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Purpose. To investigate the factors contributing to mortality in coronavirus disease 2019 (COVID-19) patients admitted in the
intensive care unit (ICU) and design a model to predict the mortality rate. Method. We retrospectively evaluated the medical records
and CT images of the ICU-admitted COVID-19 patients who had an on-admission chest CT scan. We analyzed the patients’
demographic, clinical, laboratory, and radiologic findings and compared them between survivors and nonsurvivors. Results. Among
the 121 enrolled patients (mean age, 62.2 + 14.0 years; male, 82 (67.8%)), 41 (33.9%) survived, and the rest succumbed to death. The
most frequent radiologic findings were ground-glass opacity (GGO) (71.9%) with peripheral (38.8%) and bilateral (98.3%) in-
volvement, with lower lobes (94.2%) predominancy. The most common additional findings were cardiomegaly (63.6%), parenchymal
band (47.9%), and crazy-paving pattern (44.4%). Univariable analysis of radiologic findings showed that cardiomegaly (p: 0.04),
pleural effusion (p: 0.02), and pericardial effusion (p: 0.03) were significantly more prevalent in nonsurvivors. However, the
extension of pulmonary involvement was not significantly different between the two subgroups (11.4 + 4.1 in survivors vs. 11.9 £ 5.1 in
nonsurvivors, p: 0.59). Among nonradiologic factors, advanced age (p: 0.002), lower O, saturation (p: 0.01), diastolic blood
pressure (p: 0.02), and hypertension (p: 0.03) were more commonly found in nonsurvivors. There was no significant difference
between survivors and nonsurvivors in terms of laboratory findings. Three following factors remained significant in the backward
logistic regression model: O, saturation (OR: 0.91 (95% CI: 0.84-0.97), p: 0.006), pericardial effusion (6.56 (0.17-59.3), p: 0.09), and
hypertension (4.11 (1.39-12.2), p: 0.01). This model had 78.7% sensitivity, 61.1% specificity, 90.0% positive predictive value, and
75.5% accuracy in predicting in-ICU mortality. Conclusion. A combination of underlying diseases, vital signs, and radiologic factors
might have prognostic value for mortality rate prediction in ICU-admitted COVID-19 patients.

1. Introduction

Few months after the first reports of coronavirus disease
2019 (COVID-19), it was declared a pandemic [1]. Given its
high transmissibility, SARS-CoV-2 has infected millions of
people worldwide and has placed a huge burden on the

healthcare system [2]. Some infected patients develop acute
respiratory distress syndrome (ARDS), multiple organ
failure, pulmonary embolism, and heart failure [3-5]. ARDS
is the most common reason for intensive care unit (ICU)
admission in these patients [6, 7]. For patients requiring
intensive care, ICU admission occurs about 10 days after the
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onset of symptoms and 14 days after infection [8]. After a
rapid surge in COVID-19 cases, the need for intensive care
and aggressive treatment has been dramatically increased
around the world [9]. The in-ICU mortality rate of COVID-
19 is twice that of other causes of viral pneumonia that
require ICU admission [10].

Although the gold standard test to diagnose COVID-19
is real-time reverse-transcription polymerase chain reaction
(rRT-PCR), the rate of false-negative results is high, espe-
cially in the early stages of the disease. Some studies showed
a median false-negative rate of 38% for the rRT-PCR test on
the first day postsymptom onset [11, 12]. Chest CT scan is
not only a diagnostic modality with high sensitivity (92%),
especially in uncertain cases, but is also of prognostic value
[13, 14]. Some reports claimed that the accuracy of CT'scan is
higher than that of rRT-PCR in detecting COVID-19
[13, 15]. Several studies showed that factors like advanced
age, obesity, and comorbidities such as hypertension (HTN)
and diabetes mellitus are associated with higher mortality in
COVID-19 cases [16-18]. About one-third of the hospi-
talized COVID-19 patients will eventually need ICU ad-
mission [19, 20].

As the knowledge on predictors of worse outcomes in
COVID-19 ICU patients is limited, we aimed to conduct this
clinical study in an attempt to find and describe risk factors
related to the mortality of critically ill ICU-admitted
COVID-19 patients.

2. Methods and Materials

2.1. Study Design and Participants. The present study was
reviewed and approved by the Institutional Review Board of
our institute. The written informed consent was waived
regarding the retrospective design of the study (IR.TUM-
S.IKHC.REC.1399.054). The participants’ medical records
were retrieved from the institution’s registry of COVID-19
patients.

We included patients admitted to ICU with rRT-PCR
(performed on specimens collected from nasopharyngeal or
oropharyngeal secretions) confirmed COVID-19 infection
and a definite outcome (death or discharge) from September
to October 2020. All patients underwent an on-admission
chest CT scan and had the required medical documents for
this study already registered. Participants were divided into
two subgroups: survivors and nonsurvivors. The demo-
graphic, clinical, laboratory, and radiologic characteristics of
these two groups were enlisted and compared. All ICU
admission criteria and treatment regimens were based on the
latest version of the related national protocols.

