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Abstract: Aim: To identify the predictors of in-hospital mortality in patients with coronavirus disease
of 2019 (COVID-19) and acute renal impairment (ARI) or chronic kidney disease (CKD), and to eval-
uate the performance and inter-reader concordance of chest CT total severity scores (TSSs). Methods:
This retrospective single-center study was conducted on symptomatic COVID-19 patients with renal
impairment (either acute or chronic) and a serum creatinine of >2 mg/dL at the time of admission. The
patients” demographic characteristics, clinical data, and laboratory data were extracted from the clinical
computerized medical records. All chest CT images obtained at the time of hospital admission were
analyzed. Two radiologists independently assessed the pulmonary abnormalities and scored the severity
using CT chest total severity score (TSS). Univariate logistic regression analysis was used to determine
factors associated with in-hospital mortality. A receiver operating characteristic (ROC) curve analysis
was performed for the TSS in order to identify the cut-off point that predicts mortality. Bland—Altman
plots were used to evaluate agreement between the two radiologists assessing TSS. Results: A total
of 100 patients were included, with a mean age of 60 years, 54 were males, 53 had ARI, and 47 had
CKD. In terms of in-hospital mortality, 60 patients were classified in the non-survivor group and 40
were classified in the survivor group. The mortality rate was higher for those with ARI compared to
those with CKD (p = 0.033). The univariate regression analysis showed an increasing odds of in-hospital
mortality associated with higher respiratory rate (OR 1.149, 95% CI 1.057-1.248, p = 0.001), total bilirubin
(OR 2.532, 95% CI 1.099-5.836, p = 0.029), lactate dehydrogenase (LDH) (OR 1.001, 95% CI 1.000-1.003,
p = 0.018), CRP (OR 1.010, 95% CI 1.002-1.017, p = 0.012), invasive mechanical ventilation (MV) (OR
7.667,95% CI2.118-27.755, p = 0.002), a predominant pattern of pulmonary consolidation (OR 21.714,
95% CI4.799-98.261, p < 0.001), and high TSS (OR 2.082, 95% CI 1.579-2.745, p < 0.001). The optimum
cut-off value of TSS used to predict in-hospital mortality was 8.5 with a sensitivity of 86.7% and a speci-
ficity of 87.5%. There was excellent interobserver agreement (ICC > 0.9) between the two independent
radiologists in their quantitative assessment of pulmonary changes using TSS. Conclusions: In-hospital
mortality is high in COVID-19 patients with ARI/CKD, especially for those with ARIL. High serum
bilirubin, a predominant pattern of pulmonary consolidation, and TSS are the most significant predictors
of mortality in these patients. Patients with a higher TSS may require more intensive hospital care. TSS
is a reliable and helpful auxiliary tool for risk stratification among COVID-19 patients with ARI/CKD.
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1. Introduction

The novel coronavirus disease (COVID-19), caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), first appeared in Wuhan, China in December 2019
as an unknown entity before being identified on 7 January 2020 [1]. The COVID-19 outbreak
has dramatically impacted the activities of health care systems [2]. Clinical presentation is
diverse, ranging from asymptomatic to severe disease. Individuals may develop COVID-
19, which is an influenza-like illness that primarily affects the respiratory system. Major
symptoms include fever, cough, and dyspnea [3], while minor symptoms include altered
sense of smell and taste [4], gastrointestinal complaints [5], and skin manifestations [6].

Acute respiratory distress syndrome (ARDS) occurs in some patients and necessitates
intubation and mechanical ventilation (MV). Multi-organ dysfunction is common in these
patients and is associated with a significant risk of death [7]. The early detection of COVID-
19 in patients with a high risk of death can help to improve patient management and
enables the more effective use of resources throughout the healthcare system [8].

Age is the most important factor for mortality; older patients have a higher risk of
mortality, as evidenced by retrospective patient analyses [9] and subsequent public health
guidelines [10]. Patients with low oxygen saturation have a higher risk of death, which
supports results that link hypoxemia to mortality [11] and the documented incidence of
shortness of breath in patients with a severe risk of mortality [12]. Respiratory failure has
been identified as one of the leading causes of COVID-19 mortality [13]. Other chronic
diseases, such as arterial hypertension, ischemic heart disease, atrial fibrillation, and
cancer, are linked to a high mortality rate [14]. Furthermore, chronic kidney disease (CKD)
has recently been identified as a significant risk factor for COVID-19 mortality [15,16].
Additionally, COVID-19 has a high rate of renal involvement (4-37%) [17]. Acute kidney
injury was reported in 5-15% of COVID-19-infected patients.

The CT findings of COVID-19 infection are similar to those described in viral pneu-
monias [18], with multifocal ground-glass opacities and peripheral consolidation [19,20].
Although these findings lack the imaging specificity necessary to diagnose COVID-19, CT
could be employed to offer an objective assessment of the extent of the disease. A variety
of chest CT grading systems have been proposed to assess the severity of pulmonary
affection in COVID-19 infection. A recent study examined the diagnostic performance of
five different CT chest severity scoring systems and found that CT total severity score (TSS)
had the highest specificity and utilized the least amount of time when compared to other
scoring systems [21].

However, studies on COVID-19 infection and CT results in patients with renal im-
pairment are limited. To the best of our knowledge, no available published studies have
investigated the factors associated with mortality and whether TSS can predict in-hospital
mortality in patients with renal impairment.

Therefore, the aim of this study was to explore the clinical characteristics, laboratory
characteristics, and chest CT findings in non-surviving COVID-19 patients with ARI/CKD
and to evaluate the diagnostic performance and inter-reader concordance of TSS for pre-
dicting in-hospital mortality among these patients.

2. Materials and Methods
2.1. Patients

This is a retrospective single-center study conducted on symptomatic COVID-19
patients who were admitted to Mansoura University hospital between June 2020 and
May 2021. The inclusion criteria included the following: (a) renal impairment (either acute
or chronic) with serum creatinine >2 mg/dL at the time of admission, (b) aged over 18 years,
and (c) those who underwent chest CT at the time of hospital admission. Any patients with
other associated infections, lung malignancy, tuberculosis, or other chronic chest problems
were excluded from the start. The study was approved by the Institutional review board
of Mansoura University (Approval No: R.21.11.1530) and a waiver of consent to review
medical records was received.
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One hundred and fifty consecutive patients fulfilled the inclusion criteria and were
initially enrolled in this study. Of them, 109 patients were confirmed by a real-time reverse
transcription polymerase chain reaction (RT-PCR) throat swab [22]. Then, 9 patients were
excluded: 2 patients with negative findings at chest CT and 7 patients with incomplete
clinical or laboratory data. Finally,100 patients were included in the study. A flow chart
illustrating participant selection in the study is demonstrated in Figure 1.

