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Abstract
We investigated significant predictors of poor in-hospital outcomes for patients admitted with viral pneumonia during the
COVID-19 outbreak in Tehran, Iran. Between February 22 and March 22, 2020, patients who were admitted to three university
hospitals during the COVID-19 outbreak in Tehran, Iran were included. Demographic, clinical, laboratory, and chest CT scan
findings were gathered. Two radiologists evaluated the distribution and CT features of the lesions and also scored the extent of
lung involvement as the sum of three zones in each lung. Of 228 included patients, 45 patients (19.7%) required ICU admission
and 34 patients (14.9%) died. According to regression analysis, older age (OR = 1.06; P < 0.001), blood oxygen saturation
(SpO2) < 88% (OR = 2.88; P = 0.03), and higher chest CT total score (OR = 1.10; P = 0.03) were significant predictors for in-
hospital death. The same three variables were also recognized as significant predictors for invasive respiratory support: SpO2 <
88% (OR = 3.97, P = 0.002), older age (OR = 1.05, P < 0.001), and higher CT total score (OR = 1.13, P = 0.008). Potential
predictors of invasive respiratory support and in-hospital death in patients with viral pneumonia were older age, SpO2 < 88%,
and higher chest CT score.
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Introduction

Since late December 2019 when a new coronavirus was iso-
lated from a group of patients diagnosed with pneumonia in

China, the world has observed rapid expansion of this novel
contagious virus called SARS-CoV-2 (severe acute respirato-
ry syndrome coronavirus 2). The disease caused by this novel
virus is called coronavirus disease (COVID-19), and its
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clinical presentation spectrum ranges from asymptomatic in-
fection to severe pneumonia which necessitates hospital ad-
mission and its severe complication, acute respiratory distress
syndrome (ARDS), which warrants intensive care unit (ICU)
admission, intubation, and pulmonary support care [1, 2].

Meanwhile that our knowledge about diagnosis, clinical
course, and outcome of COVID-19 is improving, a major chal-
lenge for healthcare systems is the overwhelming number of
patients admitted due to upper respiratory tract infection (URI)
symptoms. A major challenge for clinicians, amid shortage of
ICU beds and ventilators current centers worldwide are
experiencing [3], is to determine the prognostic factors that
significantly influence the clinical outcome of the patients.

Some clinical and laboratory factors have been noted to be
associated with severe illness and mortality in COVID-19.
Older age (≥ 65 years) was confirmed in two studies as a sig-
nificant risk factor for development of ARDS and death [4, 5].
Case fatality rate was noted to be higher in patients with co-
morbidities, in particular cardiovascular diseases, diabetes, and
chronic respiratory disease [6]. In a previous study including
191 patients in China to determine risk factors for fatal COVID-
19 during hospitalization reported older age, serum d-dimer >
1 mcg/mL on admission, and higher Sequential Organ Failure
Assessment (SOFA) score as significant predictors for in-
hospital death [4]. In this study, even though consolidation
(74% vs. 53%) and ground glass opacity (GGO) (81% vs.
67%) on chest CT scans were significantly more prevalent in
non-survivors compared with those who survived, CT features
were not entered into the multivariable logistic regression anal-
ysis. The other study which explored the risk factors for pro-
gression fromARDS to death in 201 patients did not investigate
the severity of pneumonia on chest CT, albeit 95% of the pa-
tients had bilateral infiltrates on chest imaging [5].

