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Background: Chest computed tomography (CT) scan is frequently used in the diagnosis of COVID-19
pneumonia.

Objectives: This study investigates the predictive value of CT severity score (CSS) for length-of-stay (LOS) in
hospital, initial disease severity, ICU admission, intubation, and mortality.

Methods: In this retrospective study, initial CT scans of consecutively admitted patients with COVID-19 pneu-
monia were reviewed in a tertiary hospital. The association of CSS with the severity of disease upon admis-
sion and the final adverse outcomes was assessed using Pearson’s correlation test and logistic regression,
respectively.

Results: Total of 121 patients (60416 years), including 54 women and 67 men, with positive RT-PCR tests
were enrolled. We found a significant but weak correlation between CSS and qSOFA, as a measure of disease
severity (r: 0.261, p = 0.003). No significant association was demonstrated between CSS and LOS. Patients
with CSS>8 had at least three-fold higher risk of ICU admission, intubation, and mortality.

Conclusions: CSS in baseline CT scan of patients with COVID-19 pneumonia can predict adverse outcomes and

is weakly correlated with initial disease severity.

© 2020 Elsevier Inc. All rights reserved.

Introduction

In late 2019, clustered pneumonia cases were reported from the
city of Wuhan in the Hubei province of China. Later in January 2020,
WHO declared this issue as a public health emergency of interna-
tional concern (PHEIC),! and the disease itself was named COVID-19.
Later the virus was designated as SARS-CoV-2 relating to its prede-
cessor SARS-CoV, responsible for the SARS epidemic in 2003. On Feb-
ruary 18, 2020, Iran’s first case of COVID-19 was reported from Qom
city. Later, in March 2020, WHO declared COVID-19 a pandemic. Until

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;
COVID-19, coronavirus disease 19; RT-PCR, reverse-transcription polymerase chain
reaction; CSS, CT severity score; qSOFA, quick sequential organ failure assessment;
LOS, length of stay
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June 1, 2020, more than 160,000 confirmed cases were reported from
Iran and globally confirmed cases rose to 6.4 million.?

The primary receptor of SARS-CoV-2 entrance is the ACE-2 pro-
tein, which is abundant in alveolar tissue, making the lungs the pri-
mary target of the disease.®> COVID-19 usually presents with fever
and respiratory symptoms such as cough, sputum, and dyspnea.** A
Lung CT scan has been shown to have a 94% sensitivity in relation to
the RT-PCR test.® This makes baseline CT scan a powerful diagnostic
tool for rapid triage of suspected patients with COVID-19 in resource-
constrained settings’ like Iran, where RT-PCR kits are not widely
available, or their results are reported much later than the time of
admission.

Since January 2020, multiple studies have been published describ-
ing the CT findings of COVID-19 patients suggesting a correlation of
CT findings with disease severity or outcome.®~'° So far, a few scoring
systems had been used to quantify lung involvement of COVID-19
patients.''~'* However, the prognostic value of radiologic findings
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on outcomes has not been investigated thoroughly. In the current
study, we describe initial CT findings of inpatient COVID-19 pneumo-
nia cases and assess its predictive value for clinical outcomes, includ-
ing length of stay (LOS), ICU admission, intubation, and mortality. We
also investigate the prognostic value of baseline CT severity score
(CSS) to predict the disease's severity and the mentioned outcome
measures.

Material and method
Patient population and study design

This is a retrospective study conducted in a tertiary referral
hospital, Tehran, Iran. The study has been approved by the ethical
committee of Tehran University of Medical Sciences (IRB approval
number: IRTUMS.VCR.REC.1399.002), and participation consent
was not required as the study used retrospective data. We
reviewed all chest CT studies performed in the hospital inpatient
imaging center between February 18, 2020, and April 19, 2020.
All scans had been initially triaged upon admission by the on-call
radiologist, with experience of at least five years. Patients with
scans suggestive of COVID-19 had been considered for possible
admission. According to the national COVID-19 protocol, all sus-
pected patients (having suggestive scans) with respiratory symp-
toms and at least one of the following criteria were admitted to
the hospital: (a) 02 saturation < 93% (b) tachypnea (respiratory
rate > 22) (c) tachycardia (pulse rate > 100) (d) hypotension
(systolic blood pressure < 100 mmHg).

All scans of admitted patients were reviewed again, from April 20
to April 25, by three experienced radiologists in consensus, actively
involved in reporting suspected COVID-19 pneumonia cases over the
past two months. All patients whose initial scans were not highly
suggestive of COVID-19, based on national diagnostic criteria,'> were
excluded.

