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ARTICLE INFO ABSTRACT

Keywords: Purpose: To assess the prognostic value of pneumonia severity score (PSS), pectoralis muscle area (PMA), and
Computed tomography index (PMI) on chest computed tomography (CT) in adult coronavirus disease 2019 (COVID-19) patients.

COVID'I? Method: The chest CT images of COVID-19 patients were evaluated for the PSS as the ratio of the volume of
l;::::;sz: involved lung parenchyma to the total lung volume. The cross-sectional areas of the pectoralis muscles (PMA,
Prognosis cm?) were also measured automatically on axial CT images, and PMI was calculated as the following formula:

PMI = PMA / patient’s height square (m?). The relationship between clinical variables, PSS, PMA, sex-specific
PMI values, and patient outcomes (intubation, prolonged hospital stay, and death) were investigated using
multivariable logistic regression analysis. All patients were followed for more than a month.

Results: One-hundred thirty patients (76 males, 58.46 %) were included in the study. Fifteen patients (11.54 %)
were intubated, 24 patients (18.46 %) had prolonged hospital stay, and eight patients (6.15 %) died during
follow-up. Patients with comorbidity had a higher mean of PSS (6.3 + 4.5 vs 3.9 + 3.8; p=0.001). After
adjusting the confounders, PSS was an independent predictor of intubation (adjusted Odds Ratio [OR]: 1.73, 95
% CI 1.31-2.28, p < 0.001), prolonged hospital stay (OR: 1.20, 95 % CI 1.09—1.33, p < 0.001), and death (OR:
2.13, 95 % CI 1.1-4.13, p=0.026. PMI value was a predictor of prolonged hospital stay (OR: 0.83, 95 % CI
0.72—0.96, p = 0.038) and death (OR: 0.53, 95 % CI 0.29—0.96, p = 0.036). Incrementally increasing PMA value
was a predictor of prolonged hospital stay (OR: 0.93, 95 % CI 0.89—0.98, p = 0.01) and intubation (OR: 0.98, 95
% CI 0.96—1, p=0.036).

Conclusion: PSS, PMA, and PMI values have prognostic value in adult COVID-19 patients and can be easily
assessed on chest CT images.

1. Introduction

In December 2019, a novel type of coronavirus (SARS-CoV-2) had
been identified, and the World Health Organization named the infection
of SARS-CoV-2 as "coronavirus disease 2019 (COVID-19)" [1]. By June 3,
2020, there were more than 6.2 million approved cases with COVID-19
and more than 370,000 COVID-19 related deaths worldwide [2].
Although the detection of viral RNA in nasopharyngeal swabs or
tracheal aspirates by reverse transcription-polymerase chain reaction
(RT-PCR) is the gold standard for diagnosis, chest computed tomogra-
phy (CT) can provide valuable information about the diagnosis, disease
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severity and patients prognosis [3-5]. Although some of the COVID-19
patients are asymptomatic or mildly symptomatic, the mortality rate
has been shown to be high in elderly patients and patients with co-
morbidity such as diabetes [6].

The decrease of skeletal muscle function or strength and muscle mass
by aging has been defined as sarcopenia, which is an essential factor in
the development of frailty [7]. Many studies have shown that the area of
the pectoralis, psoas, and paravertebral muscles on cross-sectional CT
images is associated with lean muscle mass, handgrip strength, sarco-
penia, and health [7-10]. Although low pectoralis muscle area and
index have been shown as critical prognostic factors in many benign and
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malignant disorders [11-15], its prognostic effect in patients with
COVID-19 is unknown. Herein, our aim was to evaluate the effect of
pneumonia severity on chest CT, gender-specific pectoral muscle area
(PMA) values, and patient’s height-adjusted PMA values (PMI, pector-
alis muscle index) on chest CT in the prognosis and outcomes of adult
COVID-19 patients.

2. Materials and methods

This retrospective study was approved by Pamukkale University
Clinical Research Ethics Committee and written informed consent was
waived.

2.1. Study population

We investigated consecutive adult patients diagnosed with COVID-
19 by RT-PCR test between 20 March 2020 and 30 April 2020. Among
these patients, those who underwent unenhanced chest CT examination
were included in the study. Patients younger than 18 years old, major
motion artifacts on CT, and patients whose pectoral muscles were not
included in the field of view on chest CT images were excluded from the
study.