According to the consensus statement made by RSNA
(Radiologic Society of North America) and STR (Society of
thoracic Radiology), chest CT scan should not be used for
routine screening of suspected COVID-19 pneumonia patients
[7]. Chest CT scan should be reserved for hospitalized, symp-
tomatic patients with specific clinical indications for imaging
when complications are suspected. In addition to typical find-
ings that may be characteristic for COVID-19 pneumonia (i.e.,
peripheral or bilateral GGO, crazy paving, reverse halo sign)
[7], the course of progression or recovery of the infection
could be monitored by chest CT scan [8, 9]. Increase in
consolidative opacities and GGO as well as interstitial septal
thickening on chest CT scan has been described in patients
with worsening pneumonia [10, 11]. Chest CT scan has also
been reported as a sensitive method when correlating with
reverse-transcription polymerase chain reaction (RT-PCR) in
making the diagnosis [12]. At the peak of COVID-19 out-
break, Iranian health authorities broadened the official defini-
tion of infection to include patients with typical findings at CT
even with initial negative PCR results [13, 14]. This decision

resulted in higher number of suspected COVID-19 patients
and surge of suspected pneumonia patients requiring hospital
admission. Meanwhile, as global coronavirus cases surge past
2 million, there is a pressing need to identify prognostic fac-
tors in patients with suspected COVID-19 pneumonia, given
current shortage of medical supplies, healthcare staff, and ICU
beds across the world, specifically in resource-constrained
environments. Therefore, we intend to report prognostic fac-
tors for ICU admission and mortality in our patient cohort and
investigate demographic, clinical, laboratory, and radiologic
features that could be helpful in initial management and risk
stratification of patients. In particular, to overcome the short-
age of two previous studies where the role of imaging findings
was underestimated [4, 5], we assessed the role of chest CT
score as potential predictor for in-hospital death. In our opin-
ion, the results of this study would be helpful for clinicians and
radiologists who provide care for patients with suspected viral
pneumonia and enable them to use the suggested prognostic
factors for better management of at-risk patients.

Materials and Methods

Cohort

In this retrospective study, we included adult patients who
were admitted to three major university hospitals affiliated to
Shahid Beheshti University of Medical Sciences, Tehran, Iran
between February 22 andMarch 22, 2020with suspected viral
pneumonia. The admission criteria for viral pneumonia were
according to guidelines published by the Iranian Ministry of
Health for management of patients with suspected COVID-19
pneumonia and included a combination of clinical, laboratory,
and radiologic information [15]. In summary, the COVID-19
outbreak in Iran was declared in mid-February 2020 and since
then, the health authorities have released and updated manda-
tory guidelines describing the diagnostic criteria for COVID-
19, outpatient management, hospitalization indications, and
pharmacotherapy for healthcare staff in designated hospitals
throughout Iran (especially emergency medicine, internal
medicine, infectious disease specialists, and general practi-
tioners) in an effort to provide a standard and uniform man-
agement algorithm for patients with suspected COVID-19
pneumonia. In the early days of the outbreak in Iran, shortage
of RT-PCR test kits hampered appropriate disease screening.
Therefore, clinical findings including exposure history, fever,
and respiratory symptoms (in particular dyspnea and de-
creased blood oxygen saturation (SpO2)), laboratory findings
(C-reactive protein, ESR, and lymphopenia), and chest CT
scan were frequently used by healthcare facilities to determine
the need for SARS-CoV-2 RT-PCR testing and further admis-
sion. According to the guidelines, patients who present with
respiratory symptoms in case of presence of dyspnea,
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respiratory rate over 30 per minute, or SpO2 < 93% require
referral to the designated hospitals. Chest CT scan is accessi-
ble in the studied hospitals and was performed for all patients.
Exclusion criteria were clinical and CT findings inconsistent
with viral pneumonia (including bacterial pneumonia, exacer-
bation of chronic obstructive pulmonary disease, reactive air-
way disease, congestive heart failure, etc.) and patients with
incomplete follow-up.