We then reviewed the patients’ medical records. Those patients
who met the following inclusion criteria were enrolled in this study:
(a) presenting symptoms favoring COVID-19 diagnosis in congruence
with WHO interim guideline (b) positive SARS-CoV-2 RT-PCR results,
(c) available laboratory data. We excluded patients who have not
been discharged until April 19, 2020. The flowchart of the patient
enrollment process is depicted in Fig. 1.

Clinical data

We extracted the patients’ initial vital signs, including temper-
ature, respiratory rate, blood pressure, O, saturation, and initial
laboratory data from hospital medical records. While the super-
vising physician double-checked the clinical data upon entry, the
extraction of laboratory data was conducted using an automated
computer program to minimize any error during the process. The
gSOFA score, used for the rapid evaluation of patients suspected
with sepsis.'® Further detail regarding laboratory data definitions
is provided in Table 1. The time gap between initial clinical
assessment, laboratory test sampling, and scans was negligible (<
12 h) for all enrolled patients.

Four outcome measures were defined for patients: (a) whether
they were alive and discharged or have deceased, (b) whether at any
point of admission needed ICU care, (c) whether have been intubated
during admission, (d) the LOS.

CT acquisition technique

All chest scans were non-enhanced and were performed during
inspiratory breath-hold at the supine position, using a 16-detector-
row CT scanner (Philips Brilliance 16, Philips Medical Systems, Best,
the Netherlands). Our CT acquisition protocol was as follows: tube

Inpatient CT-scans Suggestive

of CoVID-19 on Initial Triage
(n=301)

Scan Suggestive of Excluded:
CoVID-19 Scan Not Suggestive of
(n=239) CoVID-19
(n=68)

Excluded:
Negative RT-PCR
(n=115)

Positive
RT-PCR
(n=124)

Excluded:
Still hospitalized
on April 5th
(n=3)

A

Final Patients Selection
(n=121)

Fig. 1. Flowchart of the patient enrollment process. Abbreviations: |:|RT—PCR, reverse-
transcription polymerase chain reaction.

Table 1

Demographic, clinical, and laboratory data definitions.
Variable Definition
Older Adults Age > 64 years

Fever Oral temperature greater than 37.5 °C
Hypoxia 0, saturation < 93%
qSOFA 1 score if GCS <15

1 score if SBP < 100 mmHg

1 score if RR > 22

Lymphopenia Absolute lymphocyte count of less than 1000/mm?

Neutrophilia Absolute neutrophil count of more than 7700/mm?>
Thrombocytopenia  Plt count less than 150,000/mm?
Anemia HB level of less than 12 gr/dL in women
HB level of less than 14 gr/dL in men
CRP Values less than 5 mg/L
AST Values greater than 40 U/L
Coagulopathy INR > 1.1

Abbreviations: SBP, systolic blood pressure; RR: respiratory rate; eGFR, esti-
mated glomerular filtration rate; CRP, C-reactive protein; AST, aspartate trans-
aminase; INR, international normalized ratio of prothrombin time; HB,
hemoglobin; PIt, platelet.

voltage, 100 kV if patients’ BMI < 30 and 120 kV for patients with
BMI > 30; tube current, 45 mAs; pitch, 1; collimation, 16x1.5 mm;
increment, 1.5; Matrix, 512. Images were reconstructed with 3 mm
slice thickness using both sharp kernels (filter “L”) with a lung win-
dow (1500 width; —350 center) and medium-soft kernels (filter “B”)
with a soft-tissue window (400 width; 60 center).

CT image analysis

After initial triage of all chest CT scans by the on-call radiologist
upon admission, based on the diagnostic criteria of Iranian society of
radiology,'® scans with findings highly suggestive of COVID-19 were
retrospectively evaluated by two radiologists in consensus, with 5
and 12 years of experience (S.N. and L.A. respectively), blind to
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patient outcomes. A third radiologist with 12 years of experience (A.
R.), settled any controversy. The following characteristics were
reported: (a) type of parenchymal abnormality, including (i) ground-
glass opacities (GGO) (ii) consolidation, (iii) reticular pattern, (iv)
honeycomb formation; (b) type of GGO; (c) axial and craniocaudal
distribution; (d) pleural effusion; (e) pericardial effusion; (f) emphy-
sema; (g) bronchiectasis; (h) fibrosis; (i) pneumothorax; (j) cardio-
megaly; (k) mediastinal lymphadenopathy (short-axis diameter >
10 mm). All individuals with either bronchiectasis, emphysema, or
fibrosis were considered to have underlying lung disease. Patients
with coronary artery stent or atherosclerotic plaque in scans were
presumed to have coronary heart disease.