The chest CT indications were determined according to the Republic
of Turkey Ministry of Health’s COVID-19 Patient Management Algo-
rithm [16]. The chest CT indications were one of the following findings
is present at the time of initial examination in adult patients who have
suspicious clinical findings of COVID-19 pneumonia: respiratory
distress, tachypnea (> 22 / min), loss of consciousness with tachycardia
(> 125 beats/min), or low oxygen saturation level in room air (SpO,
<93 %). Moreover, in the absence of these clinical findings, patients
with > 50 years of age and comorbidity or patients with worsening
clinical conditions were an indication for CT [16].

2.2. Chest computed tomography image acquisition

Chest CT images were obtained using a multi-detector CT scanner
(Brilliance 16, Philips Medical Systems) at deep inspiration in the supine
position. The CT scanner was dedicated only to patients with suspicion
of COVID-19. The CT room and CT scanner were sanitized using stan-
dard cleaning procedures and approved disinfectants after each pro-
cedure. The chest CT parameters were 16 x 0.75 mm slice collimation,
0.75s rotation time, 3mm slice thickness and 1mm slice re-
constructions, 250-300 mm field of view, 90—120kV tube voltage,
50-90 mA s effective tube current-time product, and 512 x 512 matrix.

2.3. Visual CT assessment

First, the suitability of CT images was evaluated by a single board-
certified chest radiologist (F.U.) with five years of experience in
thoracic imaging. Patients whose CT images were not suitable for the
study were excluded. Then, all chest CT images were independently
evaluated by two observers with five (F.U.) and two years (M.D.) of
experience in thoracic imaging, who were unaware of the patient’s
laboratory and clinical findings. In the CT image evaluation, lung win-
dow settings (with a window center of -500 HU and a window width of
1500 HU) were used, and visual (semiquantitative) pneumonia severity
score (PSS) was evaluated in each patient. The PSS was assessed by a
simple CT scoring method, which was described by Chung et al. [17] and
verified by Li et al. [18]. The involvement severity was evaluated
separately for each lobe, and the scores found for each lobe were sum-
med for obtaining the PSS. The percentage of each lobe involvement was
calculated as follows: no pneumonia (0%)=0 points, minimal
involvement (1-25 % volume of the lung lobe)=1 point, mild
involvement (26-50 %)=2 points, moderate involvement (%
51-75) = 3 points, severe involvement (76-100 %) = 4 points [17,18].
In the presence of disagreement between the two observers for the PSS
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score, these CT images were reevaluated by a third observer with 22
years of experience in cardiothoracic imaging, and an agreement was
reached.

2.4. CT image analysis

All CT images were anonymized prior to quantitative evaluation, and
all patients were randomly numbered. On a single axial chest CT image
just above the aortic arch was selected in each patient, and Pectoralis
muscle area (PMA) was measured by a trained radiologist (F.U.) using a
free DICOM viewer (Horos software Version 3.3.3; Available at https:
//horosproject.org/). Both of the pectoralis major and minor muscles
were manually shaded using a predefined attenuation range of —-50 and
90 Hounsfield unit (HU), and muscle areas were automatically measured
between those CT attenuation values, on an axial CT slice just above the
aortic arch [19]. PMA value was obtained by summing bilateral pec-
toralis major and minor muscle areas (Fig. 1). To investigate the inter-
observer agreement, PMA measurements were repeated by a second
observer (E.S.) from 60 consecutive patients among the whole popula-
tion, using the same method and blindly to the first measurement re-
sults. In the event of insufficient skeletal muscle segmentation, the user
replaced the skeletal muscle contours with a manual tool. The axial CT
image just above the aortic arch has been selected because it can be
easily identified, reproduced in a large population of cases, and has been
previously described as successful for estimating skeletal muscle mass
[19]. Besides, PMA values were normalized by the height of the patient,
and the gender specific pectoralis muscle index (cm?/m2, PMI) was
calculated by the PMA (cm?) value divided by the square of the patient
height (m?).