2.2. Data Acquisition. Data collectors retrieved “patients”
information from electronic and paper records. Data collection
included (a) demographic information: age and sex; (b) vital
signs: temperature (T, Celsius), oxygen saturation (SpO,), heart
rate (HR) per minute, respiratory rate (RR) per minute, and
blood pressure (BP, mmHg); (c) comorbidities: hypertension
(HTN), diabetes (DM), chronic obstructive pulmonary disease
(COPD), immunocompromised conditions (hereditary or
acquired immunodeficiency diseases, chemoradiation therapy,
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and long-term corticosteroid usage), and hypothyroidism; (d)
laboratory test results: white blood cell counts including
neutrophil and lymphocyte counts, hemoglobin, platelet,
creatinine, urea, international normalized ratio (INR), partial
thromboplastin time (PTT), D-dimer, lactate dehydrogenase
(LDH), C-reactive protein (CRP), and pro-B-type natriuretic
peptide (Pro-BNP); and (e) radiologic findings (discussed
further in the following sections). All vital signs and laboratory
results were gathered on admission. In addition, hospital length
of stay (separately for in-ward and in-ICU stay) has been
evaluated.

2.3. Image Acquisition and Interpretation. All CT exami-
nations were performed using either 6 or 16 slices (Siemens
SOMATOM Emotion, Erlangen, Germany) MDCT scanner.
Imaging parameters were set as follows: tube voltage of
130kVp, tube current of 70 mAs, slice width of 2-5mm,
beam collimation of 1.2mm, and tube rotation time of
0.6 seconds, reconstructed with a mediastinum B20f
smooth kernel and a lung B70f sharp kernel (Siemens
Healthineers, Erlangen, Germany) with a reconstructed
slice thickness of 1.2 mm; coronal and sagittal multiplanar
reconstructions were also available. All CT images were
obtained without contrast injection at the time of pre-
sentation, in the supine position, and full inspiration as
tolerated by the patients.

Two board-certified diagnostic radiologists, with 9 and 13
years of experience in thoracic radiology and blinded to pa-
tients’ clinical data, independently interpreted chest CT scans,
in both lung and mediastinal windows. Intraclass correlation
coefficient (ICC) was calculated to assess interrater reliability. If
ICC < 0.8, in case of any disagreement in image interpretation,
the discrepancy was resolved by consensus. If ICC>0.8, the
values reported by the radiologist with higher experience were
recorded. Chest CT scan features were reported and described
based on the Fleischner Society glossary and published liter-
ature on viral pneumonia [21, 22]. CT features include the
following: (a) predominant pattern: ground-glass opacity
(GGO) and consolidation; (b) dominant distribution: pe-
ripheral, axial, and diffuse; (c) the number of involved lobes; (d)
laterality: unilateral or bilateral involvement; (e) lower lobes
involvement; (f) additional findings: cardiomegaly, pleural
effusion, pericardial eftusion, dilated pulmonary trunk, and
pleural thickening; and (g) other morphologies: parenchymal
band, crazy paving, and reverse halo.

A semiquantitative scoring system was exploited to
evaluate the pulmonary involvement (PI) status. All five lung
lobes were reviewed for GGO and consolidation. Each lobe
was scored between 0 and 5 based on involvement per-
centage (0: no involvement; 1: <5%; 2: 6-25%; 3: 26-50%, 4:
51-75%; and 5: >76%). Each lobe could score 5 points at
maximum; thus, the total score ranges from 0 to 25. Ac-
cordingly, the PI density index equals the total PI score
divided by the number of involved lobes.

2.4. Statistical Analysis. Categorical variables were reported
with their counts and percentage, and continuous variables
were presented as means (with standard deviation (SD)). All
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TaBLE 1: Details of demographic and clinical data of patients according to their survival status.
Variables All patients, N=121 Survivors, N =41 Nonsurvivors, N =80 P value
Demographic data
Age® 62.2 (14.0) 56.7 (11.7) 65.0 (14.33) 0.002
Gender
Male 82 (67.8) 29 (70.7) 53 (66.3) 0.62
Female 39 (32.2) 12 (29.3) 27 (33.8) :
Clinical data
Vital signs*

RR 25.0 (6.8) 26.7 (5.1) 243 (7.4) 0.07

SpO, 82.7 (9.1) 85.8 (5.3) 81.2 (10.2) 0.01

Systolic BP 124.3 (22.5) 127.2 (21.4) 123.0 (22.9) 0.38

Diastolic BP 73.9 (12.7) 78.2 (10.9) 72.0 (13.0) 0.02

PR 96.4 (16.8) 100.6 (16.2) 94.7 (16.8) 0.10

Temperature 37.6 (0.8) 37.7 (0.9) 37.5 (0.8) 0.46

Hospitalization duration*
Total admission days 15.3 (9.4) 15.8 (6.8) 15.2 (10.0) 0.80
ICU days 9.5 (9.2) 6.0 (2.1) 10.3 (10.0) 0.10
Underlying disease