Additionally, each lung was divided into three zones, (a) upper
zone (above the level of carina), (b) middle zone (between the carina
and inferior pulmonary vein), and (c) lower zone (below the level of
the inferior pulmonary vein). Each zone was evaluated for the per-
centage of involvement by either of the mentioned parenchymal
abnormalities and was assigned a score from 0 to 4, 0: no involve-
ment, 1: 1-25% involved, 2: 26—50% involved, 3: 51-75% involved,
4: 76—-100% involved. The final CT severity score (CSS) was calculated
by summing the scores from all six zones yielding a score between 0
and 24.

Statistical analysis

All statistical analysis was performed with Stata Statistical Soft-
ware, release 14, StataCorp LLC. We used logistic regression univari-
able and multivariable analysis. After univariable analysis, all
variables in congruence with prior evidence and a p-value < 0.1 were
entered into the multivariable model. The receiving operator charac-
teristic (ROC) curve was drawn to demonstrate the multivariable
models’ predictive capability. We used Pearson’s correlation test to
measure the association between CSS, qSOFA, and LOS. A p-value <
0.05 was considered significant in all instances. We compared the
mean of LOS in high and low CSS sub-groups using an independent
sample T-test. We present continuous variables as median (IQR) and
categorical variables as number (percent).

Table 2
Demographic, clinical and laboratory findings.

Results
Descriptive analysis

Table 2 summarizes demographic, clinical, and laboratory findings
in different outcome sub-groups. After the exclusion of 3 patients
(due to hospitalization; Fig. 1), the study included 121 patients (54
women, 44.6%; 67 men, 55.4%) with a mean age of 60.29 (SD: 15.93).
Among our patients, 47 were ICU admitted (38.8%), 38 were intu-
bated (31.4%), and 36 have deceased (29.7%). ICU admitted patients
had a median age of 64 (IQR: 54—70), while intubated, and deceased
patients had a median age of 67 (IQR: 56—73 and 57-72.5, respec-
tively). Upon admission, 8/121 patients (6.6%) had a qSOFA score > 2,
7 of which eventually were intubated and deceased. In laboratory
findings, 56/121 (46.3%) patients had anemia, and 47/121 (38.8%)
patients had lymphopenia. Anemia prevalence was 28/47 (59.6%),
26/38 (68.4%), and 24/36 (66.7%) in ICU admitted, intubated, and
deceased patients, respectively. Lymphopenia was observed in 25/47
(53.2%) ICU admitted patients, 19/38 (50.0%) intubated patients, and
18/36 (50.0%) deceased patients. The median LOS was 6 days (IQR:
3-11).

Radiologic findings are summarized in Table 3. The most preva-
lent abnormality patterns observed were GGO and consolidation,
110/121 (90.9%), and 96/121 (79.3%), respectively. As only one
patient had honeycombing formation, this parameter was excluded
in further analysis. Most scans revealed interlobular septal thickening
on the background of GGO, 62/121 (56.4%). Of 121 patients, 67
(55.4%) had no craniocaudal dominance in parenchymal abnormality
distribution. Only 8/121 (6.6%) patients showed unilateral lung
involvement. Right lower, 114/121 (94.2%), and left lower, 111/121
(91.7%) were involved most frequently. Underlying lung disease was
observed in 20/121 (20.7%) patients who had emphysema, fibrosis, or
bronchiectasis. Cardiomegaly was reported in 67/121 (55.4%)
patients. Coronary heart disease, either a coronary stent or athero-
sclerotic plaque, was evident in 11/121 (9.1%) patients. The median
CSS was 8 (IQR: 5—14). We used this median as the threshold for fur-
ther analysis of CSS in all instances. CSS median in ICU admitted, intu-
bated, and deceased patients were 11 (IQR: 6-18), 12 (IQR: 6—18),

Variable All(n=121) ICU Admitted(n=47)  Intubated(n =38) Deceased(n = 36)

Sex
Women 54 (44.6%) 19 (40.4%) 14 (36.8%) 12(33.3%)
Men 67 (55.4%) 28 (59.6%) 24 (63.2%) 24 (66.7%)

Age (years) 61(52-70) 64 (54-70) 67 (56-73) 67 (57-72.5)
> 65 52 (43.0%) 23 (48.9%) 22 (57.9%) 21(58.3%)