2.5. Clinical examination

The presence of comorbidities such as diabetes, congestive heart
failure, malignancy, hypertension, chronic renal failure, hepatic
cirrhosis, and chronic lung disease (asthma and chronic obstructive
pulmonary disease) was noted. Besides, smoking status and amount of
tobacco use (packs/year) were recorded in all patients. Patients were
clinically divided into four groups [20]: (a) Mild disease: mild or mini-
mal clinical symptoms without pneumonia on chest CT; (b) common
disease: fever, respiratory symptoms without respiratory distress, no
need for supplemental oxygen and pneumonia on chest CT; (c) severe
disease: fever or suspected respiratory infection and severe respiratory
distress and/or increased respiratory rate > 30 breaths/min and/or
decreased oxygen saturation (SpO2) on room air with < 93 % and/or
Pa02/Fi02 < 300MMHG; (d) critical disease: respiratory failure
requiring mechanical ventilation, septic shock and other organ failure
requiring intensive care unit (ICU) monitoring and treatment.

All patients were followed through 31 May 2020, and the days be-
tween the symptom onset and chest CT examination, the presence of
intubation, length of hospital stay, and death was examined. Length of
hospital stay was categorized as prolonged if more than ten days. The
outcomes were assessed longitudinally over the entire study period. The
most severe outcome was assigned in patients with multiple hospital
admission due to COVID-19. For example, patients who were initially
admitted to the hospital and followed at home and then readmitted
requiring a hospital stay and intubation were assigned to the intubated
group.

2.6. Statistical analysis

While categorical data were represented as a proportion (%),
continuous data represented as mean with standard deviation (SD) or
median with interquartile range (IQR). To evaluate the data normality
Shapiro-Wilk W test was used. Categorical and continuous data were
compared using a chi-squared or Fisher’s exact test and Student t-test or
the Mann-Whitney U test, respectively. The correlation between the
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continuous variables was calculated using the Pearson correlation co-
efficient (r). Interobserver agreement was evaluated by the intraclass
correlation coefficient (ICC) score, and an ICC score < 0.4 accepted as
poor agreement, 0.4-0.75 as moderate, 0.75—0.9 as good agreement,
and > 0.9 as excellent agreement.

All patients were divided into gender-specific pectoralis muscle
index (PMI) tertiles. Low PMI was categorically defined as the smallest
tertile of this height square-adjusted and gender-stratified pectoralis
muscle area (PMA) values. We used the PMI tertiles to estimate the
muscle mass of patients regardless of the gender and physical structure.

The outcomes of interest for this study the presence of intubation,
length of hospital stay, and death. To estimate the relative effect of
variables by calculating unadjusted odds ratios (ORs) for categorical
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Fig. 1. The pectoralis muscle area (PMA) measurement on
chest computed tomography (CT) image in a 41-year-old male
patient with COVID-19. Axial chest CT image just above the
arcus aorta level used for PMA measurement. (a) PMA mea-
surement was performed on axial CT image using a predefined
attenuation values of -50 and 90 Hounsfield units. Bilateral
pectoralis muscles are colored green (pectoralis major and
minor muscles). (b) Sagittal reformatted chest CT image shows
the level of just above the aortic arch.

outcomes, Logistic regression analysis was used. In the univariate
analysis, statistically significant variables (p < 0.05) were used for
multivariate modeling. Statistically, a p-value of < 0.05 was considered
significant. The statistics were performed using SPSS (version 24.0, IBM,
Armonk, NY, USA) and MedCalc (MedCalc Software Ltd, Ostend,
Belgium) statistical software.

3. Results

One hundred and thirty patients with COVID-19 were included in the
study according to the exclusion and inclusion criteria (Fig. 2). The
mean follow-up time of all patients was 40.6 + 6.5 days. There were 76
males (58.5 %) and 54 females (41.5 %) with a median age of 48 years
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Fig. 2. Patient selection and inclusion flow diagram of patients with novel
coronavirus 19 disease (COVID-19).

(IQR; 36-64). Fifty-six patients (43.08 %) had at least one comorbidity,
and the most common comorbidities were hypertension in 25 patients
(19.23 %), diabetes mellitus in 23 patients (17.69 %), and asthma in 17
patients (13.08 %). Fifty-four patients (41.54 %) had a high fever
(forehead temperature of > 37.3 °C) at the time of admission. The me-
dian body temperature at the time of admission was 36.8 degrees Celsius
(°C) (IQR, 36.4-37.8 °C). Thirty-six (27.69 %) patients were smokers (26
patients current, ten patients’ ex-smokers), and the median smoking
pack-years were 20 (range; 1-80). The median number of days from
symptom onset to the CT examination was four days [IQR; 2-7 days].
(Table 1).