HTN 43 (41.3) 8 (25.8) 35 (47.9) 0.03

DM 37 (35.6) 13 (41.9) 24 (32.9) 0.38

COPD 9 (8.7) 5 (16.1) 4 (5.5) 0.08

Immunocompromised 10 (9.6) 3 (9.7) 7 (9.6) 0.99

Hypothyroidism 7 (6.7) 3(9.7) 4 (5.5) 0.43

Laboratory findings*

WBC 8.9 (4.6) 9.1 (4.6) 8.9 (4.6) 0.81
Neutrophil 7.0 (3.8) 7.1 (4.1) 7.0 (3.6) 0.96
Lymphocyte 14 (2.1) 1.3 (0.8) 1.4 (2.5) 0.82

Hemoglobin 12.7 (2.7) 13.1 (2.5) 12.5 (2.8) 0.25

Platelet 212.0 (101.7) 221.2 (108.3) 207.1 (98.5) 0.49

Cr 1.7 (1.5) 1.7 (1.3) 1.7 (1.7) 0.90

Urea 59.2 (59.7) 47.9 (36.9) 65.3 (68.3) 0.15

INR 1.3 (0.7) 1.2 (0.9) 1.4 (0.8) 0.09

PTT 39.6 (17.5) 37.8 (10.9) 40.5 (19.9) 0.48

D-dimer 3579.0 (3409.2) 4086.1 (3746.3) 2767.6 (2995.1) 0.52

LDH 721.0 (356.5) 785.2 (323.0) 688.9 (371.7) 0.32

CRP 127.0 (75.8) 1283 (77.2) 126.4 (75.6) 0.90

Pro-BNP 6004.3 (10301) 6877.8 (13124.7) 9209.0 (2377.7) 0.79

*Reported as mean (standard deviation), all other variables reported as N (%). RR =respiratory rate; BP =blood pressure; PR = pulse rate; HTN = hy-
pertension; DM = diabetes; ICU =intensive care unit; WBC=white blood cell; Cr=creatinine; INR =international normalized ratio; PTT =partial
thromboplastin time; LDH =lactate dehydrogenase; CR = C-reactive protein; Pro-BNP = pro-B-type natriuretic peptide.

statistical analyses were performed in the SPSS for Windows
(version 16, Chicago, IL, USA). The normality of the data
was evaluated by the Kolmogorov-Smirnov test. Univariable
analyses (either t-test, Mann-Whitney U test, or cross-
tabulation) were used in the first place for the primary
variables. All variables with P < 0.1 were then entered into a
multiple logistic regression model with a backward approach
to adjust for collinearity and covariance. Sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive
value (NPV), and accuracy (and their 95% confidence in-
tervals (CIs)) were calculated for combinations of 3 sig-
nificant findings. P < 0.05 was considered significant.

3. Result

3.1. Patients’ Characteristics and Clinical Findings. In this
study, 121 ICU-admitted rRT-PCR-confirmed COVID-19
patients with a mean age of 62.2 + 14.0 years (range, 25-90)
were included; of them, 82 (67.8%) were male. 41 patients

(33.9%) survived, and the rest succumbed to death. Of all
participants, 74 (61.1%) ICU patients were intubated and 60
(81%) of them could not survive. Noteworthy, survivors
were 8.3 years younger than nonsurvivors (56.7 £ 11.7 vs.
65.0 £ 14.33, p: 0.002). There was no significant difference
between the survival rates of ICU-admitted males and fe-
males. However, men were twice as likely to be admitted to
the ICU (67.8% vs. 32.2%). Table 1 summarizes the de-
mographic and clinical characteristics of survivors and
NONSurvivors.