Data Collection

First, a data gathering form was designed after the literature
review. In this checklist, demographic (age and gender), clin-
ical, laboratory, and chest CT scan findings of the patients

were entered. Five researchers (two clinicians and three radi-
ologists) reviewed the medical records of the patients whomet
the inclusion criteria during the study period and extracted the
required data. The clinical variables included vital signs (fever
(oral temperature ≥ 38 °C), tachypnea (respiratory rate > 20
breaths per minute), tachycardia (pulse rate > 100 beats per
minute), SpO2, dominant symptoms upon admission, and
pre-existing comorbidities (ischemic heart disease, diabetes
mellitus, chronic respiratory disease, etc). Laboratory data in-
cluded CBC (complete blood count), liver function tests (ALT
and AST), renal function tests (BUN and creatinine), venous
blood gas (VBG) analysis, electrolytes, quantitative CRP,
ESR (erythrocyte sedimentation rate), and LDH (lactate dehy-
drogenase). Leukocytosis was defined as elevated white blood

793 patients with respiratory symptoms who 

presented to emergency rooms and were examined 

by chest chest CT

361 ptients had chest CT 

findings suggestive for viral 

pneumonia

228 patients were 

included 

133 patients were excluded (103 

patients were not admittted and 30 

patients had missing data)

Fig. 1 Flowchart of the patients
with viral pneumonia during the
COVID-19 outbreak included in
the study

Fig. 2 A 30-year-old female presented with fever and cough. Her initial
blood oxygen saturation was 96% on room air. Axial (A) and sagittal (B)
reconstructions of low dose spiral CT scan of the chest revealed patchy

ground glass opacities most prominently in bilateral lower lobes with total
CT score of 5. The patient was admitted to the ward and discharged after
six days with good general conditions
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cell (WBC) count greater than 11,000 per mm3, and lympho-
penia was defined as lymphocyte count less than 1500 per
mm3. Abnormal creatinine was defined as serum creatinine
greater than 1.2 mg/dl. Abnormal liver function test values
used are as follows: AST above 40 IU/mL, ALT values above
56 IU/mL, ALP above 140 IU/L. Abnormal PaCO2 on venous
blood gas (VBG) was defined as values above 45 mmHg.
Results of RT-PCR testing was included if available.

Image Analysis

Two board-certified radiologists (AM and AA, with 6 and
8 years of experience in chest radiology, respectively)
interpreted chest CT scans using consensus agreement.
Findings suggestive of viral pneumonia were identified and
recorded according to published literature [8, 16] including
patchy ground glass opacities and consolidation with periph-
eral and multilobar involvement, opacities with rounded mor-
phology, linear opacities, crazy paving appearance, and re-
verse halo sign. Then, the extent of involvement on CT im-
ages was also assessed by the two radiologists using consen-
sus agreement according to the method by Zhou et al. [17]. In
brief, each lung was divided into three zones in craniocaudal
direction. The degree of involvement in each lung zone was
scored as follows: a score of 0 denoted no involvement; 1, <
25% involvement; 2, 25% to less than 50% involvement; 3,
50% to less than 75% involvement; and 4, ≥ 75% involve-
ment. Scores were recorded and summed for each lung with
maximum possible score of 24.

Outcomes

Two outcomes (in-hospital death and requirement for ICU
admission) were defined for the patients. Definitive outcomes
were recorded as of April 15, 2020. ICU admission was de-
termined by the treating physician due to need for invasive
respiratory support including orotracheal intubation and/or
mechanical ventilation.

Statistical Analysis

Statistical analysis was conducted using SAS Version 9.4. For
numeric covariates, the mean and SD were calculated and
presented. Frequency and its percentage were shown for cat-
egorical variables. To compare differences between patients
required and did not require ICU admission as well as survi-
vors and non-survivors, we used one-way analysis of variance
(ANOVA) test and Kruskal-Wallis test for numerical covari-
ates and chi-square test or Fisher’s exact test for categorical
covariates where appropriate. To explore the risk factors as-
sociated with ICU admission and in-hospital death,
univariable and multivariable logistic regression models were
used. We excluded variables from the univariable analysis if
their between-group differences were not significant, if the
number of events was too small to calculate odds ratios, or if
they had collinearity with other included factors. The signifi-
cance level was set at 0.05.

Ethical Considerations

The study protocol was approved by the Ethics Committee of
Research Deputy of Shahid Beheshti University of Medical
Sciences, Tehran, Iran. The study was performed considering
the ethical principles outlined in the Declaration of Helsinki.