The median PMA and PMI values in males and females were 42.1 cm?
(IQR, 31.3-47.2 cm?), 14 cm?/m? (IQR, 14.5-16 cm?/m?), and 27.1 cm?
(IQR, 23.5-32.2 cm?), 10.2 ecm?/m? (8.7-12 cm?/m?) respectively

Table 1
The descriptive characteristics of the study population.
Characteristics Total Females Males p-
Population (n=54) (n=76) value
(n=130)
Median (Range) Median Median
(Range) (Range)
Age (years) 48 (18-86) 47 (18-84) 48 (20-86) 0.765
PSS Observer-1 4 (0-17) 4 (0-17) 4 (0-14) 0.061
PSS Observer-2 4 (0-16) 4 (0-15) 4 (0-16) 0.056
PSS Consensus 4 (0-17) 3(0-14) 5(0-17) 0.058
Weight (kg) 72 (39-99) 70 (39-92) 78 (56—99) <
0.001
Height (cm) 164 (148-191) 161 170 <
(148-179) (149-191) 0.001
Body mass index 26.9 26.1 27.3 0.31
(BMI) (17.1-36.5) (17.1-32.6) (21-36.5)
PMA (cm?) 33.7 (17.2-63) 27.1 41.6 <
(17.2-39.3) (21.1-63) 0.001
PMI (cm?/m?) 12.4 (5.3-21.6)  10.2 14.1 <
(5.3-15.7) (6.9-21.6) 0.001
Onset to 4(1-12) 3(1-11) 501-12) 0.016
admission time
Forehead 36.8 36.7 37.3 0.042
temperature (36.2—39.7) (36.2—39.6) (36.5—-39.7)
(°Q)

PSS; pneumonia severity score, °C; Celsius degree.
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(Table 1). There was an excellent agreement between observers for
pectoralis muscle area (PMA) measurements with an ICC of 0.919 (95 %
CI, 0.868—0.951). The tertile cut-off values of PMI in males were <
12.73 ecm?/m? for first, 12.73-15.13 cm?/m? for second, and > 15.13
cm?/m? for third tertile, respectively. The tertile cut-off values of PMI in
females was < 9 cmz/mz, 9-10.9 cmz/mz, >10.9 cmz/mz, respectively.
A PMI value of in the first tertile in both genders accepted as low PMI
(Table 2).

Pneumonia was not present on CT in 19 patients (14.6 %). There was
an excellent agreement between observers for pneumonia severity score
(PSS) with an ICC of 0.971 (95 % CI, 0.957—0.981). The median PSS was
4 (IQR, 1-7) and patients with a PSS < 4 was accepted as low PSS
(Table 2). Patients with a comorbidity had a higher mean PSS (mean +
SD PSS values were 6.3 + 4.5 vs 3.9 4 3.8; p = 0.001). Besides, patients
with longer time for symptom onset to the CT examination (more than 5
days from symptom onset) had a higher PSS (4.8 + 4.3 vs 0.34 4 0.48,
p <0.001). In the study population, patients with the critical, severe,
common and mild disease frequency were 13 (10 %), 12 (9.2 %), 86
(66.2 %), and 19 (14.6 %), respectively. The PSS showed a significant
correlation with clinical classification (p < 0.001, r = 0.609).

The median value of hospital stay length was seven days (IQR, 6-10
days), and 24 patients (18.46 %) had prolonged hospital stay (> 10
days). At the time of writing, three patients (2.31 %) were still stay in
hospital. Eight patients (6.15 %) died during follow-up (median age; 69,
IQR; 64-82). Patients who died were significantly older (68.6 + 13.2
years’ vs 48.3 4 16.6 years, p =0.001) and found to have higher mean
PSS (12.9 + 4.9 vs 4.3 + 3.6, p < 0.001) and lower mean PMI (7.9 + 2.1
cm?/m? vs 12.5 + 3.5 cmz/mz, p < 0.001) values.