0, Saturation (%) 92 (88-95) 89(79-95) 88.5(75-95) 87.5(73-95)
<93 70 (57.8%) 30(63.8%) 25 (65.8%) 25 (66.7%)

Temperature ( °C) 37(36.8—-38.4) 37(36.8-38.8) 37(36.8-38.5) 37(36.8-38.65)
> 375 49 (40.5%) 9 (40.4%) 16 (42.1%) 15 (41.7%)

CRP (mg/L) 61(25-82) 78 0(40-85.4) 79.9 (40-83) 79.9 (40-89.5)
>5 114 (94.2%) 44 (93.6%) 36 (94.7%) 34(94.4%)

AST (units/L) 39(31-51) 47 (34-70.5) 48 (34-67) 48 (34-74)
> 40 67 (55.4%) 29(61.7%) 25 (65.8%) 24 (66.7%)

INR 1.26(1.11-1.43) 129(1 14-1.41) 1.29(1.14-1.42) 1.29(1.14-1.43)
Coagulopathy 97 (80.2%) 39(83.0%) 32(84.2%) 31(86.1%)

HB (gr/dL) 12.6(10.9-14.7) 120(101 14.1) 11.2(10.0-13.2) 11.3(9.6-13.6)
Anemia 56 (46.3%) 28 (59.6%) 26 (68.4%) 24 (66.7%)

Plt (*10° /mm?) 176 (110-231) 152(101 225) 155(105-189) 155(105.5-195)
Thrombocytopenia 49 (40.5%) 23 (48.9%) 18 (47.4%) 17 (47.2%)

Lymph (/mm?) 1026 (651-1500) 910(525 1206) 953 (504-1206) 953 (504-1206)
Lymphopenia 47 (38.8%) 25(53.2%) 19 (50.0%) 18 (50.0%)

Neutr (/mm?) 4383 (2870—-7560) 5091 (3182-9296) 5510(3654-11,385) 5382 (3654-9296)
Neutrophilia 44 (36.4%) 8(38.3%) 15 (39.5%) 14 (38.9%)

Continuous variables are presented as median (IQR) and categorical variables are presented as number (percent). Abbrevi-
ations: CRP, C-reactive protein; AST, aspartate transaminase; INR, international normalized ratio of prothrombin time; HB,
hemoglobin; Plt, platelet; Lymph, lymphocyte count in peripheral blood; Neutr, neutrophil count in peripheral blood.
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Table 3
Radiologic findings.
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Variable All(n=121) ICU Admitted(n =47)  Intubated(n = 38) Deceased(n = 36)
Abnormality Type
GGO 110 (90.9%) 41(87.2%) 33(86.8%) 31(86.1%)
Consolidation 96 (79.3%) 41(87.2%) 33(86.8%) 32(88.9%)
Reticular Pattern 34 (281%) 8(17.0%) 7 (18.4%) 6(16.7%)
HC Pattern 1(0.8%) 0 (0%) 0 (0%) 0(0%)
GGO Type
Pure GGO 18 (16.4%) 7 (17.0%) 6(18.8%) 6 (19.4%)
IST + GGO 62 (56.4%) 23(56.1%) 17 (51.5%) 15 (48.4%)
AD + GGO 1(10.0%) 6(14.6%) 5(15.1%) 5(16.1%)
CP 19(173/) 5(12.2%) 5(15.1%) 5(16.1%)
Axial Distribution
Subpleural 66 (54.5%) 27 (57.4%) 23 (60.5%) 21(58.3%)
Central (3.3%) 1(2.1%) 1(2.6%) 1(2.8%)
Diffuse 51(42.15%)  19(40.4%) 14 (36.8%) 14 (38.9%)
Craniocaudal Distribution
Apical 5(4.1%) 3(6.4%) 3(7.9%) 3(8.3%)
Basal 49 (40.5%) 20 (42.6%) 14 (36.8%) 12(33.3%)
No Dominance 67 (55.4%) 24 (51.0%) 21 (55.3%) 21(58.4%)
Bilateral Involvement 113 (93.4%) 46 (97.9%) 37(97.4%) 35(97.2%)
Involved Zones
Right Upper 92 (76.0%) 38(80.8%) 30(79.0%) 29 (80.6%)
Right Middle 99 (81.8%) 39(83.0%) 32(84.2%) 31(86.1%)
Right Lower 1 14 (94.2%) 46 (97.9%) 37(97.4%) 35(97.2%)
Left Upper 82 (67.8%) 36 (76.6%) 29 (76.3%) 29 (80.6%)
Left Middle 98 (81.0%) 41(87.2%) 34(89.5%) 33(91.7%)
Left Lower 111 (91.7%) 46 (97.9%) 37(97.4%) 35(97.2%)
Pleural Effusion (21 7%) 14 (29.8%) 12(31.6%) 12 (33.3%)
Pericardial Effusion 8(14.9%) 8(17.0%) 7 (18.4%) 7 (19.4%)
Underlying Lung Disease 25(20.7%) 7 (14.9%) 5(13.2%) 5(13.9%)
Pneumothorax 1(0.8%) 1(2.1%) 1(2.7%) 1(2.9%)
Cardiomegaly 67 (55.4%) 27 (57.4%) 22 (57.9%) 22 (61.1%)
Mediastinal Lymphadenopathy 6 (5.0%) 3(6.4%) 2(5.3%) 2 (5.6%)
Coronary Heart Disease 11(9.1%) 2 (4. 3/) 1(2.6%) 1(2.8%)
Number of Zones Involved 6(4-6) 6(5— 6(5-6) 6(5.5-6)
CsS 8(5-14) 11(6— 18) 12(6-18) 12(7.5-19)