Initially enrolled cases (n = 150)

Excluded cases (n = 50)
21 had negative RT-PCR.
20 had no available RT-PCR
2 had negative findings at chest CT

7 had missed clinical or laboratory data

Non-survivor group Survivor group
(n = 60) (n=40)

Figure 1. The study flowchart.

2.2. Clinical and Laboratory Data

The patients” demographic, clinical, and laboratory data were extracted from the
clinical computerized medical records obtained from Mansoura University hospital. The
demographic data included age and sex. The clinical data included the type of renal
impairment (either acute or chronic), associated comorbidities, presenting symptoms of
COVID -19 infection, and vital data at the time of hospital admission. The laboratory data
mainly included complete blood count (CBC), serum creatinine (Cr), liver function tests
(LFTs), lactate dehydrogenase (LDH), erythrocyte sedimentation rate (ESR), D dimer, C-
reactive protein (CRP), and arterial blood gases. All other data regarding the total duration
of hospital stay, need for intensive care unit (ICU) admission, oxygen supply, or invasive
MYV were also obtained.

2.3. Chest CT Acquisition

All patients underwent chest CT imaging without a contrast agent at time of admission
on a 16-detector CT scanner (Bright speed; GE healthcare). All of the patients were exam-
ined in a supine position, with images acquired during a single inspiratory breath-hold. The
scanning range was from the base of the neck to the level of the upper pole of the kidneys.
CT scan parameters were as follows: X-ray tube parameters, 120 KVp, 350mAs; rotation
time, 0.5 s; pitch, 1.0; section thickness, 5 mm; intersection space, 5 mm; and additional
reconstruction with a slice thickness of 1.5 mm. Scans were reviewed at a window width
and level of 1000 to 2000 HU and —700 to —500 HU, respectively, in order to assess the
lung parenchyma. Images were reconstructed in axial, coronal, and sagittal reformats.



Diagnostics 2022, 12, 1529

4 of 14

2.4. Qualitative CT Image Analysis

All chest CT images obtained at the time of hospital admission were analyzed by one
reviewer with more than 11 years of experience in thoracic imaging. The main findings from
the chest CT scans were described as follows: ground-glass opacities (GGOs), pulmonary
consolidation, and crazy paving pattern based on the standard glossary for thoracic imaging
reported by the Fleischner Society [23], and the predominant pattern and its laterality
were determined. The chest CT scans were also evaluated for the presence of pleural
effusion, pulmonary nodules, bronchial dilatation, mediastinal lymphadenopathy, and
pericardial effusion.

2.5. Quantitative CT Image Analysis

To evaluate the severity of pulmonary parenchymal involvement, the extent of the
abnormalities was quantified by the total severity score (TSS). TSS is mainly a quantitative
score used to assess inflammatory abnormalities in each of the five lobes of both lungs,
including the existence of GGOs, consolidation, or mixed GGO [24]. All CT images were
independently analyzed by two chest radiologists in consensus (GAS and AMM with 11
and 10 years of experience in chest CT scan interpretation, respectively). Both radiologists
were blinded to both clinical and laboratory data. The TSS was calculated for each of
the 5 lobes in all patients. According to the extent of pulmonary involvement, each lobe
could be scored from 0 to 4 points as the following: 0, no involvement; 1, from 1 to 25%
involvement; 2, from 26 to 50% involvement; 3, from 51 to 75% involvement; and 4, more
than 75% involvement. The sum of each individual lobar score resulted in the TSS, which
ranged from 0 to 20.

3. Statistical Analysis

Data were collected, revised, and analyzed using IBM SPSS Statistics version 21.0 for
Windows (IBM Corp., Armonk, NY, USA) on a personal computer. All quantitative values
were described using medians (minimum-maximum) or means =+ standard deviation (SD),
while qualitative variables were described using the numbers and percentages (%) of cases.
Patients were assigned to two groups according to in-hospital mortality (non-survivors
and survivors). The normal distribution of continuous variables was examined using
the Shapiro-Wilk test. Then, the significance of differences between the two groups was
determined using the independent samples ¢ test for normally distributed variables or the
Mann-Whitney test for non-parametric variables, as appropriate. For comparisons between
qualitative variables, Chi-squared or Fisher’s exact tests were utilized, as appropriate.

Univariate and multivariate logistic regression analyses were used to determine factors
associated with in-hospital mortality. Subsequently, a receiver operating characteristic
(ROC) curve analysis was performed for the TSS in order to identify the cut-off point above
which morality is likely, considering the readings of the first radiologist. Bland—Altman
plots were used to evaluate agreement between the two radiologists in their assessment of
the TSS.

4. Results
4.1. Demographic, Clinical and Laboratory Characteristics

A total of 100 patients hospitalized with PCR-confirmed COVID-19 and associated re-
nal impairment were included in this retrospective study. The mean age was 60 = 15 years,
and 54 patients were males, 53 had ARI, 47 had CKD, 23 patients were hypertensive, and
23 were diabetic. The typical presenting symptoms of COVID-19 infection were dyspnoea
(86), fever (75) and cough (65), and acute confusional state (6).

According to in-hospital mortality, 60 patients were classified in the non-survivor
group and 40 in the survivor group. The characteristics of non-surviving and surviving
patients are illustrated in Table 1. The non-survivor and survivor groups had no statistically
significant differences regarding age (p = 0.261) and gender (p = 0.060). Non-survivors
had a significantly higher association with ARI than CKD (61.7 vs. 40%, p = 0.033), liver
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cirrhosis (15% vs. 2.5%, p = 0.047), higher body temperature (38.56 vs. 38.01, p = 0.003), and

respiratory rate (<0.001).

Table 1. Demographic, clinical and laboratory characteristics of the study population (n = 100);

difference between survivor and non-survivor groups.