After adjusting the confounders (age, sex, comorbidities and symp-
tom onset to admission time), we found that PSS, symptom onset to
admission time (days), late admission (> 5 days), febrile at initial pre-
sentation, PMI, and PMA values were found to be significantly associ-
ated with several poor outcomes (Tables 3 and 4). Incrementally
increasing pneumonia severity score (PSS) was found to be an inde-
pendent predictor of intubation (adjusted Odds Ratio [OR]: 1.73, 95 %
CI 1.31-2.28, p < 0.001), prolonged hospital stay (OR: 1.20, 95 % CI
1.09-1.33, p<0.001), and death (OR: 2.13, 95 % CI 1.1-4.13,
p =0.026). Incrementally increasing PMI value was a predictor of pro-
longed hospital stay (OR: 0.83, 95 % CI 0.72—0.96, p = 0.038) and death
(OR: 0.53, 95 % CI 0.29—-0.96, p=10.036). Incrementally increasing
PMA value was a predictor of prolonged hospital stay (OR: 0.93, 95 % CI
0.89-0.98, p=0.01) and intubation (OR: 0.98, 95 % CI 0.96—1,
p =0.036). Moreover, the presence of low PMI was found to be a pre-
dictor of intubation (OR: 3.9, 95 % CI 0.8—18.8, p =0.025) and death
(OR: 11.6, 95 % CI 1.5-89.9, p=0.019) (Tables 3 and 4).

4. Discussion

In the present study, our results revealed that pneumonia severity
score (PSS), pectoralis muscle area (PMA), and index (PMI) values on
chest CT are significantly associated with several adverse outcomes,
such as intubation, prolonged hospital stay, and death. Furthermore,
symptoms onset to admission time (days), late admission (> 5 days),
diabetes mellitus, and high fever (> 37.3°C) at initial presentation are
independent clinical predictors for several adverse outcomes. Age and
heart failure were significantly predicted poor outcomes in univariate
analysis. However, in multivariate analysis, when factors such as age,
pneumonia severity score, symptoms onset to admission time (days),
low PMLI, and other comorbidities were included, lost its significance. To
our knowledge, this is the first study to assess the role of PSS, PMA, and
PMI on chest CT in the outcomes of adult COVID-19 patients rather than
on the basis of laboratory and/or clinical findings.