Continuous variables are presented as median (IQR) and categorical variables are presented as number(percent). Abbre-
viations: GGO, ground-glass opacity; HC: honeycomb formation, IST, interlobular septal thickening; CP, crazy paving pat-

tern; AD, architectural distortion; CSS, CT severity score.
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Fig. 2. A 34-year-old man presented with a dry cough, myalgia, and fever for two days. There are multifocal patchy and nodular ground-glass opacities, mostly peripherally located
(boxes). The total CSS was calculated as 6. He was discharged on day 6 of admission without the need for ICU care or intubation.

and 12 (IQR: 7.5-19), respectively. We found a significant but weak
correlation between CSS and qSOFA (r: 0.261, p-value: 0.003). CSS
and LOS were not significantly correlated (p-value: 0.829) in our
patients. Meanwhile, the mean LOS was not significantly different
between patients with high and low CSS (p-values: 0.970). Fig. 2
shows some sections of a patient’s scan with mild lung involvement.
Figs. 3 and 4 depict patients’ scans with moderate and severe lung
involvements, respectively.

Logistic regression analysis

Table 4 summarizes the results of the univariable analysis in dif-
ferent outcome sub-groups. Older patients were significantly more

frequent in intubation (p-value: 0.027) and mortality (p-value:
0.028) groups. Anemia was significantly more common in patients
with unfavorable outcomes.

Of radiologic findings, CSS > 8 (OR: 3.00, 95% CI: 1.40-6.44, p-
value: 0.005) and presence of reticular pattern in initial scans (OR:
0.37,95% CI: 0.15-0.92, p-value: 0.034) could predict ICU admission,
the latter having protective effect. A CSS > 8 was also associated with
higher mortality (OR: 3.9, 95% CI: 1.66-9.11, p-value: 0.002) and
intubation (OR: 3.12, 95% CI: 1.38-7.03, p-value: 0.006) in our
patients.

All variables with a p-value < 0.1 in univariable analysis were
entered into a multivariable model to independently predict outcome
measures and measure their association. The final results are
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Fig. 3. A 59-year-old woman presented with dyspnea and fever and O, saturation of 85%. There are multifocal bilateral patchy ground-glass opacities and consolidations (thick
arrows), with the central and peripheral distribution. Findings of the previous sternotomy and mitral and aortic valve replacement are depicted along with mild cardiomegaly (thin
arrows). The total CSS was calculated as 9. The patient was admitted to the ICU and intubated; however, she eventually discharged on day 15 of admission.

Fig. 4. A 64-year-old man presented with severe dyspnea, fever, and 02 saturation of 81%. There are diffuse bilateral confluent ground-glass opacities and consolidations in both
lungs (thick arrows) resembling the ARDS pattern. Cardiomegaly is also evident (thin arrow). The total CSS was calculated as 22, and the patient passed away on day 8 of admission

following ICU admission and intubation.

presented in Table 5, and Fig. 5. Anemia was associated with higher
mortality (p-value: 0.004), intubation (p-value: 0.001) and ICU
admission (p-value: 0.015). Moreover, presence of reticular pattern
was negatively associated with ICU admission and mortality with an
OR of 0.37 (95% CI: 0.13-0.99, p-value: 0.049) and an OR of 0.32 (95%
Cl: 0.10-0.99, p-value: 0.049) respectively. CSS > 8 was positively
associated with all three outcomes in our patients and could predict
them. The best predictive value was demonstrated to predict mortal-
ity (OR: 5.29, 95% CI: 1.44—-19.32, p-value: 0.012).