3:;:2: SD, n (%), Median Total Non-Survivor Group Survivor Group P
(Min-Max) (n =100) (n = 60) (n = 40)

Demographic data

Age (years) 60+15 62.38+£12.64 58.68+17.92 0.261
Gender

Male 54 37 (61.7) 17 (42.5) 0.060
Female 46 23 (38.3) 23 (57.5)

Type of renal impairment

Acute 53 37 (61.7) 16 (40) 0.033
Chronic 47 23 (38.3) 24 (60)

Associated comorbidities

Diabetes Miletus 16 10 (16.7) 6 (15) 0.824
Hypertension 23 13 (21.7) 10 (25) 0.698
Ischemic heart disease 6 2 (3.3) 4 (10) 0.214
liver cirrhosis 10 9 (15) 1(2.5) 0.047
Stroke 2 2(3.3) 0 0.515
Atrial fibrillation 2 2 (3.3) 0 0.515
Systemic lupus erythematosus 2 2(3.3) 0 0.515
Chronic anemia 16 9 (15) 7 (17.5) 0.738
Bronchial asthma 1 0 1(2.5) 0.400
Clinical presentation of COVID-19

infection

Fever 75 41 (68.3) 34 (85) 0.059
Dyspnea 86 51 (85) 35 (87.5) 0.724
Cough 65 39 (65) 26 (65) 1
Vomiting 1 0 1(2.5) 0.400
Acute confusional state 6 5(8.3) 1(2.5) 0.397
Vital data

Temperature (°C) 38.34 +0.93 38.56 £ 0.93 38.01 +0.83 0.003
Systolic blood pressure (mmHg) 128.83 £ 26.42 123.67 £+ 27.37 136.57 £ 23.15 0.016
Diastolic blood pressure (mmHg) 79.08 + 13.67 76.23 £+ 14.01 83.36 £+ 12.07 0.010
Respiratory rate (/min) 29 (14-50) 30 (14-50) 25.66 (15-34) 0.000
Laboratory findings

White blood cells (x 10° /L) 9.45 (2.10-34.60) 9.65 (2.10-34.60) 9.35 (4.20-24.26) 0.992
Neutrophils (x 10°/L) 8 (1.38-31) 8.76 (1.38-31) 7.05 (2.2-20) 0.595
Lymphocytes (x 10 /L) 0.99 (0.2-5) 0.91 (0.2-2.7) 1.2 (0.4-5) 0.067
Platelets (x 10°/L) 182 (26-617) 165 (26-617) 235 (45-491) 0.014
Creatinine (mg/dL) 5.19 (2-21.76) 5.09 (2-21.76) 6 (2-21.07) 0.964
eGFR (mL/min/1.73 m?) 10.2 (1.79-43.37) 10.81 (1.79-43.37) 8.79 (1.87-28.45) 0.744
ALT (U/L) 26.5 (9-1004) 35.5 (11-1004) 22 (9-447) 0.030
AST (U/L) 37 (11-1897) 49 (15-1897) 27 (11-512) 0.007
Bilirubin (mg/dL) 0.7 (0.17-6.17) 0.8 (0.32-6.17) 0.56 (0.17-3) 0.012
Albumin (g/dL) 3.14 (1.80-4.47) 3(1.842) 3.3(1.9-4.47) 0.010
LDH (U/L) 632 (101.01-2636) 744 (150-2300) 440 (101-2636) 0.001
ESR (mm/hr) 60.26 (2-138) 59.5 (2-138) 62.29 (18-125) 0.984
D dimer (ng/mL) 709.03 (102.59-2237.94)  849.11 (135.11-2237.94)  594.45 (102.59-2194.59) 0.082
CRP (mg/L) 96 (3-366) 96.43 (12-366) 54.15 (3-234) 0.003
Arterial blood gases

PH 7.31 £ 0.099 7.31 +£0.101 7.31 £ 0.09 0.76
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Table 1. Cont.
\h;[a;;bf SD, n (%), Median Total Non-Survivor Group Survivor Group P
. (n = 100) (n = 60) (n = 40)
(Min-Max)
PCO, (mmHg) 33.01 £ 11.84 33.06 + 11.97 3294 +11.84 0.864
HCO; (mEq/L) 19.4 (8.40-37.20) 19.9 (8.4-28.6) 18.95 (11.7-37.2) 0.861
Sodium (mEq/L) 133.95 £+ 12.61 131.23 £+ 10.30 135.77 £ 13.71 0.077
Potassium (mmol/L) 422 +1.09 421 +1.08 425+ 1.12 0.853
SO, (%) 91 (60-98) 88 (60-97) 94 (75-98) 0.001
Hospitalization 94 58 (96.7) 36 (90) 0.169
Total duration of hospital stay (days) 6 (1-19) 6.5 (1-17) 6 (2-19) 0.628
ICU admission 83 57 (95) 26 (65) 0.000
Need for dialysis 49 27 (45) 22 (55) 0.327
Need for Oy supply 90 57 (95) 33 (82.5) 0.005
Invasive mechanical ventilation 26 23 (38.3) 3(7.5) <0.001

ALT: alanine aminotransferase; AST: aspartate transaminase; CRP: C-reactive protein; eGFR: estimated glomerular
filtration rate; ESR: erythrocyte sedimentation rate; ICU: intensive care unit; LDH: lactate dehydrogenase.

By comparing the laboratory data between non-survivors and survivors at the time of
admission, we found that non-survivors had higher serum levels of ALT (p = 0.030), AST
(p = 0.007), bilirubin (p = 0.012), LDH (p = 0.001), and CRP (p = 0.003), and lower levels of
serum albumin (p = 0.010) and arterial oxygen saturation (p = 0.001).

Although there was no significant difference between the two groups regarding the
total duration of hospital stay, ICU admission was significantly higher in the non-survivor
group (95% vs. 65%, <0.001).

4.2. CT Chest Features

GGOs were present in all patients (100%). Pulmonary consolidation was observed
in 71 patients and was more prevalent in non-survivors (90% vs. 42.5%, p < 0.001). Crazy
paving pattern was found in 17 patients and all of them were in the non-survivor group.
Demonstrative non-severe (survivor) and severe (non-survivor) COVID-19 cases are pre-
sented in Figures 2 and 3. Other chest CT findings are illustrated in Table 2. The pre-
dominant pattern of abnormality upon hospital admission was GGO (64), followed by
pulmonary consolidation (34) and the crazy paving pattern (2).