Hypertension (41.3%) and diabetes mellitus (35.6%)
were the most common comorbidities found in ICU pa-
tients; however, only the rate of HTN was significantly
higher in nonsurvivors compared to survivors (35 +47.9 vs.
8+25.8%, p: 0.03). Regarding vital signs, SpO, (85.8+5.3
vs. 81.2+10.2, p:0.01) and diastolic blood pressure
(78.2+10.9 vs. 72.0 £ 13.0, P: 0.02) were significantly lower
in the deceased group. Survivors and nonsurvivors did not
differ significantly by the hospital length of stay (15.8 +6.8
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TaBLE 2: Radiologic findings stratified based on survival status.
Variables All patients, N=121 Survivors, N=41 Nonsurvivors, N =80 P value
PI scores*
RUL total score 2.3 (1.1) 2.2 (1.0) 2.3 (1.2) 0.82
RML total score 1.8 (1.1) 1.6 (0.8) 1.8 (1.2) 0.43
RLL total score 2.5 (1.2) 2.5 (1.0) 2.6 (1.2) 0.62
LUL total score 2.2 (1.1) 2.2 (1.0) 2.3 (1.1) 0.85
LLL total score 2.5 (1.1) 2.5 (0.9) 2.5 (1.3) 0.84
Total lung GGO score 8.0 (4.3) 7.9 (4.5) 8.0 (4.2) 0.87
Total lung consolidation score 3.6 (3.7) 34 (3.5) 3.8 (3.8) 0.61
Total PI score 11.7 (4.8) 114 (4.1) 11.9 (5.1) 0.59
PI density index* 2.4 (0.8) 2.4 (0.7) 2.4 (0.9) 0.90
Predominant pattern
GGO 87 (71.9) 29 (70.7) 58 (72.5) 0.84
Consolidation 34 (28.1) 12 (29.3) 22 (27.5) ’
Dominant distribution of lesions
Peripheral 47 (38.8) 14 (34.1) 33 (41.3)
Axial 34 (28.8) 11 (26.8) 23 (28.7) 0.59
Diffuse 40 (33.1) 16 (39.0) 24 (30.0)
No. of involved lobes 4.6 (0.8) 4.6 (09) 4.7 (0.8) 0.59
Laterality
Unilateral 2 (1.7) 1(2.4) 1(1.3) 0.62
Bilateral 119 (98.3) 40 (97.6) 79 (98.8) ’
Lower lobes involvement
Yes 114 (94.2) 38 (92.7) 76 (95.0) 0.68
No 7 (5.8) 3 (7.3) 4 (5.0) :
Additional findings
Cardiomegaly 77 (63.6) 21 (51.2) 56 (70.0) 0.04
Pleural effusion 30 (24.8) 5(12.2) 25 (31.3) 0.02
Pericardial effusion 13 (10.7) 1(2.4) 12 (15.0) 0.03
Dilated pulmonary trunk 15 (17.0) 3 (13.6) 12 (18.2) 0.62
Other morphologies
Parenchymal band 58 (47.9) 22 (53.7) 36 (45.0) 0.37
Crazy paving 54 (44.4) 17 (41.5) 37 (46.3) 0.61
Reverse halo 11 (9.1) 6 (14.6) 5 (6.3) 0.13

* Reported as mean (standard deviation), all other variables reported as N (%). PI = pulmonary involvement; RUL = right upper lobe; RML = right middle
lobe; RLL =right lower lobe; LUL =left upper lobe; LLL =left lower lobe; GGO = ground-glass opacity.

days for survivors vs. 15.2+10.0 days for nonsurvivors,
p: 0.80). Patients who did not survive from COVID-19
stayed 4.3 days longer in the ICU, but it was not statistically
significant (6.0+2.1 vs. 10.3+£10.0, p: 0.10). Comparing
laboratory findings, there was no difference between the
survivor and nonsurvivor groups (Table 1).

3.2. Radiologic Findings. The most common radiologic
patterns observed were GGO (71.9%) with peripheral
(38.8%) and bilateral (98.3%) involvement, with lower lobes
(94.2%) predominancy. The most common additional
findings were cardiomegaly (63.6%), parenchymal band
(47.9%), and crazy-paving pattern (44.4%). The mean total
PI score (11.4+4.1 vs. 11.9+5.1, p: 0.59) and PI density
index (2.4+0.7 vs. 2.4+ 0.9, p: 0.90) were not meaningfully
different between survivors and nonsurvivors. The radio-
logic findings that showed a significant difference in fre-
quency between the two subgroups were cardiomegaly
(51.2% of survivors vs. 70.0% of nonsurvivors, p: 0.04),
pleural effusion (12.2% vs. 31.3%, p: 0.02), and pericardial

TaBLE 3: Binary backward logistic regression of all clinical findings
for predicting death.

. Regression
Variable
Exp (B) (95% CI) p value
SpO, 0.91 (0.84-0.97) 0.006
Pericardial effusion 6.56 (0.72-59.3) 0.09
Hypertension 411 (1.39-12.2) 0.01

CI = confidence interval.

effusion (2.4% vs. 15.0, p: 0.03). However, the distribution
pattern was not significantly associated with mortality
(p: 0.59) (Table 2).

After incorporating the significant variables into the
backward logistic regression model, three of them remained
significant: higher SpO, as a protective factor and pericardial
effusion and HTN as predisposing factors for death (Ta-
ble 3). The regression model was statistically significant (y>
(3)=19.9, p<0.001). The model explained 26.2% (Nagel-
kerke R?) of the variance in death. Hosmer-Lemeshow test
showed that this model was fitted well to the data (Xz (8)=
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5.6, p: 0.69). This model had a 78.7% (68.2%-87.1%) sen-
sitivity, 61.1% (35.7%-82.7%) specificity, 90.0% (83.3%—
94.2%) PPV, 39.3% (27.0%-53.1%) NPV, and 75% (66.7%—
83.6%) accuracy.

