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1 | INTRODUCTION

Coronavirus Disease 2019 (COVID-19)

Recep Demirci?

caused by a novel

| Ozge Timur®

Abstract

Various risk scores such as COVID-GRAM Ciritical lliness Risk Score (COVID-GRAM),
quick COVID-19 Severity Index (qCSl), and systemic immune-inflammation index (SIl)
have been developed to determine critical illness in hospitalized patients. None of
these risk scoring systems was evaluated in HD patients who indeed carry the
highest risk of developing critical illnesses. We aimed to evaluate, in hemodialysis
(HD) patients with COVID-19, the performance of these scoring systems for the
need of intensive care unit (ICU) and mortality. The qCSI, COVID-GRAM, and SlI
scores of the patients at admission to hospital were calculated and grouped
according to the scoring results. The primary outcome of the study was mortality and
need of ICU. Ciritical illness was described as a composition of admission to the ICU,
invasive ventilation, or death. It was determined that when the qCSl is over 6.5, the
need for ICU increased 13.8 times and mortality increased 21.3 times. When the
COVID-GRAM score is >157, the ICU need increased 14.7 times and the mortality
increased 33.7 times. We found that the need for ICU increased 4.2 times and
mortality increased 3.1 times when the SlI score was >1145. These tests, which can
be easily calculated, could be used to estimate the risk of developing critical illness
among COVID-19 HD patients. Estimating the risk of critical illness could help to

reduce mortality in HD patients.

HD patients is quite high.>~” Early detection of patients who are
likely to develop critical illness is of great importance to reduce
mortality. Various risk scores such as COVID-GRAM Critical lliness

coronavirus was declared as a pandemic by the World Health
Organization (WHO) on March 2020.} Elderly population and
patients with multiple comorbid diseases were more seriously
affected by COVID-19. Hemodialysis (HD) patients due to weaker
immune system, comorbid diseases, and older age are one of the
most susceptible populations to COVID-19. HD patients visit the
hospital or dialysis center routinely and stay in the same indoor
environment with other patients and staff for 3-4 h each session,
so it is difficult to prevent and control COVID-19. HD patients have
a less efficient immune system that can alter their response to
COVID-19. Therefore, it is not surprising that HD patients have

increased mortality.>* Studies have shown that mortality rate in

Risk Score (COVID - GRAM), quick COVID-19 Severity Index (qCSl),
and systemic immune-inflammation index (Sll) have been developed
to determine critical illness in hospitalized patients. The success of
these scores in predicting critical illness and mortality in hospitalized
patients was found to be high. Easy application at the bedside is
also the advantage of these scores.®~! None of these risk scoring
systems are evaluated in HD patients who indeed carry the highest
risk of developing critical illnesses.

In this study, we aimed to evaluate, in HD patients with
COVID-19, the performance of these scoring systems including
COVID-GRAM, ¢CSl, and SlI for the need of intensive care unit (ICU)
and mortality.
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2 | MATERIALS AND METHODS

This study comprised 117 maintenance HD patients, hospitalized in
Erzurum Regional Training and Research Hospital, the pandemic
hospital in our region, between 22 March to 31 December 2020, and
who were diagnosed COVID-19 based on positive real-time reverse
transcription-polymerase chain reaction (rRT-PCR) assay of a
specimen collected on a nasopharyngeal swab or chest computed
tomography (CT) compatible in terms of COVID-19. The study was
designed as a retrospective cohort study.

Demographic characteristics (age, gender), chronic diseases,
complaints during hospitalization, vital signs at the time of admission,
chest CT findings during hospitalization, discharge status, COVID-19
PCR test results, laboratory values such as white blood cell count
(WBC, 103/pl), neutrophil count (103/pl), lymphocyte count (103/pl),
neutrophil lymphocyte ratio (NLR), hemoglobin (g/dl), platelet count
(103/p.|), platelet lymphocyte ratio (PLR), mean platelet volume
(MPV, fl), pH, lactate (mmol/L), alanine aminotransferase (ALT) (U/L),
aspartate aminotransferase (AST, U/L), total bilirubin (mg/dl), lactate
dehydrogenase (LDH, U/L), creatinine kinase (CK, U/L), blood urea
nitrogen (BUN, mg/dl), creatinine (mg/dl), corrected calcium (mg/dl),
phosphorus (mg/dl), albumin (g/L), total protein (gr/L), uric acid
(mg/dl), international normalized ratio (INR), D-dimer (ng/ml), ferritin
(ng/ml), C-reactive protein (CRP, mg/L), and procalcitonin (PCT, ng/ml)
of the patients included in the study were recorded. Each record was
checked independently by two clinicians.

Treatments given to patients during hospitalization (such as high-
dose vitamin C, immune plasma, favipiravir, hydroxychloroquine,
tocilizumab, antibiotic, and steroid use), intensive care unit needs, high
flow oxygen needs, noninvasive mechanical ventilation needs, and
intubation needs were retrospectively analyzed and recorded through
the hospital's electronic recording system.

The NLR value was calculated by dividing the absolute neutrophil
count by the number of lymphocytes, the PLR value by dividing the
platelet count by the number of lymphocytes, and CRP/albumin value
by dividing the CRP value by the albumin value.

21 | Riskscoring systems

Risk scores were calculated using baseline clinical data collected
retrospectively from the patient cohort. The qCSl is a test predicting
the risk of 24-h critical respiratory disease in hospitalized COVID-19
patients. The qCSl is a 12-point scale that uses only three variables
available at the bedside: nasal cannula oxygen flow rate, respiratory
rate, and minimum documented pulse oximetry. Patients are
evaluated over 12 points and then assigned to four risk strata based
on the following scores: 0-3 low risk, 4-6 low-intermediate risk, 7-9
high-intermediate risk, and >10 high risk.1* COVID-GRAM is a scoring
system that predicts the risk of critical illness in hospitalized
COVID-19 patients and can be easily applied. Age, chest radiography
(CXR) abnormality, dyspnea, hemoptysis and confusion, number of

comorbid diseases, cancer history, NLR, LDH, and direct bilirubin

levels are used to calculate the risk score. Patients are divided into
three risk groups according to the score obtained, defined as low risk
(<1.7%), medium risk (1.7% to 40.4%), high risk (240.4%). Sl is
calculated by (N x P)/L (N, P, and L represent neutrophil counts,
platelet counts, and lymphocyte counts, respectively). The qCSl,
COVID-GRAM, and SlI scores of the patients at admission to hospital
were calculated and grouped as described above according to the
scoring results. The primary outcome of the study was mortality and
need of ICU. Critical illness was described as a composition of

admission to the ICU, invasive ventilation, or death.