Discussion

Hospitalized patients with COVID-19 may eventually need ICU
admission (27%), intubation (19%), or even face mortality (17%) dur-
ing their admission.'” The ability to predict these outcomes based on
initial scans gives physicians a better insight to manage patients with
COVID-19. In this study, we used a CT severity score, CSS, for patients’
baseline scans to predict the outcomes mentioned above. Having a
CSS > 8 in RT-PCR positive COVID-19 patients predicts ICU admission
with an OR of 3.68 (95% ClI: 1.18—11.48), intubation with an OR of
3.36 (95% CI: 1.35-8.35) and mortality with an OR of 5.29 (95% CI:
1.44—-19.32). Presence of reticular pattern in lung CT scans, has a pro-
tective effect against ICU admission (OR: 0.37, 95% CI: 0.13—-0.99) and
mortality (OR: 0.32, 95% CI: 0.10—0.99). Although the proposed scor-
ing system may have some flaws with our sample size, we used this
model to lay a ground for further research regarding the predictive
value of the proposed system.

Multiple demographic and clinical factors have been proposed to
predict unfavorable outcome in patients with COVID-19. In a study
by Huang et al., patients with unfavorable outcome were significantly
older, had a higher qSOFA score, and were lymphopenic.'® We found
similar results in our study. We also found a weak correlation
between CSS and qSOFA score, suggesting that this radiologic score is
not a reliable measure to show initial disease severity, but can predict
the outcome. No association was found between CSS and LOS out-
comes. This can be attributed to other reasons for a prolonged stay,
such as superimposed complications (e.g., nosocomial infections,
thromboembolic events, or electrolyte disturbance), which might not

be associated with the percentage of lung involvement in baseline CT
scans.

In concordance with previous reports, most of our patients had
bilateral lung involvement, with GGO and consolidation being the
most frequent abnormality. Lower zones were also the most fre-
quently involved anatomical location in this study.!®!®?° Qur find-
ings suggest that patients with a reticular pattern in their baseline CT
scans will have smaller odds of being intubated or facing mortality.
This can be attributed to the evidence that reticular abnormalities
appear later in the course of the disease; hence, patients with an ini-
tial reticular pattern may have passed the critical period of the
infection.?!*?

We used a modified version of the scoring system proposed by
Zhou et al. to make it more feasible and rapidly achievable in clinical
practice.”” Patients with CSS > 8 in baseline scans had at least three
folds higher risk of poor outcomes, including ICU admission, intuba-
tion, and mortality. Other scoring systems have also been proposed
to predict the prognosis of patients with COVID-19. Pan et al. pro-
posed a scoring system based on the number of lobes and percen-
tages of involvement in each lobe.?® Although widely adopted by
other studies,>**°> we believe that this system was not suitable as the
final score was not linearly associated with total lung involvement.
Colombi et al. used a software-based calculation of aerated lung vol-
ume to predict ICU admission or death.?® Ufuk et al. used the area of
pectoralis major muscles in CT scans to predict the severity of the
COVID pneumonia outcomes.?’ Although the latter two mentioned
studies have had promising results, they are more applicable in a
research setting rather than a clinical one. Yuan et al. have proposed
a scoring system based on the type of abnormality and the area
involved by each type with reliable results in predicting mortality.
However their sample size was limited to a total of 27 patients and a
mortality rate of 37%.2% Our scoring system can be easily imple-
mented for clinical use, and our sample size would suffice to deduce
its validity.