(b) () (d)

Figure 2. Non-contrast chest CT axial (a,b), coronal (c), and sagittal (d) reconstructed images for a
38-year-old male with mild COVID-19 infection. CT images show small ground-glass opacities in
both lobes with left upper lobe consolidation. The TSS is 4.
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(a) (b) (c) (d)

Figure 3. Non-contrast chest CT axial (a,b), coronal (c), and sagittal (d) reconstructed images for
a 52-year-old female with severe COVID-19 infection. CT images show large patchy ground-glass
opacities and a predominant crazy paving pattern in multiple lung segments in both lobes. The TSS
is 18.

Table 2. Characteristics of HRCT chest, main patterns, and features in patients with COVID-19
infection, and differences between survivor and non-survivor groups.

Non-Survivor

Variable (nT:tla (: 0) Group Surv(l:(:‘ 4((');; oup P
n (%), Median (Min-Max) (n = 60) o

n n (%)

n (%)

CT chest findings
Ground-glass opacities 100 60 (100) 40 (100) -
Consolidation 71 54 (90) 17 (42.5) <0.001
Crazy paving pattern 17 17 (28.3) 0 <0.001
Pleural effusion 49 34 (56.7) 15 (37.5) 0.060
Pulmonary nodules 7 6 (10) 1(2.5) 0.238
Bronchial dilatation 1 1(1.7) 0 1
Medjiastinal lymphadenopathy 3 1(1.7) 2(5) 0.562
Pericardial effusion 4 2 (3.3) 2 (5) 1
Predominant pattern
Ground-glass opacities 64 26 (43.3) 38 (95)
Consolidation 34 32 (53.3) 2 (5) <0.001
Crazy paving pattern 2 2(3.3) 0
Laterality
Unilateral 2 0 2 (5) 0.158
Bilateral 98 60 (100) 38 (95) )
CT chest total severity score 10 (3-19) 12 (6-19) 6 (3-14) <0.001

4.3. Determinants of Mortality

The univariate logistic regression analysis showed that respiratory rate (OR 1.149;
[95% CI, 1.057-1.248], p = 0.001), bilirubin (OR 2.532; [95% CI,—1.099-5.836], p = 0.029), LDH
(OR 1.001; [95% CI, 1.000-1.003], p = 0.018), CRP (OR 1.010; [95% CI, 1.002-1.017], p = 0.012),
the need for invasive MV (OR 7.667; [95% ClI, 2.118-27.755], p = 0.002), the presence of
pulmonary consolidation (OR 0.082; [95% CI, 0.029-0.235], p < 0.001), and higher TSS (OR
2.082; [95% CI1.579-2.745], m) were the main risk factors for mortality among COVID-19
patients with ARI/CKD, as shown in Table 3.
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Table 3. Univariate logistic regression analysis of factors associated with mortality.

Variable OR 95% CI P
Demographic data
Age 1.017 (0.990-1.044) 0.227
Gender
Female Ref
Male 2.176 0.964-4.916 0.061
Clinical data
Systolic blood pressure 0.981 0.965-0.997 0.019
Respiratory rate 1.149 1.057-1.248 0.001
Laboratory finding
Bilirubin 2.532 1.099-5.836 0.029
LDH 1.001 1.000-1.003 0.018
CRP 1.010 1.002-1.017 0.012
ICU admission 0.033 0.004-0.261 0.001
Need for O, supply 0.083 0.010-0.702 0.022
Simple face mask 0.474 0.100-2.241 0.346
Reservoir mask 1.588 0.454-5.558 0.469
Noninvasive ventilation 7.800 0.957-63.55 0.055
Invasive mechanical ventilation 7.667 2.118-27.755 0.002
CT chest findings
Consolidation 0.082 0.029-0.235 <0.001
Pleural effusion 2.179 0.961-4.943 0.062
Pulmonary nodules 4.333 0.501-37.451 0.183
Mediastinal lymphadenopathy 0.322 0.028-3.676 0.362
Pericardial effusion 0.655 0.088—4.852 0.679
CT chest total severity score 2.082 1.579-2.745 <0.001

Among the variables studied, CRP, ICU admission, and TSS were significant predictors
of mortality when applying multivariate logistic regression, as illustrated in Table 4.

Table 4. Multivariate regression analysis to determine factors associated with mortality.

Independent Variable Exp(B) P
Constant 0.000 0.012
SBP 0.977 0.244
RR 1.085 0.327
Bilirubin 1.894 0.336
LDH 0.999 0.400
CRP 1.020 0.046
ICU 34.484 0.040
TSS 2.485 <0.001

4.4. TSS to Predict Mortality

The ROC curve analysis revealed that TSS was statistically significantly higher in
non-survivors (p < 0.001) (Figure 4). The area under the curve (AUC) for discriminating
between non-survivors and survivors was excellent: 0.945 (CI, 0.901-0.989). The optimum
cut-off value of TSS used to predict in-hospital mortality was 8.5, with a sensitivity of 86.7%
and a specificity of 87.5%.

4.5. Interobserver Agreement

Two-hundred observations were described in order to calculate the TSS. The inter-
class correlation (ICC) for TSS between the two observers was 0.956. The Bland—-Altman
plot (Figure 5) revealed excellent interobserver agreement between the two independent
observers in quantitative lung assessment using the TSS.
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Figure 4. ROC curve for chest CT severity score sensitivity and specificity to predict mortality.
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5. Discussion

To the best of our knowledge, this is the first study in Egypt that analyzes in-hospital
mortality among COVID-19 patients with ARI/CKD and evaluates the performance and
inter-reader concordance of TSS among these patients. In this single-center, observational,
retrospective study, we found that the in-hospital mortality among COVID-19 patients
with ARI/CKD was very high and was associated with ARI more than CKD. The most
predominant CT chest finding was GGO, which was present in almost all patients. The
TSS was significantly higher in non-survivors (p < 0.001). If the TSS is more than 8.5,
it may indicate mortality in these patients with 86.7% sensitivity and 87.5% specificity.
Additionally, there was excellent interobserver agreement between the two radiologists in
quantitative pulmonary assessment using the TSS.