Chung et al. [17] examined 21 adult COVID-19 patients, and they
showed that patients with high pneumonia severity score (PSS) had a
more advanced clinical disease score. Furthermore, Li and colleagues
[18] demonstrated an excellent interobserver agreement with ICC of
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Table 2
Comparison of the frequencies of COVID-19 patients according to pneumonia severity score and pectoralis muscle index values.
Variables All patients Low PSS (< 4) High PSS (> 4) P- Low PMI Normal PMI P-
(n=130) n="74 n=>56 value n=44 n=286 value
0.516
Male 76 (58.46 %) 38 (51.35 %) 38 (67.86 %) 25 (56.82 %) 51 (59.3 %)
Female 54 (41.54 %) 36 (48.65 %) 18 (32.14 %) 19 (43.18 %) 35 (40.7 %)
Age median (years) [IQR] 0.001 0.0001
Male 48 [36, 65] 44 [34, 70] 48 [38, 60] 69 [57, 771 44 [34, 50]
Female 48 [36, 64] 42 [27, 52] 66 [52, 76] 50 [41, 66] 47 [33, 61]
Onset to admission time Median 42,71 32,71 513,71 0.017 4 [2,5] 513,71 0.081
(days) [IQR]
Smoking History (%) Smoking History (%) 0.770 0.530
Never 94 (72.31 %) 56 (75.68 %) 38 (67.86 %) 30 (68.18 %) 64 (74.442 %)
Former 10 (7.69 %) 7 (9.46 %) 3 (5.36 %) 5(11.36 %) 5 (5.81 %)
Current 26 (20 %) 11 (14.86 %) 15 (26.79 %) 9 (20.45 %) 17 (19.7 %)
Comorbidity 0.037 0.092
Hypertension 25 (19.23 %) 5 (6.76 %) 20 (35.71 %) 12 (27.27 %) 13 (15.12 %)
Diabetes 23 (17.69 %) 9 (12.16 %) 14 (25 %) 7 (15.91) 16 (18.60 %)
Asthma / COPD 17 (13.08 %) 10 (13.51 %) 7 (12.5 %) 5(11.36 %) 12 (13.95 %)
Immunosuppression 12 (9.23 %) 7 (9.46 %) 5 (8.93 %) 6 (13.64 %) 6 (6.98 %)
Malignancy 10 (7.69 %) 8 (10.81 %) 2 (3.57 %) 5(11.36 %) 5 (5.81 %)
Hearth failure 9 (6.92 %) 5 (6.76 %) 4 (7.14 %) 4 (9.09 %) 5 (5.81 %)
CVD 6 (4.62 %) 4 (5.41 %) 2 (3.57 %) 3 (6.82 %) 3 (3.49 %)
Chronic renal failure 1 (0.77 %) 0 1 (1.79 %) 1 (2.27 %) 0
Febrile at initial presentation 54 (41.54 %) 26 (35.14 %) 28 (50 %) 0.062 18 (40.91) 36 (41.86 %) 0.532
(%)
Clinical severity score (%) Clinical severity score 0.0001 0.031
(%)
Mild 19 (14.62 %) 19 (25.68 %) 0 6 (13.64 %) 9 (10.47 %)
Common 86 (66.15 %) 51 (68.92 %) 35 (62.5 %) 25 (56.82 %) 64 (74.42 %)
Severe 12 (9.23 %) 4 (5.41 %) 8 (14.29 %) 4 (9.09 %) 9 (10.47 %)
Critical 13 (10 %) 0 13 (23.21 %) 9 (20.45 %) 4 (4.65 %)
PSS; pneumonia severity score, PMI; pectoralis muscle index, IQR; interquartile range.
Table 3
Univariate and multivariate analysis of variables for intubation and prolonged hospital stay (> 10 days).
Intubation (n =15) Prolonged Hospital Stay (n = 24)
Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis
Variable Unadjusted OR p-value Adjusted OR p-value Unadjusted OR p-value Adjusted OR p-value
Age median (years) 1.07 (1.03-1.12) < 0.001 1.08 (0.96—-1.23) 0.187 1.02 (0.99-1.05) 0.089 -
Age > 65 years 5.12 (1.67—15.67) 0.005 76.2 (3.5—1653) 0.006 1.62 (0.65—4.05) 0.305 1.81 (0.6—5.42) 0.29
Male gender 2.19 (0.66—7.29) 0.201 - 2.12 (0.9-5.1) 0.09 -
Onset to admission time (days) 1.26 (1.05—1.51) 0.012 1.52 (1.16—2) 0.002 1.11 (0.96—1.27) 0.009 1.02 (0.87-1.19) 0.164
Late admission (> 5 days) 4.76 (1.52—14.98) 0.008 14.36 (2.98—69.24) < 0.001 1.1 (0.47-2.56) 0.825 0.62 (0.22—-1.68) 0.738
Smoking History
Never reference reference reference reference
Former or current 1.36 (0.39-4.67) 0.909 0.53 (0.06—4.6) 0.191 1.6 (0.68—-3.81) 0.283 1.35 (0.54—-3.4) 0.835
BMI median (kg/m2) 1.01 (0.96—1.06) 0.142 - 1.04 (1-1.08) 0.342 -
Comorbidity 4.28 (1.28—14.26) 0.018 4.68 (0.37-59.9) 0.236 1.33 (0.59-2.98) 0.495 -
Hypertension 2.35 (0.72-7.63) 0.155 - 1.3 (0.48-3.47) 0.606 -
Diabetes 3.8(1.2-12.1) 0.023 0.62 (0.2-1.97) 0.414 -
COPD/Asthma 9.14 (2.43-34.4) 0.994 - 1.65 (0.72—3.75) 0.219 -
Immunosuppression 0.67 (0.8-5.6) 0.710 - 0.61 (0.13-2.9) 0.534 -
Malignancy 1.2 (0.14-10.2) 0.867 - 3(0.37-24.9) 0.302 -
Hearth failure 6.52 (2.1—20.3) 0.001 1.44 (0.1-22.1) 0.792 4.13 (1.6—10.4) 0.003 4.62 (0.96—22.2) 0.056
CVD 2.39 (0.64—-8.94) 0.995 - 1.79 (0.73—-4.49) 0.588 -
Febrile at initial presentation 0.9 (0.3-2.7) 0.855 0.22 (0.04-1.27) 0.66 3.76 (1.58—8.9) 0.003 3.46 (1.34—8.9) 0.009
Low PSS (PSS < 4) 0.09 (0.02—0.43) 0.002 0.11 (0.02—0.56) 0.082 0.17 (0.07—0.43) < 0.001 0.21 (0.08—-0.53) 0.001
PSs 1.6 (1.30—-1.97) < 0.001 1.73 (1.31-2.28) < 0.001 1.21 (1.1-1.34) < 0.001 1.2 (1.09-1.33) 0.007
Low PMI 4.76 (1.51-14.99) 0.008 3.9 (0.8—-18.8) 0.025 1.1 (0.47—-2.56) 0.035 1.84 (0.35—9.76) 0.057
PMI 0.95 (0.81-1.11) 0.544 0.86 (0.71-1.05) 0.33 0.91 (0.81-1.03) 0.038 0.83 (0.72—0.96) 0.038
PMA 1(0.99-1.01) 0.699 0.98 (0.96—1) 0.04 0.99 (0.97-1) 0.782 0.93 (0.89—0.98) 0.01

ICU; intensive care unit, OR; odds ratio, COPD; chronic obstructive pulmonary disease, CVD; cardiovascular disease, PSS; pneumonia severity score, PMI; pectoralis

muscle index, PMA; pectoralis muscle area.