2.2 | Statistical analysis

All of the statistical analysis were performed by SPSS software
(version 22.0, SPSS Inc., Chicago, IL, USA). The compliance of the
variables to normal distribution was examined by visual (histogram
and probability graphics) and analytical methods (Kolmogorov-
Smirnov/Shapiro-Wilk tests). Descriptive analyses were given as
means and standard deviations for normally distributed variables.
Independent group t test (Student's t test) was used to compare two
groups, and Mann-Whitney U test was used when the conditions
were not met. One-way analysis of variance and Tukey HSD test, one
of the multiple comparison tests, were used for comparison of three
or more groups. When the conditions were not met, the Kruskal-
Wallis test and the multiple comparison Bonferroni-Dunn test were
used. Chi-square and Fisher's exact test methods were used in the
analysis of categorical data. p value less than 0.05 was considered to
have statistical significance. Receiver operating system (ROC) curve
analysis was performed for diagnostic decision-making features. The
ratio closest to the sum value of maximum sensitivity and specificity
was regarded as the optimal cutoff value. Then, logistic regression

analysis of these cutoff values was performed.

3 | RESULTS

A total of 117 patients, 60 women (51.3%) and 57 men (48.7%), were
included in the study. The mean age of the patients was 61.2 + 13.3;
the mean dialysis duration was 56.1 £ 42.2 months. Hypertension
(HT) in 95.7%, coronary artery disease (CAD) in 76.9%, diabetes
mellitus (DM) in 52.9%, congestive heart failure (CHF) in 21.4%, and
chronic obstructive pulmonary disease in 19.7% of patients were pre-
sent. Cough (70%), myalgia (70%), shortness of breath (60.7%), and
fever (33.3%) were the most common symptoms; 101 patients
(86.3%) had chest CT abnormality; 109 patients received favipiravir,
97 patients low molecular weight heparin (LMWH), 75 patients corti-
costeroid, 22 patients hydroxychloroquine, nine patients immune
plasma, two patients tocilizumab, and 104 patients antibiotic treat-
ment for bacterial pneumonia or other bacterial infections, While
31 (26.5%) patients were admitted to ICU, 29 (24.7%) patients died.
High-flow (HF) oxygen therapy was applied to 16 patients, noninva-
sive mechanical ventilation (NIMV) to 12 patients, and 27 patients
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TABLE 1 Demographic and laboratory data of the patients
Values Mean + SD (%) Min-max
Age (year) 61.2 +13.3 31-92
Gender (F/M) 60/57 (51.3%)
Dialysis duration (month) 56.1+42.2 2-264
HT (+) 112/5 (95.7%)
DM () 62/55 (52.9%)
CAD () 90/27 (76.9%)
CHF () 25/92 (21.4%)
COPD (%) 23/94 (19.7%)
Shortness of breath (&) 71/46 (60.7%)
Fever (&) 39/78 (33.3%)
Cough (#) 82/35 (70%)
Myalgia (+) 82/35 (70%)
CT abnormalities (+) 101/14 (86.3%)
ICU need (&) 31/86 (26.5%)
Exitus (&) 29/88 (24.7%)
COVID-GRAM Score 148.6 + 39.2 10-281
COVID-GRAM Risk of CI 50.3 +27.8 2-99.8
Medium/high 52/65 (44.4%)
qCsl 49 +45 0-12
qCSl Risk of Cl 27.3+21.7 4-57
Low/low~-inter/inter-high/high 49/23/20/25 (%41.9/19.6/17.1/21.4)
pH 7.33+£0.1 7.05-7.54
Lactate (mmol/L) 254 +22 0.7-17
SO, (%) 89.5+6.7 65-98
WBC (10%/pl) 69+4 1.89-22.9
Neutrophil (10%/pl) 53+38 1.3-21.7
Lymphocyte (10%/pl) 0.93 +0.54 0.08-3.57
Hemoglobin (g/dl) 114 +23 6.3-17.2
Platelet (10%/pl) 181.1 £ 59.9 58-344
MPV (fl) 11+11 8.5-13.7
Sl 1381.9 + 1405.4 141-7102.1
NLR 757 0.86-41.63
CRP (mg/L) 91.3+87 2.7-350
LDH (U/L) 380.2 £ 289.6 127-2472
AST (U/L) 453 + 64.4 7-461
ALT (U/L) 29.9 + 348 7-252
Total bilirubin (mg/dI) 0.5+04 0.2-2.8
CK (U/L) 182.3 + 289.8 18-2064
Uric acid (mg/dl) 56+18 2.3-12
Albumin (g/L) 356+5.1 21-47
Total protein (g/L) 622+ 6.8 46-80
PCT (ng/ml) 6.8+18.1 0.24-98
Ferritin (ng/ml) 1358 +1182.9 158.8-8251.8
D-Dimer (ng/ml) 41+6.2 0.35-34.9
INR 1.28+0.8 0.9-6.7
CAR 57 +10 0.08-41

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CAD, coronary artery disease; CAR, CRP to albumin ratio; CHF, congestive heart failure; CK,
creatine kinase; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DM, diabetes mellitus; HT, hypertension; INR, international normalized
ratio; LDH, lactate dehydrogenase; MPV, mean platelet volume; NLR, neutrophil to lymphocyte ratio; PCT, procalcitonine; qCSI, quick COVID-19 Severity Index; SlI,
systemic immune-inflammation index; WBC, white blood cell.
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TABLE 2 Comparison of demographic and laboratory data of patients with and without ICU need

ICU (-) (n = 86) ICU (+) (n = 31) p

Age (year) 59.8+124 65+ 14.9 0.105
Gender (F/M) 45/41 15/16 0.707
Dialysis duration (month) 59.4 £ 45 47.1+£324 0.199
HT (+) 82/4 30/1 NA

DM (#) 34/52 21/10 0.007
CAD (+) 65/21 25/6 0.566
CHF () 16/70 9/22 0.225
COPD () 17/69 6/25 0.960
CD 22 68/18 30/1 0.022
CT abnormalities (%) 70/14 31/0 0.011
Shortness of breath (%) 41/45 30/1 <0.001
Fever (+) 30/56 9/22 0.553
Cough (#) 64/22 18/13 0.088
Myalgia () 58/28 24/7 0.298
Exitus (+) 4/82 25/6 <0.001
COVID-GRAM 1352 +32.1 185.8 + 32.8 <0.001
COVID-GRAM % 40.3 +23.7 78 +17.9 <0.001
qCsl 34+38 93+3.1 <0.001
qCsl % 20.1+19.6 47.2 324 <0.001
pH 7.34+£0.1 7.31+0.1 0.234
Lactate (mmol/L) 24+24 28+17 0.043
SO, (%) 914+ 49 84479 <0.001
WBC (10%/pl) 59+18 9.3%53 0.001
Neutrophil (10%/pl) 43+26 79+49 <0.001
Lymphocyte (10%/pl) 0.96 £ 0.5 0.84 £ 0.6 0.057
Hemoglobin (g/dl) 114+22 11.3+28 0.492
Platelet (10°/pl) 178.5 £ 58.3 187.7 £ 64.3 0.521
MPV (fl) 10.8 £ 1.1 1141 0.023
Sl 1077.9 £ 1196.1 2163.7 + 1612.6