In this study, we observed a high rate of in-hospital mortality among our cohort.
This is in agreement with the findings of another study in which Gasparini and coau-
thors [25] looked at the link between acute and chronic renal disease and clinical outcomes
in 372 patients with COVID-19 who were admitted to four regional intensive care units.
In-hospital mortality was higher in patients with ARI/CKD compared to individuals with
preserved renal function (50% vs. 21%; p = 0.001). Chu and co-authors [26] also found that
patients with COVID-19 and ARI had a considerably greater mortality rate than those with
COVID-19 but no renal impairment (91.7% vs. 8.8%; p < 0.001). In a population-based cohort
study from England that was conducted to assess the risk factors associated with mortality
among COVID-19 patients with type 1 and type 2 diabetes [27], impaired renal function
was also linked to an increase in COVID-19-related mortality among these patients.

Our data demonstrated a higher mortality rate among COVID-19 patients with ARI
in comparison to those with CKD (61.7% vs. 40%). This is in agreement with the findings
from a study conducted by Zahid [28], which showed that the in-hospital mortality of
COVID-19 patients with ARI was 71.1%; in-hospital mortality was linked to ARI that was
larger than or equal to stage 2. Therefore, clinicians should seek to detect and treat renal
injury in COVID-19 patients before the disease progresses to the point at which mortality
rises dramatically.

This study showed that patients with liver cirrhosis had a higher risk of mortality. In
a multicenter, concurrently enrolled study in North America [29], age/gender-matched
COVID-19 patients with cirrhosis had a greater mortality rate than those with COVID-19
alone. Additionally, the registry data in COVID-19 patients with cirrhosis showed an
association with poor prognosis, with a mortality rate approaching 40% [30,31]. The higher
mortality among these patients may be related to an altered gut-liver axis and inherent
immune dysfunction [29].

In the present study, blood levels of ALT, AST, bilirubin, LDH, and CRP on admission
were significantly higher among non-survivors. Moreover, patients with low arterial
oxygen saturation and patients who were admitted to the ICU were more likely to die. This
is in agreement with published data for all COVID-19 patients. Deranged liver chemistry
showed severe COVID-19 and predicted mortality in a metanalysis of 22 studies involving
3256 COVID-19 patients [32]. Furthermore, LDH elevation reflects tissue/cell destruction
and is seen as a common indicator of tissue/cell damage, suggesting viral infection or lung
injury such as that caused by SARS-CoV-2 pneumonia. LDH has been recognized as a key
biomarker for the activity and severity of idiopathic pulmonary fibrosis. LDH levels rise
significantly in individuals with severe pulmonary interstitial disease, and it is one of the
most important prognostic indicators of lung injury [33,34]. Hence, it is not surprising that
LDH was higher in the non-survivor group of our study.

Chest CT has a well-established role in the diagnosis and management of COVID-19
patients during their hospital stay [35]. COVID-19 has a wide range of pulmonary CT
characteristics [36]. In this study, all patients had GGOs. This finding is similar to the results
of multiple previous studies in which the majority of COVID-19 patients had GGO and
mixed GGO with consolidation [21,37,38]. However, pulmonary consolidation was found in
71 individuals, with non-survivors having a higher rate of pulmonary consolidation (90% vs.
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42.5%, p = 0.001). Our results revealed a statistically significantly higher prevalence of crazy
paving pattern in non-survivors compared to survivors, as this pattern was discovered
in 17 individuals, all of whom were non-survivors. This prevalence is in agreement with
previous literature [21,39,40]. However, there was no statistically significant difference
in GGO among survivors and non-survivors, which aligns with the results of a previous
study [41]. GGO is a marker of the early and active stage of disease, which can progress and
worsen patients” health. Furthermore, CT scans showing mixed GGO with consolidation,
when paired with the pathological abnormalities of COVID-19 such as hyaline membrane
development and increased inflammatory exudate of the alveolar space, are linked to
increased mortality in these patients [7]. The frequency of crazy-paving pattern in severe
cases may indicate a mixture of alveolar enema, bacterial superinfection, and interstitial
inflammatory changes [42].

To assess the degree of lung involvement, we utilized a semi-quantitative scoring
system previously employed by Li et al. [24]. Our results revealed that TSS was statistically
significantly higher among non-survivors compared to survivors. This agreed with the
findings of a recent study [21]. Therefore, early ICU admission may be beneficial for
patients with a higher TSS. This may help with patients” disposal in emergency rooms,
especially in situations where ICU resources are restricted.

In patients with COVID-19, qualitative and quantitative chest CT parameters are
predictors of mortality [43]. In our study, TSS revealed excellent diagnostic accuracy using
a cut-off value of 8.5 or above for the detection of in-hospital mortality in COVID-19 patients
with ARI/CKD, with 86.7% sensitivity and 87.5% specificity. Similar results were found in
a retrospective single study from China conducted on 78 COVID-19 patients investigating
the relationship between COVID-19 imaging findings and clinical categorization. The
researchers found that a TSS threshold of 7.5 showed a sensitivity of 82.6% and a specificity
of 100% for diagnosing severe—critical COVID-19 infection [24]. Another study revealed
concordant results, with 77.3% sensitivity and 90.5% specificity using a relatively higher
TSS cutoff value of 12 to differentiate severe critical cases from non-severe cases [21].The
combination of both qualitative and quantitative assessment could help to distinguish
severe critical cases from non-severe cases, and could aid in the rapid diagnosis of and care
for critical cases, thereby decreasing mortality and improving patient outcomes.

Additionally, interobserver agreement was determined using Bland—Altman plost
which yielded a statistically significant excellent agreement between the two observers
in assessing TSS (ICC = 0.956, p < 0.001). This was similar to a recent study which also
revealed excellent agreement for quantitative lung assessment using TSS and other CT
chest scoring systems [21].

There are some limitations to this study. First, it is a single-center retrospective study.
Secondly, there was no precise information about the exact duration of time between the
commencement of symptoms and CT acquisition. Lastly, no patients underwent a lung
biopsy to mimic the histopathological pulmonary changes. Future studies evaluating the
performance of artificial intelligence and deep-learning-based tools against a radiologist-
based severity scoring system are recommended.