This study was conducted with an appropriate sample volume
and laboratory and clinical data. To the best of our knowledge, the
association of these three outcomes with initial CT findings has not
been well established in the literature. In addition to mortality, CSS
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Table 4
Univariable analysis of clinical, laboratory and radiologic findings.
Variable ICU Admission (n = 47) Intubation (n = 38) Mortality (n = 36)
OR(95% CI) p-value OR(95% CI) p-value OR(95% CI) p-value
Clinical and Lab Findings
Age > 65 1.48 0.292 242 0.027"* 243 0.028"*
(0.71-3.11) (1.10-5.32) (1.09-5.40)
0, Saturation < 93% 1.50 0.290 1.62 0.233 1.69 0.203
(0.70-3.17) (0.73-3.60) (0.75-3.82)
Temperature > 37.5 °C 0.99 0.990 1.10 0.807 1.07 0.864
(0.47-2.09) (0.50-2.40) (0.48-2.36)
CRP > 5 mg/L 0.833 0.823 1.15 0.868 1.06 0.944
(0.17-3.92) (0.21-6.23) (0.19-5.74)
AST > 40 units/L 1.52 0.265 1.87 0.121 1.95 0.106
(0.72-3.21) (0.84-4.16) (0.86-4.40)
Coagulopathy 1.34 0.537 147 0.452 1.78 0.290
(0.52-3.44) (0.53-4.08) (0.61-5.22)
Anemia 242 0.0217* 3.82 0.001"* 331 0.004"
(1.14-5.11) (1.68—8.66) (1.45-7.52)
Thrombocytopenia 1.76 0.133 1.50 0.299 1.48 0.328
(0.84-3.72) (0.69-3.28) (0.67-3.25)
Lymphopenia 2.68 0.011" 1.96 0.091 1.93 0.104
(1.25-5.74) (0.89-4.29) (0.87-4.26)
Neutrophilia 1.14 0.725 1.21 0.631 1.66 0.707
(0.53-2.44) (0.55-2.68) (0.53-2.60)
Radiologic Findings
GGO 0.49 0.270 0.51 0.299 0.47 0.240
(0.14-1.72) (0.14-1.80) (0.13-1.65)
Consolidation 2.36 0.093' 0.209 0.174 2.62 0.100
(0.86-6.43) (0.72-6.08) (0.83-8.29)
Reticular Pattern 0.37 0.034' 0.46 0.114 0.40 0.074'
(0.15-0.92) (0.18-1.19) (0.15-1.09)
GGO Type
Pure GGO Ref. Ref. Ref. Ref. Ref. Ref.
IST + GGO 0.92 0.890 0.75 0.626 0.63 0.440
(0.31-2.72) (0.24-2.33) (0.99-1.99)
AD + GGO 1.88 0.413 1.66 0.515 1.66 0.515
(0.41-8.61) (0.35-7.76) (0.35-7.76)
CcP 0.56 0.416 0.71 0.641 0.71 0.641
(0.13-2.26) (0.17-2.94) (0.17-2.94)
Axial Distribution
Subpleural Ref. Ref. Ref. Ref. Ref. Ref.
Central 0.48 0.536 0.62 0.689 0.71 0.776
(0.04-4.87) (0.06-6.33) (0.07-7.28)
Diffuse 0.85 0.688 0.70 0.394 0.81 0.609
(0.40-1.81) (0.31-1.56) (0.36-1.81)
Craniocaudal Distribution
Apical Ref. Ref. Ref. Ref. Ref. Ref.
Basal 0.45 0.417 0.17 0.171 0.21 0.115
(0.07-3.00) (0.40-1.77) (0.03-1.45)
No Dominance 0.37 0.297 0.30 0.211 0.30 0211
(0.25-8.97) (0.04-1.95) (0.04-1.95)
Bilateral Involvement 4.80 0.148 3.40 0.260 3.14 0.293
(0.57-40.3) (0.40-28.7) (0.37-26.50)
Pleural Effusion 2.15 0.087' 2.24 0.077 2.5 0.046™
(0.89-5.19) (0.91-5.47) (1.01-6.14)
Pericardial Effusion 134 0.58 1.52 0.424 1.68 0.98
(0.48-3.70) (0.54-4.31) (0.59-4.77)
Underlying Lung Disease 0.54 0.216 0.47 0.174 0.52 0.236
(0.20-1.42) (0.16-1.38) (0.17-1.52)
Cardiomegaly 1.14 0.714 1.16 0.706 1.39 0.409
(0.54-2.39) (0.53-2.52) (0.63-3.09)
Mediastinal Lymphadenopathy 1.59 0.580 1.08 0.928 117 0.855
(0.30-8.23) (0.18-6.18) (0.20-6.73)
Coronary Heart Disease 0.32 0.158 0.19 0.129 0.21 0.149
(0.06-1.55) (0.02-1.60) (0.02-1.74)
Number of Zones Involved 1.27 0.078' 1.24 0.130 1.34 0.059'
(0.97-1.66) (0.93-1.66) (0.98-1.84)
CSS (continuous) 1.15 <0.001* 1.14 <0.001* 117 <0.001"
(1.07-1.23) (1.06-1.22) (1.08-1.26)
CSS>5" 1.99 0.101 1.82 0.177 2.00 0.129
(0.87-4.53) (0.76—4.36) (0.81-4.94)
CSS > 8¢ 3.00 0.005"* 3.12 0.006"* 3.9 0.002"*
(1.40-6.44) (1.38-7.03) (1.66-9.11)
CSS > 12! 3.18 0.007* 3.66 0.003* 417 0.001*
(1.38-7.34) (1.56-8.58) (1.76-9.86)
* 25th Percentile of CSS was 5.
¥ Median of CSS was 8.