NLR 59+56 11.6 £8.7 <0.001
CRP (mg/L) 66.4 +70.1 1554 +94.6 <0.001
BUN (mg/dl) 58.4 + 28.9 68.9 + 31 0.185
Creatinine (mg/dl) 7.6+5 6.6+23 0.470
Calcium (mg/dl) 8.8+0.8 8.6+09 0.201
Phosphorus (mg/dl) 49+18 6+25 0.051
LDH (U/L) 305.2 + 130.4 575.7 + 460.2 <0.001
AST (U/L) 36 + 60.2 70 +70.2 0.001
ALT (U/L) 25+19.9 43.1+57.2 0.378
Total bilirubin (mg/dl) 042 +0.3 0.72 +£0.6 0.032
CK (U/L) 116.4 + 129.9 359.7 + 463.1 0.004
Uric acid (mg/dl) 53+17 62+19 0.135
Albumin (g/L) 36.7+5.1 329 +4.1 <0.001
Total protein (g/L) 63.5+ 6.5 59 + 6.8 0.013
PCT (ng/ml) 1.58+1.3 13.9 + 26.5 0.028
Ferritin (ng/ml) 1060.1 + 600.2 2031.6 + 1785.4 0.001
D-Dimer (ng/ml) 25+25 8.18+9.8 0.002
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TABLE 2 (Continued)

ICU (-) (n = 86) ICU (+) (n = 31) p
INR 1.12+0.2 161+£12 0.001
CAR 526 £10.9 67+73 <0.001

Note: Statistically significant values are presented in bold.

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CAD, coronary artery disease; CAR, CRP to albumin ratio; CHF, congestive heart
failure; CK, creatine kinase; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DM, diabetes mellitus; HT, hypertension; INR,
international normalized ratio; LDH, lactate dehydrogenase; MPV, mean platelet volume; NLR, neutrophil to lymphocyte ratio; PCT, procalcitonine; qCSI,
quick COVID-19 Severity Index; SlI, systemic immune-inflammation index; WBC, white blood cell.

TABLE 3 Comparison of survivor and nonsurvivors

Survivor (n = 88) Nonsurvivor (n = 29) p

Age (year) 59.4 +12.1 66.8+15.3 0.017
Gender (F/M) 47/41 13/16 0.423
Dialysis duration (month) 57.1+449 53.1+33.1 0.912
HT (£) 84/4 28/1 NA

DM () 36/52 19/10 0.021
CAD (+) 65/23 25/4 0.171
CHF (%) 14/74 11/18 0.012
COPD () 18/70 5/24 0.706
CD 22 70/18 28/1 0.040
CT abnormalities (+) 73/13 28/1 0.084
ICU need () 6/82 25/4 <0.001
High flow () 2/86 14/15 <0.001
NIMV () 1/87 11/18 <0.001
MV () 3/85 24/5 <0.001
Shortness of Breath () 42/46 29/0 <0.001
Fever (+) 32/56 7/22 0.226
Cough (#) 64/24 18/11 0.277
Myalgia () 61/27 21/8 0.752
COVID-GRAM 134.7 £ 30.4 190.8 + 324 <0.001
COVID-GRAM % 40.1 + 22.9 81.1+16.1 <0.001
qCsl 3.33+£38 9.72+25 <0.001
qCsl % 20 +19.5 492 +9.8 <0.001
pH 7.34+0.1 7.30+0.1 0.182
Lactate (mmol/L) 2+0.1 37+32 <0.001
SO, (%) 91.7+48 832+75 <0.001
WBC (10°%/pl) 6.01+3.1 92+53 0.002
Neutrophil (10%/pl) 44+28 78+49 <0.001
Lymphocyte (10°/pl) 0.96 £0.5 0.82 +0.5 0.083
Hemoglobin (g/dl) 11.1+21 122 +28 0.142
Platelet (10°/pl) 181.9 £ 59.3 1785+ 62.6 0.661
MPV (fl) 108+ 1 11.7+1 0.001
NLR 6+56 11.7£9.1 <0.001
Sl 1129.9 £ 1200.2 2138 + 1706.6 0.001
PLR 2419 £ 194.6 276.1 + 170.5 0.208
CRP (mg/L) 742 +785 1445+ 922 0.001
BUN (mg/dl) 60.3 +29.2 64.5 + 31.6 0.728
Creatinine (mg/dl) 7.6+49 6.6+22 0.494

(Continues)
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TABLE 3 (Continued)

Calcium (mg/dl)
Phosphorus (mg/dl)
LDH (U/L)

AST (U/L)

ALT (U/L)

Total bilirubin (mg/dl)
CK (U/L)

Uric acid (mg/dl)
Albumin (g/L)

Total Protein (g/L)
PCT (ng/ml)
Ferritin (ng/ml)
D-Dimer (ng/ml)
INR

CAR

SEVINC ET AL

Survivor (n = 88) Nonsurvivor (n = 29) p

8.7+0.8 8.7+09 0.659
49 +1.7 62+27 0.069
301.4 + 117 628.5 +481.5 <0.001
28.6 +23.1 98.8 +111.4 <0.001
23.7+17.6 50.3 + 61.2 0.177
04+0.2 0.84 +0.7 0.001
125.1 + 144.8 382.6 £495.4 0.013
54+17 62+2 0.096
36.5+4.6 33.1+£58 0.004
632=x6.1 59.1+8 0.048
172 +15 17.2 + 29.5 0.012
1083.8 £ 637.7 2112.2 + 1864.9 0.002
282+27 8.39 £ 10.9 0.100
1.1+0.2 1.7+14 0.001
57+11 566 0.005

Note: Statistically significant values are presented in bold.
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CAD, coronary artery disease; CAR, CRP to albumin ratio; CHF, congestive heart
failure; CK, creatine kinase; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DM, diabetes mellitus; HT, hypertension; INR,

international normalized ratio; LDH, lactate dehydrogenase; MPV, mean platelet volume; NLR, neutrophil to lymphocyte ratio; PCT, procalcitonine; qCSI,
quick COVID-19 Severity Index; SlI, systemic immune-inflammation index; WBC, white blood cell.