Results

A total of 228 patients (148 (52.4%) males and 134 (47.6%)
females) with a mean (±SD) age of 56.1 years (± 15.9) were
included (Figs. 1, 2, and 3). Positive RT-PCR for SARS-CoV-
2 was available for a subset of studied patients (n = 94,
41.2%). The remainder of patients (n = 134, 58.8%) were
treated according to clinicolaboratory and CT criteria of viral
infection. Forty-five patients (19.7%) required ICU admis-
sion, and 34 patients (14.9%) died. Of the 34 patients who
died, 33 patients had been admitted to ICU (97.06%), and only

Fig. 3 A 65-year-old male presented with fever and dyspnea. His blood
oxygen saturation was 88% on room air with respiratory rate of 40 per
minute. Scout view demonstrated severe bilateral air-space consolidation
(A). CT scan also revealed widespread patchy air-space consolidation in

bilateral lungs, more prominent in the upper lung regions, with calculated
total CT score of 19 (B and C). Subsequently, the patient was admitted to
the intensive care unit
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one patient (2.94%) had not been admitted to ICU (P < 0.001).
Mean (±SD) age of patients who required ICU admission (65
± 15.8 years) was significantly higher than those whowere not
admitted to ICU (53.9 ± 15.1 years); P < 0.001. Likewise, pa-
tients who died during hospitalization were older (67.5 ±
14.6 years) compared with survivors (54 ± 15.2 years);
P < 0.001. The most common clinical symptoms at presenta-
tion were cough and shortness of breath. Hypertension follow-
ed by diabetes mellitus (DM) were the two most common
comorbidities. Between patients with and without RT-PCR
testing results, there was no significant difference between
age (53.6 ± 15.0 vs. 57.7 ± 16.3 years; P = 0.068), rate of
SpO2 below 88% (66/154 [42.9%] vs. 88/154 [57.1%]; P =
0.071), total CT score (9.7 ± 5.4 vs. 8.4 ± 4.3; P = 0.062), ICU
admission (23/45 [51.1%] vs. 22/45 [48.9%]; P = 0.176), and
in-hospital death (15/34 [44.1%] vs. 19/34 [55.9%]; P = 0.71).

Table 1 presents clinical characteristics (vital signs, pre-
senting symptoms, and pre-existing comorbidities) in the
whole sample and univariate analyses between patients who
were admitted to ICU and those who were not as well as
survivors and non-survivors. As observed, except coughing,
tachycardia, SpO2 on admission, and chronic renal failure, no
statistically significant differences were detected regarding
other variables between ICU admitted and non-admitted as
well as non-survivors and survivors.

Leukocytosis was more prevalent in ICU admitted patients
and also among non-survivors. On the other hand, no differ-
ence between survivors and non-survivors was seen regarding
lymphopenia. Renal function tests (serum blood urea nitrogen
and creatinine) showed higher proportion of abnormal values
in those who were admitted to ICU as well as in non-survi-
vors. SerumCRP level was higher in the non-survivors group.
However, serum ESR level did not differ between the groups.
Table 2 presents biochemical laboratory tests upon admission
to the hospitals.

On chest CT examination, the three most common abnor-
malities were GGO (67.1%), linear opacities (33.3%), and
consolidation (18.9%). Pleural effusion and bronchial wall
thickening were more common in non-survivors compared
with survivors based on univariate analyses. Table 3 summa-
rizes abnormal chest CT scan findings.

Mean (±SD) total CT score was 8.96 (± 4.83) in the whole
sample. The total CT score was significantly higher in patients
admitted to ICU (11.9 ± 5.8) than in those who did not require
ICU admission (8.2 ± 4.3); P < 0.001. Similarly, the score was
significantly higher in patients who died (12.2 ± 5.9) than in
survivors (8.4 ± 4.4): P < 0.001.