In conclusion, in-hospital mortality is high in COVID-19 patients with ARI/CKD, es-
pecially those with ARL High bilirubin, a predominant pattern of pulmonary consolidation,
and TSS are the most significant predictors of mortality in these patients. Patients with
higher TSS may require more intensive hospital care. TSS is a reliable and helpful auxiliary
tool for risk stratification in COVID-19 patients with ARI/CKD.
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Abbreviations

ARDS acute respiratory distress syndrome

ARI acute renal impairment

CBC complete blood count

CKD chronic kidney disease

COVID-19 coronavirus disease of 2019

Cr creatinine

CRP C-reactive protein

CT computed tomography

ESR erythrocyte sedimentation rate

GGOs ground-glass opacities

ICU intensive care unit

LDH lactate dehydrogenase

LFTs liver function tests

MV mechanical ventilation

RT-PCR Reverse transcription polymerase chain reaction assay
ROC receiver operating characteristic

SARS-CoV-2  severe acute respiratory syndrome coronavirus 2
TSS total severity score

References

1. Sohrabi, C.; Alsafi, Z.; O’Neill, N.; Khan, M.; Kerwan, A.; Al-Jabir, A.; Iosifidis, C.; Agha, R. World Health Organization Declares
Global Emergency: A Review of the 2019 Novel Coronavirus (COVID-19). Int. J. Surg. 2020, 76, 71-76. [CrossRef] [PubMed]

2. Esposito, C.; Masieri, L.; Castagnetti, M.; Crocetto, F.; Escolino, M. Letter to the Editor: Robot-Assisted and Minimally Invasive
Pediatric Surgery and Urology During the COVID-19 Pandemic: A Short Literature Review. J. Laparoendosc. Adv. Surg Tech. A
2020, 30, 915-918. [CrossRef] [PubMed]

3. Huang, C; Wang, Y.; Li, X;; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X,; et al. Clinical Features of Patients Infected
with 2019 Novel Coronavirus in Wuhan, China. Lancet 2020, 395, 497-506. [CrossRef]

4. Vaira, L.A.; Hopkins, C.; Salzano, G.; Petrocelli, M.; Melis, A.; Cucurullo, M.; Ferrari, M.; Gagliardini, L.; Pipolo, C,;
Deiana, G.; et al. Olfactory and Gustatory Function Impairment in COVID-19 Patients: Italian Objective Multicenter-Study. Head
Neck 2020, 42, 1560-1569. [CrossRef]

5. Chen, R; Yu, Y.-L.; Li, W,; Liu, Y,; Ly, J.-X.; Chen, E; Zhou, Q.; Xia, Z.-Y.; Gao, L.; Meng, Q.-T,; et al. Gastrointestinal Symptoms
Associated with Unfavorable Prognosis of COVID-19 Patients: A Retrospective Study. Front. Med. 2020, 7, 608259. [CrossRef]

6. Guarneri, C.; Venanzi Rullo, E.; Gallizzi, R.; Ceccarelli, M.; Cannavo, S.P.; Nunnari, G. Diversity of Clinical Appearance of
Cutaneous Manifestations in the Course of COVID-19. . Eur. Acad. Dermatol. Venereol. 2020, 34, e449—e450. [CrossRef]

7. Xu, Z,; Shi, L.; Wang, Y.; Zhang, ].; Huang, L.; Zhang, C.; Liu, S.; Zhao, P; Liu, H.; Zhu, L.; et al. Pathological Findings of
COVID-19 Associated with Acute Respiratory Distress Syndrome. Lancet Respir. Med. 2020, 8, 420-422. [CrossRef]

8.  Bertsimas, D.; Lukin, G.; Mingardi, L.; Nohadani, O.; Orfanoudaki, A.; Stellato, B.; Wiberg, H.; Gonzalez-Garcia, S.; Parra-
Calderon, C.L.; Robinson, K.; et al. COVID-19 Mortality Risk Assessment: An International Multi-Center Study. PLoS ONE 2020,
15, €0243262. [CrossRef]

9.  Zhou, F; Yu, T; Du, R;; Fan, G,; Liu, Y,; Liu, Z; Xiang, ].; Wang, Y.; Song, B.; Gu, X,; et al. Clinical Course and Risk Factors for
Mortality of Adult Inpatients with COVID-19 in Wuhan, China: A Retrospective Cohort Study. Lancet 2020, 395, 1054-1062.
[CrossRef]

10. COVID-19 Recommendations for Older Adults. Available online: https:/ /www.cdc.gov/aging/covid19-guidance.html (accessed
on 17 May 2022).

11.  Ferrer, R. COVID-19 Pandemic: The Greatest Challenge in the History of Critical Care. Med. Intensiva 2020, 44, 323-324. [CrossRef]


http://doi.org/10.1016/j.ijsu.2020.02.034
http://www.ncbi.nlm.nih.gov/pubmed/32112977
http://doi.org/10.1089/lap.2020.0251
http://www.ncbi.nlm.nih.gov/pubmed/32498612
http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.1002/hed.26269
http://doi.org/10.3389/fmed.2020.608259
http://doi.org/10.1111/jdv.16669
http://doi.org/10.1016/S2213-2600(20)30076-X
http://doi.org/10.1371/journal.pone.0243262
http://doi.org/10.1016/S0140-6736(20)30566-3
https://www.cdc.gov/aging/covid19-guidance.html
http://doi.org/10.1016/j.medin.2020.04.002

Diagnostics 2022, 12, 1529 13 of 14

12.  Tacobucci, G. COVID-19: All Non-Urgent Elective Surgery Is Suspended for at Least Three Months in England. BM] 2020, 368,
m1106. [CrossRef]

13. Lai, A.G; Pasea, L.; Banerjee, A.; Hall, G.; Denaxas, S.; Chang, W.H.; Katsoulis, M.; Williams, B.; Pillay, D.; Noursadeghi, M.;
et al. Estimated Impact of the COVID-19 Pandemic on Cancer Services and Excess 1-Year Mortality in People with Cancer and
Multimorbidity: Near Real-Time Data on Cancer Care, Cancer Deaths and a Population-Based Cohort Study. BMJ Open 2020, 10,
e043828. [CrossRef]

14. DiLorenzo, G.; Buonerba, L.; Ingenito, C.; Crocetto, F.; Buonerba, C.; Libroia, A.; Sciarra, A.; Ragone, G.; Sanseverino, R.; laccarino,
S.; et al. Clinical Characteristics of Metastatic Prostate Cancer Patients Infected with COVID-19 in South Italy. Oncology 2020, 98,
743-747. [CrossRef]

15. CKD is a Key Risk Factor for COVID-19 Mortality. Nature Reviews Nephrology. Available online: https://www.nature.com/
articles /s41581-020-00349-4 (accessed on 17 May 2022).