4. Discussion

The main finding of this study is that the best approach for
mortality prediction in COVID-19 ICU patients is a com-
bination of the underlying diseases, vital signs, and radio-
logic features. Among the radiologic findings studied,
pericardial effusion was associated with mortality. More-
over, oxygen saturation and hypertension were the prog-
nostic factors among other clinical factors that reached the
statistical significance threshold. Other factors and their
effects are believed to be minimal. The model can help
physicians detect high-risk patients earlier to set up their
therapeutic/follow-up schedule beforehand.

Male gender was associated with higher hospitalization,
ICU admission, and need for mechanical ventilation
[23, 24]. Yet, the ICU mortality rate was not gender-de-
pendent. The overall mortality rate in studies on ICU pa-
tients has been reported to be somewhere between 16% and
78% [25]. This wide gap in reported mortality rate can be due
to the difference in the severity of disease at ICU admission
time, availability of ICU beds, ICU admission criteria,
sample size, underlying conditions, and length of follow-up.
Half of our study sample had HTN and or DM that shows
their important role in ICU admission. Like the current
study, HTN was the most common comorbidity in COVID-
19 patients in other research studies [25-27]. Although with
aging, the mortality rate increases, part of this notion seems
to come indirectly from the commonness of underlying
medical conditions in older adults [19].

In a systematic review, typical chest CT findings of
critically ill COVID-19 patients were GGO, consolidative
opacities, multilobar, and bilateral pulmonary involvement,
consistent with our findings [28]. Unilateral and unifocal
involvements were more commonly found in the early
stages of the disease and thus are not usually encountered in
chest imaging of ICU-admitted patients [29]. Expansion of
the GGO and consolidative lesions is a predictor of disease
worsening [12]. Studies have found that pericardial effusion
may occur more frequently in critically ill patients with
severe inflammation [29, 30], which is congruent with our
findings as pericardial effusion is more prevalent in non-
survivor ICU cases. In a previous study conducted in Iran,
26.8% of hospitalized patients had cardiomegaly, which is
less frequent than what we reported (63.6%) [31]. This can
show a higher prevalence of cardiomegaly in ICU-admitted
patients than patients admitted to general wards. In another
study that compared the radiologic characteristics of crit-
ically ill patients with noncritically ill patients, pericardial
and pleural effusion were significantly more prevalently
seen in patients with severe forms of infection. Further-
more, that study reported that CT scores are higher in
critically ill patients, which is not the case in our study [32].
This can be due to the difference in when to consider a
patient critically ill and the criteria according to which

patients are ICU admitted. Higher CT scores in non-
survivors also were found in another study that compared
survived hospitalized COVID-19 patients with deceased
patients (median of 10 vs. 4, p<0.001) [33]. Higher CT
scores in all ICU-admitted patients can partly explain this
CT score indifference between survivors and nonsurvivors
(11.9 vs. 11.4, p: 0.59).

In a previously published study, history of heart failure
and COPD, clinical findings (SpO, (<92%) and heart rate
(>117bpm)), laboratory findings (procalcitonin (>0.34 ng/
ml) and LDH (>460 U/L)), and demographic findings (age
(>63 years)) were factors capable of predicting in-hospital
mortality [34]. In that study, 641 COVID-19 hospitalized
patients were investigated, among which 82 died. In the
nonsurvivor group, only 34 patients died after ICU ad-
mission, explaining why their results are different from ours.
Besides, they did not study radiologic findings. In a pro-
spective cohort study performed in Spain, only two factors,
including higher APACHE-II on admission and higher age,
were reported as predictors of ICU mortality [35]. In another
retrospective cohort study, preexisting hypertension, mod-
erate or severe ARDS, lymphocyte counts of <0.5x10°/L,
albumin of <22 g/L, procalcitonin of >0.2 ng/mL, D-dimer
of >1200ng/mL, and the need for continuous renal re-
placement therapy were associated with higher mortality in
ICU patients [36]. In that study, only 10 out of 103 patients
had a CT'scan, and just two imaging features were evaluated,
including bilateral infiltration and GGO. In a retrospective
cohort study of 60 critically ill patients in Wuhan, diabetes,
emphysema, higher CRP, neutrophil-to-lymphocyte ratio,
and medial or parahilar lung involvement in CT scan were
associated with higher death rates [37]. In another study in
Wuhan that included 289 hospitalized patients, advanced
age, higher CRP levels, the higher number of affected lobes,
dyspnea, and smoking were related to higher mortality rate
[38]. CT findings reported in their study were GGO, sub-
pleural lesions, and the number of affected pulmonary lobes.
Surprisingly, the laboratory findings were not significantly
different between survivors and nonsurvivors and were not a
predictor of death in ICU-admitted COVID-19 patients
according to their study. Laboratory test results change
during hospitalization, which can explain the different
conclusions drawn by different studies [39]. Moreover,
differences between the severity of the disease, studied
variables, length of follow-up, inclusion and exclusion cri-
teria, sample size, rate of missing data, laboratory kits, and
reservoir time all can partly take effect in this controversial
matter [40, 41].