Multivariable Logistic Regression Analysis

In order to determine significant risk factors for in-hospital
death, age, SpO2 (< 88% vs. > 88%), total CT score, leuko-
cytosis, blood pH level, and serum creatinine (< 1.2 vs. > 1.2)

were entered into the analysis. The results showed that age,
total CT score, and SpO2 were significant predictors for ICU
admission and mortality (Table 4).

Discussion

Since the report of the COVID-19 outbreak in December 2019
in China and rapid spread of this infection in more than 200
countries which resulted in the COVID-19 pandemic declara-
tion by the WHO, a major challenge for healthcare staff is the
surge in the number of patients suspected to have COVID-19
pneumonia which has overwhelmed hospitals. The rapid
growth of critically ill patients and limited health resources,
especially ICU beds and ventilators, has necessitated effective
triage strategies for identifying patients at greatest risk for
worse outcome to achieve effective resource allocation for
both outpatient and inpatients [18]. Several triage strategies
have been proposed so far for patients with acute upper respi-
ratory symptoms during the COVID-19 outbreak [19, 20] fo-
cusing more on outpatient management. On the other hand,
limited data is currently available on risk stratification of ad-
mitted patients with viral pneumonia including COVID-19
pneumonia as many hospitals around the world are struggling
with ICU bed shortage [21].

In this study, we decided to determine significant prognos-
tic factors in a cohort of admitted patients whose clinical pre-
sentation, lab, and chest CT findings were suggestive of viral
pneumonia. Similar to other countries, diagnostic kits were
not accessible in all hospitals in Iran, and therefore, doctors
faced challenges to manage and triage suspected patients ap-
propriately given the knowledge of the ongoing COVID-19
epidemic in Iran. Our results indicated that older age, SpO2 <
88%, and higher chest CT score were significant predictors for
both invasive repertory support or in-hospital death during the
current outbreak in our university medical centers. Older age
has been confirmed in two previous similar studies as inde-
pendent prognostic factor for death in confirmed COVID-19
pneumonia patients [4, 5]. In a preliminary report of 121 pa-
tients admitted to ICU in the USA, 80% of those who died
were older than 65 years [22]. Comorbidities are more com-
mon in older patients, especially cardiovascular diseases and
chronic respiratory conditions. These comorbidities may con-
tribute in severe pneumonia and development of ARDS in
older patients [23]. However, none of the studied comorbidi-
ties in the sample had significant role, and older age was
recognized as independent risk factor for in-hospital death.

Another identified prognostic factor of poor outcome was
SpO2 < 88% on admission of the patients. Since SpO2 mea-
surement is a non-invasive method to evaluate blood oxygen-
ation, this item has been incorporated in some guidelines,
including guidelines published by the Iranian Ministry of
Health, to identify high-risk patients who require hospital
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referral or admission [19]. Additionally, SpO2 less than 90%
with shortness of breath and respiratory rate more than 30 per
minute have been suggested as evidence of severe COVID-19
pneumonia in febrile patients [24]. Low blood oxygen satura-
tion has also been used to identify severe COVID-19 pneu-
monia in admitted patients [25]. SpO2 has previously been
shown to be a valuable prognostic tool in community-
acquired pneumonia with good specificity for poor out-
come [26], and based on our findings, the odds of ICU
admission and mortality were respectively four times
and three times higher when SpO2 was lower than
88% on admission.

As described previously, routine chest CT scans are not
recommended for diagnosis of COVID-19. In the early phase
of the COVID-19 outbreak in Iran, since access to RT-PCR
was not available in many hospitals, chest CT scan was used
temporarily to identify patterns consistent with COVID-19
pneumonia to screen infected individuals. Therefore, we were
able to integrate imaging data with clinical and laboratory
findings to identify the most significant prognostic factors
for poor outcome in our cohort. The total CT score was also
identified as significant prognostic factor for both outcomes.