TABLE 4 Comparison of medium and high risk patients according to COVID-GRAM risk scoring

COVID-GRAM
Age (year)
Gender (F/M)

Dialysis duration (month)

HT (+)

DM ()

CAD (%)
CHF (%)
COPD ()
CD 22

ICU need (%)
CT abnormalities (+)
Exitus (+)
High flow ()
NIMV ()
MV ()

Shortness of breath ()

Fever (%)
Cough (%)
Myalgia (+)
qCsl

qCsl %

Sl

pH

Medium risk (n = 52)

563 +11.6
28/24

64.3 £ 50
49/3
12/40
36/16
4/48

7/45
37/15
1/51
38/13
1/51

0/52

0/52

1/51
17/35
17/35
36/16
37/15

1.67 +2.67
11+£12.6
798.4 £ 686.1
7.35 +0.06

High risk (n = 65)
65.1+ 134
32/33
49.5+33.8
63/2
43/22
54/11
21/44
16/49
61/4
30/35
63/1
28/37
16/49
12/53
26/39
54/11
22/43
46/19
45/20
7.51+3.9
40.3 + 184
1787.4 £ £1624.5
7.31+0.1

p
<0.001
0.620
0.112
0.654
<0.001
0.077
0.001
0.131CD
0.001
<0.001
<0.001
<0.001
<0.001
0.001
<0.001
<0.001
0.895
0.857
0.821
<0.001
<0.001
<0.001
0.395
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TABLE 4 (Continued)

COVID-GRAM

Lactate (mmol/L)

Medium risk (n = 52)
1.7+0.7

SO, (%) 93.1+£35
WBC (103/pl) 53+25
Neutrophil (10%/pl) 3.6+2
Lymphocyte (10%/pl) 0.98 + 0.4
Hemoglobin (g/dl) 11.2+2.1
Platelet (10°/pl) 176.6 + 57.4
MPV (fl) 108 +1
NLR 446 +4
PLR 2245+ 2178
CRP (mg/L) 56.8 £ 54.7
BUN (mg/dI) 60 +29.3
Creatinine (mg/dl) 84+6
Calcium (mg/dl) 89+0.8
Phosphorus (mg/dl) 49 +16
LDH (U/L) 255+75
AST (U/L) 255+75
ALT (U/L) 224 +15
Total bilirubin (mg/dl) 0.36+0.2
CK (U/L) 89.3+75.2
Uric acid (mg/dl) 55+1.7
Albumin (g/L) 369 +4.2
Total protein (g/L) 62.8+57
PCT (ng/ml) 13711
Ferritin (ng/ml) 988.4 + 587
D-Dimer (ng/ml) 2+21

INR 1.1+0.2
CAR 44+98

Note: Statistically significant values are presented in bold.

High risk (n = 65) p

29+25 0.001
86.8+7.2 <0.001
7945 0.001
6.5+42 <0.001
0.87 £ 0.6 0.024
11.5+25 0.729
184.2 + 61.8 0.587
11.1+11 0.210
9.52+79 <0.001
269.5 + 162.7 0.052
1158 £ 97.2 0.003
62.2 £30.2 0.996
6.6 25 0.032
8.6+0.8 0.097
54+23 0.645
471.5 £ 3494 <0.001
60.2 + 81.7 0.009
35.8+£438 0.329
0.61 0.5 0.003
261.7 + 364.9 0.004
57+19 0.861
347 £5.5 0.056
61.8+7.6 0.864
10.2£225 0.022
1648.5 £ 1435.4 0.006
57+7.6 0.002
14 +£0.9 <0.001
6.5+10.1 0.010

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CAD, coronary artery disease; CAR, CRP to albumin ratio; CHF, congestive heart
failure; CK, creatine kinase; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DM, diabetes mellitus; HT, hypertension; INR,
international normalized ratio; LDH, lactate dehydrogenase; MPV, mean platelet volume; NLR, neutrophil to lymphocyte ratio; PCT, procalcitonine; qCSI,
quick COVID-19 Severity Index; SlI, systemic immune-inflammation index; WBC, white blood cell.

developed the need for invasive mechanical ventilation (MV); 14 of
16 patients who underwent HF, 11 of 12 patients who underwent
NIMV, and 24 of 27 patients who were intubated, died (p < 0.001).
The demographic and laboratory data of the patients are presented in
Table 1.

The need for ICU was found to be significantly higher in patients
with DM (p = 0.007); there was no difference in terms of other
comorbid diseases. The need for ICU was also higher in patients with
complaints of shortness of breath at admission (p < 0.001) and
patients with abnormal chest CT (p = 0.011). COVID-GRAM, qCSl|,
and Sl values were found to be significantly higher in patients who
needed ICU. The comparison of patients who need and do not need

to be transferred to the ICU is given in Table 2.

The mortality rate in our patient cohort was 24.7%. Nonsurvival
patients were older (p = 0.017). DM and CHF were the most common
comorbid conditions in nonsurvival patients (p = 0.021, p = 0.012).
The complaint of all 29 nonsurvival patients at the time of admission
was shortness of breath. COVID-GRAM, qCSl, and SlI values were
found to be significantly higher in nonsurvival patients. Comparison of
the patients is given in Table 3.