COVID-19 pandemic is challenging healthcare systems
around the world. The need for ICU care has been raised
dramatically in a short period. In a considerable number of
previous studies, the prognostic factors predicting outcome
in hospitalized patients (not ICU patients) have been
evaluated. To the best of our knowledge, the predictive
factors of in-ICU mortality in critically ill patients have not
yet been comprehensively studied, including all demo-
graphic, clinical, and paraclinical findings to find the con-
founders and achieve the most reliable model. Most of the
studies did not include radiologic findings in their



investigation, and if they did, they just considered a few
imaging features without demographic and clinical data
incorporated. Enrolment of ICU patients, treatment with the
same guideline by the same team, and evaluation of images
by the same radiologists indicate the homogeneity of our
sample as the main strength of this study. Our study had
some limitations. First, some habitual factors such as obesity
and smoking are believed to be important in the prognos-
tication of COVID-19 patients, and we were not able to
assess their impact on the model. Second, the severity of
comorbidities and if they are under control or not is more
informative than merely reporting their presence. Third,
some specific laboratory tests were done in some patients
where they were clinically indicated and were not available
for all studied patients. Also, we did not have information
about treatments that the patients received out of the
hospital and the duration between symptoms onset and
hospitalization. More studies with a larger number of cases
enrolled and more variables included will help to design
better prediction models.

5. Conclusion

In this study, we designed a model to predict the mortality
rate in ICU-admitted COVID-19 patients combining clinical
and radiological features including SpO,, pericardial effu-
sion, and hypertension. Demographic and laboratory factors
did not significantly impact the predictability of the model.
This model can help engaged practitioners to pick out high-
risk patients for an earlier triage and better resource allo-
cation. Also, it can be used to make more confident decisions
on hospitalization, ICU admission, and treatment protocols.
Further studies and meta-analyses can help formulating the
model in a way that it can be employed in daily practice.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Ethical Approval

The current work has been approved by the Tehran Uni-
versity of Medical Science (TUMS) Ethical Committee
Board.

Consent

Informed consent was waived.

Conflicts of Interest

The authors declare no conflicts of interest.

Authors’ Contributions

Aminreza Abkhoo and Elaheh Shaker contributed equally to
this study.

Critical Care Research and Practice

Acknowledgments

The authors would like to thank the staff of Tehran Uni-
versity of Medical Science (TUMS) for their dedication and
hard work.

References

[1] D. Dong, Z. Tang, S. Wang et al., “The role of imaging in the
detection and management of COVID-19: a review,” IEEE
Reviews in Biomedical Engineering, vol. 14, pp. 16-29, 2020.

[2] F. Salahshour, M.-M. Mehrabinejad, M. N. Toosi et al,
“Clinical and chest CT features as a predictive tool for
COVID-19 clinical progress: introducing a novel semi-
quantitative scoring system,” European Radiology, vol. 31,
no. 7, pp. 5178-5188, 2021.

[3] Y. Cao, X. Liu, L. Xiong, and K. Cai, “Imaging and clinical

features of patients with 2019 novel coronavirus SARS-CoV-2:

a systematic review and meta-analysis,” Journal of Medical

Virology, vol. 9, no. 9, pp. 1449-1459, 2020.

F. Shojaei, Z. Habibi, S. Goudarzi et al., “COVID-19: a double

threat to takotsubo cardiomyopathy and spontaneous coro-

nary artery dissection?”, Medical Hypotheses, vol. 146,

p- 110410, 2021.

[5] S. Goudarzi, F. D. Firouzabadi, F. Mahmoudzadeh, and
S. Aminimoghaddam, “Pulmonary embolism in pregnancy
with COVID-19 infection: a case report,” Clinical Case Re-
ports, vol. 9, no. 4, pp. 1882-1886, 2021.

[6] H. K. Siddiqi and M. R. Mehra, “COVID-19 illness in native
and immunosuppressed states: a clinical-therapeutic staging
proposal,” The Journal of Heart and Lung Transplantation,
vol. 39, no. 5, pp. 405-407, 2020.

[7] S. Salehi, A. Abedi, S. Balakrishnan, and
A. Gholamrezanezhad, “Coronavirus disease 2019 (COVID-
19): a systematic review of imaging findings in 919 patients,”
American Journal of Roentgenology, vol. 215, no. 1, pp. 87-93,
2020.

[8] D. Thomas-Riddel, J. Winning, P. Dickmann et al., “Coro-
navirus disease 2019 (COVID-19): update for anesthesiolo-
gists and intensivists March 2020,” Der Anaesthesist, vol. 20,
pp. 1-10, 2020.