Ground glass opacity and consolidation were more com-
mon in patients who required ICU admission. These findings
demonstrate that chest CT scan could be useful risk stratifica-
tion tool for admitted patients, and by applying a simple meth-
od for scoring the abnormal findings in each zone, radiologists
could provide critical information regarding at-risk patients
who are more likely to require ICU admission. Ground glass
opacity has been reported to be a very common finding in
COVID-19 pneumonia as 100% of patients whose diagnosis
was confirmed by RT-PCR had this finding in a study of 58
patients in Italy [27]. In the mentioned study [27], the authors
reported that none of the CT features (i.e., ground glass opac-
ity, bilateral distribution of pneumonia, involvement in more
than two lobes, consolidation, and lymphadenopathy) were
significantly different between those with confirmed
COVID-19 who required admission vs. those who were

discharged for home isolation. In a study on 73 COVID-19
patients which included 25 patients with severe or critical
condition, a CT scoring system was used where higher scores
had significant relationship with more severe disease [28].
Although the scoring system used by this study assigns dif-
ferent scores from the scoring system we used here, similar to
what we observed here, CT scores were significantly higher in
critical patients. Pleural effusion and bronchial wall thicken-
ing were two important abnormalities more frequently ob-
served in non-survivors. These are in agreement with Li
et al.’s study [28].

Limitations

First, given temporary test kit shortages in Iran, RT-PCR was
not performed for all patients in our cohort. All patients in-
cluded in the study had chest CT pattern consistent with typ-
ical findings of viral pneumonia and clinical findings as well
as laboratory findings were suspicious for viral pneumonia
which are concordant with the Fleischner Society Consensus
Statement on the use of chest CT in patient management dur-
ing the COVID-19 pandemic in resource-constrained environ-
ments [29]. It is also known that the findings on chest imaging
in COVID-19 are not specific, and overlap with other infec-
tions, including influenza among others, limiting specificity of
CT. Nonetheless, it is known that acute respiratory distress
syndrome (ARDS) can be induced by a variety of viral dis-
eases, and triaging infected individuals regardless of etiology
is of vital importance specifically in the midst of the current
global pandemic. Second, other specific markers of worse
outcome such as interleukin levels were not measured routine-
ly and were not available for data collection. For a very
limited number of patients, serum d-dimer had been
measured which were within normal range. Therefore,
we decided not to include this laboratory marker al-
though a previous study suggested that d-dimer was a
significant risk factor for death. It should be noted that
other inflammation markers had been assayed. But,

Table 4 Results of multivariable logistic regression model to determine
significant predictors for ICU admission and in-hospital death among 228
patients with viral pneumonia admitted to the studied hospitals during the

COVID-19 outbreak in Tehran, Iran. SE= standard error; OR= odds ratio;
CI= confidence interval

Outcome Variables Beta (estimate) SE P value Adjusted OR 95% CI

In-hospital death Age (per 1 year increase) 0.06 0.01 < 0.001 1.06 1.03 to 1.10

Total CT score (per 1 score increase) 0.10 0.05 0.03 1.10 1.00 to 1.22

Blood oxygen saturation < 88% − 0.52 0.24 0.03 2.88 1.09 to 7.62

Intercept − 6.77 1.41 < 0.001

ICU admission Age (per 1 year increase) 0.05 0.01 < 0.001 1.05 1.02 to 1.09

Total CT score (per 1 score increase) 0.12 0.04 0.008 1.13 1.02 to 1.24

Blood oxygen saturation < 88% − 0.68 0.22 0.002 3.97 1.61 to 9.74

Intercept − 5.83 1.26 < 0.001
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neither ESR nor quantitative CRP was recognized as
significant risk factor for mortality.

Conclusion

Since many hospitals may have difficulties with limited ad-
vanced respiratory care supplies and ICU beds during the
COVID-19 outbreak and considering the importance of
triaging for severe viral pneumonia patients, it is recommend-
ed that older patients with SpO2 less than 88% and multilobar
involvement on chest CT scan on admission (reflected as
higher total CT score) be prioritized for invasive respiratory
support measures. In our opinion, these findings could help
clinicians and radiologists for better decision-making for ad-
mitted patients with viral pneumonia in time of COVID-19
pandemic.
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