16. Ajaimy, M.; Melamed, M.L. COVID-19 in Patients with Kidney Disease. CJASN 2020, 15, 1087-1089. [CrossRef]

17.  Naicker, S.; Yang, C.-W.; Hwang, S.-J.; Liu, B.-C.; Chen, ].-H.; Jha, V. The Novel Coronavirus 2019 Epidemic and Kidneys. Kidney
Int. 2020, 97, 824-828. [CrossRef]

18. Koo, H.J.; Lim, S.; Choe, |.; Choi, S.-H.; Sung, H.; Do, K.-H. Radiographic and CT Features of Viral Pneumonia. Radiographics 2018,
38, 719-739. [CrossRef]

19. Pan, Y;; Guan, H. Imaging Changes in Patients with 2019-NCov. Eur. Radiol. 2020, 30, 3612-3613. [CrossRef]

20. Lei, J; Li, J; Li, X,; Qi, X. CT Imaging of the 2019 Novel Coronavirus (2019-NCoV)—Pneumonia. Radiology 2020, 295, 18.
[CrossRef]

21. Elmokadem, A.H.; Mounir, A.M.; Ramadan, Z.A ; Elsedeiq, M.; Saleh, G.A. Comparison of Chest CT Severity Scoring Systems for
COVID-19. Eur. Radiol. 2022, 32, 3501-3512. [CrossRef]

22.  Corman, VM,; Landt, O.; Kaiser, M.; Molenkamp, R.; Meijer, A.; Chu, D.K,; Bleicker, T.; Briinink, S.; Schneider, ].; Schmidt, M.L.; et al.
Detection of 2019 Novel Coronavirus (2019-NCoV) by Real-Time RT-PCR. Eurosurveillance 2020, 25, 2000045. [CrossRef]

23. Hansell, D.M.; Bankier, A.A.; MacMahon, H.; McLoud, T.C.; Miiller, N.L.; Remy;, J. Fleischner Society: Glossary of Terms for
Thoracic Imaging. Radiology 2008, 246, 697-722. [CrossRef]

24. L1i,K;Fang, Y,; Li, W;; Pan, C.; Qin, P,; Zhong, Y.; Liu, X.; Huang, M.; Liao, Y.; Li, S. CT Image Visual Quantitative Evaluation and
Clinical Classification of Coronavirus Disease (COVID-19). Eur. Radiol. 2020, 30, 4407—4416. [CrossRef]

25. Gasparini, M.; Khan, S.; Patel, ].M.; Parekh, D.; Bangash, M.N.; Stumpfle, R.; Shah, A.; Baharlo, B.; Soni, S. Collaborators Renal
Impairment and Its Impact on Clinical Outcomes in Patients Who Are Critically Ill with COVID-19: A Multicentre Observational
Study. Anaesthesia 2021, 76, 320-326. [CrossRef]

26. Chu, K.H,; Tsang, WK; Tang, C.S.; Lam, M.F; Lai, EM.; To, K.E; Fung, K.S.; Tang, H.L.; Yan, WW.; Chan, HW.H.; et al. Acute
Renal Impairment in Coronavirus-Associated Severe Acute Respiratory Syndrome. Kidney Int. 2005, 67, 698-705. [CrossRef]

27. Holman, N.; Knighton, P; Kar, P.; O'Keefe, J.; Curley, M.; Weaver, A.; Barron, E.; Bakhai, C.; Khunti, K.; Wareham, N.J.; et al. Risk
Factors for COVID-19-Related Mortality in People with Type 1 and Type 2 Diabetes in England: A Population-Based Cohort
Study. Lancet Diabetes Endocrinol. 2020, 8, 823-833. [CrossRef]

28. Zahid, U.; Ramachandran, P.; Spitalewitz, S.; Alasadi, L.; Chakraborti, A.; Azhar, M.; Mikhalina, G.; Sherazi, A.; Narh, J.T.;
Khattar, P; et al. Acute Kidney Injury in COVID-19 Patients: An Inner City Hospital Experience and Policy Implications. Am. ].
Nephrol. 2020, 51, 786-796. [CrossRef]

29. Bajaj, ].S.; Garcia-Tsao, G.; Biggins, S.W.; Kamath, P.S.; Wong, F.; McGeorge, S.; Shaw, J.; Pearson, M.; Chew, M.; Fagan, A.; et al.
Comparison of Mortality Risk in Patients with Cirrhosis and COVID-19 Compared with Patients with Cirrhosis Alone and
COVID-19 Alone: Multicentre Matched Cohort. Gut 2021, 70, 531-536. [CrossRef]

30. Qi, X;; Liu, Y.; Wang, J.; Fallowfield, J.A.; Wang, J.; Li, X,; Shi, J.; Pan, H.; Zou, S.; Zhang, H.; et al. Clinical Course and Risk Factors
for Mortality of COVID-19 Patients with Pre-Existing Cirrhosis: A Multicentre Cohort Study. Gut 2021, 70, 433-436. [CrossRef]

31. Moon, AM.; Webb, GJ.; Aloman, C.; Armstrong, M.].; Cargill, T.; Dhanasekaran, R.; Genesca, J.; Gill, U.S.; James, TW.,;
Jones, PD.; et al. High Mortality Rates for SARS-CoV-2 Infection in Patients with Pre-Existing Chronic Liver Disease and Cirrhosis:
Preliminary Results from an International Registry. J. Hepatol. 2020, 73, 705-708. [CrossRef]