The rate of DM and CHF was found to be significantly higher
in COVID-GRAM high-risk group patients. The need for ICU and
chest CT abnormality were higher in patients in the high-risk group.
In addition, the need for HF, NIMV, and MV was significantly
higher in these patients. Patients in the high-risk group have signifi-
cantly higher lactate, WBC, neutrophil, NLR, PLR, CRP, LDH, AST,
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TABLE 5 Comparison of patients by qCSI
Low (n = 49) Low-intermediate (n = 23) Intermediate-high (n = 20) High (n = 25) p
Age (year) 60 +12.9 58.7+12 66.7 £ 13.6 654 +13.1 0.036
Gender (F/M) 55.7 + 36.2 64.1 + 64.7 49.6 +32.8 54.7 + 34.7 0.943
Dialysis duration (month) 29/20 9/14 9/11 13/12 0.407
HT (+) 48/1 19/4 20/0 25/0 0.006
DM (#) 19/30 10/13 10/10 16/9 0.220
CAD () 32/17 2073 16/4 22/3 0.076
CHF (%) 7/42 4/19 5/15 9/16 0.170
COPD (%) 10/39 2/21 6/14 5/20 0.373
CD 22 38/11 17/6 19/1 24/1 0.054
CT abnormalities () 38/10 20/3 18/1 25/0 0.130
Exitus (+) 0/49 4/19 9/11 16/9 <0.001
ICU need () 1/48 5/18 9/11 16/9 <0.001
High flow (%) 0/49 3/20 6/14 7/18 0.001
NIMV (&) 0/49 4/19 5/15 3/22 0.009
MV () 0/49 3/20 7/13 17/8 <0.001
Shortness of breath () 17/32 12/11 17/3 25/0 <0.001
Fever () 16/33 9/14 5/15 9/16 0.786
Cough (%) 35/14 18/5 13/7 16/9 0.691
Myalgia (+) 34/15 20/3 10/10 18/7 0.071
COVID-GRAM 123.2 + 20.2 148.6 + 50 181.1 +35.1 172.4 + 23.6 <0.001
COVID-GRAM % 29.7+17.1 50.1 +28.7 74.6 £ 20.7 713+ 15.6 <0.001
Sl 866.4 £ 763.4 1639.9 £ 1757.6 1804.1 + 1344.7 1749.3 +1731.1 0.008
pH 7.34+£0.1 7.35+0.1 7.34 £ 0.07 7.29 £0.1 0.194
Lactate (mmol/L) 1.83+0.7 254+14 24 +09 3.46 £ 3.6 0.144
SO, (%) 942+21 91.2+18 88.9+44 797 £6.1 <0.001
WBC (10°%/pl) 56+28 6.8 +3.3 9.1+43 7.6 +53 0.017
Neutrophil (10%/pl) 38+24 55+33 7.2+35 64+52 0.001
Lymphocyte (10%/l) 1.03 £ 0.6 0.76 +0.3 1.02 £ 0.7 0.82+04 0.219
Hemoglobin (g/dl) 11.2+1.9 11.5+29 11.8+19 11.3+238 0.727
Platelet (10%/pl) 179.3 £ 54.1 172.6 + 63.6 198.8 +70.9 179.5 £ 59.3 0.730
MPV (fl) 1091 11+£13 11311 11.1+11 0.709
NLR 49 +4.6 8.7+7 87+56 9.9+99 0.001
PLR 235.3 £220.6 263.9 £174.4 2523 £ 146.5 263.3 £165.6 0.780
CRP (mg/L) 67.9 £ 67.3 733+£91.2 152.3 + 106.1 114.9 + 88.3 0.018
BUN (mg/dI) 54 +27.6 717 £29.4 68.1 £ 35.9 62.3+29.1 0.149
Creatinine (mg/dl) 6.8 +27 9.5+83 8.1+37 62+16 0.137
Calcium (mg/dl) 8.8+09 8.8+0.9 8.7+0.7 84+08 0.215
Phosphorus (mg/dl) 51+2 51+13 52+27 53+24 0.894
LDH (U/L) 2711+ 942 362.4 +£175.6 671.7 + 678.3 437.6 £ 173.4 <0.001
AST (U/L) 26.6 +13.3 31.9 £20.8 68.7 £ 84.1 77 £ 106.2 0.135
ALT (U/L) 23.3+16.2 254 +193 533 +76.4 34.1 £ 36.2 0.888
Total bilirubin (mg/dl) 0.38 £0.2 0.64 £ 0.6 0.63 £ 0.6 054 +04 0.066
CK (U/L) 104.3 + 100.5 122.9 +176.6 413.6 + 657.7 278.1 £274.4 0.027
Uric acid (mg/dl) 49 +15 6+16 6.6+1.6 58+22 0.041
Albumin (g/L) 36.9 £4.8 36.1+£4.9 34.6 £5.9 33.6 £4.9 0.029
Total protein (g/L) 63.7 £59 62.1+69 59.9 +8.2 611+74 0.457
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TABLE 5 (Continued)
Low (n = 49) Low-intermediate (n = 23) Intermediate-high (n = 20) High (n = 25) p
PCT (ng/ml) 1.59+1.8 1.84+1.1 17.6 + 35.8 11.3+21.7 0.058
Ferritin (ng/ml) 11255 + 697.5 950.7 + 676.6 1480.4 + 464.6 2003.9 + 1947.7 0.035
D-Dimer (ng/ml) 203 +16 52+56 7.5+109 51+76 0.112
INR 1.06 £ 0.01 1.29 £ 0.5 1.54+0.7 144 +1.3 0.008
CAR 4+93 7.8 +13.6 72+92 57279 0.039

Note: Statistically significant values are presented in bold.

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CAD, coronary artery disease; CAR, CRP to albumin ratio; CHF, congestive heart
failure; CK, creatine kinase; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DM, diabetes mellitus; HT, hypertension; INR,
international normalized ratio; LDH, lactate dehydrogenase; MPV, mean platelet volume; NLR, neutrophil to lymphocyte ratio; PCT, procalcitonine; qCSI,
quick COVID-19 Severity Index; Sll, systemic immune-inflammation index; WBC, white blood cell.

TABLE 6 ROC analysis results for 95% Cl

the value of scoring systems in predicting

ICU need Need for ICU AUC Lower Upper Cutoff Sensitivity-specificity p
CG score 0.885 0.824-0.946 157 81%-77% <0.001
CG risk of CI 0.883 0.821-0.945 60 81%-77% <0.001
qCSl score 0.859 0.780-0.938 6.5 82%-78% <0.001
qCSl risk of CI 0.839 0.757-0.920 37 82%-78% <0.001
Sl 0.752 0.644-0.861 1145 68%-67% <0.001

Abbreviations: CG, COVID-GRAM,; Cl, critical illness; CSI, quick COVID-19 Severity Index; SlI, systemic
immune-inflammation index.
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FIGURE 1 Receiver operating system (ROC) curves of risk scores for intensive care unit (ICU) need and mortality [Color figure can be viewed
at wileyonlinelibrary.com]

and

total bilirubin, D-Dimer, INR,
CRP/albumin values, and lower SO, levels. The qCSI and SlI values

CK, procalcitonin, ferritin,
of high-risk patients were found to be significantly higher
(p < 0.001). Comparison of medium- and high-risk patients are given
in Table 4.