0.976 (95 % CI; 0.962-0.985) for the PSS assessment on CT. Similarly,
we found an excellent agreement between observers with an ICC value
of 0.971 (95 % CI, 0.957—0.981), and PSS on chest CT images was
significantly correlated with clinical disease score (p < 0.001,
r=0.609).

Du and colleagues [21] investigated 179 patients with COVID-19,

and they reported that older age (> 65 years) and underlying cerebro-
vascular or cardiovascular diseases are strong and independent pre-
dictors for mortality. Moreover, Petrilli et al. [22] investigated 5279
COVID-19 patients, and they reported that older age (> 75 years), heart
failure, male gender, and malignancy were independent factors for
mortality. In the present study, older age (> 65 years) is predicted death
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Table 4
Univariate and multivariate analysis of variables for death.

Exitus (n =8)

Univariate Analysis Multivariate Analysis

Variable Unadjusted OR p- Adjusted OR for  p-
value PSS value
Age median (years) 1.12 0.003 1.08 0.088
(1.04-1.2) (0.99-1.18)
Age > 65 years 6.8 0.012 34.8 0.133
(1.52—30.5) (0.34-356.1)
Male gender 1.24 0.777 -
(0.28-5.41)
Onset to admission 1.11 0.391 0.98 0.084
time (days) (0.88—-1.41) (0.42—2.28)
Late admission (>5 3.54 0.093 14.7 0.017
days) (0.81-15.6) (1.61-135.4)
Smoking History
Never reference reference
Former or current 2.85 (0.34-2.4) 0.336 3.41 (0.8—-7.41) 0.122
BMI median (kg/m2) 1.06 (0.98—1.1)  0.052 -
Comorbidity - -
Hypertension 2.7 (0.6-12.1) 0.196 —
Diabetes 9.54 0.004 20.1 0.021
(2.09—43.45) (1.58—256)
COPD/Asthma - -
Immunosuppression 1.43 0.749 -
(0.16—12.7)
Malignancy 1.77 0.609 -
(0.19-16.08)
Hearth failure 8.41 0.006 -
(1.86—38.09)
CVD - -
Febrile at initial 0.44 0.321 0.39 0.391
presentation (0.08—2.25) (0.05-3.29)
Low PSS (PSS < 4) 0.1 (0.01-0.8) 0.031 0.13 0.08
(0.01-1.277)
PSS 1.59 < 2.13 0.026
(1.25—-2.02) 0.001 (1.1-4.13)
Low PMI 31.1 < 11.6 0.019
(5.97-162) 0.001 (1.5—-89.9)
PMI 0.48 0.002 0.53 0.036
(0.30—0.77) (0.29—-0.96)
PMA 0.85 0.015 0.76 (0.5-1.15)  0.071
(0.75—0.97)

ICU; intensive care unit, OR; odds ratio, COPD; chronic obstructive pulmonary
disease, CVD; cardiovascular disease, PSS; pneumonia severity score, PMI;
pectoralis muscle index, PMA; pectoralis muscle area.

in univariate analysis, but when the confounders were included, older
age (> 65 years) lost significance in multivariate analysis. However,
diabetes mellitus, PSS, and PMI were significant and independent pre-
dictors of mortality in the present study.