[9] J. Phua, L. Weng, L. Ling et al., “Intensive care management of
coronavirus disease 2019 (COVID-19): challenges and rec-
ommendations,” The Lancet Respiratory Medicine, vol. 8,
no. 5, pp. 506-517, 2020.

[10] R. A. Armstrong, A. D. Kane, and T. M. Cook, “Outcomes
from intensive care in patients with COVID-19: a systematic
review and meta-analysis of observational studies,” Anaes-
thesia, vol. 75, no. 10, pp. 1340-1349, 2020.

[11] L. M. Kucirka, S. A. Lauer, O. Laeyendecker, D. Boon, and
J. Lessler, “Variation in false-negative rate of reverse tran-
scriptase polymerase chain reaction-based SARS-CoV-2 tests
by time since exposure,” Annals of Internal Medicine, vol. 173,
no. 4, pp. 262-267, 2020.

[12] P. Saberian, S. M. Mireskandari, A. Baratloo et al., “Antibody
rapid test results in emergency medical services personnel
during COVID-19 pandemic; a cross sectional study,” Ar-
chives of Academic Emergency Medicine, vol. 9, no. 1, p. €2,
2021.

[13] B.Xu, Y. Xing, J. Peng et al., “Chest CT for detecting COVID-
19: a systematic review and meta-analysis of diagnostic ac-
curacy,” European Radiology, vol. 30, no. 10, pp. 5720-5727,
2020.

[4



Critical Care Research and Practice

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

(22]

(23]

(24]

(25]

(26]

(27]

H. Abdolrahimzadeh Fard, S. Mahmudi-Azer, S. Sefidbakht et al,,
“Evaluation of chest CT scan as a screening and diagnostic tool in
trauma patients with coronavirus disease 2019 (COVID-19): a
cross-sectional  study,” Emergency Medicine International,
vol. 2021, Article ID 4188178, 8 pages, 2021.

S. Manigandan, M.-T. Wu, V. K. Ponnusamy, V. B. Raghavendra,
A. Pugazhendhi, and K. Brindhadevi, “A systematic review on
recent trends in transmission, diagnosis, prevention and imaging
features of COVID-19,” Process Biochemistry, vol. 98, pp. 233-
240, 2020.

S. Richardson, J. S. Hirsch, M. Narasimhan et al., “Presenting
characteristics, comorbidities, and outcomes among 5700
patients hospitalized with COVID-19 in the New York City
area,” JAMA, vol. 323, no. 20, pp. 2052-2059, 2020.

H. Abdolrahimzadeh Fard, R. Borazjani, G. Sabetian et al.,
“Establishment of a novel triage system for SARS-CoV-2
among trauma victims in trauma centers with limited facil-
ities,” Trauma Surgery & Acute Care Open, vol. 6, no. 1,
p. €000726, 2021.

M. Sadeghi, P. Saberian, P. Hasani-Sharamin et al., “The
possible factors correlated with the higher risk of getting
infected by COVID-19 in emergency medical technicians: a
case-control study,” Bulletin of Emergency & Trauma, vol. 9,
no. 2, pp. 67-72, 2021.

L. Kim, S. Garg, A. O’Halloran et al., “Risk factors for in-
tensive care unit admission and in-hospital mortality among
hospitalized adults identified through the US coronavirus
disease 2019 (COVID-19)-associated hospitalization surveil-
lance network (COVID-NET),” Clinical Infectious Diseases,
vol. 72, no. 9, pp. e206-e214, 2020.

A. Jalali, E. Karimialavijeh, P. Babaniamansour,
E. Aliniagerdroudbari, and S. Babaniamansour, “Predicting
the 30-day adverse outcomes of non-critical new-onset
COVID-19 patients in emergency departments based on their
lung CT scan findings; a pilot study for derivation an
emergency scoring tool,” Frontiers in Emergency Medicine, In
press.

D. M. Hansell, A. A. Bankier, H. MacMahon et al., “Fleischner
society: glossary of terms for thoracic imaging,” Radiology,
vol. 246, no. 3, pp. 697-722, 2008.

S. Simpson, F. U. Kay, S. Abbara et al., “Radiological society of
North America expert consensus document on reporting
chest CT findings related to COVID-19: endorsed by the
society of thoracic radiology, the American college of radi-
ology, and RSNA,” Radiology: Cardiothoracic Imaging, vol. 2,
no. 2, p. €200152, 2020.

S. Richardson, J. S. Hirsch, M. Narasimhan et al., “Presenting
characteristics, comorbidities, and outcomes among 5700
patients hospitalized with COVID-19 in the New York City
area,” JAMA, vol. 323, no. 20, pp. 2052-2059, 2020.