The patients were divided into four groups according to the qCSlI

score: low, low-intermediate, intermediate-high, and high. The

patients in intermediate-high and high were older. While 25 of
the 45 patients in these two groups died, only four of the 72 patients
in the other groups died (p < 0.001). As the risk increased, significantly
higher WBC, neutrophil, NLR, CRP, LDH, CK, ferritin, INR, and
CRP/albumin levels were detected in the patients. COVID-GRAM
and Sl risk scores were significantly higher. Comparative data of

these four groups are given in Table 5.
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95% Cl TABLE 7 ROC analysis results for
the value of scoring systems in predicting
Mortality AUC Lower Upper Cutoff Sensitivity-specificity p mortality
CG score 0.927 0.879-0.976 157 92%-80% <0.001
CG risk of Cl 0.924 0.874-0.974 60 92%-79% <0.001
qCSl score 0.899 0.838-0.961 6.5 81%-77% <0.001
qCSl risk of ClI 0.869 0.801-0.938 37 81%-77% <0.001
Sl 0.714 0.596-0.832 1145 64%-64% <0.001
Abbreviations: CG, COVID-GRAM; Cl, critical illness; CSI, quick COVID-19 Severity Index; SlI, systemic
immune-inflammation index.
95% Cl TABLE 8 Logistic regression analysis
for cutoff values and ICU need
Need for ICU r? pi Lower Upper O.R. Wald p
CG score 2157 0.250 2.687 5.265 41.007 14.693 26.336 <0.001
CG risk of Cl 260 0.240 2.621 4.949 38.202 13.750 25.274 <0.001
qCSl score 26.5 0.240 2.621 4.949 38.202 13.750 25.274 <0.001
qCSl risk of Cl 237 0.240 2.621 4.949 38.202 13.750 25.274 <0.001
Sl 21145 0.094 1.440 1.662 10.725 4.222 9.170 0.002

Abbreviations: CG, COVID-GRAM; Cl, critical illness; CSI, quick COVID-19 Severity Index; SlI, systemic

immune-inflammation index.

95% Cl
Mortality r? Bi Lower  Upper O.R.
CG score 2157 0.328 3.518 9.162 123.979
CG risk of Cl 260 0.318 3.449 8.590 115.313
qCSl score 2 6.5 0.279 3.056 6.613 68.283
qCSl risk of Cl 237 0.279 3.056 6.613 68.283
Sl 21145 0.058 1.151 1.231 8.115

33.704
31.474
21.250
21.250

3.116

TABLE 9 Logistic regression analysis
for cutoff values and mortality

Wald p
28.018 <0.001
27.104 <0.001
26.335 <0.001
26.335 <0.001
5.720 0.017

Abbreviations: CG, COVID-GRAM,; Cl, critical illness; CSl, quick COVID-19 Severity Index; SlI, systemic

immune-inflammation index.

ROC analysis was performed for the diagnostic decision-making
features of qCSI, COVID-GRAM, and SlI in predicting ICU need. Area
under the curve (AUC) was 0.859 (95% Cl, 0.780-0.938) for the qCSlI
score, 0.885 (95% Cl, 0.824-0.946) for the COVID-GRAM score, and
0.752 (95% Cl, 0.644-0.861) for the Sll score (p < 0.001). The cutoff
value was 6.5 for the qCSI score, 157 for the COVID-GRAM score,
and 1145 for the Sl score. The values and results of the ROC analysis
made for the ICU need are given in Table 6 and Figure 1.

ROC analysis was performed for the diagnostic decision-making
features of qCSI, COVID-GRAM, and SlI in predicting mortality. AUC
was 0.899 (95% Cl, 0.838-0.961) for the qCSl score, 0.927 (95% Cl,
0.879-0.976) for the COVID-GRAM score, and 0.714 (95%
Cl, 0.596-0.832) for the Sl score (p < 0.001). The cutoff value for ICU
need was 6.5 for the qCSI score, 157 for the COVID-GRAM score,
and 1145 for the Sll score. The cutoff value for mortality was 6.5 for
the qCSl score, 157 for the COVID-GRAM score, and 1145 for the Sl
score. ROC analysis curves and results for mortality are given in

Table 7 and Figure 1. Logistic regression analysis was performed with
these cutoff values for both ICU need and mortality. It was deter-
mined that when the qCSl is over 6.5, the need for ICU increased
13.8 times and mortality When the
COVID-GRAM score is >157, the ICU need increased 14.7 times and
the mortality increased 33.7 times. We found that the need for ICU
increased 4.2 times and mortality increased 3.1 times when the SlI
score was >1145 (Tables 8 and 9).

increased 21.3 times.

4 | DISCUSSION

Despite all global efforts, the COVID-19 outbreak has not yet been
fully controlled, and single-day confirmed cases are on the rise.
Although vaccines developed against the disease, which does not
have an effective treatment, have started to be applied, it is still too

early to comment on its effectiveness. Mortality is very high in
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severe diseases.’? In order to reduce mortality and control the dis-
ease, it is important to recognize the serious disease at an early
stage and to identify patients who may develop a serious disease. It
is possible to distinguish patients who may develop serious diseases,
allowing mortality to be prevented by using laboratory data at the
time of hospitalization. HD patients have a high risk of COVID
19 infection due to both the CKD itself and its existing
comorbidities. '3

In this study involving 117 patients, the most common symptoms
at the time of admission to hospital were cough, myalgia fever, and
shortness of breath. Fever is the most common symptom in studies
conducted with the general population.'>1¢ In HD patients, fever was
not a common symptom due to the decreased inflammatory response.
In our study, in accordance with the literature, fever was less
observed compared with the other symptoms.t”

In this study, conducted with 117 HD patients diagnosed with
COVID-19, 26.5% of them were transferred to the ICU. The mortality
rate of our study cohort was 24.7%. Nonsurvivors were significantly
elder than survivors. Elderly patients with CKD have higher mortality
than younger patients. This is because elderly patients have more
comorbid diseases, delayed diagnosis due to mild symptoms due to
decreased immune response, and atypical imaging findings.*®*” HT,
CAD, and DM were the most common comorbid diseases, compatible
with the literature, 2021

Severe hypoxia and respiratory distress are characteristic of
COVID-19, which may end with septic shock and end-stage organ
failure.22-2* Acute hypoxia is the main determinant of disease severity
and progression. Therefore, the evaluation of respiratory functions is
very important in terms of risk scoring. COVID-GRAM, qCSl, and SIIT
scores were found to be significantly higher in patients who were in
need of ICU and who died.

COVID-GRAM, developed by Liang et al., was created to predict
development of severe disease in hospitalized COVID-19 patients.®
Previous studies have shown that variables such as age, number of
comorbid diseases, and cancer disease in this test increase the mortal-
ity in COVID-19.2%2¢ |n the study of Liang et al., the performance of
this risk score was satisfactory with accuracy based on AUCs in both
the development and validation cohorts of 0.88. In our study, the
AUC for ICU need was 0.883 (95% Cl 0.821-0.945) and AUC 0.924
(95% CI 0.874-0.974) for mortality. This test, which can be easily cal-
culated by the clinician with the web-based calculator developed for
the general population, can be used to predict the risk of developing a
critical illness in hospitalized HD patients.