75th Percentile of CSS was 12.

Entered into multivariable analysis.

Significant p-value

Abbreviations: CRP, C-reactive protein; AST, aspartate transaminase; INR, international normalized ratio of pro-
thrombin time; HB, hemoglobin; Plt, platelet; Lymph, lymphocyte count in peripheral blood; Neutr, neutrophil
count in peripheral blood; GGO, ground-glass opacity; HC: honeycomb formation, IST, interlobular septal thicken-
ing; CP, crazy paving pattern; AD, architectural distortion; CSS, CT severity score.

-

*
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Table 5
Final results of multivariable analysis.
Outcome Variable OR(95% CI) p-value AUC
ICU Admission  Lymphopenia 2.37 0.045* 0.762
(n=47) (1.01-5.54)
Anemia 292 0.015*
(1.23-6.92)
Reticular Pattern in Scan  0.37 0.049*
(0.13-0.99)
CSS>8 3.68 0.025*
(1.18-11.48)
Intubation Age > 65 2.86 0.021* 0.791
(n=38) (1.17-6.98)
Anemia 4.62 0.001*
(1.84-11.58)
CSS>8 3.36 0.009*
(1.35-8.35)
Mortality Age > 65 2.81 0.026* 0.792
(n=36) (1.12-7.03)
Anemia 3.86 0.004*
(1.52-9.77)
Reticular Pattern in Scan ~ 0.32 0.049*
(0.10-0.99)
CSS>8 5.29 0.012*
(1.44-19.32)

* Significant p-value
Abbreviations: CC, craniocaudal; CSS, CT severity score.

could predict intubation and ICU admission, outcomes which may
have higher cost and burden for the healthcare system. Putting
resource constraints together with the considerable delay in provid-
ing RT-PCR results, CSS can be useful for patients’ management and
predict outcomes. Although extensive study is required, CSS might be
helpful to decide how early certain treatments such as corticosteroids

Sensitivity
0.50 0.75 1.00
1 1 1

0.25
1

0.00
1

0.00 0.25 0.50 0.75 1.00
1 - Specificity

ROC: ICU Admission area: 0.762 ROC: Mortality area: 0.792

ROC: Intubation area: 0.791 Reference

Fig. 5. ROC curves based on predictive models for outcomes including: lymphope-
nia, anemia, reticular pattern, and CSS > 8 to predict ICU admission; age, anemia,
and CSS > 8 to predict intubation; age, anemia, reticular pattern, and CSS > 8 to
predict mortality.

or anti-viral agents should start for patients with COVID-19 pneumo-
nia. Also, this score might be able to predict late post-infection com-
plications such as lung fibrosis or other kinds of interstitial lung
diseases (ILDs).

However, our findings are subject to some limitations. First, it was
a retrospective study that needs to be investigated with further

multicenter prospective studies. Second, due to RT-PCR kit shortages
in the initial days of the COVID-19 epidemic in Iran, RT-PCR testing
was not performed for 18 patients, and they were excluded from the
study. Third, nasopharyngeal sampling errors due to the anxiety and
overly protective measures in the first few weeks had increased the
rate of false-negative RT-PCR results. Finally, due to the extra work-
load caused by the pandemic, we did not perform a third re-evalua-
tion of the CT scan data in order to calculate the intra-observer
reliability.

In conclusion, baseline CT findings can predict final patient out-
comes, including ICU admission, intubation, and mortality. Having
reticular abnormalities predicts a better outcome. Although CT sever-
ity score, CSS, of baseline CT scans is weakly correlated with disease
severity upon admission, it can predict ICU admission, intubation,
and mortality in COVID-19 patients in an inpatient setting. Clinicians
and radiologists can use CSS as a measure of disease severity and an
indicator of poor outcome, including the need of mechanical ventila-
tion. Also, observing reticular pattern upon admission can be inter-
preted as a reassuring radiologic sign. We suggest further research
regarding the reliability and predictive value of CSS using multicenter
prospective studies. We also encourage the investigation of the effect
of different treatment regimens in patients in different CSS groups.
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