Guan et al. [23] investigated 1099 COVID-19 patients, and they re-
ported the prevalence of intubation as 2.3 % (n = 25) and mortality as
1.4 % (n=15). Petrilli and colleagues [22] reported the prevalence of
mortality as 7.41 % (n = 391/5279) in COVID-19 patients who admitted
to the hospital. The differences between these studies may be due to the
different disease prevalence, the differences between hospital and ICU
capacities, differences in patients’ comorbidity, age, and gender differ-
ences between patient populations. The mortality rate of COVID-19 was
6.15 % (n =8/130) in the present study. However, in the present study,
unlike these previous studies, only patients who underwent chest CT
were included and analyzed. Therefore, patients with mild disease and
no chest CT imaging indications were not investigated in this study.
Petrilli et al. [22] reported that chronic obstructive pulmonary disease
and asthma were not risk factors for severe disease or mortality in
COVID-19 patients. Similarly, our results showed that chronic obstruc-
tive lung disease and asthma are not risk factors for adverse outcomes or
mortality. Although some previous studies estimate that high smoking
rates explain some of the morbidity in those patients [24,25], Petrilli
and colleagues [22] have shown that tobacco use is not associated with a
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hospital stay or an increased risk of critical disease. While the number of
patients in the present study was small, we also did not found any
relationship between smoking history and morbidity or mortality.

Pectoralis muscle area (PMA) and sex-specified PMA have been
shown to be strong predictors of sarcopenia [11]. Moreover, it has been
shown that reduced PMA and PMI are associated with poor prognosis of
chronic obstructive pulmonary disease [12], non-small cell lung cancer
[13], and idiopathic pulmonary fibrosis [14]. In addition, the reduced
PMA and PMI are associated with mortality in patients with ventricular
assist device implantation [15]. However, the effects of low PMA and
PMI values on chest CT in COVID-19 patients were previously unknown,
which are predictors of sarcopenia. The present study shows a signifi-
cant association of PSS, PMA, and PMI with intubation, prolonged
hospital stay, and mortality among COVID-19 patients who underwent
chest CT at the admission.

In a large meta-analysis including 33 studies and 16,003 patients by
Kumar et al. [26], the presence of diabetes in COVID-19 patients has
been shown to significantly increase disease severity and mortality
(p < 0.01 for both). Similarly, we found that the presence of diabetes in
COVID-19 patients is an independent risk factor for mortality
(p =0.021). However, we found the confidence interval of the odds ratio
in this relationship quite wide. We suggest that this is because our study
population is small, and the number of patients with diabetes is low. Few
studies have investigated the prognostic impact of the time between the
onset of symptoms and hospital admission in COVID-19 patients. Chen
and colleagues [27] showed that patients with longer symptoms were
significantly more likely to be transferred to intensive care units
(p < 0.001). Sung et al. (28) showed that COVID-19 patients with longer
time from disease onset to hospital admission had more severe disease
than those with shorter ones. Similarly, we found that patients with high
PSS admitted to the hospital significantly later (p=0.017) and late
admission was independently associated with intubation and mortality.
We suggest that this may be because patients postpone their admission
to hospitals due to the pandemic and try to stay home until serious
symptoms develop.

This study had several limitations. First, the study has been retro-
spectively performed in a single tertiary university hospital, and the
sample size was relatively small. However, to our knowledge, this is the
first study that is investigating the CT-derived prognostic factors in adult
COVID-19 patients. Second, the number of patients between clinical
disease severity groups were not homogenous; patients with common
disease severity was intense. However, these groups are not homoge-
nous in the normal course of the COVID-19, and most of the patients
have been shown to have a mild or asymptomatic disease [17,18,22].
Third, computed tomography of the chest was not performed to all
COVID-19 patients. Only patients with CT indication, according to the
Ministry of the Health guideline, underwent chest CT, and those were
included in our study [16]. Fourth, all of the COVID-19 patients in our
tertiary medical center who underwent chest CT have not included in
the study due to the exclusion criteria (e.g., major motion artifacts on
chest CT). Fifth, the presence of sarcopenia was not evaluated by other
quantitative (e.g. grip strength, Dual-energy X-ray absorptiometry) and
qualitative tests (e.g. Chair stand test, 400-m walk test). However, it is
very difficult to apply these tests during a pandemic. Lastly, the study
population was treated within a single medical center, and all patients
were from a single geographic region. Therefore, factors associated with
adverse outcomes might differ in different populations and regions.

In conclusion, pneumonia severity score (PSS), pectoralis muscle
area (PMA), and pectoralis muscle index (PMI) are significantly associ-
ated with several adverse outcomes in adult COVID-19 patients. These
parameters can be easily assessed on chest CT images of COVID-19 pa-
tients, and we suggest that these parameters can be useful in routine
clinical practice since those have prognostic value and do not require
additional examination. Furthermore, symptoms onset to admission
time (days), late admission (> 5 days), age > 65 years, diabetes mellitus,
and high fever (> 37.3°C) at initial presentation are independent
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predictors for several adverse outcomes.
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