Severe respiratory failure may develop in COVID-19 patients
within 24 h after hospitalization. The qCSl is a test calculated with
data easily accessible at the bedside. The probability of developing
severe respiratory failure in patients scoring 3 or less is around 4%. As
the index score increases, the risk of developing respiratory failure
rises.!* The qCSl is an easy-to-apply tool for planning intensive
care and hospital admissions. AUC of qCSI was 0.899 (95% ClI
0.780-0.938) for intensive care need and 0.899 (95% ClI
0.838-0.961) for mortality in our study cohort. Rodriguez-Nava et al.
had found AUC of qCSI was 0.781 for mortality and 0.761 for ICU

needs in 313 COVID-19 patients.?” In the study of Haimovich et al.,
AUC of qCSl for critical respiratory disease (defined as oxygenation
flow rate> 10 L/min, high-flow oxygenation, noninvasive ventilation,
invasive ventilation, or death) was 0.81.1* AUCs of qCSI were higher
in our HD patient population. In light of these data, we think that this
test, which can be easily applied at the bedside, can predict serious
disease development in HD patients.

Hematological parameters such as lymphopenia, increased neu-
trophil count, and leukocytosis increased NLR, and thrombocytopenia
are the most common findings observed and are positively correlated
with disease severity.?730 In our study, NLR and neutrophil counts
were found to be significantly higher in patients with high risk for crit-
ical illness according to qCSI compared to other groups (p < 0.001).
Parameters previously determined and correlated with disease sever-
ity are also compatible with this risk score.

Sll including neutrophil, platelet, and lymphocyte counts, which
shows the balance between the immune system of the host and
the inflammatory state, is a prognostic marker in patients with
sepsis.®! It is also used as a poor prognosis indicator for small cell
lung, hepatocellular, colorectal, and gastric cancers.>?%> In the
study of Usul et al., in which they examined 282 patients, Sl was
found to be higher in COVID-19 patients compared to healthy
controls, and it was suggested that it plays a diagnostic role for
SARS-CoV-2 infection.?¢ In the study of Fois et al., AUC of SlI for
mortality was found 0.628 for mortality.’° In our study, AUC of SlI
was 0.752 for ICU need and 0.714 for mortality. Therefore, Sll can
be used to predict mortality and ICU need for hospitalized
COVID-19 HD patients.

We found the qCSI was over 6.5, the need for ICU increased 13.8
times, and mortality increased 21.3 times. When the COVID-GRAM
score is >157, the ICU need increased 14.7 times and the mortality
increased 33.7 times. We found that the need for ICU increased
4.2 times and mortality increased 3.1 times when the Sl score was
>1145.

Although vaccines developed against SARS-CoV-2 are met with
great hope all over the world, time is needed for the vaccination
of all individuals and the development of social immunity, and the
virus continues to spread in this period. Therefore, it is important
to identify patients who may develop critical illness at the time of
diagnosis to reduce mortality. Patients in the high-risk group for
COVID-19, such as HD patients, should be evaluated in terms of
ICU need and mortality at admission to hospital with easily accessi-
ble tests.

In our study, it has been shown that COVID-GRAM, qCSl, and S|
can also be used in HD patients. Although it has been shown in the
literature that these tests can be used separately in the general
population to identify patients who may develop critical diseases,
there are no studies conducted in HD patients. Risk scoring tests have
advantages and disadvantages compared to each other. While
COVID-GRAM also evaluates comorbid diseases, qCSI can be calcu-
lated with less information. Our study is the first study in the litera-
ture that examined three tests together and conducted in a special
population such as HD patients.
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As for any retrospective study, some limitations are worth consid-
ering. Our sample size is limited and therefore the global accuracy of
our ROC curve estimation could be reduced, still keeping a good reli-
ability in ROC curve comparison. The data are entirely from a single
center in Turkey, which could potentially limit the generalizability of
the risk scores in other areas of the world.

As a result, we think that these tests, which can be easily calcu-
lated from simple laboratory parameters measured on admission to
the hospital, at the bedside, could be used to estimate the risk of
developing critical illnesses among COVID-19 HD patients. Risk
scores can help identify patients who are and are not likely to
develop critical illness, thus supporting appropriate treatment and
optimizing the use of medical sources. Identifying critically ill patients
during their hospitalization can enable the rapid implementation of
effective treatments. The Ministry of Health in our country recom-
mends LMWH, high-dose glucocorticoid, tocilizumab, and anakinra
treatments in the early period for critically ill patients. Estimating the
risk of critical illnesses could help to reduce the mortality in HD
patients.

ORCID
Can Sevinc ' https://orcid.org/0000-0002-4069-9181
https://orcid.org/0000-0001-5609-9634

https://orcid.org/0000-0002-7296-5536

Recep Demirci

Ozge Timur

REFERENCES

1. World Health Organization. WHO Coronavirus Disease (COVID-19)
Dashboard. World Health Organization; 2020.

2. Ozturk S, Turgutalp K, Arici M, et al. Mortality analysis of COVID-19
infection in chronic kidney disease, haemodialysis and renal transplant
patients compared with patients without kidney disease: a nationwide
analysis from Turkey. Nephrol Dial Transplant. 2020;35(12):
2083-2095.

3. Park HC, Lee YK, Lee SH, et al. Middle east respiratory syndrome clin-
ical practice guideline for hemodialysis facilities. Kidney Res Clin Pract.
2017;36(2):111-116.

4. Collins AJ, Kliger AS. Urgent: stop preventable infections now. Clin J
Am Soc Nephrol. 2018;13(4):663-665.

5. Xiong F, Tang H, Liu L, et al. Clinical characteristics of and medical
interventions for COVID-19 in hemodialysis patients in Wuhan. China
J Am Soc Nephrol. 2020;31(7):1387-1397.

6. Scarpioni R, Manini A, Valsania T, et al. Covid-19 and its impact on
nephropathic patients: the experience at Ospedale “Guglielmo da
Saliceto” in Piacenza. G Ital Nefrol. 2020;37(2):1-5.

7. Goicoechea M, Sanchez Camara LA, Macias N, et al. COVID-19:
clinical course and outcomes of 36 hemodialysis patients in Spain.
Kidney Int. 2020;98(1):27-34.

8. Liang W, Liang H, Ou L, et al. Development and validation of a clinical
risk score to predict the occurrence of critical illness in hospitalized
patients with COVID-19. JAMA Intern Med. 2020;180(8):1081-1089.

9. Covino M, De Matteis G, Burzo ML, Russo A, Forte E, et al. Predicting
in-hospital mortality in COVID-19 older patients with specifically
developed scores. J Am Geriatr Soc. 2020;69(1):37-43.

