or central pattern of distri‑
bution on chest CT (TAbLE 2).

In a multivariable logistic regression model, 
we found that oxygen saturation below 88% on 
admission and the number of involved lobes on 
chest CT were associated with an increased odds 
ratio of death. There were higher odds ratios of 
ICU admission during the hospital course in pa‑
tients with comorbidities (hypertension and isch‑
emic heart disease), oxygen saturation below 88%, 
and pericardial effusion on CT.

dIsCussION Risk stratification may prompt im‑
mediate supportive treatment. This retrospec‑
tive study identified several risk factors for ICU 
admission and death in adults in Tehran, Iran, 
who were hospitalized for COVID ‑19. In partic‑
ular, low SaO2 on admission and the number of 
involved lobes on chest CT (4 or more) were as‑
sociated with an increased odds ratio of death. 
Additionally, there were higher ICU admission 
rates during the hospital course in patients with 
comorbidities (hypertension and ischemic heart 
disease), low SaO2, and pericardial effusion on 
chest CT.

Our findings suggest that chest CT plays 
a crucial role, in addition to clinical and labo‑
ratory characteristics, to identify which patient 
is at higher risk and requires hospitalization. 

TAbLE 2 Demographic, clinical, and imaging characteristics by intensive care unit and non–intensive care unit admission

Variable Total  
(n = 63)

Non ‑ICU admission 
(n = 48)

ICU admission 
(n = 15)

P value

Age, y, mean (SD); range 54.1 (15.5); 23–86 51.2 (15.7); 23–86 63.2 (10.6); 40–80 <0.01

Comorbidity Hypertension 15 (23.8) 9 (18.7) 8 (53.3) 0.049

Cardiac disease 10 (15.9) 7 (14.8) 8 (53.3) 0.03

Diabetes 12 (19) 6 (12.5) 5 (33.3) 0.07

Respiratory rate >20/min 10 (17.5) 6 (13.6) 4 (30.7) 0.21

Pulse rate >100/min 19 (32.8) 15 (33.3) 4 (30.7) >0.99

Fever >38 °C 25 (43.1) 16 (36.4) 9 (64.3) 0.12

SaO2 <88% 12 (20) 7 (14.9) 6 (46.6) 0.03

CT score, mean (SD) 7.4 (4) 7 (4) 8.7 (3.9) 8.7 (3.9)

Lobes involved, n, mean (SD) 4.2 (1.3) 4 (1.3) 4.8 (0.8) 4.8 (0.8)

Ground ‑glass opacity 59 (93.6) 41 (91.1) 18 (100) 0.31

Consolidation 25 (39.7) 17 (37.8) 8 (44.4) 0.77

Pleural effusion 9 (14.3) 5 (10.4) 4 (26.7) 0.19

Pericardial effusion 5 (7.9) 2 (4.2) 4 (26.6) 0.03

Axial distribution Peripheral 40 (63.5) 33 (73.3) 7 (38.9) <0.01

Central 9 (14.3) 3 (6.7) 6 (33.3)

Diffuse 11 (17.5) 6 (13.3) 5 (27.8)

Craniocaudal 
distribution

Upper 2 (3.2) 1 (2.2) 1 (2.2) 0.51

Mild 8 (12.7) 6 (13.3) 2 (11.1)

Lower 28 (44.4) 21 (46.7) 7 (38.9)

Diffuse 22 (34.9) 14 (31.1) 8 (44.4)

Data are presented as number (percentage) unless otherwise indicated.

Abbreviations: ICU, intensive care unit; others, see TAbLE 1
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Delayed intubation is associated with poor pa‑
tient outcomes. Identification of patients at high 
risk, using the described combination of a CT 
score together with clinical and laboratory data, 
can potentially lead to improvement in the qual‑
ity of patient care.16 These patients can be mon‑
itored and treated more aggressively.

This is of particular importance especially in 
jurisdictions with a potential shortage of hos‑
pitals and ICU beds. In our opinion, a combined 
scoring system can play an important role to 
help the healthcare system to accurately redis‑
tribute essential resources such as ICU beds to‑
ward the patients who may need these most dur‑
ing the course of their disease.

Conclusions Further studies on larger patient 
samples are needed to establish a robust scoring 
system to allow multiple variables to predict prog‑
nosis in COVID ‑19. Our small sample proved to 
be a good predictor of COVID ‑19 prognosis and 
may suggest the need for advanced care such as 
hospitalization and ICU admission. A score com‑
bining CT and clinical and laboratory data with 
an excellent negative or positive predictive val‑
ue is needed and may help clinicians to deter‑
mine which patients are unlikely to require ICU 
admission and to facilitate strategic healthcare 
planning in critical conditions such as the cur‑
rent COVID ‑19 pandemic.
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