32. Boregowda, U.; Aloysius, M.M.; Perisetti, A.; Gajendran, M.; Bansal, P.; Goyal, H. Serum Activity of Liver Enzymes Is Associated
with Higher Mortality in COVID-19: A Systematic Review and Meta-Analysis. Front. Med. 2020, 7, 431. [CrossRef]

33. Kishaba, T.; Tamaki, H.; Shimaoka, Y.; Fukuyama, H.; Yamashiro, S. Staging of Acute Exacerbation in Patients with Idiopathic
Pulmonary Fibrosis. Lung 2014, 192, 141-149. [CrossRef] [PubMed]

34. Bartziokas, K.; Kostikas, K. Lactate Dehydrogenase, COVID-19 and Mortality. Med. Clin. 2021, 156, 37. [CrossRef] [PubMed]

35. Rubin, G.D.; Ryerson, C.J.; Haramati, L.B.; Sverzellati, N.; Kanne, J.P; Raoof, S.; Schluger, N.W.; Volpi, A.; Yim, J.-].;
Martin, I.B.K,; et al. The Role of Chest Imaging in Patient Management during the COVID-19 Pandemic: A Multinational
Consensus Statement from the Fleischner Society. Radiology 2020, 296, 172-180. [CrossRef] [PubMed]

36. Ding, X.; Xu, J.; Zhou, J.; Long, Q. Chest CT Findings of COVID-19 Pneumonia by Duration of Symptoms. Eur. |. Radiol. 2020,
127,109009. [CrossRef]

37. Salehi, S.; Abedi, A.; Balakrishnan, S.; Gholamrezanezhad, A. Coronavirus Disease 2019 (COVID-19): A Systematic Review of
Imaging Findings in 919 Patients. Am. J. Roentgenol. 2020, 215, 87-93. [CrossRef]


http://doi.org/10.1136/bmj.m1106
http://doi.org/10.1136/bmjopen-2020-043828
http://doi.org/10.1159/000509434
https://www.nature.com/articles/s41581-020-00349-4
https://www.nature.com/articles/s41581-020-00349-4
http://doi.org/10.2215/CJN.09730620
http://doi.org/10.1016/j.kint.2020.03.001
http://doi.org/10.1148/rg.2018170048
http://doi.org/10.1007/s00330-020-06713-z
http://doi.org/10.1148/radiol.2020200236
http://doi.org/10.1007/s00330-021-08432-5
http://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
http://doi.org/10.1148/radiol.2462070712
http://doi.org/10.1007/s00330-020-06817-6
http://doi.org/10.1111/anae.15293
http://doi.org/10.1111/j.1523-1755.2005.67130.x
http://doi.org/10.1016/S2213-8587(20)30271-0
http://doi.org/10.1159/000511160
http://doi.org/10.1136/gutjnl-2020-322118
http://doi.org/10.1136/gutjnl-2020-321666
http://doi.org/10.1016/j.jhep.2020.05.013
http://doi.org/10.3389/fmed.2020.00431
http://doi.org/10.1007/s00408-013-9530-0
http://www.ncbi.nlm.nih.gov/pubmed/24221341
http://doi.org/10.1016/j.medcli.2020.07.043
http://www.ncbi.nlm.nih.gov/pubmed/33168150
http://doi.org/10.1148/radiol.2020201365
http://www.ncbi.nlm.nih.gov/pubmed/32255413
http://doi.org/10.1016/j.ejrad.2020.109009
http://doi.org/10.2214/AJR.20.23034

Diagnostics 2022, 12, 1529 14 of 14

38.

39.

40.

41.

42.

43.

Pan, F; Ye, T,; Sun, P; Gui, S.; Liang, B.; Li, L.; Zheng, D.; Wang, J.; Hesketh, R.L.; Yang, L.; et al. Time Course of Lung Changes at
Chest CT during Recovery from Coronavirus Disease 2019 (COVID-19). Radiology 2020, 295, 715-721. [CrossRef]

Fang, Y.; Zhang, H.; Xie, J.; Lin, M.; Ying, L.; Pang, P.; Ji, W. Sensitivity of Chest CT for COVID-19: Comparison to RT-PCR.
Radiology 2020, 296, E115-E117. [CrossRef]

Bai, H.X.; Hsieh, B.; Xiong, Z.; Halsey, K.; Choi, ].W,; Tran, TM.L.; Pan, L; Shi, L.-B.; Wang, D.-C.; Mei, J.; et al. Performance
of Radiologists in Differentiating COVID-19 from Non-COVID-19 Viral Pneumonia at Chest CT. Radiology 2020, 296, E46-E54.
[CrossRef]

Li, K;; Wu, J.; Wu, F; Guo, D,; Chen, L.; Fang, Z.; Li, C. The Clinical and Chest CT Features Associated with Severe and Critical
COVID-19 Pneumonia. Invest. Radiol. 2020, 55, 327-331. [CrossRef]

Tian, S.; Xiong, Y.; Liu, H.; Niu, L.; Guo, J.; Liao, M.; Xiao, S.-Y. Pathological Study of the 2019 Novel Coronavirus Disease
(COVID-19) through Postmortem Core Biopsies. Mod. Pathol. 2020, 33, 1007-1014. [CrossRef]

Colombi, D.; Villani, G.D.; Maffi, G.; Risoli, C.; Bodini, E.C.; Petrini, M.; Morelli, N.; Anselmi, I>.; Milanese, G.; Silva, M.; et al.
Qualitative and Quantitative Chest CT Parameters as Predictors of Specific Mortality in COVID-19 Patients. Emerg. Radiol. 2020,
27,701-710. [CrossRef]


http://doi.org/10.1148/radiol.2020200370
http://doi.org/10.1148/radiol.2020200432
http://doi.org/10.1148/radiol.2020200823
http://doi.org/10.1097/RLI.0000000000000672
http://doi.org/10.1038/s41379-020-0536-x
http://doi.org/10.1007/s10140-020-01867-1

	Introduction 
	Materials and Methods 
	Patients 
	Clinical and Laboratory Data 
	Chest CT Acquisition 
	Qualitative CT Image Analysis 
	Quantitative CT Image Analysis 

	Statistical Analysis 
	Results 
	Demographic, Clinical and Laboratory Characteristics 
	CT Chest Features 
	Determinants of Mortality 
	TSS to Predict Mortality 
	Interobserver Agreement 

	Discussion 
	References