10. Fois AG, Paliogiannis P, Scano V, et al. The systemic inflammation
index on admission predicts in-hospital mortality in COVID-19
patients. Molecules. 2020;25(23):1-13.

11. Haimovich AD, Ravindra NG, Stoytchev S, et al. Development and
validation of the quick COVID-19 Severity Index: a prognostic tool

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

for early clinical decompensation. Ann Emerg Med. 2020;76(4):
442-453.

Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Patho-
physiology, transmission, diagnosis, and treatment of coronavirus
disease 2019 (COVID-19): a review. JAMA - J Am Med Assoc. 2020;
324(8):782-793.

Henry BM, Lippi G. Chronic kidney disease is associated with severe
coronavirus disease 2019 (COVID-19) infection. Int Urol Nephrol.
2020;52(6):1193-1194.

Collins AJ, Foley RN, Herzog C, et al. Excerpts from the US Renal
Data System 2009 Annual Data Report. Am J Kidney Dis. 2010;55(1):
Ab6-A7.

Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in Wuhan,
China. JAMA - J Am Med Assoc. 2020;323(11):1061-1069.

Aggarwal S, Garcia-Telles N, Aggarwal G, Lavie C, Lippi G, Henry BM.
Clinical features, laboratory characteristics, and outcomes of patients
hospitalized with coronavirus disease 2019 (COVID-19): early report
from the United States. Diagnosis. 2020;26(7):91-96.

Ma Y, Ph D, Diao B, Ph D, Lv X, Liang W, et al. COVID-19 in
hemodialysis (HD) patients: Report from one HD center in Wuhan,
China  Yigiong. https://doi.org/10.1101/2020.02.24.20027201.
2020.

Lee JY, Kim HA, Huh K, et al. Risk factors for mortality and respira-
tory support in elderly patients hospitalized with COVID-19 in Korea.
J Korean Med Sci. 2020;35(23):e223.

Rui L, Sirui L, Xuebei D, Xujun Y, Yanggan W. Clinical observations in
very elderly patients with COVID-19 in Wuhan. Geriatr Gerontol Int.
2020;20(7):709-714.

Zuin M, Rigatelli G, Zuliani G, Rigatelli A, Mazza A, Roncon L. Arterial
hypertension and risk of death in patients with COVID-19 infection:
systematic review and meta-analysis. J Infect. 2020;81(1):e84-e86.
Trujillo H, Caravaca-Fontan F, Sevillano A, et al. SARS-CoV-2
infection in hospitalized patients with kidney disease. Kidney Int Rep.
2020;5(6):905-909.

Guan W, Ni Z, Hu Y, et al. Clinical characteristics of coronavirus
disease 2019 in China. N Engl J Med. 2020;382(18):1708-1720.
Huang C, Wang Y, Li X, et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet. 2020;
395(10223):497-506.

Grasselli G, Zangrillo A, Zanella A, et al. Baseline characteristics and
outcomes of 1591 patients infected with SARS-CoV-2 admitted to
ICUs of the Lombardy Region, Italy. JAMA - J Am Med Assoc. 2020;
323(16):1574-1581.

Wu C, Chen X, Cai Y, et al. Risk factors associated with acute respira-
tory distress syndrome and death in patients with coronavirus disease
2019 pneumonia in Wuhan, China. JAMA Intern Med. 2020;180(7):
934-943.

Liang W, Guan W, Chen R, et al. Cancer patients in SARS-CoV-2
infection: a nationwide analysis in China. Lancet Oncol. 2020;21(3):
335-337.

Rodriguez-Nava G, Yanez-Bello MA, Trelles-Garcia DP, Chung CW,
Friedman HJ, Hines DW. Performance of the quick COVID-19 sever-
ity index and the Brescia-COVID respiratory severity scale in hospi-
talized patients with COVID-19 in a community hospital setting. Int J
Infect Dis. 2021;102:571-576.

Zhang B, Zhou X, Qiu Y, et al. Clinical characteristics of 82 death
cases with COVID-19. PLoS ONE. 2020;15(7):e0235458.

Liao D, Zhou F, Luo L, et al. Haematological characteristics and risk
factors in the classification and prognosis evaluation of COVID-19: a
retrospective cohort study. Lancet Haematol. 2020;7(9).e671-e678.

Ji M, Yuan L, Shen W, et al. Characteristics of disease progress in
patients with coronavirus disease 2019 in Wuhan, China. Epidemiol
Infect. 2020;148(e94):1-10.


https://orcid.org/0000-0002-4069-9181
https://orcid.org/0000-0002-4069-9181
https://orcid.org/0000-0001-5609-9634
https://orcid.org/0000-0001-5609-9634
https://orcid.org/0000-0002-7296-5536
https://orcid.org/0000-0002-7296-5536
https://doi.org/10.1101/2020.02.24.20027201

SEVINC ET AL.

WILEY_| 3%

31

32.

33.

34.

35.

Lagunas-Alvarado M, Mijangos-Huesca FJ, Teran-Gonzélez JO, et al.
Systemic immune inflammatory index in sepsis. Med Interna México.
2017;33(3):303-309.

Hong X, Cui B, Wang M, Yang Z, Wang L, Xu Q. Systemic immune-
inflammation index, based on platelet counts and neutrophil-
lymphocyte ratio, is useful for predicting prognosis in small cell lung
cancer. Tohoku J Exp Med. 2015;236(4):297-304.

Hu B, Yang XR, Xu Y, et al. Systemic immune-inflammation index
predicts prognosis of patients after curative resection for
hepatocellular carcinoma. Clin Cancer Res. 2014;20(23):6212-6222.
Dong M, Shi Y, Yang J, et al. Prognostic and clinicopathological
significance of systemic immune-inflammation index in colorectal
cancer: a meta-analysis. Ther Adv Med Oncol. 2020;12:1-14, 1758
83592093742.

Hirahara N, Matsubara T, Fujii Y, et al. Comparison of the prognostic
value of immunoinflammation-based biomarkers in patients with
gastric cancer. Oncotarget. 2020;11(27):2625-2635.

Sumimn's i I]ialll sis

36. Usul E, San |, Bekg6z B, Sahin A. Role of hematological parameters in

COVID-19 patients in the emergency room. Biomark Med. 2020;
14(13):1207-1215.

How to cite this article: Sevinc C, Demirci R, Timur O.
Predicting hospital mortality in COVID-19 hemodialysis
patients with developed scores. Semin Dial. 2021;34(5):
347-359. https://doi.org/10.1111/sdi.13004



https://doi.org/10.1111/sdi.13004

	Predicting hospital mortality in COVID-19 hemodialysis patients with developed scores
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Risk scoring systems
	2.2  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	REFERENCES