C. M. Petrilli, S. A. Jones, J. Yang et al., “Factors associated
with hospital admission and critical illness among 5279
people with coronavirus disease 2019 in New York City:
prospective cohort study,” BM], vol. 369, p. m1966, 2020.
G. Grasselli, M. Greco, A. Zanella et al., “Risk factors asso-
ciated with mortality among patients with COVID-19 in
intensive care units in Lombardy, Italy,” JAMA Internal
Medicine, vol. 180, no. 10, pp. 1345-1355, 2020.

L. C. Myers, S. M. Parodi, G. J. Escobar, and V. X. Liu,
“Characteristics of hospitalized adults with COVID-19 in an
integrated health care system in California,” JAMA, vol. 323,
no. 21, pp. 2195-2198, 2020.

M. Zuin, G. Rigatelli, G. Zuliani, A. Rigatelli, A. Mazza, and
L. Roncon, “Arterial hypertension and risk of death in patients

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

with COVID-19 infection: systematic review and meta-
analysis,” Journal of Infection, vol. 81, no. 1, pp. e84-e86, 2020.
Z.Y.Zu, M. D. Jiang, P. P. Xu et al., “Coronavirus disease 2019
(COVID-19): a perspective from China,” Radiology, vol. 296,
no. 2, p. 200490, 2020.

S. Glineyli, Z. Atgeken, Z. Atceken, H. Dogan, E. Altinmakas,
and K. C. Atasoy, “Radiological approach to COVID-19
pneumonia with an emphasis on chest CT,” Diagnostic and
Interventional Radiology, vol. 26, no. 4, pp. 323-332, 2020.
M. Carotti, F. Salaffi, P. Sarzi-Puttini et al., “Chest CT features
of coronavirus disease 2019 (COVID-19) pneumonia: key
points for radiologists,” La Radiologia Medica, vol. 125, no. 7,
pp. 1-11, 2020.

Z. Shankayi, F. Bahrami, T. Mohammadzadeh et al., “Car-
diomegaly found in the 2019 novel coronavirus disease
(COVID-19): analysis of 115 patients,” 2020.

Y. Hu, C. Zhan, C. Chen, T. Ai, and L. Xia, “Chest CT findings
related to mortality of patients with COVID-19: a retro-
spective case-series study,” PLoS Omne, vol. 15, no. 8,
p. €0237302, 2020.

F. Pan, C. Zheng, T. Ye et al., “Different computed tomog-
raphy patterns of coronavirus disease 2019 (COVID-19)
between survivors and non-survivors,” Scientific Reports,
vol. 10, no. 1, pp. 1-9, 2020.

Z. Zhao, A. Chen, W. Hou et al., “Prediction model and risk
scores of ICU admission and mortality in COVID-19,” PLoS
One, vol. 15, no. 7, p. €0236618, 2020.

C. Ferrando, R. Mellado-Artigas, A. Gea et al., “Patient
characteristics, clinical course and factors associated to ICU
mortality in critically ill patients infected with SARS-CoV-2 in
Spain: a prospective, cohort, multicentre study,” Revista
Espafiola de Anestesiologia y Reanimacion (English Edition),
vol. 67, no. 8, pp. 425-437, 2020.

M. Ayed, A. Borahmabh, A. Yazdani, A. Sultan, A. Mossad, and
H. Rawdhan, “Assessment of clinical characteristics and
mortality-associated factors in COVID-19 critical cases in
Kuwait,” Medical Principles and Practice, vol. 30, no. 2,
pp. 185-192, 2020.

N. Zhang, X. Xu, L.-Y. Zhou et al,, “Clinical characteristics
and chest CT imaging features of critically ill COVID-19
patients,” European Radiology, vol. 30, no. 11, pp. 6151-6160,
2020.

J.J. Zhang, Y. Y. Cao, G. Tan et al., “Clinical, radiological, and
laboratory characteristics and risk factors for severity and
mortality of 289 hospitalized COVID-19 patients,” Allergy,
vol. 76, no. 2, pp- 533-550, 2020.

P. D. W. Garcia, T. Fumeaux, P. Guerci et al., “Prognostic
factors associated with mortality risk and disease progression
in 639 critically ill patients with COVID-19 in Europe: initial
report of the international RISC-19-ICU prospective obser-
vational cohort,” EClinicalMedicine, vol. 25, p. 100449, 2020.
S. Kolahdoozan, S. G. Sepanlou, M. Sharafkhah et al., “Effect
of storage temperature and time on stability of liver enzymes
in blood serum,” Archives of Iranian Medicine, vol. 23, no. 5,
pp. 296-301, 2020.

H. Chu, J. F.-W. Chan, T. T.-T. Yuen et al., “Comparative
tropism, replication kinetics, and cell damage profiling of
SARS-CoV-2 and SARS-CoV with implications for clinical
manifestations, transmissibility, and laboratory studies of
COVID-19: an observational study,” The Lancet Microbe,
vol. 1, no. 1, pp. el4-e23, 2020.



